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Abstract
The effect of some factors (acid concentration, solution temperature and
inhibitor addition) on the corrosion behaviour of Al-Cu alloy in aqueous solutions of
HCl, H3PO4 and H2SO4 was studied by using chemical (hydrogen evolution, HE, and
Weight Loss, WL) and electrochemical (electrochemical impedance spectroscopy,
EIS, and potentiodynamic polarization, PDP) measurements. SEM technique was
used to evaluate the microstructure of the alloy surface under different conditions.
In general, the obtained data revealed that the corrosion rate of the studied
alloy increases as both acid concentration and solution temperature increase.
#
Moreover, various thermodynamic parameters ( E app
, H # and S # ) for Al-Cu
corrosion were estimated at different concentrations of the studied acids and well
discussed. However, at certain acid concentration and solution temperature, the
corrosion rate of Al-Cu alloy in the studied inorganic acids can be given in the
following order:
H2SO4 > H3PO4 > HCl
SEM images for Al-Cu alloy surface in the studied acids at the same conditions
confirmed well the previous order.
Since HCl solutions showed severe attack on the studied Al-Cu alloy,
the addition of inhibitor to such solutions is required to reduce and control the
corrosion rate. So, the effect of aqueous extract of Basil leave (AEBL) on the
corrosion behaviour of Al-Cu alloy in 0.5N of HCl was investigated. Chemical study
revealed that AEBL is effective inhibitor at concentration range of 0.05-2.5 g L-1
while it acts as accelater at concentrations  0.05 g L-1. PDP measurements indicated
that AEBL inhibit Al-Cu corrosion in 0.5 N of HCl by retarding the cathodic reactions
and they can be classified as cathodic type corrosion inhibitor. SEM images for Al-Cu
surface in the in absence and presence of increasing amount of AEBL emphasized
that the addition of inhibitor inhibits both the general and pitting corrosion. Temkin
adsorption isotherm gave the best fitting to the experimental data obtained from
chemical study while Langmiur adsorption isotherm gave the best fitting to that
obtained from electrochemical study. However, the studied inhibitor loses its
effectiveness with increasing solution temperature with an activation energy more
than that of the uninhibited solution which leads to suggest that the inhibitor adsorbed
physically on the metal surface. Good correlation between AEBL constituents and its
inhibitory action was obtained and discussed

SUMMARY

The present study was carried out to investigate the corrosion behaviour of Al-Cu
alloy in solutions of three inorganic acids namely HCl, H 3PO4 and H2SO4 under the influence
of some factors, e.g. acid concentration, solution temperature and the addition of natural
inhibitor. The study was achieved by using chemical (hydrogen evolution, HE, and weight
loss, WL) and/or electrochemical (electrochemical impedance spectroscopy, EIS, and
potentiodynamic polarization, PDP) measurements. Surface morphology of the studied alloy
was examined under different experimental conditions.

The thesis consists of three chapters.

CHAPTER (I)
General introduction deals with the following subjects:
 Aluminum and it's alloys
 Aluminum-copper phase diagram
 Corrosion behaviour of aluminium
 Methods of corrosion protection
 Corrosion inhibition
 Previous studies on the corrosion of aluminium and its alloys in
aqueous solutions of some inorganic acids
 Previous studies on the corrosion inhibition of aluminum and its alloys in
aqueous acid solutions by using natural inhibitors
CHAPTER(II)
The experimental details deal with the materials, chemicals, solutions, instruments
and methods of measurement used in the present study.

CHAPTER (III)
Results and discussion which is divided into three main parts as follows:

PART (1)
In this part, the effects of different concentrations of HCl, H 3PO4 and H2SO4 on the
corrosion behaviour of Al-Cu alloy at 30oC were studied by using HE, WL, EIS and PDP
measurements. The surface morphology of the studied specimen after immersion for 120
min in acid solutions of certain concentration (0.5M) was examined. The obtained results
can be summarized as follows:









HE and WL studies revealed that the corrosion rate of Al-Cu alloy increases with an
increase in acid concentration (in the studied range of concentrations) except in the
case of H2SO4 as it was observed that irregular trend for the corrosion rate and the
acid concentration. The latter result was interpreted on the basis of film dissolution
or film growth under the influence of relative solution humidity.
EIS study showed that the electrochemical processes on the Al-Cu alloy in the various
acidic solutions can be simulated by the equivalent circuit Rs(Qdl Rct (LRL)) except the
two cases of 6.0 and 10.0 M of H3PO4 where the best equivalent circuit was in the
form Rs(Qdl Rct). In general, it was found that both Rct and RL decreases while Qdl
increases with an increase in acid concentration.
PDP study proved that both cathodic an anodic curves of Al-Cu alloy were shifted to
higher corrosion current density (icorr) with increasing the concentration of the studied
acids, indicating that the corrosion rate of the studied alloy is proportional to the
acid concentration and this result was confirmed by the estimated i corr values.
All applied methods for corrosion rate measurements give the same trend for Al-Cu
corrosion rate with the studied acid concentration except that the irregular behaviour
of corrosion rate with H2SO4 concentration was not the case in the electrochemical
data. However, all measurements agree well that at certain concentration of the
studied acids, the corrosion rate of Al-Cu alloy gives the following order:

H2SO4



H3PO4

HCl

SEM images for the Al-Cu alloy surface after immersion for 120 min in 0.5M of each
studied acid emphasized the above order.

PART (2)
In this part, the effects of temperature on the corrosion behaviour of Al-Cu alloy in
HCl, H3PO4 and H2SO4 solutions of different concentrations was investigated by using HE, WL,
EIS and PDP measurements. The surface morphology of the studied specimen after
immersion for 120 min in acid solutions of certain concentration (0.5M) was examined at
two different temperatures. The obtained results can be summarized as follows:



Chemical and electrochemical studies showed that at certain concentration of HCl,
H3PO4 and H2SO4, increasing temperature leads to a systematic increase in the
corrosion rate of Al-Cu alloy obeying Arrhenius relationship.





An interesting behaviour was observed at relatively high temperatures when Al-Cu
alloy was corroded in concentrated solutions of H3PO4 and H2SO4. This was the
growth of porous film as indicated from the impedance spectra. So, various
electrochemical equivalent circuits were uses to simulate the processes on the alloy
surface depending on the acid type, its concentration and solution temperature.
At certain concentration and different temperatures, the corrosion rate of Al-Cu alloy
in the studied acids gives the following order:

H2SO4

H3PO4

HCl



SEM images showed that at certain acid concentration the surface morphology of AlCu alloy depends on the acid type and solution temperature.



*
*
Various thermodynamic parameters ( Eapp
. , H and S ) for the corrosion of AlCu alloy in the studied acids were estimated from HE and WL data.



*
*
It was found that both Eapp
. and H for the corrosion of Al-Cu alloy in the studied
acids have positive values, indicating the occurrence of endothermic reactions. The

*

*
*
trend by which Eapp
. and H values vary with acid concentration was acid type
dependence.



The negative values of S for studied alloy, corrosion indicated that the corrosion
mechanism involves the formation of an activated complex requires association
rather than dissociation which leads to more order system.
*

PART (3)

In this part, the effects of some factors (inhibitor concentration, temperature and immersion
time) on the efficiency of aqueous extract of basil leaves(AEBL) as inhibitor to reduce the
corrosion rate of Al-Cu alloy in 0.5N HCl by using chemical study and/or electrochemical
study and SEM image for Al-Cu surface. The obtained results can be given as below:








It was observed that AEBL is effective inhibitor at concentration range of 0.05-2.5gL-1
while it acts as dangerous inhibitor at concentration > 0.05gL-1 by using chemical
study.
SEM images of Al-Cu surface in the absence and presence of increasing amount of
AEBL emphasized that the addition of inhibitor inhibits both the general and pitting
corrosion.
It was remarked that AEBL inhibit Al-Cu corrosion in 0.5N of HCl by retarding the
cathodic reaction and they can be classified as cathodic type corrosion inhibitor by
using PDP study.
It was found that there was agree between the HE and WL studies especially when
we used 0.05 gL-1 inhibitor.
The different in the immersion time of the Al-Cu alloy in the chemical and
electrochemical measurements showed a difference in the effectiveness of inhibition.
Temkin adsorption isotherm gave the best fitting to the experimental data obtained
from chemical study while Langmiur obsrption isotherm gave the best fitting to that
obtained form electrochemical study.




It was suggested that the inhibitor adsorbed physically of the metal surface because
it loses the effectiveness with increasing temperature with an activation energy more
than that of the uninhibited solution.
A correlation between the inhibition efficiency and its constituents was obtained and
discussed.
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