Evaluation of Corrosion Resistance of Mild Steel and

Aluminium Using Anodic Inhibitor Method and Passivity
Ali Ramadan Elkais"and Dr Mohamed K Zambri
12 Department of Chemical and Petroleum Engineering, Faculty of Engineering, EI-Mergib
University, Libya

DOI: https://doi.org/10.21467/proceedings.2.37
* Corresponding author email: elkaisali@gmail.com

ABSTRACT

Mild steel and Aluminium considered from the metals that commonly used in
engineering applications with a high proportion of up to 85%. On the other hand, due
to the weakness of its resistance to corrosion environments different methods of
corrosion protection are required to increase the resistance level particularly in the
marine and acidic environments, where this give the significance of this study to be
presented. This research involves studying the effect of some different corrosion
resistance of mild steel and Aluminium by applying anodic inhibitor of mild steel
(Sodium Dichromate and Potassium dichromate) in sea water environment and
Aluminium by using passive film of AlOj3 in acidic environment (Hydrochloric acid
HCL and Nitric acid HNO3). An experimental work has been done and evaluation of
corrosion resistance have been measured from weight loss during different period of
time.

Keywords: Corrosion, Corrosion environment, Mild steel, Aluminum, passivity,
inhibitor, Anodic

1 Introduction

There are many protection methods and measures have been used and considered to prevent
or control corrosion process of metals and using the inhibitors was one of these methods. The
inhibitor substance has been defined as the substance which can be added to a corrosive
environment to decrease the rate of corrosion can occur due to this environment [1 - 3].
Inhibitor sources can be extracts (organic) , chemical solutions (Inorganic), Fig (1) illustrates
the classification of inhibitors. In addition, the mechanism of how these substances minimize
the corrosion rate can be summarized as these substances form a very thin film on the metal
surface in different ways that can affect directly on the environment’s corrosivity rate [4].
Anodic inhibitors which also can be called “passivation inbibitors” that work on minimizing the
anode reaction and gradually cause blocking the anode reaction and supporting occurring the
natural reaction of passivation metal surface to produce a very thin layer (film) adsorbed on
the metal surface and protecting it from corrosion [6].
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Figure (1): The classification of inhibitors [4]
2 Materials selection and Methods

In this work two metals were tested and different protection methods were applied on each
of them. The first metal was Mild steel and chemical inhibitor was used to protect the metal
from corrosion and sodium dichromate solution was used as coating material which historical
been considered as very active inhibitor [5]. When the metal exposed to this chemical solution
for a certain of time ( in this work 48 hours) a very thin layer from iron oxide and chromium
oxide was produced (Eq. 1) where this layer works to protect the mild steel surface from

corrosion by isolating it from surrounding environment (sea water & atmosphere).
ZFC(S) + NazCI‘zOm‘q) + 2H,O ——» Fe, O35 + CrO5 + NaOH(aq> (qu)

The second metal was Aluminium and has been protected experimentally also by an oxide
layer produced on the metal surface in different way (passivation inbibitor). This experiment is
to prove that not all environments can produce the protection layer even they are have the
same classifications (e.g. acids). In this work an Aluminium bar was exposed to different
environments (HCL & HNO3) and an Aluminium oxide layer was produced from the reaction
between the Nitric acid and aluminium surface to protect the metal from the corrosive

environment.

3  Experimental work and results
3.1  Mild steel protection

In this experiment a sample of mild steel has been used to test the ability of a specific chemical
inhibitor (Sodium dichromate Solution) to protect the metal surface from corrosion in two
different environments (sea water & atmosphere). Sodium dichromate solution was prepared
in two concentrations which are 0.1M and 0.5M and the following point were applied and

considered:

e The sample of mild steel was polished, prepared, and weighted, W1 (Fig. 2).
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e Immerse the sample in sodium dichromate solutions (0.1M & 0.5M) for a period of
time (1 — 3 days). Figure 3 shows the protection layer of chrome oxide.

e After 1 day remove the sample from solutions and record the total weight, Wo.

e Calculate the weight of coating layer (W2 — Wj).

e Immerse the coated sample in the corrosive environment (sea water) for 24 hours.
e Remove the sample from sea water and record the total weight, W.

e Calculate the weight loss (W2 — W3).

e  Repeat the above steps for the other period of time, environment and time of coating

with recording the results for each case.

Figure 2: Prepared sample Figure 3: Coated sample
of mild steel. of mild steel

To make sure that the coating substance gives the aim that used to, the mild steel has been
exposed to the same corrosive environment without applying the coating substance on the
surface to produce the protection layer, Figure (4) shows the affected uncoated sample of mild
steel before and after the sample exposed and immersed in sea water for 5 days . Figure (5)
shows a coated sample of mild steel also before and after immersed in sea water for 5 days.

The results obtained for different conditions are illustrated in tables 1 — 3:

3 |2

Figure (4): Uncoated sample of mild steel Figure (5): Coated sample of mild steel

immersed in sea water for 5 days immersed in sea water for 5 days
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Table (1): Corrosion of mild steel without protection

Weight of sample, | Time of exposure in Weight loss
Samples
gm sea watet, hrs gm / cm?
1 26.7253 24 0.00295
2 27.1127 48 0.03333
3 26.7285 72 0.03809
4 26.8365 96 0.04095

Table (2): Protection of mild steel by 0.1M sodium dichromate in sea water and air

. Sample weight, ) . .
Environment Coating layer, gm | Weightloss | Exposure time
gm
Sea water 26.5045 0.0006 0.0005 24 hrs
Atmosphere 26.3992 0.0007 0.00045 7 days

Table (2): Protection of mild steel by 0.5M sodium dichromate in sea water and air

Sample weight,
Environment Coating layer, gm | Weightloss | Exposure time
gm
Sea water 26.0047 0.0031 0.0010 24 hrs
Atmosphere 25.8415 0.0016 0.0004 5 days

3.2 Aluminium protection (Passivation)

The Aluminum metal has been considered one of the metals that have the ability to form an
oxide layer on the surface comes from the reaction between the environment and the metal
surface and this layer works to protect the metal from corrosion [6]. Therefore, to evaluate
this property for the Aluminum metal, an aluminum samples were immersed in acids solutions
(10%v/v HCL and 10% v/v HNOs). An oxide layer was formed from the reaction between
the Aluminum and Nitric acid where this reaction occurs due to the availability of oxygen
atoms in nitric acid. On the other hand, in case of HCL acid this oxide layer could not be
formed due to the lake of oxygen in the reaction environment and a reaction of consuming
the aluminum was occurred producing aluminum chloride and hydrogen gas (Eq. 2) and this
later comes from consuming the electrons resulted from the aluminum to convert the
hydrogen ion to hydrogen gas on the aluminum metal surface (Eq. 3). This was clear from
monitoring the concentration of hydrogen ion in the reaction solution and the change in PH
value. The results of this monitoring was recorded and presented in table 4. Figure (6) shows
the different between two samples of Aluminum where the corroded one immersed in HCL

and the protected one immersed in Nitric acid.

AL + HCL — AICl5 + H> (Eq.2)
ZH* +2e —» H: t (Eq.3)
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Figure 6: Aluminum sample (1) protected (HNO3) Aluminum sample (2) corroded (HCL)
Table 4: Concentration monitoring of hydrogen ion and pH at 20 °C

HCL, 10% v/v HNOs, 10% v/v
Days H+ Conc.
H* Conc. mv pH pH
mv
1 271 2.89 324 1.70
2 245 4.01 321 2.24
3 175 4.40 285 2.14
4 156 5.40 294 213
5 130 551 263 2.59
6 106 5.80 266 2.57
7 101 6.90 255 2.62
Weight loss in HCL acid solution = 0.9116 gm after 7 days
Weight loss in Nitric acid solution = 0.1361 gm after 7 days

In the table it was clear that the pH change with time due to the change in concentration of

hydrogen ion in hydrochloric acid solution which comes from the passive layer of protection

not formed. On the other hand, there was a slight change in the concentration of hydrogen

ion in nitric acid because of the formation of protection passive layer. Figure 7 and Figure 8

prove that decreasing the concentration of hydrogen ion leads to increase the pH of HCL acid

solution. In addition, there was a slight decrease in the concentration of hydrogen ion in nitric

acid led to also a slight increase in pH because of the protection layer.
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Figure 7: Monitoring of hydrogen ion concentration in HCL & HNO3 solutions
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Figure 8: Monitoring of PH in HCL & HNOs solutions

4 Conclusions

The results obtained confirmed that the chemical solution of sodium dichromate can be
successfully used as chemical inhibitor to protect the mild steel in sea water and atmosphere.
Moreover, the most important result achieved in this work that the passive film (protection
layer) cannot be formed for all metals and corrosive environments because of the dependency

on the reaction between the metal surface and environment.
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