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Preventive measures of zinc in natural sea water using Cnidoscolus Chayamansa leaves extract
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Abstract

Corrosion protection of zinc using Cnidoscolus Chayamansa leaves extract in natural sea water environment was studied by mass
loss measurement with various period of contact and temperature. The observed result indicates that the corrosion inhibition
efficiency was increased with increase of inhibitor concentration and temperature. The thermodynamic parameters viz; E,, AHags,
AGads, ASags were evaluated for corrosion process, which suggest that the adsorption is endothermic, spontaneous and chemisorptions.
The inhibitor obeys both Langmuir and Temkin adsorption isotherm. The protective film formed on the metal surface was analyzed
by using various spectroscopic studies viz; UV, FT-IR, XRD and SEM-EDX techniques.
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Introduction

Corrosion is a naturally occurring phenomenon commonly
defined as deterioration of metal surfaces caused by the reaction
with the surrounding environmental conditions. Corrosion can
cause disastrous damage to metal and alloy structures causing
economic consequences in terms of repair, replacement,
product losses, safety and environmental pollution. Zinc is one
of the most important non-ferrous metals, which finds extensive
use in metallic coating, mainly used for the corrosion protection
of steel 1. Zinc is an industrially important metal and is
corroded by many agents, of which aqueous acids are the most
dangerous ?!. To avoid the zinc corrosion generally a coating of
passive layer is given to its surface. The chromation is one such
method wherein the surface of zinc is exposed to chromate
solution for few seconds. The chromate solutions have been
applied successfully to protect zinc surface from white rust P,
But the strict regulation on the environment restricts the use of
chromate solution since chromium element being toxic in
nature. In an attempt to find corrosion inhibitors which are
environmentally safe and easily available, there has been a
growing trend in the use of natural products such as leaves or
plant extracts as corrosion inhibitors for metals in various
environment, because they are inexpensive, readily available,
renewable sources of materials and ecologically acceptable. A
few investigations are Red Peanut Skin [, Musa species peels
B51 Vernonia Amygdalina [, Piper guineensis [/, Henna extract
81 Delonix regia extracts ¥, Rosemary leaves ['), natural honey
(1 opuntia extract [, khillah (Ammi visnaga) seeds ['3,
Carica Papaya and Camellia Sinensis Leaves [ Ricinus
communis Leaves ['%], Justicia gendarussa ['%], Vitis vinifera [,
Punica granatum peel 181, Leaves of Genus Musa, Genus
Saccharum and Citrullus Lanatus ') have been studied on
various metals and alloys. However only a limited number of
literature is available for the corrosion inhibition by green
inhibitor with zinc metal surface. Some investigators have been
reported with zinc metal is Ocimum tenuiflorum 2%, Red onion
skin 2! Nypa fruticans Wurmb 2, Aloe vera 2!, henna
(lawsonia) Leaves ! and Cnidoscolus Chayamansa [2°1. Thus

our present attention is to study the effect of adsorption and
corrosion inhibition of citrullus Vulgaris peel on zinc metal
surface with natural sea water environment.

2. Materials and Methods

2.1. Properties of Cnidoscolus Chayamansa Leaves
Cnidoscolus Chayamansa is commonly known as ‘Chaya’
plant. Chaya is a little known leafy green vegetable of dry
regions of the tropics. The methanolic extract of Cnidoscolus
chayamansa leaves was screened for antioxidant,
hypoglycemic effect and antimutagenic properties. The Chaya
leaves extract contain alkaloids, amino acids, tannins,
flavanoids, terpenoids, glycosides, steroids, gallic acid,
catechin, cystein, 2-amino-4(methylthio)butanoic  acid,
protocatechuic acid and rutine respectively. Chaya is a good
source of protein, vitamins, carbohydrate, calcium, and iron.
However, raw Chaya leaves are highly poisonous. They contain
a high content of hydrocyanic acid. With Chaya, 1 minute of
boiling destroys most of the acid. Chaya has also been used as
a medicinal plant. Although many medicinal claims have been
made for Chaya, it is mostly used for diabetes and kidney
problems.

2.2. Stock Solution of Cnidoscolus Chayamansa Extract
Cnidoscolus Chayamansa (CCL) leaves were collected from
the source and dried under shadow for about 48 hours, grinded
well, then soaked in a solution of ethyl alcohol for about 48
hours. Then it is filtered followed by evaporation in order to
remove the alcohol solvent completely and the pure plant leaves
extract was collected. From this extract, different concentration
of 10 to 1000 ppm stock solution was prepared using double
distilled water and used throughout our present investigation.

2.3. Specimen Preparation

Rectangular specimen of zinc was mechanically pressed cut to
form different coupons, each of dimension exactly 20 cm?
(5x2x2cm) with emery wheel of 80, 120 and degreased with
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trichloroethylene, washed with distilled water, cleaned and
dried, then stored in desiccators for our present study.

2.4. Mass Loss Method

In the mass loss measurements, zinc specimens in triplicate
were completely immersed in 100ml of the test solution in the
presence and absence of the inhibitor. The specimens were
withdrawn from the test solutions after immersion of 24 to 720
hours at room temperature and also different with temperature
ranges from 303K to 333K after an hour. The mass loss of the
specimens is taken as the difference in weight before and after
immersion using digital balance with sensitivity of £1 mg. The
tests were performed in triplicate to guarantee the reliability of
the results and the mean value of the mass loss is reported. From
the mass loss measurements, the corrosion rate was calculated
using the following relationship.

87.6xW

Corrosion Rate (mmpy) = v

(Where, mmpy = millimetre per year, W = Mass loss (mg), D =
Density (gm/cm?®), A = Area of specimen (cm?), T = Time in
hours)

The inhibition efficiency (%IE) and degree of surface coverage
(8) were calculated using equation (2) and equation (3)
respectively.

W, -W

% IE = 2 %100
W, @
0 = Wl'Wz
Wl

A3)
(Where, W; and W; are the corrosion rates in the absence and
presence of the inhibitor respectively)

3. Results and Discussion

Table 1: The corrosion parameters of zinc in natural sea water containing various concentration of CCL extract with different exposure time

Corrosion Rate (mmpy)

Inhibition Efficiency (%)

Time (hrs) 0 ppm 10 ppm| 50 ppm 100 ppm 500 ppm | 1000 ppm O ppm | 10 ppm 50 ppm 100 ppm | 500 ppm 1000 ppm
24 0.751 0.647 | 0.596  0.492 0.388 0.285 - 13.79  20.68 34.48 48.27 62.07
120 0249 0.212 | 0.186  0.150 0.114 0.093 - 14.57  24.99 39.56 54.16 62.49
240 0272  0.236 | 0.189 0.139 0.106 0.078 - 1332 3046 48.57 60.92 71.41
480 0377 0.298 | 0.221 0.172 0.124 0.076 - 2097 4123 54.29 67.03 79.72
720 0.348 0.268 | 0.218 0.171 0.099 0.055 - 2283  37.23 50.86 71.48 84.13

The corrosion and inhibition behaviour of zinc in natural sea
water containing various concentration of Cnidoscolus
Chayamansa leaves (CCL) extract are studied at different
period of contact (24 to 720hrs) and the observed results are
listed in Table-1. It is clearly indicates that the percentage of

inhibition efficiency increased with increase of CCL
concentration and also increased with increase of exposure
time. The maximum of 84.13% of inhibition efficiency is
attained at higher concentration.

Table 2: The corrosion parameters of zinc in natural sea water containing various concentration of CCL extract with different exposure
temperature

Corrosion Rate (mmpy)

Inhibition Efficiency (%)

Tem. (1) 0 ppm 10 ppm| 50 ppm 100 ppm 500 ppm| 1000 ppm 0 ppm| 10 ppm 50 ppm 100 ppm| S00 ppm 1000 ppm
303 109.9 72.07 | 61.51 39.76 29.82 24.23 - 3446 4407  63.84 72.88 77.96
313 79.53  44.11 | 2485 2236 19.26 15.53 - 4453 6875  71.88 75.78 80.47
323 1622 113.1 | 50.33  39.14 26.09 22.37 - 30.28 6899  75.86 83.91 86.21
333 202.6  174.6 | 1404  59.65 32.93 24.85 - 13.80 30.67  70.55 83.74 87.73

The percentage of inhibition efficiency against various
concentration of bio-inhibitor for zinc in natural sea water at
different temperature (303K to 333K) was investigated and
results are reflected in Table-2. It shows that the inhibition
efficiency increased with increase of bio-inhibitor
concentration and also increased with rise in temperature. The
maximum of 87.73% and 77.96% inhibition efficiency is
attained at 333K and 303K respectively. The gradual increase
of inhibition efficiency with rise in temperature is suggestive of
chemical adsorption mechanism.

Table 3: Calculated values of activation energy (E.) and heat of
adsorption (Qabs) of CCL extract on zinc in natural sea water

environment
Concentration of inhibitor (ppm) ( KJE:lol'l) (nggl'l)

0 72.606 -

10 74.885 -33.254

50 74.390 -16.144
100 70.900 8.539
500 68.352 18.912
1000 67.737 19.679
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3.1. Effect of Temperature

The values of E, for the corrosion of zinc in the presence and
absence of CCL extract is calculated using the following
Arrhenius equations (4) and its derived form equation (5).

CR= Acxp (-E/RT) (4)

log (CR2/CR1) =E./2.303 R (1/T1-1/T2) &)

Where, CR; and CR, are the corrosion rates of zinc at
temperatures, T and T, respectively, E, is the activation energy
and R is the universal gas constant. The value of activation
energy for blank (72.606 kJ/mol) is higher than in the presence

of inhibitor on 1000ppm is given in Table-3. It is clearly
indicates that the adsorption process is chemisorption.

3.2. Adsorption Consideration
The heat of adsorption on zinc in the presence of inhibitor is
calculated by the following equation (6).

Qads =2.303 R [log (02/1- 02)-log (01 /1- 01)] x (T>T1/T>-T1)---(6)

Where, R is the gas constant, 6,and 0, is the degree of surface
coverage at temperatures and T, and T, respectively. The Qads
values are ranged from -33.254 to 19.679 kJ/mol (Table-3).
This value clearly revealed that the adsorption of CCL extract
on the surface of zinc metal is endothermic.
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Fig 1: Langmuir adsorption parameters for the adsorption of CCL extract on zinc in natural sea water environment
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Fig 2: Temkin adsorption parameters for the adsorption of CCL extract on zinc in natural sea water environment
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Table 4: Langmuir and Temkin parameters for the adsorption of CCL extract on zinc in natural sea water environment

Adsorption isotherm Temperature Slope K R? AGads (KJ mol )

303 0.8171 4.2864 0.9945 -13.787

Langmuir 313 0.8857 2.5830 0.9944 -12.924

323 0.7899 4.1942 0.9728 -14.638

333 0.5957 14.378 0.8674 -18.503

303 0.2270 1.3009 0.9173 -10.782

Temkin 313 0.1611 2.2275 0.7938 -12.538

323 0.2687 1.3686 0.8085 -11.630

333 0.3942 0.5664 0.8659 -9.4580

The adsorption isotherms are used to investigate the mode of
adsorption and the characteristic of adsorption of inhibitor on
the metal surface. In our present study the Langmuir, Temkin
isotherms are investigated. The Langmuir and Temkin
adsorption isotherm can be expressed by the equation (7) and
equation (8) given below.

log C/8=1og C—logK (7

0=KInC (8)

Where, 6 is the surface coverage, C is the concentration of the
inhibitor solution and K is an adsorption co-efficient.

By plotting values of log C/6 versus log C, linear plots were
generated (Fig-1) and conforming that the experimental data
fitted with the Langmuir adsorption isotherm for the adsorption
of CCL extract on metal surface. It means that there is no
interaction between the adsorbed species (i.e.; adsorbate and

adsorbent). The Langmuir adsorption isotherm is better fit at
333K for zinc (R? =0.9945).

A plot of 8 versus log C gives a straight line for zinc in CCL
extract in natural sea water environment (Fig-2). The straight
line indicated that the inhibitor obeyed Temkin adsorption
isotherm.

The adsorption of CCL extract on the metal surface is related to
the free energy of adsorption (AG,gs) by the following equation

®

AG a5 =

-2.303 RT log (55.5 K) )

Where, R is the gas constant, T is the temperature and K is the
equilibrium constant of adsorption. The values of intercept (K)
obtained from Langmuir and Temkin adsorption isotherm is
substituted in equation (9) and the calculated values of AGags
are placed in Table-4. The negative values of AG.gs suggested
that the adsorption of CCL extract onto metal surface is a
spontaneous process and the adsorbed layer is more stable one.
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Fig 3: The relation between log (CR/T) and 1000/T for different concentration of CCL extract on zinc in sea water environment

3.3. Thermodynamics parameters
The another form of transition state equation which is derived
from Arrhenius equation is shown below

CR=RT/Nh exp (AS/R) exp (-AH/RT) (10)

Where, h is the Planck’s constant, N the Avogadro’s number,
AS the entropy of activation, and AH the enthalpy of activation.

A plot of log (CR/T) Vs 1000/T gives a straight line (Fig-3)
with a slope of (—AH/R) and an intercept of [log(R/Nh)) +
(AS/R)], from which the values of AS and AH were calculated
and listed in Table-5. The positive value of enthalpy of
activation clear that the endothermic nature of dissolution
process is very difficult.
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Table 5: Thermodynamic parameters of zinc in natural sea water obtained from weight loss measurement

Concentration of CCL extract (ppm) AH (KJ mol™) AS (KJ mol)
0 7.9853 10.241
10 11.7258 11.281
50 9.9814 10.573
100 5.0807 8.8813
500 0.8722 7.4266
1000 0.3825 6.9377
4. Morphology Studies 4.1. UV Analysis
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Fig 4 & 5: UV spectrum of ethanolic extract of CCL & the corrosion product on zinc in natural sea water in the presence of CCL extract.

Fig-4 & 5 shows that the UV visible spectrum of ethanolic
extract of CCL and the corrosion product on the surface of zinc
in the presence of CCL extract in natural sea water. In this
spectrum, the two absorption bands around 264, 344 nm were
noticed (Fig 4) but in the presence of inhibitor three bands was
appeared around 248, 300 and 660nm. When compare both

these spectra, the changes of absorption band may confirmed
the strong coordination bond between the active group present
in the inhibitor molecules and the metal surface.

4.2. FT-IR Analysis
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Fig 6: FT-IR spectrum of ethanolic extact of CCL extract

93



0 - z
- : . A M ,“ i : i
75__ % . ':1 i3 i i
70— g ; -' / -
65 s
] . &5
60— : : :
T LI T | T T T T L T '| T T 1 T T T LI i T L T T T T 1 | LI T T | T LI T | T T LI | i T
3500 3000 2500 2000 1750 1500 1250 1000 750 500
D 1/em

Fig 7: FT-IR spectrum for the corrosion product on zinc in the presence of CCL extract with natural sea water environment.

The Fig-6 and 7 reflect that the FTIR spectrum of the ethanolic
extract of inhibitor and the corrosion product of zinc in the
presence of CCL extract in natural sea water environment. On
comparing both of the spectra the prominent peak such as, the
C-N stretching frequency is shifted from 1055.06 to
1018.41cm™, 881.26cm™ corresponds to S-OR stretching
frequency is shifted to 833.25 cm!, the =N-H stretching in
amine is shifted from 1514.12 to 1512.19cm!. These results
also confirm that the FT-IR spectra support the fact that the
corrosion inhibition of CCL extract on zinc in natural sea water
may be due to the adsorption of active molecule in the inhibitor
on the surface of metal

4.3. EDX Analysis

10

Full Scale 3173 cts Cursar: -0.027 (1135 ct=)

EDX spectroscopy was used to determine the elements present
on the metal surface before and after exposure to the inhibitor
solution. Fig-8 & 9 represents the EDX spectra for the corrosion
product on metal surface in the absence and presence of
optimum concentrations of CCL extract with natural sea water
environment. In the absence of inhibitor molecules, the
spectrum may confirm the existence of sodium and chlorine,
which is present in natural sea water. However, in the presence
of the optimum concentrations of the inhibitors, in addition to
this sulphur and oxygen atom is found to be present on the metal
surface. It is clearly indicates that the hetero atoms present in
the inhibitor molecules may involve the adsorption process with
metal atom and hence it may protect the metal surface against
the corrosion.

15 2

ke’

Fig 8: EDX spectrum of the corrosion product on zinc surface in natural sea water environment.

94



Spectrum 1

8 5 10 15 2C
ull Scale 3173 cts Cursor: 0.000 ke

Fig 9: EDX spectrum of the corrosion product on zinc in the presence of CCL extract

4.4. XRD- Analysis
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Fig 10: XRD- Analysis of Corrosion Product on zinc in the presence of CCL extract in natural sea water environment

The Corrosion product released from the zinc metal formed on film may be mainly combining with a rich amount of ZnS,
their layer over the metal surface examined by XRD studies in ZnCly, ZnCOs3, ZnO etc with inhibitor.
the presence of inhibitor as shown in Fig-10. It reveals that the

4.5. SEM-Analysis

Fig 11(a) 11(b) 11(c)

Fig 11: SEM micrographs of (a) Polished Zinc surface, (b) without inhibitor, 0 ppm (c) with inhibitor, 500 ppm
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A SEM micrograph of the polished zinc surface before
immersion in natural sea water solution is shown in Fig-11(a).
The micrograph shows the surface was smooth and without pits.
The SEM micrograph of the corroded zinc surface in the
presence of natural sea water are shown in Fig-11(b), showed
that the surface of metal has number of cracks are visible in the
surface. The influence of the inhibitor addition on the metal
surface in natural sea water is shown in Fig-11(c). Here there is
much less damage on the zinc surface, which confirms the
inhibition action of CCL leaves extract. In accordance, it might
be concluded that the adsorption film can efficiently inhibits the
corrosion of metal surface.

5. Proposed Mechanism

L Zn —— 702 + 2¢
o (o)
Zn*ion + Hg§ oh__ o Hs OH
H, NH,
Cystine
(Inhibitor) Zn2+
Metal-inhibitor complex
2. In ———» g2t 4 e
Zn2+
0 y
. .S b
Zn*ion 4+ H,C \/\)J\OH _— H3C’S\/\HJ\OH
NH,
Methionine o NH,
(Inhibitor) Metal-inhibitor complex

6. Conclusion

From our present investigation the following conclusions can

be drawn.

e  The ethanolic extract of Cnidoscolus Chayamansa (CCL)
leaves acts as good and efficient inhibitor for the corrosion
of zinc in natural sea water environment.

e Inhibition efficiency increases with the increase of
inhibitor concentration and also increases with rise in
temperature.

e The adsorption of different concentrations of the CCL
extract on the surface of the zinc in natural sea water
followed both Langmuir and Temkin adsorption isotherm.

e The value of activation energy (E.), enthalpy of adsorption
(AHags) and free energy changes (AGags) indicates that the
adsorption of inhibitor on metal surface follows chemical,
endothermic and spontaneous process respectively.
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