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Introduction:-

Aluminum metal matrix composites have dazzled most recognition as a base metal in metal matrix composites
(MMCs) because of its high solidarity to lightweight, high strength, and ease of machining, better electrical and
thermal conductivity. They have wide scope for the basic applications; particularly for aviation and automobile
engineering as they withstand high temperatures and have enhanced mechanical properties on reinforcement [1-5].
Hybrid aluminum metal matrix composite materials substitute conventional materials as a result of their enhanced
properties like high strength, improved hardness and resistance towards creep [6-8].

Al7075 alloy compounds are utilized as they have huge impediments such as quality and firmness. In AMMCs the
reinforcement influences on corrosion rate and wear resistance.The properties of alloys are expanded on the
incorporation of ceramic particulate into their matrix phase [9, 10]. Ceramic particles, for example, B4C, Al,O3 and
SiC are normally utilized as support stages in the composite materials. Among the various ceramic particles, silicon
carbide (SiC) has different focal points, for example, amazing thermal conductivity, great functionality, high
machinability and ease, as a result, it forms better composites with aluminum without any intermetamorphosis.
Graphite is outstanding strong lubricant and its existence in base alloy causes grid matrix compound self-greasing
up. Aluminum composites strengthened with graphite were developing potential similar to SiC for aviation needs
and their enhanced mechanical properties attracted significant logical regard for the investigation of their
conceivable appropriateness to high-innovation novel applications, for example cylinders bearings, bushings and so
forth. A few techniques have been utilized to prepare composites including in situ processing, spray casting, powder
metallurgy, stir casting techniques and squeeze casting. Among various processes, because of its ease of preparation
and flexibility stir casting method is one of the promising routes that were commercially practiced.

Bhushan et.al [11] analyzed by stir casting method the preparation and microstructural investigations of base alloy—
SiC MMCs. Suresha and Sridhara et.al [12] have declared that in the case of hybrid composites with equal quantities
of SiC and graphite, hardness increased up to 2.5wt% of reinforcement and then decreased. The improvement in
hardness may be due to the extension of SiC particulates and later the decrement in hardness was attributed to the
superseding impact of delicate graphite particles.

Jelena scepanovic et.al [13] studied on corrosion behavior of Al-Mg-Cu alloys in uninhibited and inhibited 0.5M
NaCl solutions.Corrosion rates and other corrosion parameters were estimated as a function of sample compositions.
Estimations were performed utilizing potentiodynamic polarization, electrochemical impedance studies, and linear
polarization tests. Based on sample compositions corrosion rates and other erosion parameters were evaluated.

Bagesh Bihari et.al [14] attempted to develop Al7075/Al,0s/graphite particulate metal matrix composites through
stir casting method utilizing metallic molds and to study the corrosion tendencies. Preheated particles were added to
the lattice as reinforcement. Corrosion tests were directed by utilizing weight-loss method, Potentiodynamic
polarization technique and electrochemical impedance spectroscopy method where 3.5% NaCl solution was utilized
as corrodent. It was noticed that the metal matrix composites corrosion rate was lower than that of Al7075 base
material under the destructive environment.

In MMCs corrosion of composites is one of the major existing problems, the rate of corrosion is greatly influenced
by reinforcement. The addition of reinforcements in base alloy may influence the protective oxide layers of metal
surface which effects corrosion resistance, as a result of irregularity. The parameters that influence corrosion
resistance of the AMMC's are fabrication methodology,elemental composition, reinforcement, porosity,
miniaturized scale down breaks, lingering stresses and development of intermetallic fragile stages, and so on. From
the literature review, it was noticed that work has been done on enhancement of mechanical properties and corrosion
tendencies of AI7075 alloy in the acid medium of different concentrations and sea environments. But no literature
seems to be available on comparative study of corrosion tendencies in different mediums.

The objective of the present investigation is focused to evaluate the corrosion behavior of Al7075 base alloy and its
MMCs with the addition of a different percentage of SiC and HMMCs with SiC, graphite particulates in different
inorganic acid mediums and neutral chloride medium by using Tafel Polarization Technique (TPT) and
Electrochemical Impedance Spectroscopy (EIS) Technique.
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Experimental procedure:-

Material and reinforcement particles

The base material chosen for existing work is Al 7075 alloy which is monetarily accessible in the form of ingots
procured from fenfe metallurgicals. SiC and graphite particles in micron size were used for reinforcement.The
chemical composition of base material and properties of reinforcement particles are tabulated in Table 1and Table 2.

Table 1:-Composition of Al-7075 alloy in Wt%

Cu Fe Mg Mn Si Zn Cr Ti Al

1.55 0.4 2.82 0.11 0.27 6.03 0.2 0.15 Balance

Table 2:-Properties of Silicon carbide and Graphite

Properties Silicon Carbide Graphite

Symbol SiC C

Colour Green to bluish black Black,grey

Crystal structure Hexagonal Hexagonal cubic

Mass Molar mass 40.0962 g mol* Aomic mass 12.0107 amu
Density (gem™) 3.16 2.266

Hardness (mohs scale) 9 1-2

Fracture toughness 4.6 14

Preparation of composite material

Stir casting is the most affordable method utilized for the fabrication of composite specimens with discontinuous
fibers or particulates. The ingots of base alloy compounds were heated to its melt temperature in the furnace and
stirred vigorously at a speed of 400-450 rpm to create a vortex and preheated and uncoated SiC were added to vortex
and the resultant alloy was cooled to form a semi solid-state in the furnace. In an identical way, hybridcomposites
with equal amounts of SiC and graphite and base alloy matrix without any reinforcement is also casted for
comparison. MMCs and HMMCs and base alloy were prepared by using standard procedures [15-17].

Rectangular sample preparation

Casted composites and pure alloy matrix were cut into rectangular species of length 6cm length, 2.1cm width and
1.5 mm thickness by the abrasive cutting wheel as per ASTM G69-80 standard. The exposed flat surface of the
mounted part of these composites and matrix were polished as per standard metallographic practice followed by
polishing with 80,100, 240, 320, 400, 600,800 and1000 grit size emery papers and finally polishing by diamond
paste to obtain mirror finish; degreased in acetone and dried before subjecting them to polarization studies [18,19].

Medium
The medium preferred for corrosion testing are standard solutions of inorganic acids having a concentration of 0.1M
(0.1 M HCl and H,SO,4) and 3.5% neutral chloride (3.5 % NaCl) solution.

Electrochemical studies

The CHI608E-series, electrochemical work station model having software CHI Version 16.01, the potential control
range of £10 V and current range around + 250 mA procured from CH Instruments U.S.A have been used for
electrochemical analysis (figure 1). The instrument is very fast and gives an exceptionally wide dynamic scope of
exploratory time scales of prepared composites and Al7075 base alloy to ascertain the corrosion characteristics. The
electrochemical cell with three compartments made up of pyrex glass having corroding medium,counter electrode
(CE) as platinum, and Ag/Agcl electrode as reference electrode (RE) and the rectangular Al7075 specimens of
length 6cm length and width 2.1cm and thickness around 1.5 mm as the working electrode (WE) were used for
electrochemical measurements. TPT and EIS measurements were carried out using an electrochemical work station
instrument (EWS) at ambient temperature.
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Figure 1:- Electrochemical analyzer model (CHIG08E)

Evaluation of corrosion rate by polarization techniques

The potentiodynamic Polarization is one of the parameters, which empowers to measure the corrosion rate.During
these processes two different approaches such as current and potential were apparently controlled and the resulting
current during the electrochemical process is measured. The two different techniques used in measuring the
corrosion rate are the Linear Polarization method and Tafel's polarization method.

Linear polarization method:

Potentiodynamic polarization studies of base alloy and its composites have been carried out by bringing standard
inorganic acid solutions of 0.1M concentration and 3.5 % of neutral chloride solutions in contact with base matrix
alloy and its composites [2% SiC, 4% SiC & hybrid (SiC and graphite)] which were used as a WE for 400sec to
generate steady- state open circuit potential (OCP). Polarization studies were carried out at a scan rate of 1mV /S
and the OCP values were recorded for base alloy and its composites in different mediums. The OCP, corrosion
current density (lcorr) and the corrosion potential (Ecorr) were noted for Al7075 base alloy and its composites in
different medium using EWS [20-22].

The corrosion rate was ascertained from the following equation and the results were recorded in Table 4.

Corrosion rate (mpy) = 0.129 x Ax Icorr (1)
Dxn

Where,
mpy = mille-inches per year, Icor = Corrosion current density (Acm™), A = Atomic mass (g) ,n = Valency

D = Density of the corroding species (gcm™)

Tafel polarization method:

Finely polished specimens of base matrix alloy and its composites of surface area around 1.0 cm? were in contact
with inorganic acid and neutral chloride mediums. By anodic and cathodic polarization of the specimen with respect
to OCP from+0.250 mV to -0.250 mV at a scan rate of 1mV/S the potentiodynamic current—potential curves were
recorded [23,24]. The potential (E) vs. log current density (log i) curves were recorded. The nature of polarization
curves predicts the rate of corrosion.

EIS method:

Impedance measurements were carried out by making use of AC signal of small amplitude around 10 mV and
10® Hz — 1MHz frequency range and Nyquist plots were recorded at OCP for different corrodents [25,26]. The
resistance between WE and RE is computed from the Z" vs Z' plot.

SEM analysis

Investigation of the surface morphology of base alloy and its composites in the presence of different medium was
carried out using TESCAN VEGA-3 model scanning electron microscopy. SEM images of mirror- finished base
alloy, 2%, 4% and hybrid composites after EIS studies were recorded [27].
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Results and discussion:-

Effect of reinforcement

The SiC and graphite distribution on reinforcement in Al7075 base alloy will influence the corrosion rate of the base
alloy and its composites. If the distribution of reinforced particles is not proper or the formation of any precipitates
during reinforcement may lead to an increase in the corrosion rate of composites due to localized corrosion. The rate
of cooling and solidification of ingots plays an important role in the distribution of the ceramic particulates in the
ingots and formation of precipitates at intermetallic regions which leads to intense corrosion. The increase in
corrosion rate in some composites as shown in Table-4 in HCI and NaCl medium is due to the formation of
precipitates like MgO, and CuAl, which are cathodic to base matrix on reinforcement confirmed from the elemental
analysis [9,10,28-30]. In case of hybrid composites slight increase in corrosion rate might be due to galvanic
coupling in presence of graphite and also may be due to formation of Al4C; at the interface during fabrication
processing, hydrolysis of Al,C;on exposure to moisture leads to fissures at graphite base matrix interface which may
leads to pitting corrosion. [31-34].

Electrochemical measurements

OCP measurements:

The OCP plots were recorded for the AI7075 base alloy and its composites in different mediums 0.1M HCI, 0.1M
H,SO,4 and 3.5% NaCl medium (figure 2-4). The drift in OCP value depends on the presence and absence of oxygen
and nature of corroding material. It was noticed from results OCP values increases in a positive direction as SiC
content increases in different inorganic acid medium and 3.5% neutral chloride medium [35]. But in hybrid
composites there is a slight decrease in OCP value in inorganic HCI and neutral NaCl mediums, maybe due to the
presence of graphite, galvanic coupling takes place in hybrid composites. The measured OCP is tabulated in Table 3.
The shift in OCP value to a higher value is a good sign indicating that composites are more resistant to corrosion.

Table 3:- OCP values of Al7075 base alloy and its SiC composites in different medium

Al7075 matrix alloy and Open circuit potentials (Ecorr) values in volts in different medium
its composites
HCI H,SO, NacCl
(0.2M) (0.1Mm) (3.5%)
0% -0.70597 -0.61037 -0.80870
2% -0.68048 - 0.59513 -0.76287
4% -0.68677 -0.59221 -0.75290
Hybrid (SiC+G) -0.6926 -0.57372 -0.76115
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Figure 2:-OCP for base alloy alloy, 2%, 4% and Hybrid composites in 3.5 % NaCl medium
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Figure 4:-OCP for base alloy, 2%, 4% and Hybrid composites in 0.1 M H,SO, medium

Tafel polarization measurements:

The polarization resistance approach measures corrosion rates at faster rate over a finite period of time compared to
other techniques.Tafel extrapolation plots of AI7075 base alloy and its composites (figure 7) results in linear
polarization resistance (Rp), slopes of linear sections Beta anodic slope (pa), Beta cathodic slope (fc) and
intersection of extrapolated linear sections of cathodic and anodic curves gives corrosion current density (icorr) and
Ecorr are tabulated in the Table 4.1t may be noticed from the Tafel plot that Icorr values and corrosion rate decreases
in composites with increase in SiC content compared to Al7075 base alloy.In inorganic acid mediums, corrosion rate
increases as polarization curves are shifted to a high current density region compared to neutral chloride medium.
Superimposed Tafel Polarization plots for AI7075 base alloy and its composites in 3.5% NaCl, 0.1M HCl and 0.1M
H,SO,4 medium are plotted (figure 5) and whereas (figure 6) superimposed Tafel Polarization plots for Al7075 base
alloy and its composites in various mediums are shown. The corrosion potential and corrosion current values
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obtained on extrapolation (figure 7). The micro galvanic couple of SiC with base alloy causes pitting corrosion. The
decrease in corrosion rate noticed in case of the composites may be as a result of the decoupling of conducting SiC
debris with base alloy after the interfacial corrosion product, therefore galvanic effect between them is removed
[36]. Polarization analysis indicates polarization resistance R, of Al7075 base alloy and its composites in various
medium increases in the order NaCl > H,SO, > HCI (figure 10).It also shows from Table 4 in hybrid composites Rp
is higher in all mediums thus it is affirmed from Tafel measurements that corrosion tendencies are less in neutral
chloride medium compared to various inorganic acid mediums and hybrid composites are more resistant to corrosion

in all the mediums. The corrosion rate increases in the order as follows HCI > H,SO, > NacCl.

Table 4:-Corrosion rates, I corr, Rp, Ba and Bc of Al 7075 base alloy and its composites in different mediums

Medium Percentage of Ba Bc Rp (ochm) lcor(Acm™) in 10* | Corrosion Rate
Sic (mpy)in10*
0.1M HCI 0% 4.890 4.052 58 8.380 3.4412
2% 5.123 5.021 81 5.307 2.1851
4% 4.928 4.354 65 7.165 2.9583
Hybrid 4.871 4.420 72 6.508 2.6897
0.1M H,SO,4 0% 4.239 5.612 119 3.715 1.5296
2% 3.959 5.805 125 3.570 1.4754
4% 3.990 5.845 152 2.913 1.1962
Hybrid 4.155 6.170 181 2.323 0.9591
3.5 % NaCl 0% 13.225 4.965 3514 0.068 2.8084
2% 15.972 5.091 4997 0.041 0.0170
4% 19.094 4.982 3718 0.048 0.0199
Hybrid 20.011 7.637 10891 0.014 0.0059
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EIS measurements:

The corrosion tendencies were investigated at OCP by EIS for the AI7075 base alloy and its composites in
inorganic acid mediums, and 3.5 % of neutral chloride medium and Nyquist plots were recorded. The impedance
spectrum shows high-frequency capacitive loop (HF) ascribed to the presence of protective oxide film on the surface
of metal and low -frequency inductive loop (LF) attributed to the relaxation process obtained by diffusion of ions on
and into the oxide film [37]. R(QR (LR) equivalent circuit model for the Metal/ electrolyte interface is used to fit
the experimental data of AI7075 base alloy and its 2%, 4 % and hybrid composites .The Nyquist plot with its
equivalent circuit model R (QR (LR) of AI7075 base alloy in 0.1M HCI medium is shown (figure 9). It can be
visualized from the superimposed Nyquist plot (figure 8) with increment of SiC content in composites the diameter
of the capacitive loops above the real axis increases in all mediums as the resistance of the surface oxide film on the
composites increases and the diameter of semicircle in neutral chloride medium is higher compared to inorganic acid
mediums and also diameter of hybrid composites is larger in all mediums which can be noticed from capacitive
loops. From the diameter of semicircles of impedance plots it is obvious that the corrosion process is mainly under
charge transfer (RCt) control [38, 39]. So it is affirmed from EIS analysis the rate of corrosion is less in neutral
chloride medium compared to various inorganic acid mediums. The increase in the diameter of the semicircle in
hybrid composites confirms that hybrid samples are more resistant to corrosion.
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Effect of medium on mechanism of corrosion
Aluminium and its alloys on aerial oxidation initially covered with an oxide film of amorphous alumina which on
exposed to electrolyte solution it thickens by the formation of crystalline hydrated alumina.

Al + 30H™ — Al (OH); + 3¢ (2)
2Al (OH); — ALO3 3H,0 (3)

In acidic solutions, the corrosion which is anodic process results in the dissolution of the metal ions from the oxide
metal surface into the solution.

HCI medium:

Anodic reaction:

At Al and acid electrolyte interface, the dissolution of Al can be written as follows
Al + H,0 & Al(OH)ads + H" + ¢ (4)

Al(OH)ads — AI(OH)" + & (5)

Al(OH) & AI** + OH (6)
In a hydrochloric acid medium, Aluminium chloride formation occurs at the interface as follows
HCl + Al — Al (HCI) + H, (7)

Al (HCI) — AI(Cl), + HCI (8)

The Icorr of composites is less than Al7075 base alloy but in 4% composite, the increase in Icorr may be due to the
formation of Aluminum chloride at the interface or some dislocations during reinforcement.

Cathodic reaction:
The cathodic process is the discharge of hydrogen ions to produce hydrogen gas.
H" + e- — H(ads) (9)

H (ads) — H, (10)
The positive shift in the corrosion potential Ecorr indicates that the corrosion current increases in anodic direction
[40-41]. But in 4% and hybrid composite, the Ecorr shifts in negative direction as cathodic current increases .
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H,SO, medium:
The protective oxide film Al,O5 (H,0), is formed on the surface if the oxide film is porous and discontinues it can
be destroyed by the bisulphate anions HSO, or SO,>” [42].

The decrease in Icorr rate in composites due to the protective nature of more compact nonporous Al,053H,0 layer
formed on the surface of base alloy.

Anodic reaction:
4Al + nH,0 + 30, — 2 Al,05 (H;0), (11)

Al,O4(H,0)n+3HS0, +3H" <> AL[(SO,)s(H,0)n]ads + 3H,0 (12)
Cathodic reaction:
A|203 + H3O+ e A1203 (Hzo) + ]/2 H2 (13)

Ecorr value shifts in positive direction in base alloy, 2% and 4% composites it indicates increase in anodic current,
but in hybrid composites Ecorr shifts towards negative direction as cathodic current increases due to presence of
graphite.

NaCl medium:
Anodic reaction:
The passivation process of the formation of Al,O; takes place on surface [43-44].

Al +3CI" — AICl, + 3¢ (14)

2AICl; + 3H,0—Al,03+ 6H"+ 6CI (15)
Cathodic reaction:
The cathodic reaction is the reduction of oxygen.
O, + 2H,0 + 4e" — 40H (16)

Icorr decreases in this medium due to the presence of passive alumina layer Al,O; on the surface that protects from
attack of corrosive chloride ions. The slight increase in Icorr and corrosion rate in 4% composite may be due to the
formation of some dislocations during reinforcement. Ecorr shifts in a positive direction in base alloy and 2%
composite indicates increase in anodic current but in 4% and hybrid composite it shifts towards negative direction.

Micro structural analysis

The surface morphology of base alloy and its composites was assessed by SEM after corrosion tests in different
mediums. The SEM images of degraded base alloy sample and its MMCs is shown in (figure 11-13) shows pretty
much uniform assault and less degradation of compound in neutral chloride medium. The higher rate of corrosion in
4% HCI medium may be due to the presence of intermetallic precipitates at grains. Galvanic coupling because of the
presence of graphite may likewise result in a slight increment in corrosion rate in hybrid samples in corrosive acid
chloride medium can be clearly inspected in SEM pictures.

SaMMV:250RV | worts2tem |1y 000000 VEGA TESCAN
SEM MAQ: 200 kx Dot: 38

6 MAG: : i s 6o pm = 5 =,
View foid: 415 pm _Dvia(midy): 0721118]  COE-BMS College of Enginesring Voo (W 417 B DO(OVY) 0712110 Col-BM3 Coteyw of Bgineering View Peid: 104 pm  Date(midy): 0721118 CoE-8MS College of Engineering View feid: 415pm Dete{midy}: 0721118|  COE-8MS College of Engineering

Figure 11:-SEM micrograph of AI7075 base alloy, 2%, 4% and Hybrid composites corrosion in 3.5 % NacCl
medium
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Figure 13:-SEM micrograph of Al7075 base alloy, 2%, 4% and Hybrid composites corrosion in 0.1 M H,SO, medium

Conclusion:-

In this work ,the corrosion aspects of Al 7075 base alloy and its SiC reinforced composites (2% 4% and hybrid)

were experimentally assessed using OCP, TPT and EIS techniques in various inorganic acid mediums of 0.1M

concentration and 3.5 % of neutral chloride medium and results were concluded as follows.

1. Electrochemical studies of corrosion behavior of Al7075 base alloy and its composites show that corrosion
resistance of composites is greater than that of base matrix alloy.

2. The shift in OCP value to positive direction is a good sign indicating that composites are more resistant to
corrosion than Al7075 base alloy.

3. Hybrid composites exhibit better corrosion resistance than compared to other composites and base matrix alloy.

4. In the case of 4% composites in HCI and NaCl mediums slight increase in corrosion rate may be due to the
formation of intermetallic precipitates at the grains. But in hybrid composites, galvanic coupling and fissures at
graphite matrix interface results increase in corrosion rate in acid chloride medium.

5. From the Tafel analysis results it was confirmed, as the Rp values increases in neutral chloride medium
compared to different inorganic acid mediums, therefore, corrosion rate in 3.5% neutral chloride medium is
less compared to 0.1M inorganic acid mediums.

6. Impedance spectra confirm that the resistance towards corrosion is more in 3.5% neutral chloride medium
compared to 0.1M inorganic acid mediums and hybrid composites are more resistant towards corrosion.

7. SEM images show the surface deterioration of both Al7075 base alloy and composites was more in inorganic
acid mediums compared to neutral chloride medium. It shows the presence of intermetallic precipitates in some
composites in inorganic acid mediums.

8. The results from both TPT, EIS were concordant with each other, they confirm that the corrosion rate in neutral
chloride medium is less compared to inorganic acid mediums and composites are more resistant towards
corrosion.

9. Tafel graphs show Icorr and corrosion rates are less in composites compared to Al7075 base alloy.
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