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Abstract: The inhibition of mild steel corrosion in hydrochlovic acid solutions were studied with application of Libyan plant Leave
(Morus nigra L.) on mild steel in IM HCI (37 % Hydrochloric acid) using weight loss method and gravimetric measurements.
Experiments were performed by varying immersion period concentration of the inhibitor. Corrosion inhibition efficiency of (Morus
nigra L) leaves extracts was evaluated using weight loss measurements for effect of various solution concentrations sustained at
optimum concentration 1 g/l was 85.6 % in 1 M HCI acid with 2 % plant crude extract and it was increased with the increase in
concentration of plant leaves crude extract at temperature 25 °C. Maximum inhibition efficiency was found 94.9 % in 1 M HCI acid
with 10% plant crude extract. The corrosion rate was found to decrease with the increases in concentration of extract up to 0.3% to
1.2%. The results obtained indicate that the crude extracts functioned as decent inhibitors in IM 1.0 HCI. The adsorption of constituents
in the plant crude extract on the surface of the metal is proposed for the inhibition behavior. Also the crude extract was analyzed for
electrical conductivity (Ec), total dissolved salts (TDS) and pH values.
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1. Introduction

Numerous protective measures taken for controller and
prevent the corrosion one of them being the use of inhibitors.
[1]- [2]-[3] A corrosion inhibitor is a substance which, when
added to a corrosive environment significantly decreases the
rate of corrosion attack caused by the environment.
Corrosion inhibitors are commonly added in small amounts
to pickling acids, acid stimulation fluids, cooling waters, oil
and gas production streams, either continuously or
intermittently to control corrosion. Mild steel certainly is
cheapest and most commonly used in construction material,
were used extensively for centuries in many areas, intended
for water pipes, boats, docks, tanks vessels, etc. Because of
its low nobility and structural defects, mild steel, in
interaction with other metals, corrodes practically in all
environments [4]. Mild steel can be protected by using
organic or inorganic species to the solution in order to inhibit
the corrosion reaction in acid media, the most common
amongst these are the inhibitors based on inorganic nitrites,
nitrogen-based materials and their derivatives such as
Sulphur containing compounds, aldehydes, thioaldehydes,
acetylenic compounds, and various alkaloids such as
papaverine, strychnine, quine, and nicotine have been
employed as inhibitors. In neutral media, benzoate, nitrite,
chromate and phosphate act as good inhibitors. [5]- [6] The
adsorption bond strength is dependent on the composition of
the metal and the corroding, the inhibitor structure and the
concentration as well as the temperature. [7]-[8] The aim of
this study was to investigate inhibition effect (losses weight,
inhibition efficiency and corrosion rate) of Morus nigra L.
leaves extract as a cheap, raw and non-toxic corrosion
inhibitor on steel corrosion in leaves hydrochloric acid. The
toxic effects of synthetic corrosion inhibitors have led to the
search for naturally occurring substances which are not only

readily available but are also environmentally friendly and
along with that fact of naturally occurring plant products are
ecofriendly, less toxic, less expensive and non-polluting
consequently can widely be used without side effect. Hence,
this study investigates the inhibition efficacy of acid extract
of Morus nigra L. leaves on mild steel in 1M HCI using
weight loss method.

2. Materials and Methods
2.1 Preparation of Metal Specimen

The mild steel specimens were mechanically cut in to
dimension of Icm X 4 cm X 1mm thickness (with a surface
area of 4 cm?, one face). Prior to all, the mild steel coupons
were mechanically polished with series of emery paper from
400 to 1200 grades. The specimen are washed thoroughly
with distilled water, degreased with absolute ethanol, dipped
into acetone and dried in air. The dried specimens stored in
desiccators before used.

2.2 Preparation of Inhibitor (crude extracts)

The fresh leaves of Morus nigra L. were abundantly
collected at Alkhums Region, Libya in Mars/ April months
of 2015. The plant were identified by Plant taxonomist of the
Department of Biology of El-Mergheb University, Al-
Khums, Libya The leaves were washed thoroughly with tap
water then by distilled water to remove undesirable material.
The sample were shield dried, grinded in to fine powder and
weighed ground leaves were stored in desiccators prior to
usage. 20 g of ground samples was extracted by Soxhlet with
distilled water (at a 40% (w/v) concentration 20g leaves
powder in 400 ml distilled water) for 6 hours after that
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filtered off. The aqueous crude extracts were stored in
refrigerator at 4°C until further use.

2.3 Preparation of Test Solutions

The solution of M 1.0 HCI (37 % HCI Hydrochloric acid)
was prepared by diluting with distilled water. The inhibitors
were accurately weighed and dissolve in prepared M 1.0 HCI
acid solutions to obtain different inhibitors concentrations
(2%, 4%, 6%, 8% and 10%). The test solutions were
prepared in different containers to carry out the corrosion
experiment.

2.4 Temperature

Altogether experiments were carried out at the room
temperature 25 +2 °C

2.5pH Value
pH was measured using a model HI 8014 USA Hanna
Instrument, pH-meter. It was observed from the pH value

that aqueous extract sample was 5.13.

2.6 Electrical
dissolved solids

conductivity (or salinity) and total

Prepared 20% (w/v) solution of crude extract suspended in
deionizer water. The electrical conductivity and total
dissolved solids of each sample were analyzed three times,
and the mean values were expressed in uS/cm and ppm,
respectively, the deionizer water was determined to be less
than 10uS/cm. [9] The electric conductivity/ TDS were
determined with a model Jenway 4520 Conductivity Meter.
It was observed from the pH value ( Hanna Instrument, HI
8014, pH Meter) that aqueous extract sample was for Ec
72.3 uS/em’ and for TDS 43.3 mg/lit.

2.7 Gravimetric measurements

Weight loss measurements were conducted under total
immersion using 250 ml capacity plastic containing prepared
solution at 25 °C. The mild steel coupons were weighed and
dropped in the corroding with the aid of acid resistance
plastic clip. The coupons were retrieved for appropriate time
(24, 48, 72 and 96 hours). After each exposure time, the mild
steel coupons were removed, from the vessel and brushed
with a stiff brush under running water to remove all loose
deposit then rinsed with distilled water and dried by acetone.
The mild steel was re-weighed to determine the weight loss,
in gram by the difference of mild steel weight before and
after immersion. The corrosion rates (g/cm’h) in the absence
and presence of the considered inhibitors were determined.
Weight loss was calculated by finding the difference
between weight of each coupon before and after immersion

(1)

W=Wb-Wa(l)
Wb is the weight before immersion; Wa is the weight after
immersion. While the corrosion rate (g/cm’h) in absence and
presence of inhibitors was calculated using following
equation (2):

CR=Aw At (2)
Where Aw is the weight loss (g) after exposure time t (h), A
is the area of the specimen (cm?) and t is time of exposure in
hours, and CR is the corrosion rate at each exposure time.

2.8 Evaluation of Corrosion Parameters

The parameters of corrosion include corrosion rates (CR)
and inhibition efficiency (IE %), calculated from weight loss
measurements for mild steel in acid media with absent and
presence of various concentrations of leaves extract ( 2%,
4%, 6%, 8% and 10%) for a period of time (24,48, 72 and 92

hours), at temperatures 25 °C. (3)
Inhibitor Eﬁ‘iciency (%) =100- (Uninhibited' Il’lh,'],,'te,j)/
Uniupivitea. 3)

Where:
Uninhibited = corrosion rate of the uninhibited system.
Inhibited = corrosion rate of the inhibited system.

3. Result and Discussion

3.1 Physico chemical properties of raw water samples

Table 1: Physico-chemical parameters of (plant extract)
parameters Time °C pH EC pS/cm’ | TDS mg
plant extract 25 5.13 72.3 43.3

3.2 The pH value, TDS and Electrical Conductivity EC

As showed in Table 1 it was observed from the pH value that
aqueous extract sample was 5.13 and the TDS values for the
crude extract was 43.3 mg/l, where electrical conductivity
EC which is a factor in the determination one of the
substantial physical characteristics of the crude plant extract
it was 72.3uS/cm’ and this parameter depends on the plant
constituents such as organic acids some complex sugars and
polyols content, and varies with botanical origin. The
electrical conductivity of the extract is closely associated to
the concentration of mineral salts and organic acids; it is a
parameter that shows countless variability consistent with
the floral origin. [10]

Table 2: Corrosion parameters for mild steel in 1 M HCl in
absence and presence of optimum concentration of the
inhibitor studied at 24 hours
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Immersion 24
Time (h)
Concentration| Weight loss |Corrosion rate Inhibition
(gn) (gr/em’*day)|  Efficiency %

HCL blank 0.0714 0.008925 0.00
2% 0.0468 0.005850 34.4
4% 0.0154 0.001925 78.4
6% 0.0265 0.003312 62.8
8% 0.0184 0.002300 74.2
10% 0.0114 0.001425 84.0
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Table 3: Corrosion parameters for mild steel in 1 M HCl in
absence and presence of optimum concentration of the
inhibitor studied at 48 hours:

Immersion 48
Time (h)
Concentration | Weight loss | Corrosion rate Inhibition
(gr) (gr/cm?**day) | Efficiency %

HCL blank 0.2062 0.025775 0.00
2% 0.0285 0.003562 86.1
4% 0.0105 0.001312 94.9
6% 0.0188 0.002350 90.8
8% 0.0218 0.002725 89.4
10% 0.0139 0.001737 93.2

Table 4 Corrosion parameters for mild steel in 1 M HCI in
absence and presence of optimum concentration of the
inhibitor studied at 72 hours

Immersion 72h
Time (h)
Weight loss |Corrosion rate Inhibition
Concentration (gr) (gr/cm**day)| Efficiency %
Hcl blank 0.2058 0.025725 0.00
2% 0.0570 0.007125 72.3
4% 0.0470 0.005875 77.1
6% 0.0593 0.007412 71.1
8% 0.0421 0.005262 79.5
10% 0.0268 0.003350 86.9

Table 5 Corrosion parameters for mild steel in 1 M HCI in
absence and presence of optimum concentration of the
inhibitor studied at 96 hours:

Immersion 96h
Time (h)
ConcentrationWeight loss| Corrosion rate Inhibition
(gr) (gr/cm’**day) | Efficiency %

Hcl blank 0.4613 0.057662 0.00
2% 0.0705 0.008812 84.7
4% 0.0283 0.003537 93.8
6% 0.0382 0.004775 91.7
8% 0.0384 0.004800 91.6
10% 0.0300 0.003750 93.4

The corrosion rates and inhibition efficiency values,
calculated using weight loss data, for various concentrations
of Morus nigra L. leaves extract in the presence of 1 M HCl
of the corrosion solution are presented in Tables.2, 3, 4 and
5, Wherever the weight loss was found decreasing with
increase in concentration of inhibitor, the corrosion product
formed from the reaction of mild steel with corrosive media
to form this stable compound (corrosion product). Along
with Properties and consequently losing weight of mild steel
leads to continue of corrosion product, the inhibition
efficiency and the values of corrosion rate presented in tables
2,3, 4 and 5 at room temperature revealed. These values of
corrosion rate and inhibition efficiency at room temperature,
showed the studied plant extracts act as decent corrosion
inhibitors and the obtained corrosion rate result decreased
with addition of sample leaves extract. The corrosion rate
value obtained was used to determine the inhibition
efficiency of the studied leaves extract in corrosion manner.
Significant, cleared that the inhibition efficiency increases
with increase in concentration of inhibitor. The decrease in
inhibition efficiency was likewise a result of desorption of

some inhibitor substituent. Outer layer of dimeric inhibitor
film and at the same time the underlying layer effectively
protect the metal surface from acid attack and the exposure
of mild steel to acidic media for longer period of time results
in high corrosion rate and fall of inhibition efficiency. [11]

Fig. 1: Weight loss versus contact time for blank acid and different concentration
solutions inhibited by (Morus nigra L.) extract.
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Figure 1: Weight loss versus contact time for blank acid and
solutions inhibited by plant Leave (Morus nigra L.) extract

at 25°C.
Fig. 2:Variation of inhibition efficiency wich concentration of plant Leave
(Morns nigra L) extract for mild steelin IM HCI %
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Figure 2: Variation of inhibition efficiency with
concentration of plant Leave (Morus nigra L.) extract for
mild steel in 1M HCl %:

A mechanism of chemical adsorption on the extract
components on the surface of the metal is proposed for the
inhibition behavior. In consort with the inhibition efficiency
increases with increasing concentration of inhibitor in each
solution in addition to it decreases with increasing strength
of HCI solution, Corresponding compare values for the
variation in reaction number with concentration of inhibitor
were represented in figures 1 and 2 for different
concentration of HCI solution, Where figures 3, 4 and 5
represented visual images of the mild-steel specimens before
and after immersion in different concentrations of extracts
and solution of M 1.0 HCI intended for period time. This
study showing that corrosion inhibition may be due to the
natural physical adsorption of the plant constituents on the
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surface of mild steel. The effect of concentration on
corrosion rate exhibited the variation of corrosion rate of
mild steel in 1M HCI in the presence of various
concentrations of acid extract of Morus nigra L. was studied
at room temperature. The results illustrations that the
corrosion rate of mild steel in 1M HCIl decreases with
increase in the concentration of the extracts at room
temperature. This suggests that as the concentration of the
extract increases, there is an increase in the number of
adsorption of the extract constituents on the surface of the
mild steel which makes a barrier for mass transfer and
prevents further corrosion. [12] The role of inhibitors is to
form a barrier of one or several molecular layers against acid
attack and this depends on phytochemical compounds which
vary widely on the part of the plant and its geographical
location. [13] The inhibitive characteristics of such
compounds derive from the adsorption ability of their
molecules, with the polar group acting as the reaction center
for the adsorption process. [14] The resulting adsorbed film
acts as a barrier that separates the metal from the corroding,
and efficiency of inhibition depends on the mechanical,
structural, and chemical characteristics of the adsorption
layers formed under particular conditions. [15] It was
previously reported that bitter leaves extract in the literature
that they contained many phytochemical compounds like
tannins, saponins, alkaloids, and flavonoids. [16]

4. Conclusion

The cause of concentration on corrosion rate exhibited the
variation of corrosion rate of mild steel in 1M HCI in the
presence of various concentrations of acid extract of Morus
nigra L result in revelation suitable results by means of such
an inhibitor. The aqueous extract of Morus nigra L. plant
acts as good inhibitor for the corrosion of mild steel in 1 M
HCI solution. The inhibitor exhibit agreeable inhibition
efficiency on mild steel corrosion in HCI solution than the
leave samples the inhibition efficiency increase with increase
in concentration of inhibitors as 93.4% in 10 % of plant
leaves concentration obtained at 25 £2 °C for 96 hours and
as 34.4 % in 2 % of plant leaves concentration obtained at
the same temperature for 24 hours.
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(a) Before (b) After
Figure 3 Visual images of the mild-steel specimens before
and after immersion in in the solution of M 1.0 HCl for 24h

(a) Before (b) After

Figure 4: Visual images of the mild-steel specimens before
and after immersion in the solution of M 1.0 HCl and 2%

inhibitor for 24h

(a)Without inhibitor for 96h (b) with10% inhibitor for 96h
Figure 5: Visual images of the mild-steel specimens

immersing in the solution of M 1.0 HCI with and without
10% inhibitor for 96h
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