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Abstract

Use of Amaranthus extract, as mild steel corrosion inhibitor, in iakting paste with
H>SQy, has been investigated. The electrochemical expatsnwvere conducted to bring
forth results regarding various parameters, viarrasion current, anodic polarization
and cathodic polarization. The corrosion curreatgally decreased with time, for both
uninhibited and inhibited systems. Polarizationvesrvalues indicate th&imaranthus
extract adsorption modified anodic dissolution natbm, as well as cathodic
hydrogen evolution. From the results, it is cldattboth cathodic and anodic reactions
were inhibited, and that inhibition increased as ithibitor concentration increased in
acidic media, but the cathode was more polarizbs fesult indicated th&maranthus
extract can be classified as a cathodic inhibilora 4 N BSQs solution. Surface
analysis via scanning electron microscope (SEMy&lgoa significant improvement on
the mild steel plate surface morphology, in thespnee of optimum inhibitor
concentrations. Thus, by conducting these expetsnesur aim is to use inhibited
pickling acid in the paste form, so that it can d@nveniently applied on large
structures, as well as on small tools, to be pikleaned. As a contribution to the
current interest on environmentally friendly greemrosion inhibitors, the present study
investigates the inhibiting effect dimaranthus extract, a green inhibitor which is
commonly known as Pigweed.

Keywords: Amaranthus extract, sulphuric acid, mild steel, polarizati®EM, corrosion,
inhibitor.

Introduction

Iron and mild steel are used in large quantitiesstauctural purposes, and for the
fabrication of machine tools. Iron, on exposureroist air, gets covered with a
reddish-brown coating called rust. The rust esabytconsists of hydrated ferric
oxide, Fe0s.3H.0, together with a small quantity of ferrous cardien FeCQ
Acid solutions are usually used for pickling, irder to remove rust from their
surface. Results indicate that the metal dissatvest rapidly in a pure sulphuric
acid solution, somewhat more slowly in pure hydiogh acid and, slowest of
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all, in pure phosphoric acid [1]. Iron dissolutionH.SQ; was slowed down by
halide ions [2].

The hydrogen molecule, due to the slow rate of &irom, in some cases,
penetrates the crystal lattice and deforms it,itgatb metal brittleness. Organic
and inorganic inhibitors, or a mixture of both, dahibit corrosion by either
chemisorption, or by a reaction with metal ionsynimg a barrier-type
precipitate on the metal surface [3].

Many compounds have been reported as good corrogritors for mild steel,
such as 4-methyl-4-H-1,2,4-Triazole-3-Thiol, 2-Magptonicotonic acid [4] and
pyrimidothiazine [5], but, because of the toxicuratand/or high cost of some
chemicals currently in use as inhibitors, it is essary to develop
environmentally acceptable and inexpensive substaridatural products can be
considered as a good source for this purpose. qineocas extracts from different
parts of some plants, such as herquar gum [6], neem leaves [7]Cucurbita
maxima [8], Anacardium accidentale gum [9], juniperus[10] and papaydl1]
have been found to be good corrosion inhibitors fany metals and alloys.
Leaves extracts are used as common corrosion falsbiThe anticorrosion
activity of Citrus aurantifolia, bitter leaf root,Piper nigrum, Musa paradisica,
and Nicotiana tabacum was investigated [12 - 16]. Corrosion inhibitioashalso
been studied for the extracts of Beautiful swefBaertia angustifolia). Castor
(Ricimus communis) leaves were studied for mild steel corrosion hitfon in
acidic media, in addition to the use of herbs sashbread fruitLigularia
fischeri, Phyllanthus amarus, palm oil and aloe vera gel, as new type of green
inhibitors for steel acidic corrosion [17 - 21].

In the present work, our aim is to use inhibiteckpng acid in the paste form, so
that it can be conveniently applied on large stiteg, as well as on small tools,
to be pickled / cleaned. As a contribution to tharrent interest on
environmentally friendly green corrosion inhibitordhe present study
investigated the inhibiting effect @émaranthus extract, a green inhibitor which
is commonly known as Pigweed (Fig. 1).
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Experimental

Mild steel (Fe 99.30%, C 0.076%, Si 0.026%, Mn Q%9 P 0.012%, Cr
0.050%, Ni 0.050%, Al 0.023%, and Cu 0.135%) pan&lth 10 cm x 7.5 cm
size, taken from pickled cold rolled closed anngatald steel (18 SWG) cut
from a single sheet, were used in all experimdfs.specimens’ identification,
all were numbered, and a suspension hole of abouh2liameter near the upper
edge was made. The specimens were polished torrfirigh, with emery paper.
They were cleaned with cotton to remove powder taaces of adhered metal,
and then they were degreased with sulfur-free t@uéllowed by cleaning with
methanol, before experiments. All the acid and abal® used in the experiment
were of AR grade quality. Distilled water was ugedthe solution preparation.
Clay solil was collected, washed, dried, powderedi fiaved. 100 g sieved soil
were taken in a plastic glass with a hole at thigoba This glass was put over
uninhibited and inhibited acids. The soil uniforndgaked acid and, thus, the
pickling paste was prepared. 100 g of soil soake® 8c of acid. Polished and
weighed panels were suspended by a V-shaped hodk wfacapillary tubes,
with over 100% humidity, for 6 months, at room tesrgiure. In 6 months, heavy
rust appeared on the panels. The panels were ghaceito estimate the rust
amount. The pickling paste was applied over theghed rusted panels under
different conditions. After the experiment, the geasias removed by washing
with a saturated sodium bicarbonate solution. Tdreefs were again washed with
water, and dried with hot air. The panels werelljnaeighed to estimate the
amount of dissolved rust. Experiments were condbictériplicate, and the mean
value is reported in Table Amaranthus leaves were crushed and squeezed. The
thus obtained liquid was used as inhibitor. 1 cthefextracted liquid was added
to 100 cc of the acid, for the inhibited picklinggte preparation.

The corrosion current was measured using ammetensAorange, by making
galvanic couples of mild steel and platinum. Thédrsteel and platinum couple
was put in the pickling paste (inhibited and unioiteid), and it was connected
through the ammeter to record the corrosion curtemting through the couple.
The corrosion current as a function of time wassuezd.

Table 1. Corrosion current in the steel-platinum couplecpt in the paste [4N.BOy,
RT; Amaranthus = 1%].

Time Current (mA)
(min.) Uninhibited | Inhibited
0 68 52
1C 65 48
2C 56 42
3C 52 35
40 48 31
5C 47 27
60 43 21

Polarization measurements were made using a ttanzed current source
(CV/CC 30 V-/A with a voltmeter and an ammeter)4 &2 Digit Equitronics
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digital potentiometer, an Equitronics Digital CurtéMeter, a decade resistance
box and a saturated calomel electrode.

The current was supplied from the power sourceuthinoavailable resistance,

and it was measured using a multimeter. Steel vgasl as working electrode,

and platinum foil as auxiliary electrode.

The studied variables were the corrosion currewt @mlarization (anodic and

cathodic).

SEM Analysis

The surface morphologies of the uninhibited andbitéd mild steel in a 4 N
sulphuric acid solution were investigated by scagnelectron microscope
(SEM). For SEM analysis, mild steel specimens weoated with a paste
containing a 4 N EBQs solution, in the absence and presence of optimum
inhibitor concentrations, for a 24 h period. Thddrsteel specimens’ surface
morphology was examined by using a scanning electnaroscope.

Results and discussion

Corrosion current as a function of time for the mild steel-platinum couple

A pickling paste with 4 N EBQy, with and without 1.0%Amaranthus, was
prepared. Mild steel was connected to platinum, both were placed in the
pickling paste. Results given in Table 1 and Fighaw that, in the uninhibited
system, when steel was connected to platinum, thréirgy current was 68 mA.
The current gradually decreased with time. In thtahited system, the starting
current was 52 mA, which gradually reduced to 21. mA

80

60

20 | .\\.\.—\’_\\’—‘_\—‘&.\. —4—Uninhibited
20 == nhibited

0 1
0 10 20 30 40 50 60
XX axis : Time (min); YY axis : Current (ma)

Figure 2. Corrosion current in the steel-platinum couplacpd in the paste [4 N
HoSQy; RT; Amaranthus = 1%.

Mild steel polarization

Anodic polarization

Table 2 and Fig. 3 show anodic polarization datanidd steel exposed to a
pickling paste containing 4 N 28Qs with and without 1.0%Amaranthus.
Results show that, when the current was raised 8dh10°® mA to 47.8*10°
mA, the potential increased from -580 mV to -544 nfer the uninhibited
system. In the inhibited system, the potentiala@from -575 mV to -519 mV.
Thus,Amaranthus polarized the anode to some extent.
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Amaranthus = 1%].
Current Uninhib. Inhib.
density log CD potential potential
(mA/cm?) (mV vs. SCE) (mV vs. SCE)
3.2 x1(3 -3.505! -58C -57E
4.3 %13 -3.633¢ -57¢ -574
6.4 x 1(3 -3.802] -57¢€ -572
10.1 x 1¢8 -2.004: 577 -57C
15.0 x 1¢8 -2.176! -57¢& -56€&
23.3 x 13 -2.367¢ -57C -56C
31.7 x 1(8 -2.5017 -56C -551
40.9 x1(¢8 -2.611; -55:2 -53€
47.8 x 1(3 -2.680: -544 -51¢
-480
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Figure 3. Anodic polarization data for mild steel placedtle paste [RT; 4N 5O
Amaranthus = 1%].

Table 3. Cathodic polarization data for mild steel platedhe paste [RT; 4 N ¥$Qy;
Amaranthus = 1%].

Current Uninhib. Inhib.
densit log potential potential
(MA /crr>1/2) CDh (mV vs. (mV vs.
SCE) SCE)
1.2x1(3 - -51C -53C
1.7x1C3 -3.23: -51C -533
2.5x1(C3 - -512 -537
4.1x1C3 - -513 -544
5.9%x 1C3 - -514 -551
8.1x1(C3 -3.90¢ -51€ -56(C
9.2x1(C3 - -52C -572
12.8x 1C3 - -523 -57¢
15.6% 1C3 - -52E -587

Cathodic polarization
Table 3 and Fig. 4 show cathodic polarization datamild steel exposed to a
pickling paste containing 4 N 28Qs with and without 1.0%Amaranthus.

Results show a potential drop, when the currentnaised from 1.2x1® mA to
102
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15.6x10° mA, for the uninhibited system. For the inhibitggstem, at minimum
current density  (1.2x30mA/cnY), the potential was -530 mV, which decreased
to -587 mV, at maximum current density (15.6%10A/ cn¥). Thus, a potential
AV drop, of 57 mV, was observed, suggesting thiaaranthus polarized the
cathode to a considerable extent.

-460 T T
r3.1004 -3.233 -3.4048-3.6149-3.7716 -3.909 -3.9643-2.1072-2.1931

-480
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¢
*
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Figure 4. Cathodic polarization data for mild steel plagethe paste [RT; 4 N 5Oy,
Amaranthus = 1%].

SEM Analysis

SEM analysis was recorded for the mild steel serfaanersed in the paste with
an acidic solution, in the inhibitor absence anéspnce, to prove Amaranthus
extract interactions with the mild steel surfacg Fg. 5a shows the SEM image
of the mild steel surface before immersion in th 4H>SQ; solution, whereas
Figs. 5b and ¢ show the mild steel surface thativwasersed in the 4 N 130,
solution, in the inhibitor absence and presenae24oh, respectively. According
to Fig. 5b, the mild steel surface severely cordontethe inhibitor absence. On
the other hand, no corrosion could be observechéndase of the mild steel
sample immersed in the inhibited solution, at optiminhibitor concentrations
(Fig. 5¢). In general, less damage to the surfarebe seen in the Amaranthus
extract presence, indicating that the inhibitor poomds are stable in a 4 N
H>SQy solution, and able to provide an effective corrosithibition of the mild
steel surface [3].

in the inhibitor presence, for a 24 h period.
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Conclusion

All measurements showed th&maranthus extract has excellent inhibition
properties for mild steel corrosion in a 4 NS solution. Amaranthus leaves
extract adsorption is uniform over the surface. Trebition is due to the film
formation onto the metal/acid solution interfachrouigh the adsorption of
Amaranthus leaves extract moleculesémaranthus polarizes the cathode, thus
acting as a cathodic inhibitor. SEM micrographsvsitbat the protective layer
formed over the metal surface prevents further ocsion. The chemical
composition of Amaranthus contains higher alkamektheir methyl derivatives,
higher aliphatic alcohols, acids and esters, aragids,p-sitosterol, stigmasterol,
campesterol, cholesterekspinasterol, glycosides efspinasterol, oleanoic acid,
quercetin, ruting-spinasterol octacosanoate. A new sap@aib-glucopyranosyl
(1-4)$-D-glucopyranosyl (1-4p-D-glucurono-pyramosyl(1-3)-oleanolic acid-
(I) has been isolated from the plant.

I
R = Gluc.acid(4-=1)Glu(4—+1)0!
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