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ABSTRACT

A study on the corrosion characteristics of ascast ductile iron in lime juice was conducted using
the common weight loss method. Five standard tensile samples were prepared from the ascast
condition of the alloy. One of them was taken to be for control, while the others were labeled A,
B, C, and D. These labeled samples were then immersed in freshly extracted lime juice for a
period of four weeks, having noted their respective initial weights. A sample was withdrawn from
the medium at the end of each week for microstructural and tensile properties (using INSTRON
1195 at a fixed crosshead speed of 10mm min™) examination for comparison with those of the
control sample. It was observed that the mechanical properties of the alloy were deteriorating
due to pitting corrosion and that the corrosion rate increases with increase in the pH of the
medium. It was concluded that corrosion rate can be kept to the minimum by controlling the pH
of the media within the range 2.0 to 3.05.
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1. INTRODUCTION

Ductile Iron, also known as nodular iron or spheroid-graphite (SG) cast iron, was developed
about 50 years ago as a substitute for steel. It contains nodules of graphite embedded in a matrix
of ferrite or pearlite or both. The graphite separates out as nodules from iron during solidification
because of the additives like cerium (Ce) and magnesium (Mg) introduced into the molten iron
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before casting [1, 2]. These nodules act as crack arresters thereby improving the mechanical
properties of ductile iron [3, 4]. The shape of the graphite present in an alloy affects the
mechanical properties of the material. Flake graphite acts as a severe stress while the spherodical
graphite does not. A classic example of this effect is the difference between gray and ductile cast
iron [5].

Lime (Citrus aurantifolia) being an important agricultural product, has been used to prevent
scurvy, a disease caused by a deficiency of vitamin C. Traditionally, lime has been used as a
remedy for indigestion, heartburn and nausea. It also has cooling effects on fevers and can help
ease coughs and various respiratory disorders [6, 7]. To process this important product there is
the need of selecting the material for designing and construction of machine that will give
optimum service. While a lot is known on the effect of alloyed element on the mechanical
properties of ductile cast iron [8, 9], not much is known of the corrosion characteristics of the
ductile iron in lime juice. This is why this work focuses on the corrosion characteristics of
ductile iron in lime juice.

2. MATERIALS AND METHODS
The ductile iron used in this work was procured from Engineering Materials Development
Institute, Akure, Ondo State, Nigeria. The chemical composition of the ductile iron samples is

shown in Table 1.

Table 1: Chemical Composition of the Ductile Iron Samples

Element Composition (%)
Manganese 0.5

Carbon 3.3

Silicon 24

Sulphur 0.02
Phosphorus 0.003
Magnesium 0.05

Iron Balance

Five standard tensile specimens were prepared from the ductile iron sample using lathe machine.
The machined tensile specimens were weighed on a digital balance and the initial weights were
noted. The samples were labeled A to D with the remaining one being the control sample.
Samples labeled A to D were immersed in freshly extracted lime juice which acted as corrosion
medium.
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2.1. Immersion Test

The prepared specimens were weighed before immersed in lime juice inside a 500-ml closed
beaker. The duration of exposure to the corrosion medium was: 168, 336, 504 and 672 hours.
After different duration times, the specimens were rinsed with distil water, dried, and weighed
using digital balance type scaled (0.0001) to obtain the weight loss before and after immersion to
calculate the corrosion rate using equation [10, 11, 12, 13]:

534w
cor DAT

Where:
W=weight loss (g)
D=density of the materials (g/mm°)
A= total surface area of the materials (mm?)
T=time of exposure in (hours)
Rcor=corrosion rate (mm/hr)

The corroded tensile specimens in the corrosion media was removed at every seven days interval
for further experimental investigations. This continued for four weeks.

2.2. Tensile Testing

In the present study, tensile tests were performed on INSTRON 1195 at a fixed crosshead speed
of 10mm min™. Samples were prepared according to ASTM D412 (ASTM D412 1983) and
tensile strength of standard and conditioned samples was calculated.

3. RESULTS AND DISCUSSION

Tables 2 shows the various tensile properties obtained for the samples as affected by the
exposure time to the corrosion medium. These relationships were represented in Figures 1 to 6.

Figures 1 and 2 show the effects of exposure time on the specific weight loss and corrosion rate
of the samples, respectively. From the Figure 1, it is seen that the samples were somehow
resistant to corrosion within the first two weeks (336 hours). The specific weight loss was low
even up to the third week, though there was the cumulative increase in the specific weight loss.
Comparing Figures 1 and 2, it will be seen that the corrosion rate on the second week (336
hours) was lower than that of the first week (168 hours). This is attributed to the formation of a
thin passive barrier film of hydrated oxides of silicon on the metal surface. The film develops
with time due to the dissolution of iron from the metal matrix leaving behind silicon which
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hydrates due to the presence of moisture [9, 14]. From the Figures, contrary to the common
view; the corrosion rate increases with time of exposure; this could be because of the nature of
the corrosion medium; the presence of carbohydrates, sugar and sodium in lime juice extract [15,
16, 17] are contributing factors for the corrosion of these samples. These constituents are sources
of oxygen which may increase the oxidation process in the medium thus promoting corrosion of
the materials. But it is noteworthy that throughout the period of exposure, the corrosion rate was
much lower than those recorded by other researchers [18].

Table 2: Effect of exposure time on the tensile properties of the samples

Sample | Exposure | Specific pH of | Corrosion | Impact Strain _
Time | Weight the Rate Energy Ultimate
(hrs) Loss | media | (mmir) | Q) Tensile
(g/mm?) Strength
X 10 (Mpa)
Control 0 0 2.00 0 2.06174 | 0.02368 | 250.4169
A 168 45.91 2.72 0.00206 | 3.72212 | 0.03729 | 294.7923
B 336 67.17 3.05 0.0015 | 2.92057 | 0.0369 | 213.5013
C 504 294.37 3.30 0.00439 | 0.87385 | 0.01684 | 202.8675
D 672 2740.91 4.46 0.0307 | 0.24029 | 0.01425 | 88.729
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Figure 1 Effect of exposure time on the specific weight loss of the samples
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Figure 2 Effect of exposure time on the corrosion rate of the samples

Moreover, Figure 3 shows that the acidity of the corrosive media reduces as the exposure time
increases. Comparing this with the situation in Figures 1 and 2, it can be said that the corrosion
rate of the ductile iron samples increases with reduction in the acidity (or increase in the pH) of
the media. This reduction in the acidity of the media can not be considered to the resultant effect
of the dissolution of iron or other consitituents of the ductile iron in the media; ofcourse, it is as a
result of bio-deterioration which consists of complex conditions [19]. This can be an advantage
to control the corrosion rate of the component moderating the pH of the surrounding medium;
this is consistent with the findings of Bellanger and Rameau (1996) [20].
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Figure 3 Variation in pH of the corrosion media with exposure time

From Figure 4 and 5, it is observed that both the energy at break and strain of the samples
initially increased from what is obtainable in the as-cast condition (control) at the end of the first
and second week, these properties thereafter decreased below that of the control sample. This
could be because at the end of the second week some of the matrix metal has been leached off,
thereby resulting into voids that resemble notches which are stress concentrator. This is further
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buttressed by the situation depicts in Figure 6; the ultimate tensile strength of the sample initially
increased at the end of the first week, thereafter it decreased progressively.

Plate 1 shows the micrograph of the ascast ductile iron (control), while Plates 2 to 5 show the
micrographs of the samples’ surfaces exposed to the media (lime juice). Visual observation of
the samples at the end of the first day revealed a progressive effervescence of gas giving out and
the colour of the corroding media remain light green. However, by the first week all the samples
had dull surfaces and all the corroding media had turned dark brown. Also micro cracks and pits
were observed on the surface of the samples at the end of third week (Plates 6 and 7), indicating
severe corrosion attack by the media, this attack became more pronounced on the sample at the
end of fourth week.
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Figure 4 Effect of exposure time on the energy at break of the samples
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Figure 5 Effect of exposure time on the tensile strain of the samples
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Figure 6 Effect of exposure time on the ultimate tensile strength of the samples

Plate 2 The corroded sample at the end of the first week (168 hours)



874 F.O. Aramide, E.O. Olorunniwo, P.O. Atanda and J.O. Borode Vol.9, No.10

L
Plate 5 The corroded sample at the end of the fourth week (672 hours)
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4, CONCLUSION
From the discussion so far made it is concluded that:

e Corrosion deteriorates the mechanical properties of the ascast ductile iron

e Corrosion of ductile irons in lime juice is dependent on the pH of the medium; corrosion
rate of ductile iron in lime juice increases with increase in the pH of the medium

e The corrosion of ductile iron in lime juice can be controlled by controlling the pH of the
medium

o Keeping the pH of the medium between 2.0 and 3.05, the ascast ductile iron sample
exhibits the best resistance to corrosion.
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