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ABSTRACT

The inhibitive action of bilberrv cactus plant extracts (BCPE) on mild steel in 1.5 M Hydrochloric acid with
addition of different concentrations (0.1-0.5 g/l) was investigated using weight loss and hydrogen evolution
measurement methods. The inhibitor organic structures were characterized for their functional groups using Gas
Chromatography Mass Spectrometer (GCMS) and Fourier Transformation InfraRed (FTIR) analyses. The results
revealed that the protective film formed on the surface of mild steel by the adsorption of extracts in 1.5 M HCI
solution obeyed Langmuir adsorption isotherm. It was observed from thermodynamic adsorption parameters
(AHgas, ASqas, and AGygy) that the inhibitor adsorbed via physical adsorption and the negative values obtained
indicate exothermic reaction and spontancous process. Finally, the effect of substituents type in inhibition efficiency
was investigated using Linear Free Energy Relationship (Hammett relationship) and the reaction of adsorption
favored by electron donation of the extract substituent groups.
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1. INTRODUCTION

Mild steel is an iron alloy that contains less a very active field of research [2]. It is well
than 0.25% carbon. The steel is very known that organic compounds which act as
reactive and will readily revert back to iron inhibitors are rich in heteroatoms, such as
oxide (rust) in the presence of water, oxygen sulphur, nitrogen, and oxygen [3, 4]. Many
and ions [1]. The readiness of steel to researchers reported that the inhibition

oxidize on exterior exposure means that it effect  mainly  depends on  so
must be protected from the l and electroni .




)

affect living organisms but also poisons the
environment [8]. Due to the toxicity of some
corrosion  inhibitors, there has h'gen
increasing search for green corrosion
inhibitors [9]. Inhibitors in this class are
those which are environmentally friendly
and are got from natural products [10].
Biberry cactus plant (BCP) is tree-like,
much-branching plants with few prominent
ribs. The bilberry plant is one of the most
common plants in cultivation which quickly
grow in temperate climates. The BCP
species are widespread in Mexico including
the Baja California peninsula and some
Africa country. One of the species plant
extract such as spinning cactus (Opuntia
fica indica) was found to contain
phytochemical compounds which was
efficient to stop corrosion attack on mild
steel with acid solution. It was reported that
Opuntia fica indica extract, Aleo eru leaves
orange and mango mango peels give
adequate protection to steel in S % and 10 %
HCl at 25 and 40 °C [11).

2.0 MATERIALS AND METHODS

2.1 Preparation of Metal Specimen

The mild steel sample obtained has
chemical composition of carbon 0.053 %,
Silicon 0.14%. Aluminium 0.2 %, Calcium
0.1 %, Manganese 0.48 %, Iron 97.48 %,
Copper 0.057 % and Chromium 0.018 %.
The mild steel specimens were
mechanically cut in to dimension of 2.0 x
0.2 x 2.5 cm (with a surface area of 11.8
cm?). Prior to all measurement, the mild
steel coupons were mechanically polished
with series of emery paper from 400 to 1200
grades. The specimen were washed
thoroughly with distilled water, degreased
with absolute ethanol, dipped into acetone
and dried in air. The dried specimens were
stored in desiccators before use. The 1.5 M
HCI solution was prepared by dilution of
analytical grade 37 % HCI with double
distilled water.

. 2.2 Preparation of Inhibitor (BCPE)

1 'g_ﬁgsh plant was abundantly collected at
' campus, Federal University of
2 inna, Niger State. The plant
d and ground into powder.
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105g of powdery samples were soaked in

ethanol for 48hrs. The soaked samples were

filtered and the extracts were obtained by

rotary evaporator to expel the ethanol. The
inhibitor (extract) obtained was prepared for
phytochemical screening and dlS%()ll\/‘t?d in
1.5 M HCI to obtain the different

concentrations (0.1 — 0.5 g/l) to carried out
weight loss and hydrogen evolution

measurements.

2.3 Phytochemical Analysis

The extracts obtained were analyzed at the
National Research Institute of Chemicals
Technology (NARICT), Zaria, Nigeria and
results were printed from spectroscopy. to
identify the compounds, functional groups
and their structures. These tests were;
Fourier Transformation Infrared (FTIR)
analyses: CFLE was characterized by FTIR
spectroscopy for identification of all active
functional  groups with  FTIR-8400S
instrument.

Gas Chromatography Mass Spectrometer
(GCMS) analyses: CFLE also analyzed on
GCMS-QP2010 PLUS SHIMADZU
instrument, to detect all organic species
present quantitatively.

2.4 Weight loss (WL) measurement

The weight of mild steel specimens was
initially recorded and then they were
1mm§rsed in the prepared aggressive
‘soh‘mons in the presence and absence of
inhibitors concentrations. The specimens
were retrieved at 2 h time interval, washed
yvlth Flistilled water, dipped acetone, and dry
m air. The mild steel specimens were
weighed again to determine the weight of
the specimens after immersion and corrosion
rate was determined with equation |

= Wih=W3
Rult, S (1)
Where: puwi =Corrosion rate of weight loss
(PWL’, gemh!), Wy and W, are the Weight
of mild steel specimen before and after
A1m=mers10n In the test solution respectively.
~ surface area of the specimen and t is the
end time of each experiment. The inhibition
ctiiciency ‘(1B 9%), vallses was ealcalated
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with equation 2 similar to equation used by

[12]

1 \\li“l‘] - kf \\l,,,_'_\\_[‘ x 100 (2)
|‘\‘,| /

Where: IE) (%) is the Inhibition

efliciency, p,,, and P,y are Corrosion rate m
absence and presence of concentrations of
mhibitors respectively

2.5 Hydrogen Evolution (HE)
measurement

Hydrogen evolution experiment was carried
out in a gasometric setup, similar to the
hydrogen evolution setup used by [12].
Mylius flask was replaced with conical flask
(reaction  vessel) containing prepared
solution and mild steel specimens.

50ml of prepared corrodent solution was
introduced in to the conical flask through a
dropping funnel then removed. Degreased
specimens of mild steel were carefully
dropped into the solution and the reaction
vessel was quickly closed to avoid any
escape of hydrogen gas. The volume of
hydrogen gas was collected in calibrated
tube by downward displacement of water
over fixed time interval. A straight lines
graph of H» gas evolved per unit area
against time were obtained. The slope of
this line gave the rate of H: gas evolved
(pue, mlem™?min~") and this is equivalent
to corrosion rate of the mild steel specimens
in absence and presence of different
concentration of the studied inhibitors.
Inhibition efficiencies were calculated using
following equation which has been
previously described [12].

[Eng (%) = ("_He‘i:—ﬂé) x 100 (3)

Where: Py and pyg are the Hydrogen
evolution rates (corrosion rate) in absence
and presence of concentrations of inhibitor.

The experiment was conducted  at

temperature range of 25-60"C

r

Figure 1: Hvdrogen Evolution Setup

3 RESULTS AND DISCUSSION

The corrosion rate of mild steel in 1.5M
hydrochloric with different concentrations
of inhibitors from Table 1 showed that
corrosion rate values were decreasing with
increase in concentration of inhibitor as
lower values obtained at  0.5g/1
concentration are 0.0013 gem?h' and
0.0028 mlcm~2min~* for weight loss and
hydrogen evolution respectively. The high
inhibition efficiency as corrosion rate
reduce was as a result of occurrence of
adsorption of inhibitor on mild steel. In
hydrogen evolution measurement, it was
observed that evolution rate decrease as
concentrations of inhibitors increase and
increase with rise in temperature. The
values of inhibition efficiency decrease with
rise in temperatures and increase as the
concentrations of inhibitors increase. This
behaviour results to desorption of inhibitors
by undergoing decomposition due to
temperature variation of the system, leading
to weak efficiency of the inhibitor (extract)
in the corrosive medium [13-15].
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igure 8: The Linear free energy relationship (LFER) between log (7) and Hammett constant for studied
0

inhibitors on mild steel in contact with 1.5M HCI

Most of corrosion inhibitors are organic
compound having hetero atoms in their
aromatic or long carbon chain. It has been
known that the organic molecules can
adsorbed at the metal- solution interface,
which inhibits the corrosion on the metal
surface [36]. The strength of adsorption
depends on the charge on this anchoring
group [rather on the hetero atom (i.e., atoms
other than carbon including nitrogen,
sulphur) present in the anchoring group].
Most organic inhibitors possess at least one
functional group, regarded as the reaction
center or anchoring group [16]. The
anchoring groups (functional groups) were
characterized with the FTIR spectroscopy in
Figure 7. The FT-IR spectrum was observed
with some broad peaks, indicating the
presence of the functional groups [35]. it has
been established that the bands frequency
changed in adsorption process and probably
leads to missing of some functional groups
[35] In any case, adsorption molecules
spread over the metal surface and the
resulting adsorption layer function as a
barrier, isolating the metal from the
corrosion [37).

4.1 Effect of Substituent Groups

Substituents are the chemical compounds in
the inhibitors (extracts) that contributed to
electron donating or withdrawing ability in
inhibition process [16] The substituent type
can only be analyzed or descnbed. b.y
Hammett substituent parameters. As it is

reported, that substituent type is evaluated

with linear free energy relationship (LFER)
or Hammett equation, as given [38-43].
Iog({:;):pa (11)

It has been established that K/K, are
considered to be the average value of the
equilibrium constant of adsorption for
studied inhibitor [12]. In the present work,
K/K, was considered as largest molecular
weights of functional groups among the
structures obtained for the studied extract.
p is the reaction constant that measure how
sensitive a particular reaction is to change
the electronic effect of substituent groups. o
is substituent constant which refers to the
observed electronic effect that a particular
substituent impact to a molecule. From the
GCMS result the highest molecular weight
obtained are 298 and 210 for 3,11-
Teradecadien-1-ol and 9,12-Octadecadienol
chloride respectively. It can be observed
from the two compounds structures that the
functional groups are Hydroxyl (OH) and
Chloride (Cl) groups. The substituent
constant generated for OH and Cl groups
are 0.12 and 0.37 as reported by (Jaffe,
1953; Mullins et al., 2004; Maskill, H.,
1985) and the values were used to evaluate
reaction constant values through the slope
obtained from graph of linear free energy
relationship (LFER) between log (-:—o) and
the Hammett constant for the studied
inhibitors on mild steel in 1.5M HCL. The
log values of both molecular weights are
2.47 and 2.32 for hydroxyl and chloride
respectively.
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