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For the corrosion of iron, copper and carbon steel in 1.0 M HCI and 1.0 M of HNO3 solution. The
materials extracted from the berry and mango leaves when added in different concentrations to solutions
of 1 molar of hydrochloric acid and nitric acid have shown remarkable and effective resistance to
corrosion of iron, copper and carbon steel, as well as to the samples that we brought from the oil
companies in Galo to study the extent of resistance of these materials to their corrosion and the use of
these natural and extracted products of berry leaves and mango leaves for use as corrosion inhibitors for
oil pipelines These natural products, which are available in the environment, have shown a great deal of
effective resistance to corrosion of oil pipelines. The effect of both the temperature and the concentration
of these substances on the corrosion of these minerals has been studied and the study has shown that they
inhibit corrosion even at low concentrations of reach to 50 ppm.
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1-Introduction

The active interactions between erosion and corrosion processes were
confirmed when the mechanical erosion was concentrated on
electrochemical corrosion anodes. [1]. The polyurethane /
polysiloxane hybrid coating have a two-hundred-fold greater in
corrosion induction time due to incorporation of organic inhibitor as,
2-mercaptobenzothiazole (MBT), in polylactic acid (PLA MBT)-
impregnated PLA nanoparticles, utilization (EIS) electrochemical
impedance spectroscope, and potential-static polarization technique

[2]. The formation of reversed austenite at the Cr-depleted regions
losses the number of nucleation sites for intergranular corrosion, and
the opposite austenite always distributed along the martensite lath
boundaries, inhibition the propagation of intergranular corrosion [3].
The electrochemical properties of 7 active aromatic compounds
extracted from natural sources like caffeic acid, gallic acid thymol
(2-isopropyl-5-methylphenol, (2-hydroxy-1,4-naphthoquinone), (3
,4,5-trihydroxybenzoic acid), wedelolactone, tannic, and ellagic acid
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are investigated using nanotube multiwalled carbon modified by
glassy-carbon electrode, and studded to primary strengthening to
understanding behaviour of their redox at different environmental pH
conditions [4]. Discussed and analysed the corrosion renitent (F/M)
ferritic/martensitic steel, (AFA) alumina-forming austenitic, (ASS)
austenitic stainless steel, (SS) stainless steel, and, (ODS) oxide
dispersion strengthened steel in supercritical water [5]. The decrease
of graphene caused the corrosion and the galvanic cell accelerated the
corrosion on copper substrate which two results in the exfoliation of
graphene from Cu substrate, and the failure protection of graphene
coating [6]. The internal nitridation is occur when no protective
oxides can form at the coating surface, and AIN, and TiN are formed
in the Co, Ni, Cr, Al, and Y coating after bioxidant corrosion. [7].
The oxide scale formation rate calculates the overall mechanism of
corrosion and the effect of ash deposits on steel. For low-Cr steels the
rate oxidation is big and a scale, it is a protective barrier between the
deposit and metal surface a few little further oxidations process. The
biggest effect of ash on the corrosion procedure was observed for
high-Cr steels [8]. To steady Ti as coatings onto AZ91E Mg alloy,
used (WS) warm spraying, and followed by post-treatment with
epoxy-based polymer resulted in inhabitation of the corrosion
performance of Ti warm sprayed coatings [9]. The corrosion rate of
the material coatings was affected to the quantity of (GO) graphene
oxide present in coating materials. [10]. Effect of piperazine (PZ)
degradation on carbon steel corrosion at considerably decrease
stripper conditions [11]. Effect of probiotic supplements, which used
in orthodontic patients, on corrosion stability of (SS) and 3 types of
Ni-Ti orthodontic wires. [12]. Effect of cation type of chloride salts
on corrosion behaviour of steel by potentio-dynamic polarization test
in concrete powder electrolyte solution in presence of corrosion
inhibitors [13]. Al, Cu and Pb may be get into communicate with the
cement materials and may be corrode, by loss of weight check of
these materials in parts of their corrosion resistance in luting [14].
Fumaria officinalis was used, as a natural inhibitor [15], Nutmeg oil
[16], Tannin used as natural corrosion inhibitor for aluminum alloys
[17], green tea extract (GT)was used as inhibitor for the
corrosion[18], The pectin from tomato peel waste (TPP) was
employed as tin corrosion inhibitor[19], tobacco rob extract (TRE)
used for Q235 corrosion inhibitor in artificial seawater[20], olive
(Olea europaea L) leaf extract, used as corrosion inhibitors for steel
in brine solution [21], Silybum marianum leaves extract as a 304
stainless steel corrosion inhibitor[22], purple rice bran, extract, used
as corrosion inhibitor [23], natural honey with black radish juice,
used as corrosion inhibitor of tin[24], and Lupine seeds extract used
for steel corrosion inhibitor [25]. "Methyl Carbazodithoate ", was
used as the organic compound inhibitor on the corrosion of low
carbon steel,[26] and mild steel corrosion. [27] Theophylline expired
drug, (TD),[28] and, Carbimazole, expired drug, (CD), [29] were
used as corrosion inhibitors for mild steel in 0.5M HCI. 3,3-
diethyl(4-Chloro)benzoylthiourea, CIDEBT, was used inhibitor on
the corrosion of steel in H2S04.[30]

This study was carried out in the city of Jallo, Al-Wahat region -
Libya, which are areas rich in oil and petroleum companies. These
companies suffer from the problem of erosion of oil pipelines. This
research paper wanted to contribute to finding effective and low-cost
solutions to solve the problem of corrosion in oil pipelines, so the
Arabian Gulf Company cooperated with us and provided us Support
by supplying us with samples of the alloys from which oil pipes are
made, as well as samples of iron and copper. It was found that
extracts of green mango leaves and, berry leaves have high efficincy
as corrosion inhibitors.

2- Experimental

2.1. Materials and Chemicals

The carbon steel sheets (supplied from El-khaleeg El-Araby— El-
Wahate Oil Company) with the following chemical composition
(Wt%): C (0.200g), Si (0.003g), Mn (0.35g), P (0.02g) and Fe (Rest).
The piece was of dimension1 cm x 1 cm. The sample was embedded
in a glass tube of just larger diameter than the sample. Epoxy resin
(supplied from Ciba Co.) was used to stick the sample to the glass
tube. Surface of carbon steel electrode was mechanically rub off
using sand papers, in different grades, for example 1200 grade, before
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used. The tests were used 1.0 M HCl and, 1.0 M HNOs (supplied from
Sigma-Aldrich) with the addition of various concentrations of nature
products compounds. All the test solutions were prepared from
analytical chemistry grade chemical reagents prepared using distilled
water, and used without further pure cation. For each hold, a freshly
prepared solution was used. Temperature of solutions was
thermostatically controlled at desired value, and all chemical material
high purity about 99%.

2.2. Extraction of nature products from green berry leaves and
green mango leaves

100 g of green berry leaves cutting it a smallest pieces in 1L (DW)
distilled water, boiling for 1h leave it to cool, then, filtered and
weighed the filtrate extraction, and prepared (300-50) ppm by
analytical method it was equal 1g/L =1000 ppm then put 1 ml of
extraction filtrate in 20 ml of 1M acid solution then the concentration
was 50 ppm and 2ml in 20 ml is equal 100 ppm and so on and also
for mango leaves (100g ) cutting it a smallest pieces in 1L (DW)
distilled water, boiling for 1h leave it to cool, then filtered and
weighed the extraction filtrate and prepared (300-50) ppm by
analytical method, it was equal 1g/L =1000 ppm then put 1 ml of
filtrate in 20 ml of 1M acid solution is 50 ppm and 2ml in 20 ml is
equal 100 ppm and so on[18].

2.3. Preparation of acid solutions

HCI (1M) and, HNOs (1M) are prepared by analytical method, the
volume of acid is divided into 7 bottles 50 ml for bulk solution and
20 ml of six different concentrations of nature extraction inhibitors
which extract from nature plants, mango leaves and berry leaves (50-
300) ppm for two acids with Cu and Fe alloy of oil pipeline.

3. Results and discussion
3.1. Chemical Method (Weight-Loss Measurements)
Weight loss calculations are comprehensive corrosion tests for
laboratory and field. Also, they help us to make a quantitative
estimate of amount of corrosion. The corrosion behaviour of the
metal in an agueous environment is describe by the extent to which
it dissolves in the water solution.
Calculated the weight of a specimen before and after precipitate and
applying the following equation:

AW = W, —W; —— — — — (1)
Where w1 and w2 are the weights of sample before and after corrosion
reaction, respectively. The method depends on the loss of weight is
usually perefect method due to the quantity calculated is directly
expressed to the amount of corrosion and does not rely on any other
assumptions about reactions happening during corrosion.
The value of corrosion rate (CR) was calculated from the following
equation:

Where AW was the differences of masses of the specimens before
and after corrosion respectively, A is the total area of the specimen
(in cm?) and t is the corrosion time (in min).
Inhibition efficiency percentage (%IE) and the surface coverage (0)
represents that weight of metal surface covered by corrosion with
inhibitor molecules were calculated. from the equation (3):

ooip = SRR g 3)

’ CR,

Where CRo, and CRi are corrosion rates without and with inhibitors
respectively.
In Fig. (1) show the weight loss-time curves for copper in 1M HNO3
in the absence and the presence of different concentrations of the
extracts, mango inhibitor, and In Fig. (2,3) shows the differences
between the absence and the presence, respectively, of the mango
extraction inhibitor of copper piece in HNOs as a corrosion material.
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Fig. (1): Show the loss of weight per the time for Cu after corrosion by 1M
HNO; without and with six different concentrations of mango extract
inhibitor.

Fig. (2): Show, the corrosion of copper by HNO; (1M) without any mango
extraction inhibitor.

Fig. (3): Show, the corrosion of copper by HNO3 (1M) with mango extraction
inhibitor.

In Fig. (4) show the weight loss-time curves for copper in 1M HNOs
without and with different concentrations of the extracts, berry
inhibitor, and In Fig. (5,6) shows the differences between without
and with, respectively, of the berry extraction inhibitor of the copper
piece in HNOs (1M) as a corrosion material.
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Fig. (4): Show the loss of weight per the time for Cu after corrosion by
HNO; (1M) without and with six different concentrations of berry extract
inhibitor.

Fig. (5): Show, the corrosion of copper by HNO; (1M) without any berry
extraction inhibitor.

Fig. (6): Show, the corrosion of copper by HNO; (1M) with berry extraction
inhibitor

It is obvious that loss the weight of copper with berry inhibitor
extracts varies linearly with time, and is much lower than that
obtained in blank solution. The linearity of curve obtained indicated
that an insoluble surface film was absented during corrosion and the
extracts were first adsorbed onto the surface of metal and, therefore,
hinder the corrosion process. The calculated values of % IE and 6 for
the investigated inhibitors at 25 °C are listed in Table (1). Inspection
of the tabulated data showed that, the inhibition efficiency increases
by increase the concentration of inhibitor. This behaviour could be
attributed to increase the number of adsorbed inhibitors at metal
surface.
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Table (1): Surface coverage (0) with inhibition efficiency (%IE) at
different concentrations of extracts for the copper corrosion bylM
HNO;. after 90 min.

Concentration, Mango inhibitor

Berry leaves

ppm extract
IE% 0 IE% 0

50 28.5 0.285 57.5 0.575
100 49.3 0.493 62.4 0.624
150 65.6 0.656 66.9 0.669
200 71.9 0.719 69.2 0.692
250 76.5 0.765 71.9 0.719
300 82.8 0.828 74.2 0.742
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Fig. (7): Show the loss of weight per the time for Cu after corrosion by 1M
HClwithout and with six different concentrations of mango inhibitor extract.

In Fig. (7) show the weight loss-time curves for Cu in HCI (1M) with
and without of different concentrations of the extracts, mango
inhibitor, and In Fig. (8,9) shows the differences between presence
and, absence respectively, of the mango extraction inhibitor of copper
piece as a corrosion material by HCI (1Mm).

Fig. (8): Show, the corrosion
extraction inhibitor.

of copper by HCI (1M) without any mango

Fig. (9): Show, the corrosion of copper by HCI (1M) with mango extraction
inhibitor.
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Fig. (10): Show the loss of weight per the time for Cu after corrosion by 1M
HClwith and without six different concentrations of berry leaves extract.

In Fig. (10) show the weight loss-time curves for Cu in 1M HCI (1M)
without and with different concentrations of the extracts, berry
inhibitor, and In Fig. (11,12) shows the differences between without
and with, respectively of the berry extraction inhibitor of the copper
piece in HCI (1M) as a corrosion material.

Fig. (11): Show,the corroson of copper by HCI (1M) without any berry
extraction inhibitor.
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Fig. (12): Show, the corrosion of copper by HCI (1M) with berry extraction
inhibitor.

In Fig. (13) show the weight loss-time curves for Fe alloy of oil
pipeline in HNOs (1M) without and with different concentrations of
the extracts, mango inhibitor, and In Fig. (14,15) shows the
differences between without and with, respectively of the mango
extraction inhibitor of the Fe alloy piece in HNOs (1M) as a corrosion
material.
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Fig. (13): Show the loss of weight per the time Fe alloy of oil pipeline after
corrosion by HNO3 (1M) without and with six different concentrations of
mango inhibitor extract.

Fig. (14): Show, the corrosion Fe alloy of oil pipeline by 1M HNO; without
mango inhibitor.

Fig. (15): Show, the corrosion Fe Ion of oil pipeline by HNO; (1M) with
mango inhibitor.
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Fig. (16): Show the loss of weight per the time Fe alloy of oil pipeline after
corrosion by HNO; (1M) without and with six different concentrations berry
leaves extract.

In Fig. (16) show the weight loss-time curves for Fe alloy of oil
pipeline in HNOs (1M) without and with different concentrations of
the extracts, berry inhibitor, and In Fig. (17,18) shows the differences
between without and with, respectively, of the berry extraction
inhibitor of the Fe alloy piece in HNOs (1M) as a corrosion material.

: o
Fig. (17): Show, the corrosion Fe alloy of oil pipeline r by 1M HNO3 without
any berry inhibitor.
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R R

with berry inhibitor.
In Fig. (19,20) shows the weight loss-time curves for Fe alloy of oil

pipeline in HCI (1M) without and with different concentrations of the
extracts, mango inhibitor, and berry inhibitor, respectively.
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Fig. (19): Show the loss of weight per the time Fe alloy of oil pipeline after
corrosion by HCI (1M) without and with six different concentrations of
mango inhibitor extract.
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Fig. (20): Show the loss of weight per the time Fe alloy of oil pipeline after
corrosion by HCI (1M) without and with six different concentrations of berry
leaves extract.
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Fig. (21): Show the loss of weight per the time Fe after corrosion by HNO3
(1M) without and with six different concentrations of mango inhibitor
extract.

In Fig. (21) show the weight loss-time curves for Fe in HNOs (1M)
without and with different concentrations of the extracts, mango
inhibitor, and In Fig. (22,23) shows the differences between without
and with, respectively, of the mango extraction inhibitor of the Fe
piece in HNOs (1M) as a corrosion material.

Fig. (23): Show, the corrosio Fe after by HNO3 (1M) with mango inhibitor.
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Fig. (24): Show the loss of weight per the time Fe after corrosion by 1M
HNO3 without and with six different concentrations of berry leaves extract.

In Fig. (24) show the weight loss-time curves for Fe in HNOs (1M)
without and with different concentrations of the extracts, berry
inhibitor, and In Fig. (25,26) shows the differences between without
and with, respectively, of the berry extraction inhibitor of the Fe piece
in HNOs (1M) as a corrosion material.

s
Fig. (26): Show Fe after corrosion by HNO; (1M) with berry inhibitor.
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Fig. (27): Show the loss of weight per the time Fe after corrosion by HCI (1M)
without and with six different concentrations of mango inhibitor extract.

In Fig. (27) show the weight loss-time curves for Fe in HCI (1M) the
absence and presence of different concentrations of the extracts,
mango inhibitor, and In Fig. (28,29) shows the differences between
absence and presence, respectively, of the mango extraction inhibitor
of the Fe piece in HCI (1M) as a corrosion material.

Fig. (28): Show Fe after corrosion by HCI (1) without mango inhibitor.

Fig. (29): Show Fe after corrosion by HCI (1M) with mango inhibitor.
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Fig. (30): Show the loss of weight per the time Fe i after corrosion by HCI
(1M) without and with six different concentrations of berry leaves extract.

In Fig. (30) show the weight loss-time curves for Fe in HCI (1M)
without and with different concentrations of the extracts, berry
inhibitor, and In Fig. (31,32) shows the differences between without
and with, respectively, of the berry extraction inhibitor of the Fe piece
in HCI (1M) as a corrosion material.

The more the curves of the inhibitors converge and diverge from the
curve of the solution that does not contain the inhibitors, this
indicates the efficiency of the inhibitor even at lower concentrations
of it, and vice versa.

vy

Fig. (32): Show Fe after corrosionrby 1M HCI with berry inhibitor.

3.2. Effect of temperature

Weight loss-time curves of Cu in HNOs (1M) acid solution were
studied in the temperature range (25- 45°C). in the absence and
presence of different concentrations of the extracts at different
temperatures.

3.3. Effect of temperature on inhibition efficiency (%IE)
The inhibition efficiency (%IE) for Cu corrosion in the presence of

various concentrations of the extracts and at different temperatures
was obtained from Eq. (3).

The obtained weight-loss time curves are represented in. Tables (2,
3) illustrates the variation of % IE with extracts concentration at
different temperatures. The obtained data revealed that:

The inhibition efficiency increased with an increase extract
concentration. This suggests that the extract species are adsorbed on
the copper/solution interface where the adsorbed species
mechanically form a protected film on the metal surface which
inhibits the action of the corrosion.

A decrease in the extract efficiency with increasing temperature were
observed in case of mango inhibitor  extract indicating that
adsorption of extract species on Cu surface at these conditions is
physical adsorption. An increase in the extract efficiency with
increasing temperature were observed in case of berry leaves
indicating that adsorption of extract species on Cu surface at these
conditions is chemical adsorption. The effect of temperature on the
inhibited acid-metal reaction is highly complex, because many
changes happened on the metal surface like rapid etching and
desorption of inhibitor and the inhibitor itself may undergo
decomposition or re-arrangement.

Table (2): Variation of inhibition efficiencies (%IE) and  surface
coverage (0) for various concentrations of mango inhibitor extract at
different temperatures at 90 min immersion.

b »IE mg/E:cr:nF\;.)min Temp., °C Cpopnrfw”
0.285 28.5 1.32 25
0.251 25.1 1.99 30
0.191 19.1 3.68 35 50
0.158 15.8 5.24 40
0.095 9.5 7.35 45
0.493 49.3 0.933 25
0.414 41.4 1.56 30
0.363 36.3 2.89 35 100
0.265 26.5 4.58 40
0.204 204 6.45 45
0.656 65.6 0.633 25
0.618 61.8 1.02 30
0.521 52.1 2.18 35 150
0.469 46.9 33 40
0.418 418 4.73 45
0.719 71.9 0.517 25
0.665 66.5 0.892 30
0.583 58.3 1.89 35 200
0.539 53.9 2.87 40
0.425 425 4.68 45
0.765 76.5 0.433 25
0.737 73.7 0.7 30
0.683 68.3 1.44 35 250
0.664 66.4 2.09 40
0.476 47.6 4.26 45
0.828 82.8 0.317 25
0.784 78.4 0.575 30
0.758 75.8 11 35 300
0.685 68.5 1.97 40
0.671 67.1 2.68 45
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Table (3): Variation of inhibition efficiencies (% IE) and

surface Table (5): Cu corrosion rates after 90-minute immersion in HNO; (1M)

coverage (0) for various concentrations of berry leaves extract at without and with different concentrations of berry leaves extract at

different temperatures at 90 min immersion.

(CR) Temp. Conc.,
0 %IE mg/cm?.min oC ppm
0.575 57.5 0.783 25
0.627 62.7 0.992 30
0.655 65.5 1.567 35 50
0.687 68.7 1.95 40
0.748 74.8 2.05 45
0.624 62.4 0.692 25
0.655 65.5 0.912 30
0.686 68.6 1.425 35 100
0.715 71.5 1.775 40
0.778 77.8 1.808 45
0.670 67.0 0.608 25
0.687 68.7 0.833 30
0.721 72.1 1.267 35 150
0.748 74.8 1.567 40
0.800 80.0 1.625 45
0.692 69.2 0.567 25
0.715 715 0.758 30
0.748 74.8 1.142 35 200
0.776 77.6 1.391 40
0.823 82.3 1.442 45
0.719 71.9 0.517 25
0.749 74.9 0.667 30
0.771 77.1 1.042 35 250
0.806 80.6 1.208 40
0.847 84.7 1.242 45
0.742 74.2 0.475 25
0.774 77.4 0.60 30
0.794 79.4 0.933 35 300
0.827 82.7 1.075 40
0.865 86.5 111 45

3.4. Effect of temperature on copper corrosion rates (CR)
Dissolution degree depends on the area of the metal surface exposed
and the time of detection, the corrosion quantity is given as respect to
area(cm?) and time(s). The quantity of corrosion result, or corrosion
rate, is thus a basic calculation in corrosion. Corrosion rates (CR) can
be meanly measured by either the concentration of metals dissolved
in solution by chemical analysis method by eq. (2).

In Tables (4, 5) represent the corrosion rates of copper in 1M HNO3
without and with six different concentrations of extracts at five
different temperatures (25-45). As observed from the tabulated data,
a remarkable decrease in copper corrosion rates was observed with
the addition of increasing amount of the investigated extracts at each
studied temperature. It is also clear that corrosion rate of copper i
without and with extracts obeys Arrhenius type equation as it
increases with raising solution temperature. These tables also, explain
the berry extraction inhibitor is better than the mango extraction
inhibitor at all different concentration, and different temperature.
Table (4): copper corrosion rates after 90-minute immersion in 1M
HNO; without and with different concentrations of Mango inhibitor
extract at different temperatures.

Conc. CR. x 10% (mg.cm2.min-1)
ppm
25C° 30C° 35C° 40C° 45C0
Blank 2.0 3.0 5.0 6.9 9.0
50 15 2.2 4.1 5.8 8.2
100 1.0 1.7 3.2 51 7.2
150 0.7 11 24 3.7 5.3
200 0.6 1.0 21 3.2 5.2
250 0.5 0.8 16 2.3 4.7
300 0.4 0.6 1.2 2.2 3.0

different temperatures.

Conc.

CR.x 102 (mg.cm2.mint)

ppm
25C° 30C° 35C°  40C°  45C0
Blank 20 2.9 5.0 6.9 9.0
50 0.9 11 17 22 23
100 0.8 1.0 16 2.0 21
150 0.7 0.9 14 17 18
200 0.65 0.8 13 15 16
250 0.6 0.7 12 13 14
300 0.5 0.68 1.0 12 13

Table 6 The performance and experimental conditions of some
previously reported natural-based corrosion inhibitors and
berry and mango inhibitors.

. Optimum conc./ Highest
Inhibitor Material/ Solution ~ (%IE) e
Tunbergia 500 ppm/ Mild steel/
fragrans 1.0 M HCI 81.0 [31]
Magnolia 500 ppm/ Q235
grandiflora steel/1.0 M HCI 8.0 [32]
Pterocarpus
- 0.7 g/L/ Carbon
santalinoides steel/1.0 M HCl 85.2 [33]
leaves extract
Opuntia elatior 500 mg/L/ Mild
fruit steel/1.0 M HCI 9.7 [34]
Rosa canina fruit 800 ppm/ Mild
extract steel/1.0 M HC 86 [35]
Taxus baccata 600 ppm/ Mild steel/
extract 1.0 M HCI 83 [36]
Haematostaphis .
barteri Leaves 40 g/L/ Mild steel/ 73 [37]
1.0 M HC
Extract
Elaeoselinum 900 ppm/Carbon
thapsioides steel 82 [38]
butanolic extract 1.0 M HCI 700 ppm / 84 [39]
AVU Mild steel/ 1.0 M HCI
1.0MHCI&1.0M .
Berry, and HNOs/ 300ppm/ go5 IS
mango extract work

carbon steel/

4.Conclusion:

Two natural products extracted from berry leaves and mango leaves,
as it was proven through the study that they are able to resist the
corrosion of copper and iron metallic, and oil tubes made of iron
alloys. From the data and results explain the berry extraction is a
good inhibitor for the metal studies than mango extraction inhibitor.
Corrosion rate with inhibitors were compared to the corrosion rate
without inhibitor, also, the effect of temperature on its adsorption and
wear rate.
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