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Abstract
Pulverised ginger rhizome was studied as corrosion inhibitor in potable water
on mild steel corrosion. Corrosion measurements were done by weightloss
and open circuit potential measurements. Optimum inhibitor concentration
obtained for both corrosion rate and inhibition efficiency was 2g/100l.
Adorption behaviour of Zingiber Officinale does not strictly follow Langmuir
adsorption isotherm. Molecular interaction between the inhibitor molecules
obey El Awady adsorption model. Adsorptions of pulverized Zingiber
Officinale powder on mild steel coupons were further proved by its OCP
values.
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1. Introduction
Corrosion in potable water is a serious issue that affects public water distribution system. The water
distribution network cannot be considered as inert system but a reactor interacting with the interior aqueous
environments. During interaction the formation of unwanted deposits takes place [1]. The main source of deposit
are particulate matter transported by water, dissolved oxygen, microbial activity, chlorides, sulphates and
physicochemical reactions both at the pipe wall interface and within the water bulk [2,3]. Most water distribution
systems have build up of iron corrosion products inside the iron pipes. When the structural integrity of these
facilities is weakened by corrosion, the environment and public safety are threatened. So it is very important to
control the corrosion of water pipes in distribution system. There are several techniques were developed to control
and prevent corrosion in water supply system [4]. Among the different techniques, corrosion inhibitors find very
important place in corrosion science. Green corrosion inhibitors especially plant parts play an important role in
corrosion prevention because they are biodegradable, easily available and can be extracted by simple procedures
with low cost [5-7].
It has been reported plant materials contain a wide variety of organic compounds and some of the
compounds are including tannins, amino acids, alkaloids, and pigments [8]. These compounds contain hetero
atoms such as P, N, S, O and show inhibition efficiency. Ginger, the rhizome of the Zingiber officinale, plays an
important role in prevention of diseases [9]. Numerous active ingredients are present in ginger including terpenes
and oleoresin. These compounds contain oxygen as heteroatom [10,11. Literature survey showed that ginger has
been used as corrosion inhibitor in acid and neutral medium [21-16]. In this context present study focused to
investigate corrosion inhibition and adsorption behaviour of ginger for the corrosion of mild steel in potable water
by OCP and weight loss measurements.
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2. Material and Methods
2.1. Substrate preparation
Mild steel coupons of size 2x3x0.05cm were mechanically cleaned by 100, 200, 400, and 600 grades of emery
paper. Cleaned coupons where then washed with distilled water, degreased with acetone, dried in air, and kept in
desiccators and weighed before experiment is going on .
2.2.Preparation of plant extract
Ginger (Zingiber officinal Roscoe) rhizomes were purchased from the local market of Sasthamcotta, Kollam
district. One kilogram fresh ginger rhizome was cleaned, washed under running tap water, cut into small pieces,
air dried and powdered. Different concentrations of powdered samples were then incorporated in to the corrosive
medium.
2.3. Corrosion measurements
Weight loss measurement
Corrosion measurements were determined by the conventional weight loss technique. Mild steel coupons
were mechanically polished by using different grades of emery paper ranging from 100 to 2000.After the pre
treatment step each sample was cleaned in deionized water and dried with acetone. Samples were then weighed
using Schimadzu AUX220 balance. Weighed coupons (Total exposed area = 1 cm2 and remaining surface was
covered using Teflon) were dipped for 144 hrs into the 100 ml potable water with and without different
concentrations (1g, 1.5g, 2g, 3g, 5 g ) of corrosion inhibitor taken in a beaker. After 144 hours these specimens
were taken out and washed with double distilled water, dried well and weighed using electronic balance. Duplicate
experiments were performed in each set of the test and the mean value of weight loss is measured. Using weight
loss method we can calculate (1) Corrosion rate (2) inhibition efficiency (IE) (3) adsorption isotherms of the
system.
(1) Corrosion Rate (mpy) =87.6xW/ρ. A.t, Where W = weight loss in g, D = density of the specimen in g/cm3,
A = Area of the specimen in cm2, T = exposure time in hr.
Wo −Wi
(2) 𝐼𝐸% = 𝑤0 , Where, W0 and Wi is the weight loss value in absence and in presence of inhibitor.
2.4. Adsorption studies
Adsorption isotherms have been tested to study the adsorption behaviour of inhibitor on mild steel surface.
Adsorption mechanism of inhibitor can be studied using different types of isotherms such as Langmuir,
Freundlich, Temkin adsorption and El-Awady adsorption Isotherm. Langmuir adsorption isotherm is the simplest
model to study adsorption mechanism. The degree of surface coverage, θ at each concentration of inhibitor was
evaluated using the equation,
𝜃 = 1 − 𝑊𝑎/𝑊𝑏,
Where Wb and Wa are the weight loss in corrodent without and with inhibitor respectively. If θ is the fraction of
surface of adsorbent covered, (1-θ) is fraction of uncovered sites and C is the concentration, and then the Langmuir
adsorption isotherm equation can be written as :
𝒄
𝟏
=𝑲+𝑪
∅
This adsorption isotherm is followed if
one.

𝑐
∅

vs. C graph gives straight line with correlation constant (R2) close to

2.5. Open circuit potential measurement
Open circuit potential of the mild steel coupons were measured in 100 ml drinking water in absence and
presence of different concentrations of inhibitor (1g, 1.5g, 2g, 3g, 5 g) with the help of calomel electrode using a
digital multimeter.

3. Results and discussion
3.1. Weight loss measurement
The corrosion of mild steel in potable water containing various concentrations of Zingiber officinale
inhibitor at room temperature was studied by weight loss measurements. Fig.1and Fig 2.shows the corrosion rate
and the inhibition efficiency of mild steel specimens immersed in 100 ml potable water for 144 hours as a function
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of inhibitor concentration at room temperature. The corrosion rate decreases very rapidly as the first concentration
of the inhibitor is added to the blank system. The results show that the corrosion rate decreased as the concentration
of Zingiber officinale reached up to 2 g/l00 ml tap water after that corrosion rate (CR) slightly increases. Decrease
in CR is attributed to higher adsorption level of active inhibitor molecules from the inhibitor on the metal surface
which prevents further corrosion.
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Fig.1. Variation of corrosion rate with concentration for mild steel Coupons in tap water containing different concentrations
of Zingiber officinale at 320C

inhibition efficiency (%)

100

90

80

70

60
1

2

3

4

5

concentration (g/100 ml)

Fig.2. Variation of Inhibition Efficiency with Inhibitor Concentration for mild steel Coupons in 100 ml tap water
containing Zingiber officinale at 320C

The maximum inhibition efficiency and the minimum corrosion rate were obtained at a concentration of 2
g/l00 ml of the inhibitor extract. Figure 2 shows that the inhibition efficiency obtained when adding 2 g/l00 ml of
the Zingiber officinale is about 95%. The inhibition efficiency exhibited by the inhibitor may be due to the
formation of adsorbed layer on the mild steel surface. The inhibition efficiency increases until 2 g of Zingiber
officinale is added, after which the inhibition efficiency decreases slowly until it reaches 70 % at 5g and a
corrosion rate of approximately 0.00444 mpy.
3.2. Adsorption behaviour study

From Fig.2 it is clear that the efficiency of a corrosion inhibitor mainly depends on its adsorption ability
on the metal surface. The interaction between metal and the inhibitor can be understood by knowing the adsorption
isotherm. In order to obtain the adsorption isotherm, the degree of surface coverage (θ) for various concentrations
of the inhibitor has been calculated according to equation 3 from section 2.3.2. Langmuir isotherm was tested for
its fit to the experimental data. If θ is the fraction of surface of adsorbent covered, (1 - θ) is fraction of uncovered
sites and C is the concentration, and then the Langmuir adsorption isotherm equation can be written as :
𝒄

𝟏

= 𝒌 + 𝑪,
∅
Where K is equilibrium constant which depends on temperature and strength of adsorption.
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Fig.3. Variation of corrosion rate with concentration for mild steel Coupons in tap water containing different concentrations
of Zingiber officinale at 320C
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Fig.4. Langmuir isotherm plot for the adsorption of Zingiber officinale on the surf ace of mild steel.
𝑐

This adsorption isotherm is followed if ∅ vs C graph gives straight line with correlation constant (R2)
close to one [17]. The plot obtained from the data was linear and slope is 0.9915. The deviation of slope from
unity indicates molecular interaction among the adsorbed inhibitor species [18]. In this situation adsorption of
inhibitor on mild steel plates does not strictly follows Langmuir equation.
y = 1.9293x + 0.6911
slope=1.9293
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Fig.5. El-Awady isotherm plot for the adsorption of Zingiber officinale on the surface of mild steel
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The experimental data have been then fitted into the modified form of Langmuir isotherm known as El∅
∅
Awady isotherm. El-Awady isotherm is given by, 𝑙𝑜𝑔 1−∅ = log K’ + y log C, Where,𝑙𝑜𝑔 1−∅ vs. log C will give
a straight line with slope equal to y. It has been reported that y < 1 implies single inhibitor molecule occupies
more than one active sites on the metal surface and for y > 1, it means a formation of multilayer [19]. In the present
work slope obtained was 1.9293, indicates that each inhibitor molecule occupies more than one active site on the
metal surface.
Open Circuit Potential measurement
Fig.6 shows the variation of open circuit potential (OCP) of mild steel with time in 100 ml tap water in the absence
and presence of selected concentrations of inhibitor. The OCP values in the absence of inhibitor shifts towards
more negative values. This may be due to the breakdown of the oxide film on the carbon steel surface [20].
However, in the presence of Inhibitor, the OCP shift towards more noble potentials with inhibitor concentration.
This behaviour is attributed to the adsorption of inhibitor onto the steel surface.
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Fig.6. Variation of the open circuit potential (OCP) with time for a mild steel electrode immersed in 100 ml tap water, in
the absence and presence of various concentrations of Zingiber officinale [Temp: 32°C]

Conclusion
In the present study pulverized Zingiber Officinale was used as corrosion inhibitor for mild steel coupon
in drinking water system. Performance of the inhibitor in corrosive medium was evaluated by different techniques.
Electrochemical characteristics of the plates were evaluated by open circuit potential measurement and found that
optimum inhibitor concentration can effectively use for corrosion inhibition. Weight loss measurements were
carried out to study the corrosion rate, inhibition efficiency and adsorption behaviour. The corrosion process was
inhibited by the adsorption of inhibitor on the mild steel surface fits Langmuir isotherm followed by El Awady
adsorption model. The maximum inhibition efficiency shown by Pulverized Zingiber Officinale was 95% for 2g
concentration in100 ml water.
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