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Correlation between MiCrostruCture and eleCtroCheMiCal ProPerties of al-si alloys

the composition and structural modification of aluminium alloys influence their strength, tribological properties and struc-
tural stability. the phase composition of the structure as well as the characteristics of the elementary cell of each identified phase 
was established by X-ray diffraction, and the main objective was to determine the compositional phases, microstructure and mi-
crocomposition of the alloy. Based on the cyclic voltammograms it can be said that on the OcP interval (+1.5 V… –1.1 V), after 
the breakthrough potential is an intensification of the anodic process by the pronounced increase of the current density, in these 
conditions the al-Si alloy has low values which means that it has a better corrosion resistance.
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1. introduction

aluminium offers a wide range of properties that can be 
engineered precisely to the demands of specific applications 
through the choice of alloy temper and fabrication process. 
Worldwide demand for aluminium is around 29 million tons 
per year. about 22 million tons is new aluminium and 7 million 
tons is recycled aluminium scrap. the use of recycled alumin-
ium is environmentally and economically compelling. it takes 
14,000 kWh to produce 1 tonne of new aluminium [1]. On the 
contrary, it only takes 5% of it to re-melt and recycle a ton of 
aluminum there is no difference in the quality between new and 
recycled aluminium alloys. By utilising various combinations of 
its advantageous properties such as corrosion resistance, strength, 
lightness, formability and recyclability, the aluminium is used 
in almost all applications. 

aluminium is a metal with special mechanical properties and 
has introduced a revolution to many technological fields. it has a 
specific strength and is an easy reason why it is so used in many 
technological fields. aluminium is approximately one third the 
density of steel, making it light weight in comparison [2-3]. it is 
comparatively strong and has good properties of elasticity, espe-
cially when alloyed [4-5]. it resists corrosion, because an oxide 
layer forms on contact with air, which prevents further corrosion. 

Surface finishes can be applied, including anodising, paint and 
powder coating. corrosion is a process of degradation of mate-
rials due to chemical or electrochemical reactions with various 
substances. corrosion is most often an undesirable phenomenon 
that causes great economic losses and it is very important to know 
this process as well as the means of prevention [6-10].

corrosion is possible in most materials through chemical 
reactions.

a smaller class of corrosion phenomena is electrochemical 
corrosion, which occurs through electrochemical reactions and 
affects only metals, because electrochemical reactions take place 
through electric current leaks and only metals allow these current 
leaks, through the free electrons they possess [11].

in general, metals are significantly affected by chemical 
corrosion only at high temperatures, and under normal condi-
tions electrochemical corrosion predominates. it is used by the 
construction industry for structural purposes, when the right 
cross-sectional structure and alloy is applied. aluminium can be 
cast, extruded, rolled, machined and cold or hot formed [12-14]. 

therefore, in this paper is present the correlation between 
microstructure and electrochemical properties of al-Si alloys. 
the objectives. of this work have been achieved in order to 
provide a complete characterization of aluminum-based alloys 
(chemical, structural and electrochemical).
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2. experiment 

this paper presents the chemical, structural and electro-
chemical analysis of a special equipment, high pressure water 
discharge gun, which must provide optimal protection against 
various types of corrosion, oxidation and wear. By carrying out 
this work, the resistance capacity of this equipment is tested, 
which can be used daily or in irregular time intervals, which 
requires a careful analysis.

analyzes to determine the chemical composition of the 
alloy were performed on a foundry Masters optical spectrom-
eter, using the al analysis base, with an accuracy of ±3%. the 
subjected sample was cut from the high pressure water discharge 
gun and prepared by lathe cutting.

the determination of the chemical composition, by quanti-
tative spectral analyzes, was performed at 3 different points on 
the prepared surface. Based on the measured percentages, the 
specific software performs an arithmetic mean of the recorded 
values, which can be found on the analysis bulletin.

taBle 1

chemical composition

Compound al Si fe Mn Mg ni zn Other
Mass (%) 94.30 2.24 0.84 0.60 0.50 0.24 0.17 1.11

in the taBle 1 shows the elemental composition in mass 
percentages evaluated from the edX spectra of the sample, 
which allow highlighting the presence on the surface of alu-
minum, but also of the alloying element, silicon, plus a number 
of alloying components. Based on the analysis bulletin obtained, 
the studied alloy falls into the class of al-Si alloys

the characterization of the material was performed on X-
X’Pert PrO Mrd X-ray diffractometer, Malvern Panalytical, 
from uk, with a PreFiX concept that ensures the possibility of 
using several combinations of modules and an ease and speed 
of their positioning within the equipment. depending on thena-
ture of the samples to be analyzed, X-ray tubes with co, Mo, fe 
or cr anodes can be used.

corrosion behavior was monitored by rapid electrochemical 
tests and dynamic potentiometry. Open circuit potential measure-
ments and dynamic polarizations were performed using a Volta 
lab 21 potentiometer.

in order to calculate the corrosion rate of an alloy im-
mersed in a corrosive environment it is necessary to know the 
instantaneous current density which is determined by the polar-
ized resistance method [13]. this method is used to determine 
the corrosion current at the corrosion potential of a metal using 
for this purpose the linear polarization curve obtained for rela-
tively small overvoltages. data acquisition and processing was 
performed with Volta Master 4 software. a three-electrode cell 
was used, equipped with a stirring system, with the specification 
that the electrodes made in a cylindrical shape were mounted in 
teflon supports that allow connection to the rotating electrode 
of the electrochemical system. a platinum electrode was used 

as the auxiliary electrode and a saturated calomel as the refer-
ence electrode.

the electrochemical measurements were performed in 
a glass cell that is equipped with a platinum reference electrode 
and a saturated calomel (Sce). all experiments were performed 
at laboratory temperature (25 ±1°c), using an electrochemical 
cell with 3 electrodes, connected to the autolab Potentiostat PG 
Stat 302n, which has in its composition software nova 1.10. 
the 0.3 M nacl solution, which was the aggressive medium, 
was prepared from nacl with bidistilled water, having a ph of 
6.26 and an electroconductivity of 49.9 [mS/cm], measured at the 
consort c861 electrochemical multimeter. Prior to each deter-
mination the working electrode was sanded with metallographic 
paper of different granules (80, 400, 1000, 1500) degreased and 
washed with bidistilled water.

to identify the corrosive effect on the surface layer, the 
leica dMi5000 M metallographic microscope was used, with 
magnification orders of 100× and 200×.

3. results and discussion

3.1. Qualitative phase analysis by X-ray diffractometric 
investigations

X-ray diffraction is used in the identification and quantita-
tive determination of various crystalline compounds, known as 
‘phases’, which are found in powders and solids. 

�fig. 1. X-ray diffraction 

fig. 1 shows the diffractogram obtained for the al-Si alloy.
in the sample are present as phases: al9Si with cubic crystal lat-
tice, having the principal maximum at the angle 2θ = 38.500° 
and al with cubic lattice lattice, having the principal maximum 
at the angle 2θ = 44.490°. the conventional method used for 
qualitative structural analysis consists in comparing the structural 
data extracted from the diffraction spectrum of the investigated 
sample with the data characteristic of different known crystalline 
substances (phases, compounds). the structural data necessary 
for the comparison are taken from the icdd (international center 
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for diffraction data) (icdd) sheets. the icdd file system for 
indexing compounds, inorganic and organic phases, contains 
the complete structural data of about 500.000 compounds and 
phases, each given as a card or file.

3.2. Characterization of electrochemical behaviour

the corrosion current determined in this way represents 
the corrosion current that occurs at the metal/medium interface 
when the metal is immersed in the solution and can be measured 
directly by electrochemical methods.

the measurements were performed at a temperature of 25ºc 
and the electrolyte was naturally aerated, the linear polarization 
curves were recorded at an electrode potential scanning speed 
of 1 mV/s in a potential range ±150 mV in an open circuit of 
potential. cyclic polarization curves were recorded at a speed 
of 10 mV/s in the potential range –700… +1500 mV. the corro-
sion potential at the corrosion current e, the tafel branches (ba 
and bc) the polarization resistance (rp), the corrosion current 
density (Jcor) and the corrosion speed (Vcor), were evaluated us-
ing the facilities of the Volta Master 4 software.

electrochemical tests (potential dynamic polarization, 
eiS-electronic impedance spectrometry) were used to detect 
pores and bubles in the deposited polymeric layers as well as 
their effects on the corrosion resistance behavior for a short 
immersion period.

3.3. Corrosion behavior of al-si alloy

the anodic behavior of the al-Si alloy over a potential range 
up to 1.00 V, starting with the open circuit potential (OcP) of 
the sample is shown in the fig. 2.

fig. 2. dependence of the current density on the potential applied in 
the field of al-Si alloy

there is a linear dependence of the current density on the 
potential for this test, which shows that the corrosion process is 
continuous throughout the field. the cyclic polarization curve is 
specific to an alloy undergoing widespread corrosion.

Based on the cyclic voltamograms it can be said that on 
the OcP interval (+1.5 V... –1.1 V), after the break through 
potential an intensification of the anodic process takes place by 
the pronounced increase of the current density, in these condi-
tions the al-Si alloy has small values which means it has better 
corrosion resistance.

a quantitative estimation of the corrosion process of the 
alloy in the considered environment can be achieved by plotting 
the potential dynamics curves on therange ±0.15 V with respect 
to the OcP at a low sweep speed of the potential.

from these data the evans diagrams are constructed which 
give the possibility to calculate the corrosion parameters. fig. 3. 
shows the evans diagrams for the al-Si alloy in the 0.3M nacl 
solution, the potential modification speedbeing 1 mV/s.

fig. 3. evans diagrams for al-Si alloy in 0.3M nacl solution 

Based on the data obtained from the potential dynamics 
curves, using Volta Master 4 software, the tafel coefficients 
were obtained. (başibc), corrosion potential, (ecor, calc) defined 
at the intersection of the tafel straight lines (anodic and cathodic 
branch, corrosion current density (jcor), corrosion rate (vcor) and 
polarization resistance (rp), presented in the taBle 2.

taBle 2
corrosion parameters of al-Si alloy analyzed  

in aqueous 0.3Mnacl solutions

Parameters Measurement units sample
Segment [mV] 150

atomic mass [g] 55.85
–OcP [mV] 514

ba [mV/dec] –299.5
bc [mV/dec] 176,6

–ecor,calc [mV] –1317.1
jcor [ma/cm²] 1.1344
vcor [mm/an] 13.26
rp [ohm.cm²] 137.65

due to the active layer of aluminum oxide that covers 
the metal upon exposure to air, aluminum has an increased 
resistance to corrosion. the overall degradation of the alu-
minum alloy was found to be mainly controlled by mechani-
cal wear while wear accelerated corrosion little contributed 
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(–ocP = 514 mV/jcor = 1.1344 ma/cm²). age-hardened alloys 
exhibited less wear due to their increased hardness.

taBle 2 also shows the surface of the sample, (S) im-
mersed in an aggressive environment, which played the role of 
the working electrode. the experimental results obtained, both 
by the OcP value and by the corrosion rate, confirm that the 
al-Si alloy is corrosion resistant.

3.4. optic Microscopy

in order to confirm the conclusions of polarization studies, 
as well as to understand the mechanism of electrochemical corro-
sion of al-Si alloy, the microstructure of surfaces was analyzed 
by light microscopy.

fig. 4. Microstructure of al-Si alloys 100×, 200× magnification 

the sample analyzed at the magnification power of 100× 
and 200×, made of aluminum-based alloy, was subjected to the 
study of electrochemical corrosion, using 0.3 M nacl as cor-
rosive medium. the SeM micrographs obtained for the al-Si 
alloy indicate that the chemical attack (0.3 M nacl) takes place 
superficially, uniformly on the entire surface of the alloy and 
only locally appear a series of superficial corrosion points, very 
small and randomly distributed on the surface. the behavior of 
the investigated alloys is consistent with the results of potential 
dynamic measurements that indicate low values for instantane-
ous corrosion rate (taBle 2).

4. Conclusion

design to durability without regard to effect, local corrosion, 
lead to premature and unexpected failures in the many technical 
applications. Based on the cyclic voltamograms it can be said that 

on the OcP interval (+1.5 V... –1.1 V), after the break through 
potential there is an intensification of the anodic process by the 
pronounced increase of the current density, in these conditions 
other al-Si has small values which means it has better corrosion 
resistance. the microscopic metallographic obtained for other 
al-Si are consistent with the results of potential dynamic meas-
urements that indicate low values for instantaneous corrosion rate.

referenceS

[1] s. Mozammil, J. karloopia, investigation of porosity in al casting, 
advances in Materials & Processing 5, 9, 7270-17276 (2018).

[2] c.k. sekhar, B.P. kashyap, M. kumar, s. sangal, strengthen-
ing of thin Sheet Metals for advanced Structural applications 
by Various notch Wavy rolling techniques, Materials today: 
Proceedings 5, 9, 16871-16879 (2018).

[3] k.h. lo, c.h. shek, J.k.l. lai, recent developments in stainless 
steels Mater Sci and eng 65 (1), 39-104 (2009).

[4] h. Bhatt, a. Manavbasi, d. rosenquist, trivalent chromium for 
enhanced corrosion protection on aluminium surfaces, Metal 
finishing 107 (7-8), 31-37 (2009).

[5] a.i. Munoz, S. Mischler, electrochemical quartz crystal micro-
balance and X-ray photoelectron spectroscopy study of cathodic 
reactions in bovine serum albumin containing solutions on a physi-
cal vapour deposition-cocrMo biomedical alloy, electrochim. 
acta 180, 96-103 (2015).

[6] c.t. wang, N. gao, r.J.k.k. wood, t.g. langdon, wear behav-
iour of al-1050 alloy processed by severe plastic deformation, 
Mater. Sci. forum 667 (669), 1101-1106 (2010). 

[7] r. namus, J. nutter, J. Qi, W.M. rainforth, the influence of 
protein concentration, temperature and cathodic polarization on 
the surface status of cocrMo biomedical grade alloys, appl. Surf. 
Sci. 499, 14-19 (2020).

[8] c. Xu, z. horita, t.G. langdon, the evolution of homogeneity 
in an aluminum alloy processed using high-pressure torsion, acta 
Mater. 56 (18), 5168-5176 (2008). 

[9] d. ingles, Part 18: a structured approach to material characteriza-
tion, Medical device technology 14 (5), 18-19 (2003).

[10] B. henriques, d. Soares, f.S. Silva, Microstructure, hardness, 
corrosion resistance and porcelain shear bond strength comparison 
between cast and hot pressed cocrMo alloy for metal-ceramic 
dental restorations, Journal of the Mechanical Behavior of Bio-
medical Materials 12, 83-92, (2012).

[11] P. Ponthiaux, f. Wenger, d. drees, J.P. celis, electrochemical 
techniques for studying tribocorrosion processes, Wear 256, 
 459-468 (2004).

[12] a. zaki, Principles of corrosion engineering and corrosion control, 
elsevier, 2006.

[13] G. nemtoi, f. ionica, t. lupascu, a. cecal, Voltammetric charac-
terization of the iron behaviour from steels in different electrolytic 
media, chemistry Journal of Moldoval 5 (1), 98-105 (2013).

[14] S.J. Magnus rosvall, M. Sharp, a. Bond, an experimental inves-
tigation of large amplitude reversible square wave voltammetry, 
Journal of electroanalytical chemistry 536, 161-169 15 (2002).


	Kweonho Kang￼1*, Seok-Min Hong￼1, Changhwa Lee￼1, Yongjun Cho￼1
	Thermal Expansion of ZrO2-20 mol% Gd2O3

	Zhale Nazari￼1, Davod Seifzadeh￼1*, Zahra Rajabalizadeh￼1
	Electroless Nickel Plating on AM60B Magnesium Alloy via Ti-Zr/Sol-Gel 
Composite Layer as Pretreatment

	Ebenezer George￼1, Adam Khan M.￼1*, Chellaganesh Duraipandi￼1, 
Winowlin Jappes J.T.￼1, Julfikar Haider￼2
	Assessing Machinability and Surface characteristics of a Shape Memory Alloy (SMA) Processed through Wire Electro Spark Erosion Method

	Erkan Üstün￼1, Emin Çadirli￼2*
	Effect of Growth Rate on Coarsening of Secondary Dendrite Arm Spacings 
In Directionally Solidified of Al-8.8La-1.2Ni Ternary Alloy

	K. Gobivel￼1*, K.S. Vijay Sekar￼2
	Machinability Studies on the Turning of Magnesium Metal Matrix Composites 

	Srihari Dodla￼1* 
	Experimental Investigations of Tool Wear in Vibration-Assisted Turning of Inconel 718

	Jhong-Ren Huang￼1,2, Shih-Hsien Chang￼3*, Cheng-Liang Liao￼3
	Study on the Microstructure, Electrical and Mechanical Properties 
of Hot Pressing Cr-50 Mass% Ni Alloys Fabricated by Addition of Various Ratios 
of Nanosized Ni Powders

	Muhammad M. Ramli￼1,2*, N.H. Osman￼2,3, D. Darminto￼4, M.M.A.B. Abdullah￼1
	The Effect of Titanium Nitride Thickness as a Support Layer 
for Carbon Nanotubes Growth

	Nanfu Zong￼1,2*, Sida Ma￼2, Weizhao Sun￼2, Yang Liu￼3, Tao Jing￼2
	Numerical Modelling of Chamfer Billet of High Carbon Steel 
During Continuous Casting

	M.M. Lachowicz￼1, M. Winnicki￼1*
	Corrosion Damage Mechanisms of TiO2 Cold-Sprayed Coatings

	A. Jabbar Hassan1*, T. Boukharouba1, D. Miroud2
	Effect of Forge Application on Microstructural and Mechanical Properties of AISI 316 Using 
Direct Drive Friction Welding Process

	Emy Aizat Azimi￼1, M.A.A Mohd Salleh￼1, Mohd Mustafa Al Bakri Abdullah￼1*, 
Ikmal Hakem A. Aziz￼1, Kamarudin Hussin￼1, Jitrin Chaiprapa￼2, Petrica Vizureanu￼3, 
Sorachon Yoriya￼4, Marcin Nabialek￼5, Jerzy J. Wyslocki￼5
	Effect of Naoh Molar Concentration on Microstructure 
and Compressive Strength of Dolomite/Fly Ash-Based Geopolymers

	J. Zych￼1, T. Jurga2, J. Mocek￼1, M. Myszka￼1, T. Snopkiewicz￼1
	Spheroidal Cast Iron for Works at Low Temperature – Requirements, Structure, 
Properties, Control of the Production Process 

	A. Kodentsov￼1*, C. Cserháti2 
	Gaseous Nitriding of Binary Ni-Cr Alloys – Observation and Interpretation 
of Microstructural Features

	Qifeng Tang￼1*, Jinqing Ao￼1, Biyou Peng￼1, Biao Guo￼1, Tao Yang￼1
	Thermodynamics and Kinetics Analysis on Carbothermic Reduction 
of Calcined Magnesite in Vacuum

	Rajesh Kumar Behera￼1, Birajendu Prasad Samal￼2, Sarat Chandra Panigrahi￼3, 
Pramod Kumar Parida￼4, Kamalakanta Muduli￼5*, Noorhafiza Muhammad￼6*, 
Nitaisundar Das￼7, Shayfull Zamree Abd Rahim￼6
	Erosion Wear Characteristics of Novel AMMC Produced 
Using Powder Metallurgy


