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Abstract: In the present study the possibility of using Cégnaextract from chili pepper as corrosion inhdsifor carbon
steel in sodium chloride aqueous solution was itigated. The inhibitory effect was studied by seVenethods of
investigation: weight loss, linear polarization,f8lamethod for determining of the kinetic paramstand scanning
electron microscopy, all of them providing compléormation about the inhibiting mechanism. Thenidiution of
corrosion rate in the presence of Capsaicin caattbbuted to the adsorption of inhibitor molecutesthe sample surface
and blocking the active sites, or depositing caomgroducts on the metal surface.
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1. Introduction natural compounds mainly depends on their abilitiebe
adsorbed on the metal surface with the polar graatisg
Carbon steel is used to make a wide range @ the reactive centers [11].
equipment and metallic structures due to its lowt @nd Capsaicin with systematic (IUPAC) name N-[(4-
good mechanical strength. Atmospheric corrosionais hydroxy-3-methoxyphenyl)methyl]-8-methylnon-6-
major problem for the application of iron and itkogs in  €namide is an active component of chili pepperschvare
many types of service [1ffor this reason, the consumptionPlants belonging to the genG@apsicum{12]. The extract is
of inhibitors to reduce corrosion has increasedhi last currently used for the treatment of diabetic neatbp,
few years. The corrosion control by inhibitors ieaf the —Osteoarthritis, post-herpetic neuralgia, and pswif 3], as
most common, effective, and economic methods teepto Well as there are many patents on insecticidegctner
metals in all aggressive environments [2]. Mosthefused animal repellents, and pesticides containing capsas
inhibitors are organic compounds containing hetema, [14].
such as oxygen, nitrogen, or sulfur, and mu|t|pdn']d3, The substitutional adsorption of an inhibitor todsr
which allow the adsorption on the metal surfacee Thadsorbed water moleculesBl.is) may be represented by
adsorption of inhibitors depends on the nature g t the following equation [15]:
functional groups and electron density at the dcatom . .
[2-4]. However, most of them are highly toxic totio Capsaiciga) + NHOgas — Capsaicigas + N0 (1)
human beings and environment. Several researclames h
studied the effect of natural products as corrosibibitors
in different media [5].
Recently, plant extracts have proved importantras
environmentally acceptable source, readily avadladhd
renewable for a wide range of corrosion inhibit@&stracts

where, Capsaicjg, and Capsaicig) are the Capsaicin
molecules in agueous solution and in the adsorlete,s
espectivelyn is the number of water molecules replaced
%y one inhibitor molecule.
The objective of the present work is to investigate
inhibitor effects of capsaicin extract on carboreest

of plants are regarded as an incredibly rich sowte S : - . ;
. . 0
naturally synthesized chemical compounds that can corresion in 3.'5AJ sodmm chlo.rlde. (NaCl) using ng
loss, potentiodynamic polarization, electrochemical

recovered by simple methods with low costs [6].Suc. . .
extracts contain mixtures of compounds and armpedance spectroscopy (EIS) and scanning electroni
biodegradable in nature. A significant number opgra microscope (SEM).

were published having the intention to develop égre

corrosion inhibitors [7]. As well has researche®msified 2. Experimental
on natural products such as plant extracts andh&akeils
to obtain environmentally friendly corrosion inhitnis [8]. 2 1. Materials
Until now, there are some known plant extracts used
as corrosion inhibitors for carbon steel in aciddiue: The working electrode was a cylindrical disc coinfr

Zenthoxylumalatun{9], Papaya, Poinciana pulcherrima a carbon steel sample. To determine the inhibitfeceof
Cassia occidentaliDaturastramonium Tobacco, Black capsaicin on the corrosion rate of carbon steedoidium

pepperand Soya beerf10], etc. The efficiency of these chloride aqueous solution different concentratidntie
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Capsaicin have been used: 0.8, 2, 4, 10, 20 thinlthe 2000 —————T——T—T T T
test solutions. The corrosive medium was preparech f et BN
sodium chloride (Merck, 99.9%). The chemical stnuetof 1500 |—— (1) SB (NaCl 3.5%) ) 1
.. . . . ———(2) SB + Capsaicin 0.8 mg L
Capsaicin (GH2/NOs) is presented in figure 1 [16]. o e oo
O 1000 }— (4) SB + Capsaicin 20 mg L =
NJVVWCHS ? 500 1 |
H
CH <
HO g = ol i
OCH; V4
-500 - / |
Figure 1. Chemical structures of Capsaicin [16] L
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2.2. Methods

The cyclic voltammetry, linear polarization,
electrochemical impedance spectroscopy and weigy |
methods were used in order to notice the inhibitive
properties of Capsaicin extract on the carbon steel

corrosion process. The surface morphology of casros If organic compound is added in basic solution, new

samples has been characterized by scanning electigfpcific peaks can be noted. On anodic branchréig), a

microscopy (SEM) using a FEI INSPECT S microscopgew intensity oxidation peak, around potential 5.2

before and after corrosion tests. VIAg/AQCI, is observed; similarly, on cathode cusve
The electrochemical measurements were performed i8qyction peaks appear at -0.7 V/Ag/AgCI. This nsetat

a 100 mL typical glass cell consisting ofa carbeeels cCapsaicin added in the saline electrolyte are msEm:

specimen with 0.8 cfrexposed area as a working electrod@yidated/reduced onto the platinum electrode sarfac
(WE), two graphite counter electrodes (CE), and a

Ag/AgCl electrode as reference.

The electrochemical studies were carried out uaimg
BioLogics SP150 potentiostat/galvanostat. All pttds
were referred to the saturated Ag/AgCl refereneetedde.
Carbon steel electrode was abraded with differenit g
emery papers, cleaned in ultrasonic bath, washdt wi
distilled water and finally dried. The electrodetqrtial

Figure 2. Cyclic voltammograms (5 cycles) in abgeaied presence of
different concentrations of the extract, scan 5@ mV st

1500 —

Pt electrode
[ dE/dt = 5 mVis

| —— (1) SB (NaCl 3.5%)
——(2) SB + Capsaicin 0.8 mg L
(3) SB + Capsaicin 4 mg L™
—— (4) SB + Capsaicin 20 mg L
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1000

was allowed to stabilize 60 min before starting the “'550“ §
measurements. = /\
0r 4
3. Results and Discussion W/
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3.1. Cyclic voltammetry method

1.5 -1

The preliminary information about how Capsaicin
extract can influence the corrosion process of aarsteel
is pointed by its electrochemical behavior in thoalism
chloride solution studied by cyclic voltammetry. n |
figures 2 (dE/dt = 500 mV3 and3 (dE/dt =5 mVY are In order to identify how Capsaicin influences the
shown the cyclic curves recorded on Pt as workinglectrode processes, polarization curves whererdedo
electrode, in 3.5% NaCl (blank) solutions withontlavith ~ separately at higher sensitivity, in cathodic dames well
different concentrations of Capsaicin. as in anodic one.

The voltammogram recorded in blank solution On cyclic voltammograms plotted for the anode
presents the characteristics of polarization cudresvn in  branch (figure 4) in the potential range betweerb+dhd
sodium chloride solutions. On anodic branch there a2.0 V/Ag/AgCl a pronounced oxidation peak can bense
distinct the plateau corresponding to chlorine etioh which was initially assigned to chloride ions oxida
reaction and the plateau characteristic for oxygdease. from NaCl solution.

On the CV backward scan a cathodic peak at 1.0 Correlating literature data [17-19] with the
V/AgAQCI, associated with the oxidation of supeidlc voltammetric results shown in Figure 5a and b, ioktifor
remanent oxygen, is highlighted. Also, on cathdatianch sodium chloride solution without and with additiarf
at more negative potentials then -1.0 V/AgAgCI onlynhibitor at maximum concentration used in experitaé
hydrogen evolution reaction is observed. studies (20 mgt), it can be assigned that the oxidation

Figure 3. Cyclic voltammograms (5 cycles) in abseaed presence of
different concentrations of the extract, scan BataV s
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peak appearing on the anodic branch correspondketo - - - - - . - -
organic compound oxidation. Also, the oxygen eiohut 400 | Ptelectrode .
. K 0 . . . 4 dE/dt = 5 mV/s
reactions in 3.5% sodium chloride solution in thesence Rl fnis
of Capsaicin are inhibited. 300
300 T T T ' 1 T T ' T ' T
Pt electrode 200 |- .
250 |.9E/dt =5 mV/s ] e
—— (1) SB (NaCl 3.5%) <
——(2)SB + Capsaicin 0.8 mg L =
200 - (3) SB + Capsaicin4 mg L = 100 7
——(4) SB + Capsaicin 20 mg L”
150 E
e ot i
E
<« 100 | - P ST SV (SN NSNS | | SRR | (R R |
= 04 06 08 10 12 14 16 18 20
50 |- . E [VI/Ag/AgICI
/ 1 a)
0 L — - o -
W |
300 T T v T T T T T T T
-50 1 1 | I 1 1 1 1 Pt electrode 4
04 06 08 10 12 14 16 18 20 dE/dt =5 mV/s
E [VVAg/Ag/CI 20 Ao e 1
200 |—— SB + Capsaicin 20 mg L |
Figure 4. Cyclic voltammograms on Pt electrodeafoodic polarization in
3.5% NaCl in the absence/presence of Capsaicin,rata5 mV $ 50 1
E
< ]
. S S =100 - .
Electrochemical oxidation of Capsaicin in neutral ]
solution consists of two steps (figure 6) [17-18]the first 50 |- .
stage, two electrons are discarded from neutraké&lain ]
molecule in an irreversible anodic oxidation reacti 0F .
forming phenoxoniumcation of capsaicinoids. Secstage . . | No.cydles . . n
consists _of hydro_lyg.is of the 2-methoxy group tmfoo- '500_4 06 08 10 12 14 16 18 20
benzoquinone unit in the structure of Capsaicindsing a E [V)/Ag/Ag/CI
proton and methanol [17-19]. b)
Figure 5. Cyclic voltammograms (6 cycles) on Ptie@e for anodic
polarizationin 3.5% NaCl in the absence (a) andgmee of 20 mgt
Capsaicin, scan rate 5 mV' s
CH4 CHa
0 AN
o} AN
) CHs CHg
NH NH
- = +2e +Hs
+
c CH
CH3 e 3
o~ ©
OH o
CH
CHg 3
o] S
o} 2 AN
CHa CHj
- NH
R .
. + H20 +CH OH + H+
C.._-CHj \\O ¢
o
o]
o}

Figure 6. Capsaicin anodic electrooxidation medtrarfiL7-19]
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Cyclic voltammograms drawn in cathodic domain oy electrochemical oxidation reaction are reduced t
electrode platinum in test solutions used in caoms o-hydro xyphenol (catechol) part of capsaicinoitis-19].
studies are presented in figure 7. When Capsaitiraet Capsaicin effect on corrosion of carbon steel was
was added in solutions around -0.40 V potentialeah studied in 3.5% NaCl corrosive environment by apyuly
cathodic peak is observed whose correspond to ladew successive investigation methods presented abdvesel
scan an oxidation peak at -0.30V potential value. were applied after about 1 hour, sufficient timéntstall an

Also, the hydrogen evolution reactions in 3.5%electrode equilibrium or quasi-equilibrium stats, slhown
sodium chloride solution in the presence of Capsaace in figure 10.
inhibited due to the adsorption on platinum eledtro

surface of Capsaicin molecules or electrochemical ' ! : ! '
oxidation or reduction Capsaicin products. of =
-20 | =
of "E
<
—40 =
20 F
60 |- o
LI Pt electrode
540 N dE/dt = 5 mV/s
= Pt electrode ] i ., . ——SB(NaCl3.5%)
dE/dt = 5 mV/s 1.0 0.8 0.6 -0.4 -0.2 0.0
-60 |- —— (1) SB (NaCl 3.5%) 1 E [VI/Ag/Ag/CI
——(2) SB + Capsaicin 0.8 mg L a)
(3) SB + Capsaicin4 mg L™
——(4) SB + Capsaicin20 mg L 10 — T T T T T T T
-80 M 1 " 1 L 1 A 1 "
10 -0.8 -0.6 -0.4 0.2 0.0
E [V]/Ag/Ag/CI ol
Figure 7. Cyclic voltammograms on Pt electrodeafoodic polarization in
3.5% NaCl in the absence/presence of Capsaicin,rata5 mV $ s
; No. cycles
Cyclic cathodic curves (5 cycles) recorded in 3.5% 20 - 1
NaCl solutions without and with the highest concatinin :
used in corrosion tests (20 mg)Lare shown in figures 8a 30k i
and b Pt electrode
: o . ) . dE/dt = 5 mV/s
Analyzing figure 8b it can be noticed that the sty . . | ——SB+Capsaicin20mgL’
of peaks corresponding to Capsaicin transformatioribe = 10 08 06 04 02 0.0
cathodic domain, increases with the number of cycle E [VI/Ag/Ag/CI
plotted. b)

The electrochemical redox process corresponding to _ _
these peaks can be described by equilibrium shawn i Figure 8. Cyclic voltammograms (5cycles) on Pttetete for anodic

. . ) . polarization in 3.5% NaCl in the absence (a) arsg@nce of 20 mgtL
figure 9. 0-Benzoquinone structure of Capsaicitamed Capsaicin, scan rate 5 mV s

NH

’“Eb +2e +2H ——

| ok
~0 OH

0

Figure 9. Capsaicin redox mechanism in potentiadesbetween 0 and -0.5V/Ag/AgCI [17-19]
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TABLE 1. Bcpvalues at 25°C

Electrode Capsaicin concentration[mg L T[°C] Eocr [VI/Ag/AGCI
SB -0.578
0.8 -0.582
2 -0.586
Carbon steel 2 25 0.595
10 -0.613
20 -0.630

TABLE 2. Polarization parameters for carbon stemirasion in 3.5% NaCl in the absence/presence of Gapshibitor

Capsaicin corl1centratio N T icorr Ecor -be ba Veor IE
[mg L] () | wacm? | mv] | (mvdect | mvdect | [ | mmany | [ |
SB 39.14 | -601.1] 2940 77.1 276 1.15 -
0,8 2898 | -6053  280.6 76.7 328 0.91] 2596 0.26
2 o5 |_21.46 | 6125 2755 75.5 345 05804  45/17 Q.45
4 10.74 | -630.0 2725 74.4 578 0433 62/94 (.63
10 8.63 | -643.1] 2683 72.9 71k 0459  77/95 Q.78
20 345 | -657.3  258.7 66.8 1248 0219  91]19 .91

L P e e o et . The fitting _vaIues of_ the corrosion current density
e [Fecuce: oL ~ (@58 + Capsaicin 08 ma ] (icor), the corrosion potentiaEf,), th(_a anodlc tﬁa) and the
: (3) SB + Capsaicin 2mg L cathodic ;) Tafel slopes, the polarization resistang) (
[ —-—(4) SB + Capsaicin 4 mg L™ . . . 3
054 N {5358+ Capsaikin 10 mg L and the corrosion rate.(,), with various concentrations of
3 — —(6) SB + Capsaicin 20 mg L' the Capsaicin extract as inhibitor were obtainedmfr
< -0.56 . polarization profiles by extrapolating potentiodgria
< ] ‘\\k —_— 1 curves using BioLogics 150N software. All obtainedues
%‘058 r ~—— = are presented in Table 2.
W 060 |- T B~ T T T T T T
I s ] 2t .
062} —— ﬁ ]
| — — 1L 4
_064 1 1 n 1 " 1 1 1 L 1 F
0 10 20 30 40 50 60 ol 4
time [min] =
Ll ]
Figure 10. Open circuit potential for carbon stdettrode in 3.5% NaCl < |
in the absence/presence of Capsaicin = 5 ¥
=“r 1 #| —=— (1) SB (NaCl 3.5%)
r T el —+—(2) SB + Capsaicin 0.8 mg L
The equilibrium potential values derived from the 3 :j;:::gapsa?‘ii"img tjj
. . . L b i apsaicin 4 m
Figure 10 are shown in Table 1 as a function on the q | (5)SB+Cazsaicm10rig e
inhibitor concentration added in the corrosive emwinent. . ) | —*—(6)SB + Capsaicin 20 mg L"
According with diagram depicted in figure 10 aBdcp 09 -08 07 -06 05 -04 03
data from table 1 it can conclude that after 1 hautest E [VI/AgAgCI

solutions with different concentrations of inhibsiitearbon
steel electrode equilibrium potential is shifted nwore
negative values, a phenomenon that can be attdhatthe
adsorption of Capsaicin molecules or corrosion potsl
deposition on the electrode surface.

The manner in which Capsaicin acts as corrosi
inhibitor for carbon steel in sodium chloride saat and
its effect on the corrosion rate can be estimated &fel
polarization method. The potentiodynamic polarizati
curves recorded at 25°C with 1 mV* scan rate in test
solutions without and with various concentrations o
natural extract are presented in figure 11.

The potentiodynamic diagrams were recorded aft
removing the dissolved oxygen from solution to avany
secondary reactions that may occur on electrodacair
and after installing in the electrode a quasi-élguim
state in electrolyte solutions.

Figurell. Linear polarization curves on carbonlsketrode for anodic
polarization in 3.5% NacCl without and with diffeteconcentration of
Capsaicin at 25°C, scan rate 1 m¥ s

From the results presented in Table 2, it can lea se
that by increasing the inhibitor concentration, teerosion
%te is decreased in sodium chloride solution ahébition
efficiency increased. Also, the polarization remiste are
increase with Capsaicin concentration added in test
solution.

At lowest inhibitor concentrations in solution,dan
be concluded that they impede the corrosion by Inpere
blocking the reaction sites on carbon steel surfaiteout
?ﬁterfering the anodic and cathodic reactions. Tiftigbitor
cause no significant changes in the anodic andodath
Tafel slopes. This suggest that Capsaicin behave as
mixed-type inhibitor and can be classified as aoiSoe-

type.
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3.2. Weight loss method From the results shown in Table 3, it can be shet t
by increasing the inhibitor concentration the iritdm
Gravimetric measurements of carbon steel disaficiency increased. Also, Capsaicin inhibitiorfi@éncy
samples immersed in 100 mL 3.5% NacCl in the absenbad almost the same high values as those obtainkaear
and presence of different Capsaicin concentratiafter polarization method.
240 hours of immersion time at 298 K, were chosen t
compare inhibition efficiency at selected concerures. 3.3. Surface analysis
As expected, weight loss of carbon steel samples ar
decreased in the present of expired drug with asmeof SEM analysis was performed to investigate the
the concentration. This means that CapsaiCin astam surface morpho|ogy of the carbon steel after immarm
efficient inhibitor. 3.5% NaCl in the absence and the presence of 4 hamd.
The corrosion rate of carbon steeWf;) was 20 mg L' Capsaicin (figure 12) for 240 h at 298 K.
determined using the relation (4) and the inhibitio pamaged surface was observed in the absence bitinhi
efficiency (E) and surface coveragé)(with equations (5) due to high dissolution rate of iron in NaCl sabuti

and (6): The samples surface was protected by adsorption of
inhibitor molecules that form a protective film, due to

W :W -W, (4) complex compounds between iron and Capsaicin

CORR Sxt molecules. The comparing of micrographs recorded at

same magnification for both samples suggest thabsion
gProcess of carbon steel is inhibited which is conéid by
the weight loss measurement, cyclic voltammetry and
polarization results.
The average compositions of the electrodes were
evaluated by EDX microanalysis, whose results aveng

where W; and W, are the initial and final mass of th
samples in mgSis the total surface area in andt is the
exposure time in h.

W
IE©)= - —=)x100 (5) in Table 4 and in figure 13.
EDX microanalysis results confirm the Capsaicin
W inhibitory effect for carbon steel corrosion in Na¥5%.
p=1-Yer (6)

The oxygen amount determined by this method is an
important indicator for the quantity of iron oxidésrmed
whereW,,, andW’,,,, are the weight loss in the presence in carbon steel corrosion process using the tdsitigns
and the absence of inhibitor, respectively. with or without Capsaicin extract as inhibitor.

corr

TABLE.3. The inhibition efficiency and surface cage obtained by weight loss method

Capsaicin concentration [mg'L Weon [Mmg cmi?h] IE [%)] 0
SB 0.033 -
0.8 0.025 25.65 0.26
2 0.018 47.12 0.47
4 0.009 64.79 0.65
10 0.003 81.19 0.81
20 0.001 92.16 0.92

TABLE 4. Chemical composition of test carbon stémitrodes after weight loss method

Element (wt%) Test solution
NaCl 3.5% (SB) BS + 4 mg'1Capsaicin BS + 20 mg'LCapsaicin
Fe 37.44 53.97 71.66
O 48.62 32.71 12.38
Si 2.02 1.86 1.68
C 11.92 11.46 14.28
Total 100% 100% 100%
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10,0 mm

414 ym

e)

Figure 12. SEM images obtained on carbon steel 4@ days immersion time in NaCl 3.5% withayb} and with Capsaicin 4 mg'l(c,d)
and 20 mg LX(e,f) at different magnifications

Fe

100 4.00 6.00 .00 1000 izon 14.00 16.00 18.00 keV

Figure 13. EDX on carbon steel samples after 1@ g&ajmmersion in NaCl 3.5% with 20 mg'ICapsaicin
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4. Conclusions

Inhibition efficiency of the Capsaicin extract Haeen
studied by two different methods: weight loss amedr
polarization, all giving comparable results. Thisnpound
exhibited excellent inhibition performance as a editype
inhibitor for carbon steel in sodium chloride s@us at
concentrations bigger than 4 mg.L

Capsaicin extract act as efficient corrosion irntoits
in 3.5% NacCl solution and it exhibit a maximum ipition

4. Ali S.A., Saeed M.T. and Rahman S.@Qgrrosion Science45(2),
2003 253-266.

5. Lebrini M., Robert F. and Roos Clnternational Journal of
Electrochemical Scien¢&,2010 1698 - 1712

6. Sribharathy V. and Rajendran ISRN Corrosion1,2013 1-7

7. El Bribri A., Tabyaoui M., Tabyaoui B., El AtiaH. and Bentiss F.,
Materials Chemistry and Physic$41(1),2013 240-247.

8. Znini M., Majidi L., Bouyanzer A., Paolini J.,d3jobert J. -M., Costa J.
and Hammouti B.Arabian Journal of Chemistrp(4),2012 467-474.

9. Chauhan L.R. and Gunasekaran @rrosion Science49(3), 2007,
1143-1161.

10. Srivasthava K. and Srivasthava®oyrosion Prevention and Control
27,1980 5-15.

efficiency of 92%. SEM micrographs showed that th&l. Cang H., Shi W., Shao J. and Xu nternational Journal of

inhibitor molecules or electrochemical oxidatiomhuetion
Capsaicin product form a good protective film ore th
carbon steel surface.

Electrochemical Scienc&,2012 3726 - 3736.

12. Gudeva L.K.,, Mitrev S., Maksimova V. and Spas®y,
Hemijskaindustrija67(4),2013 671-675 .

13. Jin R., Pan J., Xie H., Zhou B. and Xia @hromatographia70(5-6),

The good inhibition efficiencies obtained in sodiun?009 1011-1016.

chloride solution makes them a suitable alternagivglant
extracts corrosion inhibitors in corrosion mediawhich
the main ingredient is sodium chloride. Also, Cagisa
extract can be added to the list of non-toxic, phaad
effective green corrosion inhibitors from renewabl
sources.

REFERENCES

1. Morcillo M., de la Fuente D., Diaz I. and Cano, IRevista de
Metalurgia 47(5),2011, 426-444.

2. Laamari R., Benzakour J., Berrekhis F., AbodalfA., Derja A. and
Villemin D., Arabian Journal of Chemistry, 2011, 271-277.

3. Bereket G., Hur E. and Ogretir Qournal of Molecular Structure:
THEOCHEM,578(1-3),2002 79-88.

30

14. Eich E., Solanaceae and Convolvulaceae: Seporidatabolites,
Springer (GermanyR008
15. Dan M., Vaszilcsin N., Labosel M. and Pancan Bhem.
Bull.“Politehnica”’Univ.(Timisoara) 59(1),2014 13-18.
16. https://en.wikipedia.org/wiki/Capsaicin.
7.YaY., Mo L., Wang T., Fan Y., Liao J., Chen Manoj K. S., Fang
., Li C. and Liang J.Colloids and Surfaces B: Biointerfa¢e3b, 2012
90-95.
18.Yardim Y. and Senturk ZTalantg 112,2013 11-19.
19.Randviir E.P., Metters J.P., Stainton J. andkBaD.E.,Analyst 138,
2013,2970-2981.

Received: 10 May 2016
Accepted: 09 June 2016



