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ABSTRACT

The effect of allium cepa extract as an inhibitor on mild steel corrosion in 0.5M H,S0O, was investigated at ambient
temperature. The experiments were performed with gravimetric and potentiostatic polarization measurement
methds. Polarization measurement was performed using a potentiostat (Autolab PGSTAT 30 ECO CHIMIE)
interfaced with a computer for data acquisition and analysis. Corrosion inhibition of the extract on the stedl test
specimens in the different concentrations of H,S0O, used was achieved, though not very significant. There was
increasing inhibition performance with increasing concentration of the extract inhibitor. The 80% onion
concentration gave the best inhibition performance. A mixed type inhibitor isindicated with the results of ba and bc.
A good correlation of results was obtained for the weight loss and polarization experiments.
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INTRODUCTION

Mild steel is uniqgue among other metallic materidlkis is due to its very wide application andutefulness in
domestic, services, construction, marine, industiia engineering purposes. However, it has a ehgd of being
subject to corrosive degradation in service. The ofchemical inhibitors is one of the means toigate this
destructive phenomenon. Chemical inhibitors aremiba&l compounds that are adsorbed on the metaheasfto
control, prevent and/or minimise the destructive@sion reactions.

Green inhibitors are the plant extracts that aredufr corrosion inhibition of metals/ alloys inffdrent test
environments. Many researchers have recently stiotenest in the use of these extracts for corrosidibitive
control [1-12]. Corrosion inhibitive effect of plts\ extracts has been attributed, in many caseshdovarious
complex chemical constituents of the extracts agckannin and polyphenols among others [7-9]. Tees®acts of
plants used as inhibitors are environment friendly.

Extract of onion Allium cepa) is investigated in this workAllium cepa are known [13] to contain on analysis,
vitamin C, vitamin B, folic acid and small quantities of other nutrier®henolics and flavonoids are other chemical
compounds found in onions [14]. These have beecrites! to include quercetin and its glycosidesrqgetn 3, 4'-
diglucoside and quercetin-4'-glucoside [15].
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Chemical structure of quercetin 3, 4'-diglucoside 16]

The complex chemical compositions containedliium cepa is expected to provide effective corrosion inhpiti

of the mild steel in the tested environment. Th@kvaims at obtaining positive result that will deeconomic and
technological benefit.

MATERIALS AND METHODS

2.1.Preparation of specimens

Preparation of the experimental specimens has pes#iously described [17]. The mild steel specimead as test
specimens was locally obtained from a rolling nillNigeria. Table 1 shows the per cent hominal cositpn of
the metal. The cylindrical steel sample was cub iaverage size of 20 mm x 20 mm coupons for weligbs
measurements and 20 mm x 20 mm coupons for postatio polarization measurements. A total numbe4f
samples used for the weight loss experiment wergcdked with a wire brush, ground with various g=df emery
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paper and then polished tq/6,. They were further rinsed in distilled wateré&move any corrosion products and
then cleaned with acetone to degrease. The samplesfully immersed in test solution to furthery@at exposure
to moisture in the atmosphere. Another set of 2dptes for the corrosion polarization experimentser@eaned in
the same manner as those for the weight loss empeti Copper wire was spot welded to each of thgpkes which
were thereafter mounted in resin to ensure thay tm surface of the samples were exposed to thesee
medium.

Table 1: Summary of per cent nominal composition ofmild steel

C Si S P Mn Ni Cr Mo \ Cu Sn Al
0.171 0.209 0.04 0.025 0.55 0.1a067 0.011 0.002 0.252 0.01 0.003
Zn Nb Ti W Pb B Ca Ce Zr Bi Co f
0.003 0.012 0.0004 0.004 0.0004 0.0030@7 0.008 0.002 0.001 0.009 98|48

2.2.Preparation of Onion (allium cepa) Extracts and Test Medium

The experiment was performed in sulphuric acid mmexli0.5M BSO, of AnalaR gradeOnion was obtained from a
local market near the Covenant University, Ota, @i 1.25Kg of the onion was chopped into pieoggther with
bark and soaked in 2.5litres ethanol for 3 weelkbs3adays. At the end of the soaking period, theppled onion was
filtered to obtain a liquid solution of ethanol aodion organic matter. The liquid was separatedh Wwie use of a
rotary evaporator which extracted the ethanol ftbeliquid solution leaving behind the solutionasfion organic
matter. The organic solution was stored in a refagpr until it was used for the experiments. Thi® extract was
prepared in various concentrations of 20%, 40%, &8%80% with the t$O,.

2.3.Weight loss experiment

Weighed test specimens were totally immersed it ediche test media contained in a 200 ml beake@odays.
Two test coupons were used for each test and tbeg® weights used. Experiments were performed OvEM
sulphuric acid test media in which tlalium cepa extract was added except for the control expertméast
specimens were taken out of the test media evelay®, washed with distilled water, rinsed in methaair-dried,
and re-weighed and then re-immersed in the testisnlfor continued tests during the whole experitakperiod.
The plots of accumulated weight loss and of cowedmg calculated corrosion rate versus exposume thre
respectively presented in Figures 1 and 2. Cormosite was calculated from the formula in equation

C. R. (mm /y) = 87.6 x (W / DAT) Q)
Where:

W = weight loss in milligrams
D = metal density in g /cin

A = exposed area of sample inTm
T = time of exposure of the in hours metal sample

The percentage inhibitor efficiency, P, for therosion rate results obtained for every experimergaling was
calculated from the relationship:

P = 100[1 - W2/W1]

Where:

W1 and W2 are, respectively, the corrosion ratabénabsence and presence of the predetermineeérdoaiion of
the allium cepa extract inhibitor. The results obtained are useglot the curve(s) of % inhibition efficiency vs.
exposure time (days), Figure 4.

2.4. Potentiostatic polarization experiments

Potentiodynamic polarization experiments were perfm on the mounted specimens in turns by immetsiaig in

the acid test media with and without onion extiabtbitor. 1 cnf surface area of the specimen was exposed to the
test solution at room temperature. As had beeniqusly reported (17), the experiments were perfarmsing a
polarization cell with a three — electrode systemsisting of a reference electrode (silver chlogtixtrode— SCE),
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a working electrode (WE); and two carbon rod couatectrodes (CE). The potentiodynamic studies weaide at a
scan rate of 0.00166 V/s from -1.5 to +1.5 V ané ¢brrosion currents were recorded. The experimeste
separately conducted in different per cent conatiotts of the LSO, in the onion extract. All the chemicals used
were of the analytic reagent grade (AR). The po#idn cell was connected to a potentiostat (AlXG&STAT 30
ECO CHIMIE) and interfaced with a computer for datauisition and analysis. Throughout the experimeiscan
rate of 1 mV/s was maintained.

2.5. Surface coverage
Surface coverage can be defined as the number safrtzetl molecules on a surface divided by the nurober
molecules in a filled monolayer on that surface][Birface coverage was calculated from equation 2.

¢ = (CRyjank— CRan) / CRyjank 2

Where: ¢ is surface coverage; R is corrosion rate without inhibitor, and GRis the corrosion with inhibitor
[19].
RESULTS AND DISCUSSION

3.1 Weight loss method
Results for the weight loss experiments are seglgrptesented below in turns for the tests in th8® acidic test
media with the addition of different concentratiaisllium cepa extract.

3.1.1Weight loss of mild steel in 0.5M H,S0, + Different concentrations of onion extract

Results obtained for the weight loss experimentfopmed with the different concentrations of thkium cepa
extract in 0.5M HSQ, are presented in Fig.The mild steel sample immersed in the solution 286 inhibitor
concentration lost the most weight as at the 120(¢5 days) of the experiment with a weight 1065.69789.

The value for the control experiment (without iritob addition) is 4.6059 in the first 3 days of theperiment and
thus recorded the highest weight loss within tleisqa. However, that changed into the lowest welgb$ values as
at 10 days with values ranging between 4.9731¢ba0@09g as at 408 hours (17 days) of the expetimen
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Figure 1: Plot of weight loss with exposure time fomild steel immersed in 0.5M HSO;, in addition of different concentrations of onion
extract

The mild steel sample immersed in the solution witi®o, 60% and 80% of inhibitor concentrations shibwe
corrosion inhibition values of 5.349 (360 Hrs), ®12(240 Hours) and 5.314g at 360 hours (15 dajgh®
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experiment respectively. Thus with these valugsept in the first three dayallium cepa did not perform very
well as an extract inhibitor in 0.5 M,BQ,.

3.1.2.Corrosion rate of mild steel immersed in 0.5M H,S0, in different concentrations of onion extract
Presented in Figures 2 are the corrosion rates weibosure time for the experiments whose weighs los
measurements have just been reported above ineFigur

In Figure 2, the specimen immersed in 0.5M5B4, recorded corrosion rate values that decreagbdime. As at
192 hours (8 days) of the experiment, the 20% extract comatomn apart from the control had the highest
corrosion rate value of 92.584 mnim [yr The corrosion rateesdecreased steadily with the increase in extract
inhibitor concentration @ hieving 50.269, 49.041, 44.6nm/yr for 40, 60 and 80% inhibitor concentrations
respectively.
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Figure 2: Variation of corrosion rate with exposuretime for mild steel immersed in 0.5M HSO, in addition of different concentrations of
onion extract

As at 144 hrs (6 days) of the experiment the 80%aekinhibitor concentration has the lowest cdongate value
of 59.8400 m/yr. At the same period the contral tesorded corrosion rate value of 61.6731 mm/yr.

3.1.3. Surface coverage of mild steel immersed in 0.5M H,S0, in different concentrations of onion extract.

Presented in Figure 3 are the curves of the surtaverage of the onion extract concentrations fanrasion
inhibition of mild steel in HSQO,. A clear observation recorded in Figure 3 is thatsurface coverage started high
at about 72 hours (3 days) of the experiment. é¢nRigure the surface coverage curves decreasedepsigely with
the time of exposure before maintaining fluctuatimgpative and positive values of extreme low s@femverage
for the rest of the extract concentrations throughthe experimental period. The test with the 20%ikitor
concentration achieved negative values of surfaverage after 96 hours (4 days). As at 120 houdags) of the
experiment, all other inhibitor concentrations peried with the positive values of surface cover&ge0l, 0.068,
and 0.131 for 40, 60, and 80% inhibitor concentrati respectively after which they maintained negatialues
throughout the experimental period.
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Figure 3: Curves of surface coverage with exposutame for mild steel immersed in 0.5M HSO, in addition of different concentrations of
onion extract
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Figure 4: Curves of inhibition efficiency with expasure time for mild steel immersed in 0.5M HSO, in addition of different
concentrations of onion extract

3.1.4 Inhibition efficiency of mild steel immersed in 0.5M H2S04 in different concentrations of onion extract

The results obtained for the corrosion inhibitidficeency of mild steel immersed in 0.5M,BQO, test environments
at different concentrations @lium cepa extract are presented in Figures 4. In general,pibr cent inhibition
efficiency (1.E.) decreased from the initial higalwes with the exposure time. Results in Figurelegarly show that
all the per cent inhibitor concentrations decredsedhibitor efficiency with the inhibitor concemattion. Within 4
days of the experiment the 20, 40 and 60% haveeabrded negative values. The results obtained thitse
inhibitor concentrations, was an indication thatéad of corrosion inhibition expected, the conegitns increased
the corrosion reactions just after 4 days of thgeeixnent. The 20% extract concentration was mirlyreffective
only for about 72 hours (3 days) of the experimefhieving 6.61% inhibitor efficiency value aftehish it
remained in negative values throughout. As at 1a@r$1(5 days) of the experiment, per cent inhihitvalues of -
4,902, -0.134, 6.877 and 13.141 were recordedntubitor concentrations of 20, 40, 60 and 80 retipely. As at
240 hours (10 days) of the experiment the inhibitiefficiency has decreased for each of the inhibito
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concentrations, with all achieving negative valiradicating lack of inhibition at that period andrdbighout the
experimental duration.

3.2. Electrochemical Corrosion Polarization Measumnent
The results obtained for the electrochemical céorogolarization measurement for the mild steelasagely
immersed in HSOytest media using onioml{ium cepa) extract as green inhibitor are presented in FEglrto 8.

3.2.1.Mild steel in H,SO,4 with various concentrations of Allium Cepa (onion) extract

The corrosion polarisation curves for the mild bktéest specimens in 430, using separately different
concentrations of onionallium cepa) extract as inhibitor are present in Figures 58toThe results for the
experiments are summarised in Table 2. As indicatethe Table 2, the control experiment showedHighest
corrosion intensity as indicated in the Table 2e Torrosion rate is 1.116E+01 mm/yr; current dgn@itorr),
1.13E-03 A/crfi; open corrosion potential (Ecorr value of -0.41h@ @olarisation resistance, Rp, 2.27E£D%alues
respectively. The test with 20% inhibitor concetitna recorded the highest corrosion value amongviréous
inhibitor concentrations as shown by the curremtsitg, corrosion rate and polarization resistanai@es. It has an
open corrosion potential (Ecorr) value of -0.414Ne corrosion rate (CR) value was 6.63E+00 mnviyrije the
corrosion polarisation resistance, Rp, value restras 3.98E + @1 and a value of 6.45E-04 A/érwas recorded
for corrosion current density (lcorr).

The results for 40, 60 and 80% inhibitor concerdret as presented in Figures 5 to 9 and summairnisédble 2,
showed progressive improvement in corrosion rasigta/alues than that of 20%’s. This is clearly @atitd by the
decreasing corrosion rates, increasing polarisatésistance and decreasing current density, le@yes. The
values of the Tafel slope (ba and bc) indicate thatonion extract inhibits both cathodic and angdactions and
thus confirms that the inhibitor is a mixed corowsinhibitor. Also, these results are very muclagneement with
the results obtained for the weight loss measurésraescribed above.
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Figure 5: Polarization curve of mild steel in HSO,+20% onion extract
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Figure 6: Polarization curve of mild steel in HSO, +40% onion extract

2
1.5
1
0.5
0
-0.5 e ——
-1
-1.5
-2
0.000001 0.00001 0.0001 0.001 0.01 0.1 1
Log | (mAcm-2)

E(v) vs Ag/AgCl

Figure 7: Polarization curve of mild steel in HSO,+60% onion extract
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Figure 8: Polarization curve of mild steel in HSO,+80% onion extract

Table 2: Polarizaton resultsfor the mild steelspecimen immersedn H,SO,with various concentrations of onion extract

% inhibitor concentrations ba bc Ecorr (V) | Icorr (A) Corrosion Polarisation
and Control (V/dec) (V/dec) Rate (CR) (mm/yr) | resistance Q)
Control 5.34E+00| -6.68E+00 -0.419 1.13E-03 1.116E+0 2.27E+01

20 1.26E+01| -5.58E+0 -0.414 6.45E-04 6.63E+00 Bt98

40 1.70E+01| -7.65E+0 -0.369 3.13E-04 3.22E+00 BtP1

60 1.14E-01| -6.44E+0( -0.384 4,98E-04 5.12E+00 504

80 1.90E+01| -6.56E+0 -0.394 3.54E-04 3.64E+00 E+P3

The potentiodynamic curves for the unihibited nstdel specimens in,80, are respectively presented in Figure 9.
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Figure 9: Polarization curve of mild steel in HSO,without inhibitor addition (Control)

It is apparent, when viewed from the overall caonsreactions parameter profile, that the mild Isteelergoes
severe corrosion in 0.5MJ30, when it is uninhibited by any inhibitor concenioat When the test electrodes were
experimented with different concentrations abfium cepa (onion) extract concentrations, there was progress
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corrosion inhibition, though not significantly. Thehibition improves, in most cases, with increasehe extract
inhibitor concentration.

Summary

It is important to emphasise again that oniatliym cepa) has a very complex composition. The inhibition
efficiency of an inhibitor such as the onion extrdepends not only on the characteristic of theirenment in
which it acts and the nature of the metal surfiécaso depends on the structure of the inhibiteelf. This has been
described to include the number of adsorption aatentres in the molecule, the charge densitynblecular size,
the mode of adsorption and the formation of metatiomplexes [20]Allium cepa consists of phenolics and
polyphenols. Polyphenols are known to effectivelieiact with reactive oxygen species. Polyphergasticularly,
flavonoids, have high complexation affinity to nmstg].

The results of the electrochemical tests whichvary much in agreement with the gravimetric testsfiem the
effectiveness of the inhibitory properties of oniextract in the acidic test environment. The restithe extract
concentrations affected both the anodic and cathaictions according to the Tafel slope (ba andvhtues in
Tables 2 and thus confirms the extract inhibitoraasixed type inhibitor. The diverse chemical citnstits and
complex structural compounds of onion extract ¢jeaxhibited electrochemical activity of effectivarrosion
inhibition though not significantly. The sulphu@dcid test environment at the concentration of OUsdd seemed to
be too strong to achieve improved significant rsiielel corrosion inhibition of the extract.

CONCLUSION

The gravimetric and electrochemical results confilme effectiveness odllium cepa (onion) extract as green
corrosion inhibitor for mild steel in 30, under the experimental conditions in which theestigation was
performed.

The inhibition performance, though not very sigrafit was concentration sensitive as all the rgsaflameters
responded positively — either increasing or de@ngasith increase in per cent concentration oféRkiact inhibitor.
The corrosion inhibition performance of the oniaxtract is associated with the very complex compmsiof
diverse chemical compounds such as phenolics anbrfbids with constituents such as quercetin  dsd i
glycosides quercetin 3, 4'-diglucoside and quemeétiglucoside.

The best corrosion inhibition was achieved with&03&6 onion extract concentration used.
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