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Abstract: The present investigation aims to evaluate the corrosion characteristics of red mud metal in sodium chloride solution. Metal matrix composites 
[MMC] are heterogeneous systems containing matrix and reinforcement. Matrix may be alloy or metal or polymer. Reinforcement may be particulate or 
fiber or whisker. Their physical and mechanical properties can be tailored according to requirement. They are used in automobile, aircraft and marine 
industries because of their increased corrosion resistance. In this study weight loss corrosion tests and Potestiodynamic polarization studies by using 
potestiostat are conducted on ZA-27/ Red Mud metal matrix composites in different concentrated sodium chloride solutions. Both matrix and 
reinforcements are commercially available. Composites are prepared by liquid melt metallurgy technique using vortex method. Composites containing 2, 
4 and 6 percent of preheated but uncoated red mud are prepared.  Cylindrical specimens and rectangular specimens are machined. Studies are carried 
out in 0.035%, 0.352% and 3.5% solutions of sodium chloride. In all the tests the composites were less prone to corrosion than the matrix. Hence the 
composites can be used in the marine environment. 
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1. INTRODUCTION 

Metal Matrix Composites (MMCs) are being extensively 
used in automotive, aerospace and mining engineering, etc. 
as they are reported to possess high strength–to-weight 
ratio at elevated temperatures, improved shock-resistance 
properties, relatively higher wear resistance, toughness, 
etc.  
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Corrosion can affect the metal matrix composite in a variety 
of ways which depend on its nature and the environmental 
conditions prevailing [1]. Metal matrix composites are 
engineering combination of two or more materials (one of 
which will be metal or alloy) where tailored properties are 
achieved by systematic combination of different 
constituents. Composites are metal frameworks comprising 
of a blend of at least two constituents insoluble in each 
other and contrasting in shape and material composition. 
They are heterogeneous materials comprising of at least 
two phase, which are in intimate contact with each other on 
a microscopic scale. They are additionally homogeneous 
material in sense that any piece of it will have the same 
physical properties on an microscopic scale. Zinc alloys are 
feasible matrices for MMCs and are suitable replacements 
for cast iron, brass or alluminium alloys. These alloys have 
excellent pressure tightness, good bearing and wear 
properties [2]. Among the zinc based foundry alloys; the ZA 
family of alloys has been used increasingly during the past 
few years. The three common ZA casting alloys are ZA-8, 
ZA-12 and ZA-27. These alloys present advantages in 
comparison with alluminium based alloys, especially 
because of their high strength and low casting temperatures 
and have been used for lower cast replacements of bronze 
and brass castings.  ZA-27 alloys have been used in 
bearings and bushing applications as a replacement for 
bronze bearings because of their lower cost and equivalent 
or superior bearing performance [3]. Red mud was brought 
from Noranda Mines Limited, Renikoot District, Utthar 
Pradesh, India and used for the preparation of ZA-27 alloy. 
The Red mud is selected because of its low initial cost, 
excellent foundry castability, good mechanical properties 
and good machinability. The corrosion behaviour of the 
composites in the various environments that the material 
likely to encounter is one important consideration when 
choosing a suitable material for a particular purpose. There 
is very little information available about the corrosion 
behaviour of zinc-based composites. According to various 
researchers [4], [5] the corrosion behaviour of alluminium 
alloy reinforced with graphite has received relatively little 
attention. But corrosion behaviour of ZA-27 reinforced with 
graphite [6] in hydrochloric acid and SAE40 engine oil has 
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been reported. It has been established by various research 
studies that the corrosion behaviour of a metal matrix 
composite is decided by numerous factors such as 
composition of the alloy, the matrix microstructure, the 
dispersoid used, its size and distribution in the matrix and 
even the technique adopted for preparing the composite. 
Even a small change in any one of these factors can 
seriously affect the corrosion characteristics of the material 
[7], [8]. The present work deals with corrosion 
characterization of ZA - 27 reinforced with red mud 
particulates metal matrix composites. 
 

2 EXPERIMENTAL PROCEDURE 
 

2.1Materials Selection 
For the current research, matrix alloy ZA-27 and 
reinforcement MMC materials are used. The composition of 
ZA-27 MMC, is given in theTable1. 

 
TABLE1: COMPOSITION OF ZA-27 

 

Aluminium Copper Magnesium  Zinc 

26-28% 2-2.5% 0.01-0.02% Balance 

 
The reinforcement selected is red mud which is a waste 
obtained after the removal of aluminium from its ore. It was 
procured from HINDALCO, Renikoot district, Utthar 
Pradesh, India. 0.035%, 0.35% and 3.5% solutions of 
sodium chloride is used as corrosion medium. 
 

2.2 Preparation of composites 
The liquid metallurgy route using vortex technique [9] is 
employed to prepare the composites. A mechanical stirrer 
was used to create the vortex. The reinforcement material 
used was Red Mud particulates of size varying 50-80 µm. 
The weight percentage of Red Mud used was 2-6 weight 
percentages in steps 2%. Addition of Red Mud in to the 
molten ZA-27 alloy melt was carried out by creating a 
vortex in the melt using a mechanical stainless steel stirrer 
coated with aluminite (to prevent migration of ferrous ions 
from the stirrer material to the zinc alloy). The stirrer was 
rotated at a speed of 450 rpm in order to create the 
necessary vortex. The Red Mud particles were pre heated 
to 200°C and added in to the vortex of liquid melt at a rate 
of 120 g/m. The composite melt was thoroughly stirred and 
subsequently degassed by passing nitrogen through the 
melt at a rate 2-3 l/min for three to four minutes. Castings 
were produced in permanent moulds. Castings were 
produced in permanent moulds in the form of cylindrical 
rods [Diameter 30mm and length 150mm]. The material 
was cut into 20x20mm pieces using an abrasive cutting 
wheel. The matrix alloy also cast under identical conditions 
for comparison. 2cm x1cm x1mm specimens are also 
fabricated along with matrix for open circuit potential test. 
 

2.3 Specimen preparation 
The samples were successively ground using 240, 320, 400 
and 600 SiC paper and were polished according to 
standard metallographic techniques and degassed in 
acetone and dried. The samples were weighed up to fourth 
decimal place using electronic weighing balance and also 

the specimen dimensions were noted down using Vernier 
gauze. 
 

3. RESULTS AND DISCUSSION 

 

3.1CORROSION TEST 
The corrosion behaviour of ZA-27 alloy was studied by 
immersion test. The static immersion corrosion method was 
adopted to measure the corrosion loss. 0.035%, 0.35% and 
3.5% sodium chloride solutions as corrodent were used to 
characterize the corrosion behaviour. 200 ml of the 
prepared solution was taken in a beaker. Samples were 
suspended in the corrosive medium. To minimize the 
contamination of the aqueous solution and loss due to 
evaporation, the beakers were covered with parafilm during 
the entire test period. After the specified time the samples 
were cleaned mechanically by using a brush in order to 
remove the heavy corrosion deposits on the surface. The 
corresponding changes in the weights noted. The weight 
loss was recorded for every 24 for up to 96 days. At least 
three samples were tested and average value was taken. 
Corrosion rates were computed using the equation   

 
Corrosion rate = 534 W/DAT mpy 

 
Where W is the weight loss in gms, D is density of the 
specimen gm/cc, A is the area of the specimen (inch

2
) and 

T is the exposure time in hours. 
 

3.2 POTENTIODYNAMIC POLARIZATION TEST  
This test is conducted using Elico make Potenstiostat / 
Galvanostat. Model CL-95 equipment is used. It is attached 
with frequency modulator and a graphic plotter. A five 
mouth glass vessel is also provided for the equipment. It is 
used to hold the corrodent medium, working electrode 
which is our specimen, a reference electrode which is 
calomel electrode and an axillary electrode made up of 
platinium. The Expeiment was conducted at a scan rate of 
0.16 mVs

-1 
.  The corrosion rate was calculated using the 

conversion formula: 
 
Corrosion rate in (mpy)       = CEwI cor/d 
 
Where C is the conversion constant (1.287 x 10

5
),  Ew is the 

equivalent weight of the sample (g), d is the density of the 
sample (gcm

-3
) and shown in table 2. Fig. 1-3 shows the 

corrosion rate of composites with different percentage of 
Red Mud in 0.035%, 0.35% and 3.5% sodium chloride 
medium by weight loss corrosion test. Fig. 4-6 shows the 
potentiodynamic polarization results using potentistat . 

 
 

Fig 1: Weight loss corrosion in 0.035% NaCl solution 
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Fig 2: Weight loss corrosion in 0.35% NaCl solution 
 

 
 

Fig 3: Weight loss corrosion in 3.5% NaCl solution 
 

 
 

Fig 4: Potentiostat test in 0.035% NaCl 
 

 
 

Fig 5: Potentiostat test in 0. 35% NaCl 
 

 
 

Fig 6: Potentiostat test in 3.5% NaCl 
 

Table2:  Potentiostatic corrosion rate   of ZA-27 alloy and 
MMCs in NaCl solutions. 

 

Concentra
tion of 
NaCl 

Wt.% of  Red mud reinforced ZA-27 
composites 

0 2 4 6 

 Corrosion rate, 10
6 
mpy 

3.5 % 62 43.7 35.6 35.2 

0.35 % 15 12.9 6.4 3.4 

0.035 % 5.1 5.1 3.9 2.6 

 
The corrosion rate mpy measurement as a function of 
exposure time in the static immersion test is shown in the 
fig. 1 to 3. The trend observed in all the cases shows 
decrease in corrosion with increase in test duration. It is 
clear from the graph that the resistance of the composite to 
corrosion increases as the exposure time increases. This 
eliminates the possibility of hydrogen bubbles clinging on to 
the surface of the specimen and forming a permanent layer 
affecting the corrosion process. The phenomenon of 
gradually decreasing corrosion rate indicates the possible 
passivation of the matrix alloy. De Salazar [10]

 
explained 

that the protective black film consists of hydrogen hydroxy 
chloride, which retards the forward reaction and that the 
black film consists of aluminium hydroxide compound [11]. 
This layer protects further corrosion in corrosion media. But 
exact chemical nature of such protective film still is not 
determined. In fig 5-8 potential goes on decreasing in all 
corrodents every hour which shows that the matrix as well 
as composites develops passivation in the environments 
surrounded. The potentials developed by composites are 
less when compared to matrix every hour, which means 
composites, resists the action of corrodents. Table. 2 give 
the corrosion rate of the matrix and composites in different 
concentrations of sodium chloride by potentiodynamic 
polarization studies using potentiostat. 
 

3.3 Effect of Red Mud content 
From the Fig. 1 – 3, it can be clearly observed that for both 
as cast and composite, corrosion rate decreases 
monotonically with increase in Red Mud content. In the 
present case, the corrosion rate of the composites as well 
as the matrix alloy is predominantly due to the formation of 
pits and cracks on the surface. In the case of base alloy, 
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the sodium chloride solution used induces crack formation 
on the surface, which eventually leads to the formation of 
pits, thereby causing the loss of material. The presence of 
cracks and pits on the base alloy surface was observed 
clearly. Since there is no reinforcement provided in any 
form the base alloy fails to provide any sort of resistance to 
the acidic medium. Hence the weight loss in case of 
unreinforced alloy is higher than in the case of composites. 
Red Mud being the ceramic remains inert and is hardly 
affected by sodium chloride solution during the test and is 
not expected to affect the corrosion mechanism of the 
composite. The corrosion result indicates an improvement 
in corrosion resistance as the percentage of Red Mud 
particulates increased in the composite, which shows that 
the Red Mud particulates directly or indirectly influence the 
corrosion property of the composites [12]. Who obtained 
similar results in glass short fiber reinforced ZA-27 alloy 
composites reported that the corrosion resistance increases 
with increase in reinforcement. In the present study same 
results were obtained from the open circuit potential test 
figures 4-6. Corrosion of aluminium based particulate 
reinforced MMCs, state that the corrosion is not affected to 
a significant extent by the presence of Red Mud particulates 
in aluminium, where as the particulates definitely play a 
secondary role as a physical barrier as far as MMC 
corrosion characteristics are concerned. A particulate acts 
as a physical barrier to the initiation and development of 
corrosion pits and also modifies the microstructure of the 
matrix material and hence reduces the rate of corrosion 
[13]. One more reason for the decrease in corrosion rate is 
the intermetallic region, which is the site of corrosion 
forming crevice around each particulates, which may be 
due to formation of magnesium inter- metallic layer adjacent 
to the particulate during manufacture [14], [15], further 
showed that the magnesium inter-metallic compounds are 
more active than the alloy matrix. Pitting in the composites 
is associated with the particulate matrix interface, because 
of the higher magnesium concentration in this region. With 
increase in time pitting would continue to occur at random 
sites on the particulate matrix interface. The active nature of 
the crevices would cathodically protect the reminder of the 
matrix and restrict pit formation and propagation. In 
potentiodynamic polarization studies by potentiostat the 
results given in table 2 reveal that the corrosion rates 
decreases with increase in red mud content in all 
concentrations of sodium chloride solutions.  
 

4. CONCLUSION 
The Red Mud content in ZA-27 alloys plays a significant 
role in the corrosion resistance of the material. Increase in 
the percentage of Red Mud will be advantageous to reduce 
the density and increase in the strength of the alloy, but the 
corrosion resistance is thereby significantly reduced. ZA-27 
MMCs when reinforced with Red Mud of weight percentage 
from 0 to 6 percent could be successfully produced by liquid 
melt metallurgy technique. The rate of corrosion of both the 
alloy and composite decreased with increase in time 
duration in sodium chloride solutions. Potential developed 
by 6% composite was very much less than that of matrix in 
same conditions and the rate of corrosion is less. 
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