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ABSTRACT

A study of the effect of allium cepa extract as an inhibitor on mild steel corrosion in 0.5M HCI was made at ambient
temperature. The experiments were performed with the weight loss/corrosion rate and potentiostatic polarization
measurement techniques. Polarization measurement was performed using a potentiostat (Autolab PGSTAT 30 ECO
CHIMIE) interfaced with a computer for data acquisition and analysis. Effective corrosion inhibition of the extract
on the steel test specimens in the different concentrations of HCl used was achieved as indicated with the results
obtained. There was increasing inhibition performance with increasing concentration of the extract inhibitor. The
best inhibition performances wer e achieved at the lower exposure times for all the extract concentrations used in the
0.5 M HCI_ A good corrélation of results was obtained for the gravimetric and polarization experiments. A mixed
type inhibitor isindicated with the results of ba and bc.
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INTRODUCTION

The very wide application of mild steel and its fus@ess in domestic, services, construction, matimdustrial and
engineering purposes makes it unique among othtllimenaterials. The challenge, however, is thé subject to
environmental/corrosive degradation in service. Amthe means to mitigate this destructive phenomesdhe
use of chemical inhibitors — the chemical compoutidd are adsorbed on the metal surfaces to comrevent
and/or minimise destructive corrosion reactionTpsses.

Various researchers have recently shown interegihénuse of plant extracts which are also refetceds green
inhibitors, for corrosion inhibition of metals/ ails in different test environments [1-12]. In macgses, the
corrosion inhibitive effect of some plants’ extmttas been attributed to the various complex chamanstituents
of the extracts which include tannin among othér®][ Extracts of plants used as inhibitors areiremment
friendly.

This present work investigates extract of oniéHjum cepa. Allium cepa (onion) are known [13] to contain on
analysis, vitamin C, vitamin & folic acid and other nutrients though in smalbntities. Onions have also been
found [14] to contain other chemical compounds saslphenolics and flavonoids. These have beenibdeddi5]

to include quercetin and its glycosides quercgti#'-diglucoside and quercetin-4'-glucoside.
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Quercetin (a polyphenol) is a typical flavonoid [15
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Chemical structure of quercetin 3, 4'-diglucoside 16]

The complex chemical compositions containedliium cepa is expected to exhibit electrochemical activitylsas
corrosion inhibition of the mild steel in the te$tenvironment. It is anticipated that such an oiatdipositive result
will be economically and technologically beneficial

MATERIALS AND METHODS

2.1.Preparation of specimens

Preparation of the experimental specimens folloagatevious process [17]. The mild steel specime w&s test
specimens was obtained from a local rolling millNigeria. It has a per cent nominal compositiorshswn in
Table 1. The cylindrical steel sample was cut iaterage size of 20 mm x 20 mm coupons for weighs lo
measurements and 20 mm x 20 mm coupons for postatio polarization measurements. A total numbe4bf
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samples used for the weight loss experiment wetgcdked with a wire brush, ground with various gsadf emery
paper and then polished tq6,. They were further rinsed in distilled watemémove any corrosion products and
then cleaned with acetone to degrease. The samglesfully immersed thereafter preventing furthepasure to
moisture in the atmosphere. Another set of 24 sesnfdr the corrosion polarization experiments waeaned in
the same manner as those for the weight loss empetiexcept that they were mounted in resin to renhat only
the surface of the samples were exposed to thesieermedium. Before mounting, copper wire was syeltled to
each of the samples.

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 Fe
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 Media

The experiment was performed in hydrochloric aciddiam, 0.5M HCI of AnalaR grade. 0.5 Knion was
obtained from a local market near the Covenant &hsity, Ota, Nigeria. 1.25 Kg of the onion was gheg into
pieces together with bark and soaked in 2.5 listbsinol for 3 weeks and 3 days. At the end of dakiag period,
the chopped onion was filtered to obtain a liquaduson of ethanol and onion organic matter. Thguilil was
separated with the use of a rotary evaporator whittacted the ethanol from the liquid solutiorvieg behind the
solution of onion organic matter. The organic Solutwas stored in a refrigerator until it was uded the
experiments. The onion extract was prepared irouarconcentrations of 20%, 40%, 60% and 80% wi¢hHII
acidic medium.This entailed taking 20 ml of the extract and 80 aflthe acidic medium to make 20%
concentration. The same process was followed ipgoieg the other per cent extract concentrations.

2.3.Weight loss experiment

The procedure had been previously described [1&jgidéd test specimens were totally immersed in eatfe test
media contained in a 200 ml beaker for 20 days. Tagbcoupons were used for each test and thege/eraights
used. Experiments were performed with 0.5M hydrogblacid test medium in which thalium cepa extract was
added except for the control experiments. Testispats were taken out of the test media every 2,dagshed
with distilled water, rinsed in methanol, air-drijeghd re-weighed and then re-immersed in the tstisn for
continued tests during the whole experimental gerithe plots of accumulated weight loss and ofesponding
calculated corrosion rate versus exposure timerespectively presented in Figures 1 and 2. Cormmosite was
calculated from the formula in equation 1.

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 eachhaf corrosion rate results obtained for every grpental reading
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.
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2.4. Potentiostatic polarization experiments

Potentiodynamic polarization experiments were pearfm on the mounted specimens in turns by immetsiaig in
each of the acid test media with and without omgtract inhibitor. 1 crsurface area of the specimen was exposed
to the test solution at room temperature. As hashbgreviously reported [17], the experiments wezefggmed
using a polarization cell with a three — electralstem consisting of a reference electrode (sitldoride
electrode— SCE), a working electrode (WE); and tadbon rod counter electrodes (CE). The potentiadyo
studies were made at a scan rate of 0.00166 Wis fib.5 to +1.5 V and the corrosion currents wepamed. The
experiments were separately conducted in diffepentcent concentrations of the HCI angSB) in onion extract.
All the chemicals used were of the analytic reaggatie (AR). The polarization cell was connected ftentiostat
(Autolab PGSTAT 30 ECO CHIMIE) and interfaced witcomputer for data acquisition and analysis. Thihout
the experiment, a scan rate of 1 mV/s was maintaine

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 surfacel[Brface 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

4.1 Weight loss method
Results for the weight loss experiments are seggrptesented below in turns for both the testsl@i and HSO,
acidic test media with the addition of differenhcentrations oéllium cepa extract.

4.1.1Weight loss of mild steel in 0.5M HCI + Concentrations of onion extract
Results obtained for the weight loss experimentfopmed with the different concentrations of takium cepa
extract in 0.5M HCI and 0.5M $$0, acidic media are respectively presented in Figlirasd 2
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Figure 1: Plot of weight loss with exposure time fomild steel immersed in 0.5M HCI in addition of dfferent concentrations of onion
extract

Clearly, the mild steel sample immersed in theutsmh with 20% inhibitor concentration lost the rmegeight
within the 20 days duration of the experiment wathweight loss of 2.399g as at the 336 hours (14)dafythe
experiment. The mild steel sample immersed in thetisn with 40% of inhibitor concentration showemdproved
effect in inhibiting the corrosion of mild steelhdeving a total weigtht loss of 2.4477g. The temdormed with the
60% and 80% extract inhibitor concentrations, snhyl had improved corrosion inhibiting values wittduced
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weight loss of 2.1897 and 2.2795g as at 226 anch86@s of the experiment respectively. The valuegtie control
experiment (without inhibitor addition) is 2.3394g at the 400 hours (~17 days) of the experiment.

4.1.2.Corrosion rate of mild sted immersed in 0.5M HCI in different concentrations of onion extract

Presented in Figure 2 is the corrosion rate withoskre time for the experiments whose weight losasurements
have just been reported above in Figure 1.
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Figure 2: Variation of corrosion rate with exposuretime for mild steel immersed in 0.5M HCL in addition of different concentrations of
onion extract

In Figure 2, the results recorded very high cooosites within the first 96 hours (4 days) of &xperiment after
which the corrosion rates decreased with time &ehd. After 120 hours (5) days of the experim#re, curves
emanating from the recorded results became muddbpether becoming almost indistinguishable for ¢batrol;
20, 40, 60 and 80% extract inhibitor concentraticespectively. At this period, the control expenteecorded a
corrosion rate of 31.750 mm/yr. However, at betw886 and 360 hours ( 14 and 15 days) of the exyeet, the
corrosion rate with time achieved the values 0848 .mm/yr for the control; and 13.207, 13.211, 32.8nd 11.417
mm/yr for the 20, 40,60 and 80%llium cepa extract concentrations respectively. The inhibitigalues
progressively improved with the increase in inltbitoncentration, achieving values of 17.91 and i&m/yr for
60 and 80% inhibitor concentration respectively.

4.1.3. Surface coverage of mild steel immersed in 0.5M HCL in different concentrations of onion extract.

Presented in Figure 3 are the curves of the surfaserage of the onion extract concentrations farasion

inhibition of mild steel in the HCI acidic test madh. A clear observation recorded is that the sigfaoverage
started high at about 72 hours (3 days) of the iaxygat. The surface coverage curves decreasedgasigely with

the time of exposure before maintaining fluctuatireggative and positive values of extreme low s@femverage
for the rest of the extract concentrations throughioe experimental period.
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Figure 3: Curves of surface coverage with exposuitame for mild steel immersed in 0.5M HCL 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 HCI in adiition of different concentrations
of onion extract

4.1.4 Inhibition efficiency of mild steel immersed in 0.5M HCI in different concentrations of onion extract

The results obtained for the corrosion inhibitidificeency of mild steel specimens immersed in 0.5\ test
environments at different concentrationsatlium cepa extract is presented in Figure 4. In general, gbe cent
inhibition efficiency (I.E.) decreased from thetiai high values with the exposure time. In Figdrehe first 4 to 5
days recorded positive inhibition efficiency for &9 80% inhibitor extract concentrations. Howewghjle the 20
and 40 % extract concentrations recorded negatalaes throughout the experimental period the 60 80fb
concentrations maintained positive but low inhigitiefficiency values. This indicates increasingbitbr protective
tendency with increase in the extract inhibitor cgmtration. The very low inhibition values withnse little
fluctuations, till the end of the experiment colld associated with the weakness of the test meduento its
contamination by the corrosion products in the tsahy which also caused reduction in corrosion.riateaddition,
the onion extract appears not strong enough tdiintiie steel sample appreciably even at the Irstiage of the
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experiment in the very strong acid. The availabtéetules in the extract inhibitor were probably enbugh for the
corrosion inhibition effectiveness in the strongdaenvironment.

4.2. Electrochemical Corrosion Polarization Measurment
The results obtained for the electrochemical céorogolarization measurement for the mild steelasagely
immersed in HClest media using onioml{ium cepa) extract as green inhibitor are presented in FEgrto 9.

4.2.1.Mild sted in HCI with various concentrations of Allium cepa extract

The results obtained for the tests performed in kGt medium are presented in Figures 5 tdige various
parameters of electrochemical corrosion polariratiesults obtained for the various inhibitor cortcations are
summarized in Table 2. The control experiment shibtie highest corrosion magnitude as written in Table
achieving a corrosion rate value of 7.68E+ 00 mméwrrent density (Icorr), 7.47E-04 A/énand polarisation
resistance, Rp, 3.448 values respectively. The tests with 20 and 40%bitdr concentrations recorded the highest
corrosion values among the various inhibitor cotregions as shown by the current density, corrosair and
polarization resistance values. With an open carropotential (Ecorr) values of -0.419V and -4.30egpectively,
the corrosion rate (CR) values were respectivedpb.+ 00 and 5.30E+00 mm/yr; while the corrosiotapsation
resistance, Rp, values recorded were 4.86E + 014a0@E+01). The corrosion current density (lcorr) values
recorded for both were respectively 5.29E-04 aribB-04 A/cmi. These results indicate the active corrosion
reactions on the test electrode/acid interfacengdutie experiments

From the Table 2 and also in Figures 7 to 9 therotbsults for 60 and 80% inhibitor concentratishswn in the
Table 2 gave appreciable improvement of corrosesistance//protection values than those of 20 &6. Among
other parameters, these observations are indichyedhe decreasing corrosion rates, increasing igakéon
resistance and decreasing current density, Icafues. There is obvious agreement with the reslitained here
and those of the weight loss measurements. Theevaill the Tafel slope (ba and bc) indicate thatedkteact
inhibits both cathodic and anodic reactions ands thanfirms that the inhibitor is a mixed corrositype of
inhibitor.
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Figure 5: Polarisation curve of mild steel in HCL+2% onion extract
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Figure 6: Polarisation curve of mild steel in HCL+4€% onion extract
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Figure 7: Polarisation curve of mild steel in HCL460% onion extract
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Figure 8: Polarisation curve of mild steel in HCL+&% onion extract

Table 2: Polarisation results for the specimen imnmsed in HCI using different concentrations of per ent onion extract

% inhibitor ba bc Ecorr Icorr Corrosion Rate | Polarisation
concentrations and Control | (V/dec) (V/dec) V) (A) (CR) (mmlyr) resistance {2)
Control 8.89E+00| -6.85E+0 -0.409 7.47E-D4 7.68E+0Q 3.44E+01
20 1.22E+01| -6.48E+0 -0.419 5.29E-04 5.43E+00Q 2484
40 1.24E+01| -6.25E+0 -0.43 5.15E-04 5.30E+00 499E
60 1.08E+01| -8.09E+0: -0.354 2.54E-04 2.61E-00 B+02
80 1.2¢E+01 | -7.76E+0C | -0.35Z | 2.07E-04 2.12E+0C 1.24E+0Z

The potentiodynamic curves for the unihibited nsitdel specimens in HCl is presented in Figures 9.
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Figure 9: Polarization curve of mild steel in HCL
Viewed from the overall corrosion reactions paranegirofile, it is apparent that the mild steel ugdes severe

corrosion in 0.5M HCI when it is uninhibited by amhibitor concentration. However, the same coondest cell
with same test electrodes that was experimentell different concentrations dllium cepa (onion) extract
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concentrations show progressive inhibition, thoanghsignificantly, which improves in most caseshwitcrease in
the extract inhibitor concentration.

Summary

Allium cepa, (onion) has a very complex composition as meetioim the introduction. Onion consists of phenolics
and polyphenols. Polyphenols are known to effeltiviateract with reactive oxygen species. Polyphgno
particularly, flavonoids, have high complexatiotiirafy to metals [20]. The inhibition efficiency odn inhibitor
such as the onion extract depends not only onhheacteristic of the environment in which it aatsl #he nature of
the metal surface. It also depends on the struatfitbe inhibitor itself which has been describedriclude the
number of adsorption active centres in the moledhlke charge density, the molecular size, the nodelsorption
and the formation of metallic complexes [21].

The effectiveness of the inhibitory properties ofiom extract in the acidic media of the test enwinents are
confirmed by the results of the electrochemicaisteghich are very much in agreement with the gratiio tests.
The result of the extract concentrations that éff@doth the anodic and cathodic reactions accgritirthe Tafel
slope (ba and bc) values as presented in Tablenrms the onion extract inhibitor to be a mixegayinhibitor.
The very complex structural compounds and diverbemical constituents of onion extract exhibited
electrochemical activity of minimal effective cosion inhibition within the extract concentrationsed in the HCI
test medium.
CONCLUSION

The effectiveness of allium cepa (onion) extracgeesen corrosion inhibitor for mild steel in HClésnfirmed by
the gravimetric and electrochemical results.

The results both gravimetric and electrochemicalfiomed the corrosion inhibition effectiveness adfium cepa
(onion) on mild steel in HCI under the experimem@hditions in which the investigation was perfodne

Though not very significantly, the inhibition penfisance was concentration sensitive as all the trgsubmeters
responded positively — either increasing or de@ngasith increase in per cent concentration oféRkiact inhibitor.
The best corrosion inhibition in this work was ast@d with the 80% onion extract concentration.

The corrosion inhibition performance of the onextract inhibitor is associated with the very coexptomposition
of diverse chemical compounds which consist amadhgrs, of phenolics and flavonoids with constitsesuich as
guercetin and its glycosides quercetin 3, 4'-dighide and quercetin-4'-glucoside.
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