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Abstract—This study aims to design an educational
corrosion monitor system. The developed system gives the
students the ability to study metal corrosion in an acidic media
by following the emitted Hydrogen gas is produced from the
acid that reacted with the metal. A Hydrogen gas sensor was
used to measure the quantity of gas emitted. This sensor was
connected to an Arduino-UNO microcontroller to convert the
sensor’s signal to digital values. The monitoring of the corrosion
process can be followed by software programmed as Macro Unit
and installed on Microsoft Excel. The Affected factors studied
include the exposure time of metal in acid media, the
producibility, and the system's response to the acceleration of
emitted gas. The results indicate that the system has high
accuracy. Also, this system is characterized as cheap (25$) to
construct and is small, portable, and easy to operate, which gives
the ability to study metal corrosion in education for high schools
and universities.
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. INTRODUCTION

Metal corrosion [1] is considered as a natural
phenomenon, and this phenomenon caused changes in the
physical and chemical properties and deterioration of the
metals[2]. The corrosion phenomenon is the decay of the
metal by touching it with a solution like acid[3], base, or salt
solution. The direct contact between the metals and the
electrolyte solution led to an oxidation-reduction reaction[4].
There are many problems that arise from this phenomenon,
such as changes in the dimension and mechanical properties
of the corrected body, deformed appearance, and reduction of
safety[5].

To detect the possibility of the occurrence of corrosion,
there are many ways such as virtual inspection[6], loss of
weight, frequency current resistance[7], and following the
concertation of the emitted hydrogen gas. The corrosion rate
study through the following of the concertation [8,9] of gas in
the acidic media is very good because it has high accuracy and
it doesn’t need a long time[10]. The aim of this study is to
develop a new system to study corrosion rate and to be used
by students at high schools and universities to get a deep
understanding of the corrosion phenomenon.

Il.  EXPERIMENTATION AND MATERIAL USED

To design this system we used electronic components and
chemical materials as follows:

1. Arduino tablet type UNO.
2. Hydrogen Gas Sensor type QM-8.
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3D printer.
Pieces of metals like small nat.
Sulphuric acid.

Fig. 1-A. Assembly method of an Arduino with hydrogen sensor

This system consists of an Arduino tablet joined with a
Hydrogen gas sensor. The hydrogen sensor was placed in a
plastic container that was printed by a 3D printer type Anet 8.
The analog port on the Arduino tablet (A0) was joined with a
gas sensor Fig. 1-A . The Macro unit in Microsoft Excell was
used to program an application called Corrosion to Peak Fig.
1-B . This application was used to show the results a lively on
a laptop by receiving data from an Arduino.

Fig. 1-B. Interface for programmed software (Corrosion to peak)
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Fig. 2. The 3D Design for Hydrogen Container.

The Surface area of the nuts was calculated by using
design spark Mechanical V4.0 Fig.8. The affecting factors for
studying Corrosion are starting by taking 25 ml. of 5%
Sulfuric acid in a beaker, then putting the metal pieces (nut)
inside the beaker. After that, placed the container above the
beaker, then click Connect from the software. When
Hydrogen gas start emitting from the beaker, it will
accumulate inside the container and the gas sensor start to
sense the Hydrogen gas gradually.

Several factors were studied such as Producibility[11],
effect time[12], concentration of acid [13], and Signal to
ration[14] to check the ability of the designed system to be
used in the corrosion rate study.

I1l.  DISSECTION

A. Mechanism of working of the corrosion monitor device

When the nuts were put in the Sulfuric acid solution, they
will emit hydrogen gas because the metal will react with the
acid media[15]. After that, the beaker was covered by the
container of the hydrogen sensor directly fig. 2 Through the
designed software, click on the connection button. The
software will start drawing a curve between the Voltage of the
Hydrogen gas sensor and time and the VVoltage proportionality
with the volume of emitted gas. Fig.3 shows the steps flow for
running the designed corrosion monitor.

P

2-Covered the beaker by
Container of Hydrogen Sensor

1-Add Sulfuric acid on
Metal paces

3-Push connect button
in control Software
[Corrosoin to Peak)

4-Conver the Analog Signal
to Voltage programlly

5-Drawing Diagram shown
between Voltage and time

Fig.3: The Steps flow for using the Designed system monitor.

227

B. Effect of Time on Corrosion [16]

When corrosion started, the sensitivity of the Hydrogen
gas sensor will be taking a linear relationship during the first
31 seconds. However after some time, the relationship
deviated, it becomes non-linear because the sensor of gases
was becomes saturated with high concertation of hydrogen gas
that accumulated inside the container, and it has no ability to
distinguish between the different concertation of gases. From
Fig. 4, it can be deduced that the best time to study corrosion
by the designed system is the first 31 Seconds.
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Fig. 4. Effect of time on corrosion

C. Producibility :

The study of the producibility [17] is essential Fig. 5 A, B,
Cand Table | to get confident results from the designed system
in the same conditions. Meanwhile, if the producibility was
studied three times, the results indicated that the system has a
good producibility value, where the RSD is 2.51 %. This
indicates the validity to use the system to study the corrosion
phenomenon in our laboratories.
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Fig. 5 -A, B, and C. Producibility of the system
TABLE I. THE SD AND RSD % OF THE PRODUCIBILITY OF THE
Time | Peaka | Peaks | Peakc | Main Peak SD RSD%
31 277 276 274 271.6 6.896 251

IV.  DESIGNED SYSTEM

A. The stability of the corrosion monitoring system[18]:

The stability of the present device is very important to give
confident results. The stability study was done by running the
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monitor system without any source of hydrogen. Figs. 6-A,B,
and C and Table Il showed that this system has good stability
and can be trusted in the study of the corrosion Phenomenon

Figure 7-A,B, C: Effect of acidity concertation of the media

TABLE Il SHOWING THE EFFECT OF ACIDITY CONCERTATION. OF THE

with full understanding. MEDIA
Peak Conc. 5% | Peak Conc. 10% | Peak Conc. 20%
TABLE Il. SHOWING THE DIFFERENCE BETWEEN THE LOWER AND 277 184 309
HIGHER PEAK.
i R? 0.9833 0.9923 0.7884
Time | APeakA | APeakB | APeakC 'I\D/IeE:lr(]
C. Application of the designed corrosion monitor
31 15 2 2 18 After the optimum conditions found for using the designed
system, Now studying the corrosion of metal in acid media by
using the designed corrosion monitor designed possible. To
o calculate the Corrosion rate[23] was used the below equation
00 — A : was used.
o oA lOCNIl\\ 19.000 28.000 ) o )
: ., NN Corrosion Rate = Conductivity / time*Surface Area
P .
g To calculate the surface area [24] for metal paces (nut)
-2.0 - -
s used design mechanical spark program to calculate the small
Time (sec) and unregular shape fig. 8. The surface area calculated is
20 5 (125.46mm2). [25]
g S Fig. 9. Shows the corrosion process and Table IV shows
3 M A R s the corrosion rate.
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Fig 6 (A, B, C). The stability of the corrosion monitor system

B. Effect of the acidity concertation of the media[19,20]:

The acidity of the medium has a direct effect on the
corrosion process. Therefore the use of three different
concentrations of Sulfuric acid [21]solution (5%,10%, and 20
%) were used. Fig. 7 AB, and C and Table Il showed that
the concertation 20% can not use because this acidity
generates turbulent Hydrogen gas bubbles that affect the
sensitivity of the Hydrogen Gas Fig. 7-C . As for the second
concentration (10%), it gave lower voltage values because of
the formation layer of a ferric oxide which prevents contact
between the metal and acid solution[22]. So the 5%
concentration of Sulfuric is the best and preferred to be used
in the next experiments.

400

Yoltage (mV)
-

=]

g

Vohage (mY)
o §
\
+

o El 18 Time (Sec) 27 36
C
= 300
E
@ 200
)
£
2 100
o T v 1
o El Time (Sec) 18 27 36

228

Fig. 8. Design spark mechanical program that is used for the calculation of
surface area.
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Fig. 9. Design spark mechanical program that is used for the calculation of
surface area.

TABLE IV. SHOWN SURFACE AREA AND CORROSION RATE.

Time Peak of Cond. | Surface Area CR

0.0699

3 2rzmv mV /Sec.mm2

125.464mm?
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V. CONCLUSION

The designed corrosion monitoring device was designed
using cheap materials available in the local market. The
Arduino microcontroller was used to process the signals and
the 3D printer was used to manufacture the assembly
container. A special program was also programmed to control
the device and display the results, called Corrosion t Peak. The
designed device can be used by students in Universities and
secondary schools to study the phenomenon of corrosion, the
optimum conditions for the study of corrosion were studied in
sulfuric acid medium, and the manufactured device is
characterized by its cheap construction price (25%), in addition
to the accuracy of its results, and this makes it possible to use
it in educational and research laboratories.
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