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ABSTRACT

The effect of Allium sativum(garlic) extract asga€en’ inhibitor on mild steel corrosion in 0.5M H&nd 0.5M
H,SQ, was studied at ambient temperature. Weight lossdsion rate and potentiostatic polarization measment
techniques were used for the experimental workeftstatic polarization measurement was performsithg a
potentiostat (Autolab PGSTAT 30 ECO CHIMIE) intedd with a computer for data acquisition and analys
Results obtained showed effective corrosion-inioibibf the extract on the mild steel test-specimertse different
concentrations of HCI and 430, used. There was increasing inhibition performanith increasing concentration
of inhibitor. The best inhibition performance wash&eved with the 100% (as extracted) garlic coneditn. In
0.5M HCI, 100% garlic gave the optimal performangih weight loss at 8 days of the experiment(®i5g,
polarization resistance value of 2.78E+@3corrosion rate, CR, of 9.47E — 02 mm/yr and caotrdensity (lcorr)
value 0f9.46E-02 A/cmA similar result was observed in 0.5M30, where 100% garlic gave the best results of -
0.145g weight loss, polarization resistance valfe tE+032;corrosion rate, CR, value 0f9.46E-02 mm/yr and
current density 0f9.20E-06 mm/yr. Results of balamthdicate a mixed type inhibitor.

Key words: Corrosion Allium Sativummild steel, inhibition, sulphuric acid, hydrochioacid.

INTRODUCTION

Mild steel is apparently one of the most versatifetallic materials that is widely used in constiamt
manufacturing, marine and diverse areas of othdudtnial and engineering purposes. However, theatidity of
mild steel and hence its engineering performanceoistinually being threatened as it is subject oorasive
environmental degradation in service. One of themseto mitigate this destructive phenomenon whigh be
disastrous and with economic and technological @pmsnces is the use of chemical inhibitors. Theselkemical
compounds that are adsorbed on the metal surfacesirtimize, control and/or prevent corrosion destike
processes and reactions.

In very recent time, the use of plant extractsrdbitors for the corrosion of metals/alloys, hasngd very wide
interest among researchers [1-12]. In many cabkesc¢drrosion inhibitive effect of some plants’ extts has been
attributed to the presence of tannin in their cleaintonstituents [7-9]. Also associated with thesence of tannin
in the extracts is the bitter taste in the bark frdleaves of the plants. Extracts of plants uasdnhibitors are
environment friendly and this generates furtheiitémtthl interest in research in this area.

In this present work, extract of garligl]lium Sativum was investigated. Garlic is of the Gerdeions Class:
Equisetopsidain the family of Amaryllidaceae Garlic has been cultivated for thousands of yeard is used
throughout the world for its aromatic, spice andltiegiving properties. It is known to consist ala@um, Vitamin
C, Vitamin B-6, Iron and Magnesium. It also contaprotein, carbohydrates, potassium and sodiurh W& major
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chemical constituents, garlic contains 0.1-0.36% wblatile oil. These volatile compounds are galhgrconsidered
to be responsible for most of the pharmacologicaperties of garlic. Garlic contains at least 3pkur compounds
like aliin, allicin(diallylthiousulphinate or diall disulphide), ajoene, allylpropl, diallyl trisutide, sallylcysteine,
vinyldithiines, S-allylmercaptocystein, and otheBesides suphur compounds garlic contains 17 amaids and
their glycosides, arginine and others. Mineralshsas selenium and enzymes like allinase, peroxidasel
myrosinase. Garlic contains a higher concentratibrsulphur compounds than any oth&ltium species. The
sulphur compounds are responsible both for garpaisgent odour and many of its medicinal effectse ddour is
formed by the action of the enzyme allinase onghighur compound alliin. The two major compoundsaged
garlic, S-allylcysteine and S-allylmercapto-L-cyste had the highest radical scavenging activityaddition, some
organosulphur compounds derived from garlic, initigdS-allylcysteine, have been found to retard gt@wth of
chemically induced and transplantable tumors[13].

Garlic sulphur-containing compounds are classifisdoil- and water-soluble compounds. Oil-solublenpounds
include sulphides, such as diallyl sulphide (DA&Rllyl disulphide (DADS), diallyl trisulphide andllyl methyl
trisulphide, dithiins, and ajoene. Water-solublenpounds include cysteine derivatives, such as yb-ajisteine
(SAC), S-allylmercaptocysteine (SAMC) and S-metbysteine, and gamma-glutamyl cysteine derivatiadisas
previously mentioned above. Qil-soluble sulphur poomds are odorous, whereas water-soluble compoareds
odourless. Moreover, water-soluble compounds areeratable and safer than oil-soluble compoundslicGaas
also found to contain unique non-sulphur compouadsh as allixin and saponins and recent studies revealed
the important contribution of these compounds tdigja health benefits [14].

With the complex structural chemical compoundshef éxtract of garlic such as shown below (i-iiiyeasonable
amount of exhibition of electrochemical corrosiativties of inhibition of the mild steel in the iecorrosive acid

environments used in this work is expected. Sugbositive result will be economically and technobadiy
beneficial.

0
|

NN\

(i) Allicin [15]

\/\S/\l)ko H

NH,
(i) S-allylcysteine (SAC)[16]
H

OH

200

~SH

NS
CH,

(iii) S—allylmercaptocysteine (SAMC)(17)

EXPERIMENTAL SECTION

2.1.Preparation of specimens

The mild steel specimen used as test specimensbtamed from a local rolling mill in Nigeria. Itals a per cent
nominal composition as shown in Table 1. The cyital steel sample was cut into average size ahg0x 20 mm
coupons for weight loss measurements and 20 mmmr2Qcoupons for potentiostatic polarization measems.
A total number of 24 samples used for the weighs lexperiment were de-scaled with a wire brushyrgtowith
various grades of emery paper and then polishéd:to,. They were further rinsed in distilled waterémove any
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corrosion products and then cleaned with acetonelegrease. The samples were fully immersed thereaft
preventing further exposure to moisture in the afphere. Another set of 24 samples for the corrog@arization
experiments were cleaned in the same manner ag floosthe weight loss experiment except that theyrew
mounted in resin to ensure that only the surfacéhefsamples were exposed to the corrosive meddefore
mounting, copper wire was spot welded to each®fstmples.

Table 1: Summary of per cent nominal composition ofmild steel

C 51 3 P Nn Ni Cr Mo V Cu sn Al
0.171 0209 004 0025 055 0141 0067 0011 0002 0252 001 0003
Zn Nb i W Ph B Ca Ce Zr Bi Co Fe
0.003 0012 0.0004 0004 00004 0.001 00007 0.008 0002 0.001 0009 9843

2.2.Preparation of Garlic (allium sativum) Extracts ai@st Media

The experiment was performed in (i) hydrochloriddamedium, 0.5M HCI and (ii) sulphuric acid mediuth5M
H,SO, both of AnalaR grade. 0.5M HCI was prepared bytitig 41.39 cri of concentrated HCI in 1 liter of
distilled water while 0.5M LSO, was prepared by diluting 44.44¢mf concentrated y$0, in 1 liter of distilled
water. Garlic was obtained from the neighbourhobthe Covenant University, Ota, Nigeria.1Kg of therlic was
chopped into pieces and soaked with 2.5litres ethiom 24 days. At the end of the soaking peridw; thopped
garlic was filtered to obtain a liquid solution ethanol and garlic organic matter. The liquid wegasated with the
use of a rotary evaporator which extracted therethitom the liquid solution leaving behind the widn of garlic
organic matter. The organic solution was storedl iafrigerator until it was used. The garlic extr@tlium sativun)
inhibitor test solutions were prepared in the petage concentrations of 20, 40, 60, 80 and 100extisely from
the stock solution. This entailed taking 20 ml b& textract and 80 ml of the acidic medium to makés?2
concentration. While for preparing 40% concentratiequires taking 40ml of the garlic extract andn60f any of
the acidic medium.100ml of the stock inhibitor smno was used as 10088lium sativuminhibitor concentration.
The same procedure was followed to obtain 60% &8 Bhibitor concentrations. The HCI and3@acidic media
were separately used in turns for the preparatigrecent concentrations of the extract inhibitors.

2.3.Weight loss experiment

Weighed test specimens were totally immersed ith @iche test media contained in a 200ml beake2€days.
Two test coupons were used for each test and tbrmge weights used. Experiments were performed GvBM
hydrochloric acid and 0.5M sulphuric acid test maenfi which some had thallium sativumextract added. Test
specimens were taken out of the test media evelgy2, washed with distilled water, rinsed in methaair-dried,
and re-weighed and then re-immersed in the testisolfor continued tests during the whole experitakperiod.
The plots of accumulated weight loss and of cowadmg calculated corrosion rate versus exposume tare
respectively presented in Figures 1 to 4. Corrosid& was calculated from the formula in equation 1

C.R. (mm/y) =87.6 x (W / DAT) D)

Where:

W = weight loss in milligrams

D = metal density in g /ctn

A = exposed area of sample inTm

T = time of exposure of the in hours metal sample

The percentage inhibitor efficiency, P, for eachihaf corrosion rate results obtained for every grpntal reading
was calculated from the relationship:

P = 100[1 - W2/W1]

Where:

W1 and W2 are, respectively, the corrosion ratedbénabsence and presence of the predetermineértoaiion of
the allium sativumextract inhibitor. The results obtained are usegldt the curve(s) of % inhibition efficiency vs.
exposure time (days), Figures 7 and 8.

2.4.Potentiostatic polarization experiments

Potentiostatic polarization experiments were penfed on the mounted specimens in turns by immertsiag in
each of the acid test media with and without gafitract inhibitor. For test, 1 dnsurface area of the specimen was
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exposed to the test solution at room temperatune. éxperiments were performed using a polarizat&hwith a
three — electrode system consisting of a refereteetrode (silver chloride electrode— SCE), a wugkélectrode
(WE); and two carbon rod counter electrodes (CHje Ppotentiodynamic studies were made at a scanofate
0.00166 V/s from -1.5 to +1.5 V and the corrosianrents were recorded. The experiments were sebarat
conducted in different percent concentrations efHHCl and HSO,in garlic extract. All the chemicals used were of
the analytic reagent grade (AR). The polarizatiehh was connected to a potentiostat (Autolab PGSTBATECO
CHIMIE) and interfaced with a computer for data w@isgion and analysis. Two different experimentsrave
performed for each of the samples under the samdittmns for reproducibility of results. A scaneadf 1 mV/s
was maintained throughout the experiment.

2.5. Surface coverage
Surface coverage is defined as the number of addartolecules on a surface divided by the numbenalécules
in a filled monolayer on that surface [18]. Surfaowerage was calculated from the formula in equazi.

¢ = (CRJIank_ CFgnh)/ CRbIank(z)

Where:
¢ is surface coverage; GRJs corrosion rate without inhibitor, and ¢Rs the corrosion with inhibitor[19]

RESULTS AND DISCUSSION

4.1 Weight loss method
Results obtained from the experiments describedeaboe separately presented in this section irsttonboth the
tests in HCI and 80, acidic test media with the addition of differenhcentrations oéllium sativumextract.

4.1.1Weight loss of mild steel in 0.5M HC and 0.5M58, + Concentrations of garlic extract
Presented in Figures 1 and 2 are the results @utdor the weight loss experiments performed wlith different
concentrations of the extract used as the inhilt@.5M HCI and 0.5M K50, acidic media respectively.
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Figure 1:Plot of weight loss with exposure time fomild steel immersed in 0.5M HCI in addition of diferent concentrations of garlic
extract

It is clear that the mild steel sample immersetha solution with 20%inhibitor concentration losetmost weight
within the 20days duration of the experiment witlwaight loss of 2.239g as at the 192 hours ( 8 )ddthe
experiment. The mild steel sample immersed in thetien with 40% of inhibitor concentration showexdproved
effect in inhibiting the corrosion of mild steelrégeving a total weigtht loss of 2.0903g. The temtsformed with the
60% and 80%extract inhibitor concentrations, sirhildhad improved corrooin inhibiting values withdueced
weight loss of 1.859 and 1.6673g as at 192 houtheExperiment respectively. The tests performéd the as-
received extract which was used as 100% inhibitercentration gave an excellent result of corrosigmbiting
value achieving a negative corrosion weight lodsievaf -0.15g. This indicates absolute/perfect hition within
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the experimental conditions used. The value forcihtrol experiment (without inhibitor addition) 2219¢g as at
the 192 hours of the experiment..
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Figure2: Plot of weight loss with exposure time fomild steel immersed in 0.5M HSO, in addition of different concentrations of garlic
extract

The results obtained for the experiments of theghteioss with exposure time for mild steel immersed.5M
H,SQ, in addition of different concentrations of garkxtractpresented in Figure 2,showed similar trefid o
inhibition, as in Figure 1 in the HCI test mediuHowever, the weight loss values here tend to besreevere due
to the very strong nature of sulphuric acid atd¢bacentration of 0.5 M used. It is clear that thédrateel sample
immersed in the solution with 20%inhibitor concetitin lost the most weight within the 192 hoursiéys) with a
weight loss of 5.1167; and a total weight loss .d298g in 20days for the duration of the experim&he mild steel
sample immersed in the solution with 40%, 60% a@%o &f inhibitor concentration showed improved csion
inbition values of 4.494, 3.356 and 3.659g,respebtias at 192 hours (8 days) of the experimentth&t same
period of the experiment, (192 hours; 8 days) 1B@% extract in the acid recorded a negative vafueooosion
inhibition of -0.145g; and a total weight loss 6f001g in 20 days of the experiment Again, thisesped clearly a
very good corrosion inbition of the mild steel st strong acid at that concentration. The valuettie control
experiment (without inhibitor addition) is 4.903g @t the 192 hours of the experiment..

4.1.2.Corrosion rate of mild steel immersed in 0.5M H®@da0.5M HBSQ, in different concentrations of garlic
extract

Figures 3 and 4 show the corrosion rate with exyosme for the experiments whose weight loss nregsent are
just reported above in Figures 1 and 2 respectivhbt is, separately in 0.5 M HCI and 0.5 MS@, with dlium
sativumextract as the inhibitor.

The highest corrosion rate, apart from the confwithout added inhibitor)was recorded with the tepecimen
immersed in 20% inhibitor concentration. In thestfit92 hours (8 days) of the experiment it achiewvexrrosion
rate inhibition value of 23.044 mm/yr. The inbitiwalues progressively improved with the increasénhibitor
concentration, achieving values of 17.91 and 16rAmfor 60 and 80% inhibitor concentration respegy. The
extract used as 100%, that is,as-received extnactthe least corrosion rate with a corrosion valee of -0.141
mm/yr at the same period of the experiment.In gartbe corrosion rate values decreased with the@se in the
time of exposure after about 120 hour (5 days)heféxperiment. The control experiment, as expectmhrded
21.37 mm/yr corrosion rate at the same period @gtkperiment.
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Figure 3: Variation of corrosion rate with exposuretime for mild steel immersed in 0.5M HCL in addition of different concentrations of
garlic extract
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Figure 4:Variation of corrosion rate with exposuretime for mild steel immersed in 0.5M HSO, in addition of different concentrations of
garlic extract

In Figure 4, the specimen immersed in 20% inhib&oncentration, except the control (witout inhibitdition)
had the highest corrosion rate value of 49.7 mmatyir92 hours (8 days) of the experiment.The carrosite values
decreased steadily with the increase in extradbitdn concentration ahieving 43.29, 32.33, 32.2&/gr for 40,60
and 80% inhibitor concentrations respectively. TH#0% (as receivedllium sativumextract) had the least
corrosion rate value of -0.162 mm/yr and thus iatlig excellent inhibition characteristic.

4.1.3.Surface coverage of mild steel immersed in 0.5M ld@dl 0.5M HSQ, in different concentrations of garlic
extract.

Curves of the surface coverage of the garlic ekttancentrations for corrosion inhibition of miltesl in the acidic
test media are presented in Figures 5 and 6 foH®leand BHSO, respectively. A significant observation recorded
in the both Figures 5 and 6 are that the surfaverege started high at about 72 hours (3 days)eekperiment.
Except for the 100% extract, the surface coveramees decreased progressively with the time of supobefore
maintaining an almost steady state at lower valfesurface coverage at about 240 hours (10 dayshef
experiment. The test with the 100% garlic extraatmained a very high and steady surface coverafyeof 1.007
throughout the whole experiment indicating veryeefive protection and adsorption of the inhibitmglecules on
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the surface of the test electrode in the strondi@aaoncentration. On the other hand, the test ®bo extract
inhibitor achieved a negative value of -0.084 offate coverage. This indicates very poor surfaceeame
performance. The active adsorbing molecules withia inhibitor concentration would have presumabéer

insufficient to be effective.
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Figure 5:Curves of surface coverage with exposurénte for mild steel immersed in 0.5M HCL in additionof different concentrations of

garlic extract
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Figure 6:Curves of surface coverage with exposurénte for mild steel immersed in 0.5M HSO; in addition of different concentrations of

garlic extract

In Figure 6, the curves of surface coverage withosyre time for mild steel immersed in 0.5M H2S®4addition

of different concentrations of garlic extract falldhe same trend with that of Figure 5 in HCI ®stironment. The
test with the 20%.inhibitor concentration also agkid negative values of surface coverage aftehbdds (6 days).
As at 240 hours (10 days) of the experiment, déotnhibitor concentrations performed with theipes values of
surface coverage: 0.043, 0.192, and 0.090 for @paBd 80% inhibitor concentrations respectivetys limportant
to note in Figure 6, that the experiment performétth the 100% extract inhibitor concentration hhs highest
magnitude of surface coverage achieving a valuel.005 and hence better inhibition corrosion praoect
necessitated by sufficient test electrode surfatsorded molecules of the complex chemicals in tiebitor

compounds.
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4.1.4.Inhibition efficiency of mild steel immersed inM.5ICl and 0.5M HSQ, in different concentrations of garlic
extract

The results obtained for the corrosion inhibitidficeency of mild steel immersed in 0.5M HCI ancbM H,SO,
test environments at different concentrationaltiim sativumextract are presented in Figures 7 and 8 resdygtiv
In general, the per cent inhibition efficiency d=ased from the initial high values with the expestime and thus
becoming very low at the latter part of the expemt This could not be unconnected with the weakmdghe
corroding test medium caused by the contaminatfdhentest environment by the corrosion producth@solution
and the reduction in corrosion rate due to the eguent stifling action of the weak environment.

Results presented in Figure 7, clearly show thaepi for the 20% inhibitor concentration which neted a
negative value of -7.81%, all other per cent addgiof 40, 60, 80 and 100 recorded positive inioibitvalues
ranging from25.16to 35.54% for 60 and 80% inhibitoncentration respectively as at 168 hours (7 )Jdafyshe
experiment. The inhibition efficiency values dea®a with time to low values achieving -5.14, 10.636, and
100.52 % for 20, 40, 60 ,80 and 100% respectivete result obtained with the 20% inhibitor concatitm was an
indication that instead of corrosion inhibition exped, the concentration increased the corrosiactioms. This is
one of the characteristics of the inhibitors. Thailable molecules in the inhibitor were not enough the
corrosion inhibition effectiveness in the strongdaenvironment. The highest inhibition efficiencyasvachieved
with the 100% (as- extracted) inhibitor concentmatiThis conferred very good and effective protecthroughout
the experimental period.
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Figure 7:Curves of inhibition efficiency with exposire time for mild steel immersed in 0.5M HCI in addtion of different concentrations
of garlic extract

The results obtained in,BO,, Figure 8, followed the same trend as in Figuex@ept that the values are obviously
different due to different acidic environments usafler 144 hours (6 days), the 20% inhibitor camtcation began
to record negative values of inhibition efficienanging from -3.62% at 168 hours (7 days) to -6.68%08 hours
(17 days) of the experiment. As at 144 hours (&heéxperiment, per cent inhibition values of 3.34.32, 50.69,
48.96 100.34 recorded for inhibitor concentratiofi0, 40, 60, 80, and 100%respectively. As at B68rs (17
days), the inhibition efficiency has decreasedefach of the inhibitor concentrations, achieving5at640 and 80%;
13.89 for 60%; and 100.24 for 100% (as- extractedpectively. The results confirm the effectivenestheallium
sativunextract in corrosion inhibition of mild steel ir@hg acidic media of HCI and,B0;.
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Figure 8:Curves of inhibition efficiency with exposire time for mild steel immersed in 0.5M HSO; in addition of different concentrations
of garlic extract

4.2. Electrochemical Corrosion Polarization Measurment
The results obtained for the electrochemical cdorogolarization measurement for the mild steelasafely
immersed in HCI and $$Oytest media are presented in Figures 9to 18.

4.2.1.Mild steel in HCI with various concentrations of Allium Sativum(garlic) extract

Figures 9 to 13 represent the results obtainedhfitests performed in HCI test medium. Table 2rmanses the
various parameters of electrochemical corrosionandtion results obtained for the various inhibito
concentrations. The control experiment showed tighdst corrosion magnitude as shown in the Tabli wi
corrosion rate of 7.68E+ 00 mm/yr; current denflitprr), 7.47E-04 Alcrfand polarisation resistance, Rp,3.42E
values respectively. The test with 20% inhibitomecentration recorded the highest corrosion valuergrthe
various inhibitor concentrations as shown by theent density, corrosion rate and polarizationstasice values
among other parameters. With an open corrosiomgatgEcorr) value of -0.428 V, the corrosion (&R) value
was 4.28E + 00 mm/yr; the open corrosion potei{Eabrr) value was —0.44587 V while the corrosiotapieation
resistance, Rp, value recorded was 6.17E @abil a value of 4.16E-04 A/émas recorded for corrosion current
density (Icorr). All these results confirm the vexstive corrosion reactions on the test electraiig/faterface.
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Figure 9:Polarization curve of mild steel in HCL+2®% garlic extract
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It could be seen from the Table 2 and also in Eigur0 to 13 that other results for 40, 60, 80 &@PA inhibitor
concentrations showed very much improvement thah dh20%’s corrosion resistance//protection valddss is
indicated by the decreasing corrosion rates, irsingapolarisation resistance and decreasing cudemsity, Icorr,
values among other parameters. The corrosion potsmiamic polarisation curve for the 100% (as etwd)
inhibitor concentration is presented in Figure TBe curve profile is very well defined. From Taldethe Ecorr
value is -0.627 V; the current density, Icorr i2@E — 06 A/crg the corrosion rate, CR, value is 9.47E — 02; a
polarisation resistance, Rp, value of 2.78E +(D3vas recorded for the 100% inhibitor concentratidh.this
concentration, the corrosion inhibition is veryrsfgcant. The result obtained here is very muclagmeement with
the result obtained for the weight loss measuresnent

The values of the Tafel slope (ba and bc) indith# the extract inhibits both cathodic and anadactions and
thus confirms that the inhibitor is a mixed coroosinhibitor.
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Figure 10: Polarization curve of mild steel in HCL+#0% garlic extract
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Figure 11:Polarization curve of mild steel in HCL+8% garlic extract
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Figure 12:Polarization curve of mild steel in HCL+8% garlic extract
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Figure 13:Polarization curve of mild steel in HCl 400% in garlic extract

Table 2: Polarization results for the specimen immesed in HCI using different concentrations of per ent garlic extract

% inhibitor concentrations ba bc Ecorr (V) | Icorr (A) Corrosion Rate Polarisation
and Control (V/dec) (V/dec) (CR) (mml/yr) resistance )
Control 5.34E+100, -6.68E+10D -0.419 1.13E-03 1. ¥8E 2.27E+01
20 1.25E+01 -7.19E+00 -0.428 4.16E-04 4.28E+00 B+01
40 1.42E+01 -845E+00 -0.326 1.81E-04 1.86E+00 1+02E
60 4.34E-01 -5.95E+00 -0.361 4.84E-Q5 4,98E-01 58P
80 1.34E+01 -7.45E+00 -0.355 1.83E-04 1.89E+00 B+0Q
100 (as extracted) 4.33E+00 -7.58E+00 -0.627 9. MK 9.47E-02 2.78E+03

4.2.2 Mild steel in H,SO, with various concentrations ofAllium Sativum (garlic) extract

Figures 14 to 18 represent the corrosion poladeatiurves for the mild steel test specimens p$® using

separately different concentrations of garlic ecttias inhibitor. The summary of the results for éxperiments are
presented in Table 3. Just as for the experimetit WCI, the control experiment showed the highestasion

magnitude as indicated in the Table 3. The corrosade is 5.34E+00 mm/yr; current density (lcofr)13E-03

Alcm? open corrosion potential (Ecorr value of -0.418d gpolarisation resistance, Rp, 2.27E+Qlvalues
respectively. The test with 20% inhibitor concetitna recorded the highest corrosion value amongvéréous

inhibitor concentrations as shown by the currentsitg, corrosion rate and polarization resistanakies among
other parameters. It has an open corrosion potgiicorr) value of -0.403V, the corrosion rate (ORJue was
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5.77E+00 + 00 mm/yr; while the corrosion polarisatresistance, Rp, value recorded was 4.58Exd1d a value
of 5.62E-04 Alcriwas recorded for corrosion current density (Icorr)

From Table 3 and in Figures 14 to 18, the resuts4i0, 60, 80 and 100% inhibitor concentrationsvwsm
progressive improvement in corrosion resistancaieslthan that of 20%’s. This is indicated, amongeot
parameters, by the decreasing corrosion rateseanurg polarisation resistance and decreasing rtudensity,
Icorr, values. The well -defined potentiodynamiclgpisation curve for the 100% (as-extracted) intoibi
concentration is presented in Figure 18. The Ecalue is -0.627 V; the current density, IcorrisCE2—- 06 A/crg;
the corrosion rate, CR, value is 9.46E — 02; aedpthlarisation resistance, Rp, value of 2.79E £)08as recorded
for this inhibitor concentration. The corrosionilmition at this 100% concentration was clearly vsignificant. The
values of the Tafel slope (ba and bc) indicate thatgarlic extract inhibits both cathodic and danadactions and
thus confirms that the inhibitor is a mixed corowsiinhibitor. The results obtained here are alsty veuch in
agreement with the results obtained for the weliggg measurements.
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Figure 14:Polarization curve of mild steel in HSO,+20% gatrlic extract
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Figure 15:Polarization curve of mild steel in HSO,+40% garlic extract
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Figure 16:Polarization curve of mild steel in HSO,+60% garlic extract
2
15
1
)
< 05
~
o
< 0
['d
>
o
-1
-1.5
-2
0.000001 0.00001 0.0001 0.001 0.01 0.1 1
Log | (mAcm-2)

Figure 17:Polarization curve of mild steel in HSO,+80% gatrlic extract

Table 3: Polarization results for the specimen immesed in H,SO, with different concentrations of per cent garlicextract

% inhibitor concentrations ba Bc Ecorr (V) | Icorr (A) Corrosion Rate P?;i:lsstgggg
and Control (V/dec) (V/dec) (CR) (mm/yr) )
Control 5.34E+00| -6.68E+0 -0.419 1.13E-03 1.1E+01| 2.27E+01
20 1.54E+01| -6.08E+0 -0.403 5.62E-04 5.77E+00 E+b3
40 1.42E+01| -6.24E+0 -0.402 4.09E-04 4.20E+00 B+29
60 1.59E+01| -6.47E+0 -0.388 2.43E-04 2.50E+00 B+0@
80 1.39E+01| -6.76E+0 0.396 2.39E-04 2.46E+00 HO2E
100 (as extracted) 4.33E+00 -7.58E+P0 -0.607 9M®E- 9.46E-02 2.79E+03
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Figure 18:Polarization curve of mild steel in HSO,+100% garlic extract

The overall corrosion reactions parameter profilearly show that the mild steel undergoes severeosion in
0.5M HCI and 0.5M HSO, when not inhibited by any inhibitor concentratibtowever, the same corrosion test cell
with same test electrodes that was experimentel different concentrations dfllium sativum(garlic) extract
concentrations show progressive inhibition whictpliaves in most cases with increase in the extrauibitor
concentration. The improvement of corrosion inldpitthat could be described as near perfect inbibitvas
achieved with the as-extracted (100%) concentration

Summary

Garlic has a very complex composition as mentianetthe introduction, which consists among othefsswphur,
(S), nitrogen (N), and oxygen (O). These are heteros that are present in the ring structure digaichemical
constituents and are known [20]to have remarkatiébitory effect and which facilitates their adstop on the
metal surface following the sequence O <N < S. Trbition efficiency of an inhibitor which garlidulfils,
therefore, depends not only on the characteridtih® environment in which it acts and the naturehe metal
surface. It also depends on the structure of thaiior itself which has been described to inclikde number of
adsorption active centres in the molecule, the gihaensity, the molecular size, the mode of adsor@nd the
formation of metallic complexes[21].

The results of the electrochemical tests are varghmin agreement with the gravimetric tests andeffectiveness
of the inhibitory properties of garlic extract imetacidic media of test environments are confirriéa action of the
extract concentrations particularly at 100% conegiun of about total inhibition, that affected bdhe anodic and
cathodic reactions according to the Tafel slopeaftd bc) values in both Tables 2 and 3 confirmgytméic extract
inhibitor to be a mixed type inhibitor as earlieemioned. The very complex structural compoundsrantfifarious

constituents of garlic extract clearly exhibitedatochemical activity of effective corrosion inttibn particularly

at the 100% concentration.

CONCLUSION
The results both gravimetric and electrochemicalfiomed the corrosion inhibition effectivenessatifum sativum
(garlic) on mild steel in HCI and 480, under the experimental conditions in which theestigation was
performed.
In most cases, the inhibition performance was coinagon sensitive as all the result parameter$ sicweight
loss, corrosion rate, inhibitor efficiency, surfaceverage, polarization resistance and currentigenssponded

positively — either increasing or decreasing wittréase in per cent concentration of the extrddbitor.

The best corrosion inhibition was achieved with 108% (as - extracted) garlic extract concentratiie the 20%
concentration recorded the lowest/poorest perfooman
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The effective corrosion inhibition performance bé&tgarlic extract inhibitor is associated with trery complex
composition of diverse chemical compounds whichs@iramong others, of sulphur, (S), nitrogen (M3 axygen
(O) hetero atoms.
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