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Abstract

Effect of fibers of seeds inside Cucumis melon (Persian melon) extract (FE) and Cucumis melon leaves extract (LE) were
investigated as descaler and inhibitor. In one part of this research, the effect of LE and FE for the solvent of Ca precipitates
was investigated by gravimetric and electrochemical measurements. The decrease in the weight of calcium precipitate in
the solution containing the extracts shows that the FE has the best effect as a solvent of Ca precipitate with 62% efficiency
due to lower pH. A comparison of the hardness of the solutions after dissolving the calcium precipitate shows an increase
of about 3 times the hardness of the solution containing FE compared to the blank. The second part is dedicated to the study
of corrosion inhibition behavior of extracts on Cu corrosion in brine and acid solution by Tafel plot and electrochemical
impedance spectroscopy (EIS). The solution containing the LE and FE shows higher polarization resistance (Rp) (about 3.5
times) and lower corrosion current density than the blank solution. While the LE shows more positive potential than the
FE. Based on the results,the FE can be used to formulate a low-cost and environmentally friendly descaling agent, and the

LE can be used as a green corrosion inhibitor.
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1. INTRODUCTION

Several methods are used to control the corrosion
process and scale in the industry. Chemical
antiscalants, inhibitors, and chemical descalers are
usually used to control scale depositions and
corrosion, a major concern in the industry.
Antiscalants are a family of chemicals such as
polyacrylic acids, carboxylic acids, polymaleic
acids, organophosphates, polyphosphates,
phosphonates, and anionic polymers, designed to
inhibit the formation and precipitation of
crystallized mineral salts that form scale [1]. A
corrosion inhibitor reduces the corrosion rate by
substantial pH variation, or oxygen and hydrogen
sulfide scavengers, causing the removal of
aggressive species from the solution. Mainly
nitrogen, sulfur, oxygen-containing compounds
like azoles, amines, thioureas, amino acids, and
their derivatives are reported in the literature as
corrosion inhibitors [2,3], Descaling agents are
typically acidic compounds such as hydrochloric
acid, acetic acid, citric acid, phosphoric acid,
sulfamic acid and also chelating agent such as
ethylendiaminetetraacetic acid (EDTA) used to
remove limescale or calcium precipitate from
metal surfaces in contact with hot water [4]. Some
of these compounds may be harmful to
environment or toxic to humans so the
environmentally friendly antiscalants, inhibitors
and, descaler are needed.
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Have established that the extract of some plants
acts as a new type of green inhibitor for acidic
corrosion of metal. The plant extracts such as Musa
paradisica (Banana) peel [5], olive leaf extract [6],
and Nigella Sativa seeds [7], are employed as a
corrosion inhibitors. Polyacrylamide grafted with
Okra mucilage was tested as a corrosion inhibitor
for mild steel in acid media [8].

The scale inhibition properties of plant extracts
have been investigated by different methods [9].
The properties of Herniaria glabra (H. glabra)
towards CaCOs; formation were tested by using
chronoamperometry  and  fast  controlled
precipitation methods [10]. Fig leaf were
investigated as an environmentally friendly
antiscalant for CaCQj calcareous deposits on steel
[11]. Carboxymethyl cellulose was investigated as
a green antiscalant in the RO system by flux
change measurement and membrane surface
observation [12]. The use of natural extracts as
descaling agents is less reported. The descaling
properties of fermented whey on mild steel
coupons were validated using both electrochemical
and electron microscopy techniques [13].

The muskmelon (Cucumis melon) plant contained
6 saturated fatty acids that mostly include
hexadecanoic acid, octadecanoic acid and,
tetradecanoic acid [14]. Fatty acids are aliphatic
carboxylic acids with varying hydrocarbon lengths
at one end of the chain joined to the terminal
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carboxyl (-COQOH) group at the other end. To the
best of our knowledge, the use of leaf and fiber of
seed inside of melon extract as descaler and
inhibitor has not been reported. Sweet Melon peel
extract as a corrosion inhibitor was evaluated by
weight loss and potentiodynamic polarization
methods [15]. The effect of cantaloupe juice and
seed extracts was investigated on corrosion of
Aluminium in acidic and alkaline solution using
hydrogen evolution measurement [16].

In this article, the extracts taken from melon leaves
(LE) and the fibers of the seeds (FE) inside were
investigated as anti-scaling and corrosion
inhibitors using gravimetric, hardness
measurement and, electrochemical techniques.

2. EXPRIMENTAL

2.1. Materials

Distilled water and analytical reagent grade were
used for preparing solutions.
Ethylenediaminetetraacetic acid (EDTA) with
indicator eriochrome black T and ammonia buffer
(pH = 10) (200 ml water solution containing 11.7
gr NH4Cl and 20 ml Ammonia) was used for the
hardness test. CaCl, brine solution was prepared to
a concentration of 0.7 M NaCl, 0.0025 M
NaHCOs, 0.028 M NaySO, and 0.01 M CaCl, [6].
All reagents and H,SO, were purchased from
Merck

2.2. Preparation of LE and FE extracts

For the preparation of stock solutions of Cucumis
melon leaf (LE) and fibers of the seeds inside
melon (FE) extract, a certain amount of leaves and
the separated fibers from the seed, separately dried
inan oven at 70 °C for 2 h and grinding to powdery
form. A 30 g sample of the powder was refluxed in
500 mL ethanol for 2 h by a soxhlet extractor. The
refluxed solution was filtered to remove any
contamination. The precipitate remaining from the
evaporation of the filtered solution (about 55%)
was used for further work. The concentration of the
stock solutions was expressed in terms of a
milligram per liter (ppm).

2.3. Electrochemical measurements
Electrochemical corrosion tests and impedance
spectroscopy (EIS) analysis were studied with a
potentiostat/galvanostat model IVIUM made in
Netherland. For corrosion and impedance
measurements a three-electrode system was
applied with Cu electrode as a working electrode,
a platinum wire and saturated calomel electrode
were used as counter and reference electrodes. The
electrochemical corrosion measurement starts by
the preparation of a Cu electrode. For the
preparation of the Cu electrode, 1 cm? Cu sheets
were soldered to copper wire and insulated with
epoxy resin.

2.3. Scaling test

Scaling tests were performed by preparing very
hard water. CaCl, (3 g L) dissolved in the hard
well water; Na,CO3 was added (3 g L) and mixed
thoroughly. The polished Cu electrodes were fixed
to the bottom of the metal pot and 300 mL of
prepared very hard water was poured into the pot.
The solution was boiled until it evaporated
completely, and the next portion of very hard water
was added and boiled based on the same procedure.
After the boiling procedure, the scaled Cu
electrode was left to dry at room temperature for
48 h.

3. RESULTS AND DISCUSSION

3.1. Application of extracts as a corrosion
inhibitor

In order to evaluate the ability of extracts as
corrosion inhibitors, electrochemical
measurements were performed in acidic (H2SO4
0.5 M) and brine solutions in the presence and
absence of LE and FE extracts. At first, the
comparison of anti-corrosion properties of the LE
and FE was evaluated by electrochemical
impedance spectroscopy (EIS). In this method,
alternating current signal with low amplitude. It is
applied to an electrochemical cell (corrosion cell)
and the response of the system is checked. Since
EIS is a non-destructive technique due to the small
amplitude of the excitation voltage, this analysis
was performed first. The 1 cm? Cu electrode was
immersed in an acidic solution for 10 min to attain
a steady state open circuit potential (OCP) and then
the impedance measurements were carried out at
the OCP. Fig 1 shows the Nyquist plots of the Cu
electrode in an acidic solution containing 50 ppm
LE and FE. In the Nyquist plot, the real (Z') and
imaginary (Z") parts were measured in the
frequency range of 100 kHz-100 mHz. The
obtained curves were fitted with the
electrochemical equivalent circuits given in the
figure background. In an equivalent circuit, Q is a
constant phase element (CPE) that is related to
geometric origins such as surface heterogeneity or
surface roughness [6]. The impedance "Zcpe' is
composed of constant phase element Q and
exponent "'n" as follows:

ZcpE = 1/(j(0)nQ

where "®" is the angular frequency and "j" is the
imaginary number (j = V-1). Therefore the "n" is
known as the heterogeneity coefficient. In other
words, Q corresponds to double layer capacitance
for a non-homogenous system. When the electrode
shows the capacitive behavior, the n takes a value
from 0 to 1. Generally, the value of n decreases
with increases in the heterogeneity of electrode
surface. The decrease in Q values with the addition
of extracts can be attributed to an increase in the
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thickness of the electrical double layer [17]. The
Equivalent circuit parameters after being fitted to
the impedance curve are summarized in Table 1.
The equivalent circuit also contains the elements
corresponding to the solution resistance (Ri), the
resistance of double layer of the electrode surface
(R2), and charge transfer resistance (Rs). The data
show that the value of R increased with the addition
of 50 ppm extracts. LE extract shows a greater
increase in Rs. The increase in Rz values is
attributed to the formation of an insulating
protective film at the metal/solution interface.
Furthermore, the electrical double layer capacity Q
is reduced due to inhibitor absorption.

Table 1. Nyquist data fit and Tafel analysis parameters
for Cu electrode in H2SO4 0.5 M in absence (blank) and
presence of 50 ppm LE and FE

corrosion potential (Ecorr) and decrease in leor
indicates the higher corrosion resistance property
of the solution as well as the increase in
polarization resistance (Rp). The increase in Rp in
presence of an inhibitor suggests that a non-
conducting physical barrier is formed at the metal
electrolyte interface [8]. The kinetic parameters of
the Tafel curves are given also in Table 1.

®  blank

1500 - + LE 50 ppm
A FE 50 ppm

1000

Z" (ohm)

a1

500

R
]
lrs

blank LE FE
R1 Ohm 13.7 18.9 45.3 0 ¢& ‘ ‘ ‘ ‘ ‘
R3 Ohm 347 2276 564 0 500 1000 . (011::1(:: 2000 2500
Rz Ohm 1249 1289 1820 Fig. 1. Nyquist plot of the Cu electrode in H2SO4 0.5M
Q1(Q2)x10%  91.4(1836) 74.8(222)  128(1110)  (blank) and 50 ppm of LE and FE
n1(na) 0.7(0.87) 0.76(0.7)  0.70 (0.71)
Ecor V -0.0137 0.0097 -0.0264
loor pA/cM2  3.14 1.70 2.06 2
Rp Ohm 3015 10440 10310
pa Videc 0.05 0.13 0.16 F
Bc Videc 0.59 0.35 0.36 N
C. rate mm/y 0.58 0.31 0.21

The corrosion inhibition of LE and FE on the Cu
electrode also was evaluated by Tafel plots in
H,SO4 0.5 M. A Tafel equation for anodic and
cathodic reactions in a corrosion system was
expressed with Butler-Wolmer equation [23] as
follow:

| = |corr (62.303(E-Ecorr)/[3a _ e(»2.303(E—Ecorr)/Bc)

where | (A) and E (V) are current and potential of
electrode, lcorr and Ecor are corrosion current and
potential of electrode and pa (RT/nF(1-a)), pc (-
RT/nFa) are anodic, cathodic Tafel constant. The «
is charge transfer coefficient for cathodic half-
reaction, and (1-«) is charge transfer coefficient for
anodic half-reaction. The electrodes were then
polarized cathodic to an anodic direction from the
OCP at a scan rate of 1 mV/s. The potential and
corrosion current densities were determined by
extrapolating the linear portion of the anodic and
cathodic curves. Fig 2 shows the comparison of
Tafel curves of the electrode in presence of LE and
FE in an acidic solution. It is observed from the
figure that the curve in presence of LE is shifted to
a more positive potential relative to FE and also
their corrosion current (leon) value is decreased
compared to the blank solution. This shift of

-0‘.5 -d.4 -d.3 -OI.2 -0‘.1 0.‘0 0.‘1 0.‘2 0;3
EW)
Fig. 2. Tafel plot of the Cu electrode in H2SO4 0.5 M
(blank) and 50 ppm of LE and FE

Fig 3 a shows the Nyquist diagram drawn for the
copper electrode immersed in brine solution at
different concentrations of LE extracts. In
appearance, the diameter of the curves increases
with increasing concentration and, the results of
the fit diagrams are given according to the
equivalent circuit given in Table 2. Solution
resistance R; and charge transfer resistance Rs
increased with increasing the LE concentrations
from 50 to 200 ppm. The Tafel curves of the Cu
electrode in brine solution and different
concentration of LE illustrate in Fig 3b. A decrease
in current density and corrosion rate (C. rate) with
an increase in LE concentration was observed as
shown in Table 2.

Gravimetric experiments were carried out by
immersing polished and weighted Cu sheets (1%2.5
cm?) in plates containing 50 mL of the 1% H,SO4
without and with different amounts of extract. The
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plates were kept in an air and at room temperature
at 24 h. The specimens were then removed from
the solution, washed thoroughly with distilled
water, dried and, weighed. The calculated weight
is less given in Table 2. The inhibition efficiency
(IE) was computed using the following formula:
1E% =2 % 100

where w and wp are the weight loss with and
without the addition of extract, respectively. The
maximum inhibition efficiency observed is about
69 % in the concentration of 200 ppm LE, which
also indicates that the inhibitor molecules have the
capability of forming a compact adsorbed layer
over the metal surface.

3.2. Application of LE and FE extracts as descaler
The effect of extracts as a descaling agent was
investigated by three methods. The first method is
based on the remaining weight of calcium deposits.
The different concentrations of the extract were
added to the calcium sediments and after 3 hours
of stirring, the weight of the remaining sediments
was measured. Based on the results obtained in
Table 3, with the increase in the concentration of
the extract, the residual weight was lower. A
solution containing 1000 ppm of the FE showed
about 55% efficiency for the dissolution of calcium
deposits. In addition, a comparison was made
between FE and LF as anti-scaling agents. Based
on the results, the FE has pH = 5 and higher
efficiency in dissolving calcium deposits

In the second method the soluble calcium was
determined by titration with EDTA. Fig 4 shows
the curves of the hardness of solutions resulting
from the dissolution of different weights of
calcium deposits in the same concentration of
extract. The result showed that 2000 ppm of FE can
dissolve calcium deposits up to 4000 ppm.

The electrochemical investigation of the descaling
process of the scaled electrode was performed by
immersing the scaled Cu electrode in 50 mL of
2000 ppm of LE, FE, H2SOs 1%, and distilled
water (DW) for 2h. After immersion, electrodes
were washed gently with distilled water and dried
at room temperature for 24 h. Then
electrochemical measurement, Tafel analysis and,
EIS were performed for these electrodes in a brine
solution. A clean Cu electrode was also tested for
comparison. Fig 5 illustrates the OCP for all five
electrodes. The OCP values depend on the surface
electrode, electrolyte concentration, and other
variables of the system. The OCP values descaled
in DW have more negative than clean electrode,
and other OCP takes place between them. The OCP
increases because of the formation of a passivation
layer [18]. Scaled electrodes achieve higher OCP
as the fouling layer protects partially the surface
from anodic corrosion On the other hand;

immersions in FE nearly restore the original clean
electrode, indicating the removal of the scale layer.
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Fig. 3 Nyquist (up) and Tafel (down) plot of the Cu
electrode in H2SO4 0.5 M (blank) and different
concentration of LE.
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Fig. 4. The hardness of solutions resulting from the
dissolution of different weights of calcium deposits in
2000 ppm FE

The electrodes were then polarized cathodic to an
anodic direction from the OCP at a scan rate of 1
mV/s. Fig 6 show the Nyquist plot for five
electrodes, and data fitting of curves base on the
given equivalent circle, given in Table 4. The Ry
represents the solution resistance. The R; is the
resistance associated with the layer of products
formed during immersion which has the highest
value for the descaled electrode in FE. The R3
corresponds to the charge transfer resistance, in
other words, the same as R, at the solution/metal
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interface. The Qs is associated with the capacitance
of the same layer, and Q- is associated with the
double-layer capacitance. Increasing R1 and Rz is
accompanied by decreasing in none ideal layer Q1,
and double layer capacitance Q. values for
descaled in DW due to the remaining the scale
layer. The Q increased after the immersion in FE,
due to the partial removal of the scale layer, by an
increase in double layer capacitance [19]. The Q
increased following the and the R decreases again
following FE treatment such as electrode descaled
in acid, confirming that extract especially FE
effectively removes the scale layer.

-0.15
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-0.25 4

-0.30 4
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|
|
|
>
g
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-0.40 4
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Fig. 5. The OCP of Cu electrode ( blank (clean),

descaled in distillated water (DW), descaled in LE,

descaled in FE and descaled in acid) in brine solution
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Fig. 6. The Nyquist of Cu electrode (blank (clean),

descaled in distillated water (DW), descaled in LE ,
descaled in FE and descaled in acid) in brine solution

Tafel plots of five electrodes in brine solution
showed in Fig 7, and parameters are given in Table
4. The leorr for descaled in DW electrode was lower
than that of the clean specimen, which might be
due to the blocking of the active regions of the Cu
surface, hence calcium carbonate scale acting as
corrosion inhibitor [20,21]. The Eco for descaled
in LE is near to DW but I Of its increased. The
Ecorr Of descaling in FE is more negative and its lcorr
is lower than electrode descaled in acid.
Accordingly, FE acts as an anti-corrosion agent
while it behaves similarly to acid as a scale
remover.

Leg I (nA)

{I.IZl] «U.‘IS il.‘l[l 4].‘05 [I.‘U[I U.IUS l].‘lﬂ l].‘lS l].‘Zl]
E)
Fig. 7. The Tafel plot of Cu electrode ( blank (clean),

descaled in distillated water (DW), descaled in LE,
descaled in FE and descaled in acid) in brine solution

4. CONCLUSION

In the present work, a comparison was done
between LE and FE as descaler and corrosion
inhibitor. The ability of extracts as descaler was
tested by gravimetric measurement, Hardness test
and, electrochemical descaling test. 2000 ppm of
FE has the ability to dissolve calcium deposits up
to 4000 ppm. The corrosion inhibition of extracts
was evaluated by Tafel extrapolation and EIS
techniques. The amount of change in the
electrochemical parameters, such as the increase in
resistance and the decrease in the capacity of the
electric double layer, shows that the inhibition
process takes place through the absorption of the
chemical compounds of the extracts on the metal
surface. Overall, the results show that LE and FE
can be used as corrosion inhibitors in both acidic
and brine environments, moreover, FE can perform
better as a low-cost and environmentally friendly
scale remover.
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