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ABSTRACT

The effects of Theobroma cacao peels extract (TCPE) on corrosion inhibition of a 0.32%C mild sted in 1.5M NaCl
solution was studied using weight loss at various temperature, and potentiodynamic polarization and
electrochemical impedance spectroscopy (EIS) methods at room temperature and elevated temperature.
Electrochemical polarization was conducted to evaluate the type of inhibition. Infrared spectra and phytochemicals
test were performed to determine the chemicals constituent in the extract of cacao peels that play a role in the
inhibition process. Sample surface morphology was observed by using a scanning electron microscopy with energy
dispersive X-ray spectroscopy (SEM-EDX). Experimental results revealed that the corrosion rate decreases with
increasing extract concentration, but it increases with increasing temperature. The maximum corrosion inhibition
efficiency is relatively high, that is 91.93% (weight loss), 85.90% (Tafel), 90.19% (Rp) and 75.23% (EIS) at a
concentration of 2.5% the extract. The increasing of inhibition efficiency is due to the increase of charge resistance
transfer (Rct) as a result of chemical adsorption in the surface. Chemical adsorption occurs on the surfaces obeys
Langmuir isotherm adsorption, with an indication of adsorption unimoleculer. The polarization curve shows the
inhibitor behaves as a mixed inhibitor with the dominant cathodic inhibition. The use of polar extract of Theobroma
cacao peels asinhibitor is quite effective in reducing corrosion attack of NaCl solution on the mild steel.
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INTRODUCTION

It is well known that corrosion is a natural prazésat occurs easily on mild steel to form a chehmdompound that
leads to degradation of the material. However, msiiégbl still have a high popularity in the marketéuse they have
ability to be used in a wide variety of needs, lgaselded and relatively inexpensive. Steel hasntiben widely
used as a commercial commodity to make construcéiotomotive, machinery, automobile industry etiee Thain
focus of steel research works up to now, therefoogy to improve its low corrosion resistant to mékeadequate
for exposuring in acid and aggressive salt suchydsochloric acid and natrium chloride, respectvd-3]. Steel
corrosion starts spontanuosly when they come intaobrwith sea water in the presence of air. Theoston
processes then progress quickly after disruptiothefprotective barrier and accompanied by numlbeeaction
which change the composition and properties of lstelel surface and the local environmlefihe steel, therefore,
needs maintenance to reduce the corrosion rate.
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There are several ways to slow the corrosion reimely coating, anodic or cathodic protection dredaddition of
inhibitor [1-4]. Inhibitor corrosion treatment is one of the meficient and economical, because it can form a
protective layer in the surface of the steel. laoig inhibitor is common widely used inhibitor stdrgce up to now.
However, the use of the conventional inorganichbitbrs has a negative impact because of its tgxaftd non-
biodegradabl¢5]. Therefore, it may be advisable for using orgamibitors from natural products. Such inhibitor
is non-toxic and biodegradable, and it is categakias a enviromental friendly inhibitd& §.

There are many kind of environmentally friendlyrosion inhibitors developed worlwide up to now. Soaf them
is extracted from bark, skin fruit, leave, and sgesluch agusa aquapinata skin[3], henna leaveld], azadirachta
indica [7], kalmegh leave§8], rosemary flowef9] , citrus aurantifiifolia [10], carica papaya leaves[11]], piper
ningrum|[12], atemisia annua[13], garcinia mangostana fruit [14], and fenugreek leavg&5]. Recently, we have
developed an environmentally friendly corrosioniloior using Theobroma cacao peels extract [1]. The result
showed that such extract is very effective to iithibbrrosion rate of mild steel in hydrochloric @a@nvironment.
Since mild steel is also used widely in marine svinent, it is also interesting to investigate itht@bitory power
of this cacao peels extract in a sodium chloridet®n. This paper reports the inhibition behavidTheobroma
cacao peels extract (TCPE) and its effect on the corrosade of mild steel in NaCl 1.5M environment ussane
corrosion test methods.

EXPERIMENTAL SECTION

Mild Stedl Preparation

Material used for this study was a mild steel pldtat is commonly used as construction materialeribal
composition of the plate, determined by a Foundastdr Xpert Spectrometry, is a medium carbon stethl
carbon content of 0.32%. The composition of maamednts is shown in detail in Table 1. Corrosi@t gpecimens
were a coin form with a diameter of 25 mm and ekthéss of 2-3 mm.

The specimens were polished using emery papeetsitle of fineness #120, 600, 800, 1000, 15002800. They
then washed with detergent and distilled water, ramzbd withalcohol to remove any contaminantéie specimens
were subsequently dried with a hot dryer at a teatpee of 30°C for 10 minutes, and finally storadiesiccators.

Table 1. Chemical composition of mild steel sample

Chemical Composition (% mass)
C Si Cr| Mo| Mn S Cu P Fe
0.32]| 022 041 02 09 006 03 0.07 Balanged

Cacao Pedls Extract Preparation

Cacao peels were collected from a cacao plant ifaflan, West Sumatera, Indonesia. They were thesned,
chopped into small pieces, and dried in the aiheut sunlight for 14 days. They were subsequeniliechinto

powders. Cacao peel powders of 200 grams werepgheim macerator, and added with in 1 L methanéb7The

mixture was stirred and left in a macerator for defys. Maceration results were filtered by usitigifipaper, and
then the filtrate was put in a vacuum rotary evapmrwith a Heidolph WB 2000 at temperature of 54 for 1

hour to get a concentrated extract. This concemtraxtract was finally used as inhibitors corrasio

Phytochemicals I dentification and Fourier Transform Infra Red Spectroscopy (FT-IR)

It order to determine chemichal composition andtifpe of bonding for organic inhibitor adsorbed tbe metal
surface, phytochemicals identification and Foufieansform Infra Red Spectroscopy (FT-IR) testspeetively,
were carried out. It has been established that Spiéttrophotometer is a powerful instrument that loa used to
determine the type of bonding for organic inhibst@dsorbed on the metal surface. Phytochemicalsiration
was performed to determine the major constitueft3heobroma cacao peels extract (TCPE) by using certain
chemical reagent-unctional groups ofTheobroma cacao peels extract were identified by using a Nico®&10-
FTIR spectrophotometer with KBr disk. The workifigquency ranges from 4000 to 400 trThe spectra were
analyzed by using a related compound functionalgtable.
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Weight LossMethod

Each specimen was weighed to determine the initgagjht, and then immersed into NaCl 1.5M medium4@y 96,
192, 384, and 768 hours. The inhibitor concentratiariation was selected as much as 0.5, 1.0,2105and 2.5%
mass. After exposuring for each predetermined tonepsion products were then removed from the ejdatiished
them using a soft brush, washed with distilled waied finally rinsed with acetone. The specimensewdried at
room temperature, and then weighed again to obita&h weight. Corrosion rate and inhibition effioiey were

calculated using related equatidak

Potentiodynamic Polarization Study

A computer controlled potentiostat instrument EDAEH Potentiostat-Advanced Electrochemical System wsad
in this study. The mild steel samples was put olddrofootage of the equipment, and dipped in aasion cell
containing a solution of 10 ml corrosive media. Thidd steel sampel was put as the working electrdibile,
platinum and AgCl was put as auxiliary electrodd aaunter electrode, respectively. The three aldes were then
connected to the potentiostat instrument. The tesdilmeasurements include the corrosion currensitie(lcorr),
corrosion potential (Ecorr), and resistance po#dian (Rp). This parameter was then employed toutale the
inhibition efficiency using using Tafel plofg].

Corrosion testing using the technique of ResistdPokarization is intended to determine the sampkstance
during oxidation when external potential is appltedhe system. The resistance polarization is@guoethod to
determine the corrosion rate and inhibition effigg without damaging the metal by using the follogviequation

[16].

R ba x be 100% @
= X
P Icorrx 2.303 (ba+ bc) ’

Where: Ry = anodic Tafel slope,.b= cathodic Tafel slope.d: = corrosion current densities and Rp = resistance
polarization

Electrochemical | mpedance Spectroscopy (EIS) Study

EIS method was used to determine the resistargferaof electric charge on the layer interface leevthe solution
and mild steel surface. EIS spectra were recorde®dientiostat/Galvanostat AUTOLAB PGSTAT 302N. The
procedure for this method is almost the same as Tthfel method in accordance to ASTM G5%%78
Electrochemical parameter obtained from this &84, Rct and Cdl, where Rs is the resistanceeo$otution, the

Rct is the charge transfer resistant and Cdl ic#pacitance of the electric double layer. Initipkration of the tool

is tested by OCP (open circuit potential) to detaarthe stability of the electrode surface andtdst solution. A
peak amplitude of 10 mV with a frequency range df Bz to 100Hz was used during EIS measurement. The
percentage efficiency inhibition is determined bg following equation 16-17:

Ret, . — Rct 2
0BEl = — = x100% @)
Rety,,
Where, Rct and Rct (inh) are the charge transfastiant of mild steel in solutions without and witie presence of
inhibitors.

Surface Analysis
Surface samples were analyzed using Hitachi S-3486&hning Electron Microscopy. This observation satm
observe the change of sample surfaces before serdlaé occurrence of corrosion.

RESULTSAND DISCUSSION
Extract and Corrosion Product Compositions
Phytochemicals examination ®heobroma cacao peels extract show that the extract contains flavonoid, phenolic

alkaloid, terpenoid and steroid and alkaloid, etiththe main identified constituents are phenofid alkaloid. This
compounds are containing heteroatom group thasaatcorrosion inhibitda].
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Table 2. FTIR transmittance spectra of extract cacao peels, corrosion product and their identification

Peaks from FTIR spectra{cni’)
Theobroma caca Corrosion Product without Corrosion Product with Possible groups
peels extract Theobroma cacao peels extractTheobroma cacao peels extract
- - 83t Fe=C
1051 102 102z C-O (ether
1400 - - C-C=C(asimetric aromati¢)
1458 1459 C-C (aromatic)
1603 1654 1637 C=0
- 2360 2283 H-C-H (phenol)
292: 292: C-H
342z 3422-385¢ 3397 O-H (phenoal

The reflectance FTIR spectra is then used to knaetéy the corrosion inhibition of mild steel indumedia. FTIR
spectra of the TCPE extract, corrosion product auithextract and with extract show that there iggmificant
difference between the three spectra as shown gn Er), (b) and (c), respectively. There are sdvpeaks
unappear, but in Figure. 1(b) and 1(c) accompahiethe presence of a new peak in the both pictdoavever,
many peaks that appears in the same or adjacequeineies. Identified functional groups of cacaolpextract
(Figure. 1a) is phenol, aromatic rings and etheyst\f these functional groups appear in the canogroducts but
with a little frequency shift. For example, C-O @tional groups that are at a frequency of 1051 sfmifted to 1020
and 1022 ci, C = O shift from 1603 cthto 1654 crit and 1637, while the OH shift from 3422 ¢no 3422 crit
and 3397. New peak appears at frequency 2360 a88l i2zhe C-H bonds (phenol), and another new pe&E3d5
cm® is predicted Fe=O bond the effect of strain. Teisult indicates that there has been interactiahciremical
bonding between compounds of extracts cacao pea#dismetal in surface area. List of functional greupat is
identified from the existing peaks in the both gpeds shown in Table 2. This result indicates ti corrosion
inhibition of TCPE in NaCl 1.5M solution is duettte adsorption of extracts constituents on the stiel surface.

Q
—
q/\\

S e e e
000 3500 3000 2500 2300 1500 1000 50
Warenurbers (cr-")

Figurel. FTIR spectra of a) Theobroma cacao peelsextract b) corrosion product after immersion in NaCl 1.5M without Theobroma
cacao peelsextract for 8 days (196 h), and c) adsor ption layer formed on the mild steel surface after immersion in NaCl 1.5M with 2.5 %
Theobroma cacao peelsextract for 8 days (196 h)

Effect of Concentration on Corrosion Rate

The result of the corrosion rate and corrosiorcedficy calculations is shown in Figure. 2. It candeen that, the
increase in the concentration of extract decrease®sion rate, and then, therefore, increasesetfti@ency of
inhibition. The increase of inhibition efficiency also followed by an increase in surface cove(@gebecause the
both formula is actually the same, where the foemof surface covarage without percentage. This s¢ha
increase in exact concentration increases the numibéhibitor molecules adsorbed on the steel anefand
reduces the area of surface that is availablenfodirect ion attack
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Figure 2. The effect of concentration of extract on efficiency inhibition and corrosion rate at different time

The inhibitive effect ofTheobroma cacao peels extract (TCPE) is ascribed to the preseficeganic compound in
the extract. TCPE contain several organic compafridgh molecular weight with heteroatonith lonely electron
pairs in their moleculeEL,§|. These includdlavonoid, phenolic, alkaloid, terpenoid and stdrand alkaloid The
presence of such organic compounds in TCPE is ns#ile for decreasing corrosion rate. It is needddrther
investigation to know which one of the compounds s$ignificant effect. However, previous woflidy suggests that
phenolic plays a dominant role to control corrogiate. This compound has many rich heteroatom greifh free
electron pairs which can be donated to form bondseasurface of mild steel.

The inhibition efficiency of TCPE is found slightlyetter than that o¥ernonia amygdalina extract[16]. The
inhibition efficiency of such kind extract of srhahrub that grows in the tropical Africa is ldban 75% in the
solution of NaCl 3.5% . This is may due to the @iéint of inhibition mechanism among them. The meisina of
inhibition of Vernonia amygdalina extract by physical adsorption, and TCPE inhibittnechanism is by chemical
adsorption. In physical adsorption, molecular bagds a Van der Waals bound or electrostatic foaog, this bond
is easily dislodged. While the chemical adsorptidnrmolecules bound is a chemical bond with the sf@nor
sharing of content, so this bond is difficult todestroyed, and thus, it is able to protect miggkfrom chloride ion
attack. This work suggests that both adsorptipedycan be formed on the surface of mild steedttim fa film layer
that can inhibit the corrosion reaction dependhendontent and concentration of corrosion media.

The increase of surface coated mild steel by thaa@@eels extract is quite proportional with eéfiaty of inhibition
as the result of the increase of the surface coofaihie sample with the solutidi-2]. The occurrence of surface
coating, in accordance with the protection mechmanis that the natural extracts are compounds gontpatoms
with lone electron pair§l0]. These atoms act as electron donors that prodomgplexes with iron[18]. These
complexes are stable, and it is not easily oxidiaed envelop the iron metal surface, so that thee abicorrosion
can be inhibited.

Electrochemical M easurement Results
Typical potentiodynamic polarizing curve showing fimhibitory action ofTheobroma cacao peels extractin NaCl
1.5M is shown in Figure 3. The corrosion parameseich as Eorr, Icorr, Tafel slope constantsgland k), linear

polarization resistance (R that is obtained from this curve, is presented able 3 where Ecorr is the value of the

free corrosion potential, Icorr is the corrosionrent density (Icorr), and Rp is the resistanceapoétion of each
sample at various concentration of inhibitorgork decreases with decreasing extract concentratiors cmfirms

the inhibitory action offheobroma cacao peels extract on metal surface. It can be seerBfwt value has not

been shifted to any particular direction as compéwethe blank one, which indicates that the irthibacts through
mixed mode of inhibition. Tafel slopesgland Iy obtained in the presence and absence of Timeobroma
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cacao peels extract revealed that evolution mechanisstramgly affected by the presence of the inhibitand,
thus corrosion of mild steel is under mixed coniroboth anodic dissolution and cathodic hydrogean be
also said thaTheobroma cacao peels extract acts as a mixed type inhibitor in this media. Theréase in R
values with increasein concentration of inhibitor indicates the effectviof inhibition. Thus, the inhibition
efficiency, which is calculated by polarization tedque, increases with increasing extract conctatra

2
1
0 e Blank

b = ().5% Extract
'gr, -1 —1.0% Extract
- 5 =] 5% Extract
1 0% Extract
3 =—12.5% Extract

-4

-1.5 -1 -0.5 0 0.5 1 1.5
E (V) vs AgCl

Figure 3. Polarization curves of mild steel in NaCl 1.5M in the absence and presence of Theobroma cacao peels extract

As the metal is inserted into the solution, inteidh electrochemical reaction between the metal thiedsolution
occurs. This reaction produces an electrochemicabrpial called the corrosion potential. This panis
determined by the amount of negative charge isédrmhen the metal was added to solufib®2q.

Table 3. Electrochemical and corrosion parametersfor mild steel in the absence and presence of Theobroma cacao peels extract in NaCl.
15M

Inhibitor leorr Econ b, b Rp El(%) | EI(%)
Conc. (%V/V) | mAcn? | vdec! | vdec! | vdec® | Qcn? | leor Rp
Blank 0.06 -0.27 1.80 1.14 7.2 - -
0.50 0.05 -0.28 3.60 2.80 13.33 18.J0 45,39
1.00 0.05 -0.22 6.00 3.75 21.46 25.83 66/07
1.50 0.03 -0.21 5.00 2.50 27.66 29.17 73|69
2.00 0.02 -0.21 5.60 3.20 39.47 68.80 8165
2.50 0.01 -0.22 4.70 2.25| 74.24 85.90 90J19

The obtained corrosion potential value of mild ktelicates a tendency of oxidation reaction as rmomly
observed at the surface of the stdd, 2]. Low value on a potential corrosion inhibitor metsamples indicates
that a formation of a protective oxide layr5,2qQ, where the present of oxide layer decreases thential.
Theoritically, solid Fe, F©s, FeO,4, and FeO(OH) which is a corrosion product andeseas a corrosion, formed
according to the reactid22]:

2Fe + 3HO — FeO_+ 6H + 6e 3)
+2 +2 +

2Fe(OH) +Fe +2HO —FeO +6H (4)

3Fe(OH)— FeO +H + 2HO )
K _3 4 2 2

Fe(OH), + OH — FeO(OH) + HO (6)

1088



Yuli Yetri and Gunawar man et al J. Chem. Pharm. Res., 2015, 7(5):1083-1094

The TCPE has a function to inhibit this reactiond ahus protect the mild steel from the succeseaction.
Corrosion products and extracts of cacao peels rafiem referred to as a passive protective membtayer
impenetrable by oxygen. The stability of the commbu-e0, is highly dependent on the concentration and
temperature of the solution. It is needed the higifiecorrosion potential enable can damage theeptioe layer.
The formation of a protective coating layer causesal corrosion potential shifts towards to be nywsitive[15,
23]. The addition a massive solid element in a coreosiedium will decreases the corrosion rate dysaksivation
process. The decrease in corrosion rate can onlgch&ved if the inhibitor added has reached theimim
concentration. As the amount of the minimum conegian for passivation has not been reached, then t
protective layer formed could not protect the ensiurface of the sample. So that part has a preteaxide coating
would be cathodic and parts that are not coverea Iprotective membrane will be the anodic oxiderdby
increasing the corrosion process on the safifle2q.

The corrosion rate, which is determined by the pzdéion resistance value of corrosion and curagsity, is
shown in Table 3. In accordance to the mechanisoowbsion when resistant per unit area is lafge current per
unit area is small. The increase of resistancerizal#on on metal surface, therefore, causes ttfesiton of ions and
electrons are separated from the metal surfacebeileduced. So that the resulting of current ialsemd the rate
of corrosion will be reducedhis proves that the presence of protective lay¢hé surface of the sample.

I mpedance M easur ement

The effects of the inhibitor concentration on thgédance behavior of mild steel in NaCl 1.5 M cgpanding to
Nyquist plots, is shown in Figure 4. The Inhibitifficiency persentation at different inhibitor camtration is
calculated by using the following Equation 2.

2N
.

LA

4 Ve FETT Y _

A9 5 0.0% extract in NaCl 1.5M  (AUT 84923)
® (0.5% extract in NaCl 1.5M (AUT 84923)
-2o00 | ® 1.0% extract in NaCl 1.5M (AUT 84923) -
® 1.5% extract in NaCl 1.5M  (AUT 84923)
® 2.0% extract in NaCl 1.5M  (AUT 84923)
- ®2.5% extract in NaCl 1.5M (AUT 84923) 4

Z' ()

Figure 4. Nyquist plot of mild steel in NaCl 1.5M mediain the absence and presence of inhibitors of cacao peels extract

Table4. Effect of inhibitor concentration on the electrochemical parametersin NaCl 1.5M

Inhibitor Conc. (%V/V) Rs Rcten?) | Cdl wFen?) [ N | EI (%)
0.0C 39.3( 108( 1.6C 0.8( -
0.5C 123.0( 266( 0.7¢ 0.2¢ | 59.4(
1.00 44.80 2860 0.27 0.94 62.24
1.50 41.30 3018 0.09 0.88 64.21
2.0C 108.0( 348¢ 0.07 1.1C | 69.0¢
2.5C 836.0( 436( 0.0¢€ 0.71 | 75.2%

The lower capacitance () values for NaCl 1.5 M medium indicates the in logeneity of surface of the metal
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roughened due to corrosion. Thej|@alues decreases on increasing the inhibitor cdratéon and reaches very
low value for the optimum concentration of all tetudied systems indicating that the reduction oérgés

accumulated in the double layer due to fdiona of adsorbed inhibitor lay¢i5,24 - The charge transfer
resistance (&) of double layer increases with increasing theceotration of the inhibitor up to the optimum

level indicating the decrease of corrosion fa&-2Q.

Y0 = 22.8 pMho
N = 0709

¥0 = 316 mMho
M = 0168

¥0 = 31.3 phtho
N = 0837

Figure5. The equivalent circuit model used to fit the experimental result for extract 2,5%

Effect of Temperature

80

70
S 60 -
g 50 - —4—0.5% extract
é 40 - =—1.0% extract
= 30 4
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& 20 -
3 99 - —=2.0% extract
%" 0 . . . . | f=2.5% extract

300 305 310 315 320 325
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Figure 6. Effect of temperature on Efficiency I nhibition of Theobroma cacao peels extract different of concentration of extract in NaCl
15M

Kineticsand Thermodynamics Parameters
In order to determine the activation energy of @sion and thermodynamic parameters, weight lossunements
were performed at the temperature of 303-323 K withabsence and presence of inhibitor. Activatinargy on

the surface of mild steel in NaCl is determinedubing following equation f12,14.
logV=IlogA +Ea/RT @)

Where k is a pre-exponential Arrhenius constanis The temperature and R is the ideal gas constartienius
curve obtained from the plot of log V vs 1/T and /T vs 1/T Figure 8a and Figure 8b for the systeith and
without inhibitors. The activation energy (Ea) armeht of adsorptionH was calculated from the slope of the curve
in Figure 7, and the results are presented in Tahliecan be seeen that Ea for the process df stemsion in NaCl
without inhibitor is 98.67 KJmdi and with the presence of inhibitors is 100.08 KIm@his value indicates the
process of corrosion of mild steel in NaCl withilitors occurs slower than without inhibitor. Thisocess occurs
because the cacao peels extract to form a passiee dn the surface of mild steel, so the solyhdftFe is reduced
[1,29. The changes of Ea also showed that the inhiloitothe metal surface either participate in the gatgm
process. Langmuir adsorption isotherm has provaletbar of the mechanism of corrosion inhibitionnafd steel
surface in NaCl 1.5M solution without and with thiesence of the extract. Value of the free enefgydsorption
(AGads) can be calculated from the following equatiof88L(.

1090



Yuli Yetri and Gunawar man et al J. Chem. Pharm. Res., 2015, 7(5):1083-1094

8

1 —AG,,.
Koz = 555 EXP[ RT ]

With R is the ideal gas constant (8.314 JHol), the value 55.5 is the concentration of watesQHin solution
(mol) and T is the temperature (K). The calculatafnvalue Kygs 0.0013 andAG,qs -17.8386 KJ/mol. Negative
values of AG®, indicate adsorption of cacao peels moleculeshensurface of mild steel in NaCl spontaneous
Adsorption occurs on the surface of mild steel hemical, because the obtained valueAdf is larger than 20
KJ/mol[14].

Table 5: Kinetic and ther modynamic parameter s of mild steel in presence and absence of Theobroma cacao peels extract in NaCl 1,5M.

No Indicator Ea (kJ/mol) AH (kJ/mol) | AG° (kHz/mol) | AS (kHz/mol)
1. Blank 98.67 96.11 - 0.32
2. | Blank + inhibitor 100.84 98.29 -17.84 0.56
0 - # Absence extract
05 - M Presence extract
y=-5153.2x+ 15.156
q - g =0.955
= \\.:\\.
2 ~ i~
=15 - ‘Q ™~
\\¥\\
BN NS
2 y=-5227.1%+ 15,1@\.
RZ=0.9//6
'2,5 T T T 1
0.003200  0.00310 000320 0.00330  0.00340
I'T 10-3
@
0 -
05 - # absence extract
-1 4 M Presence extract
-1.5 A
_2 i
E s |
-
o -3 -
= 35 - v =-5024.7x+12.25
4 R?=0.9522
.45 1y=-5088.7x+12.261
‘5 |R‘J = 0]976 T T T 1
0.0030%.0031M.00319.0037H.00325.00220.00335
I'T10-3

(b)

Figure 7. Arrheniusplotsfor mild steel immersed in NaCl 1.5M solutionsin the absence and presence of optimum concentration (2.5 %
v/v) of Theobroma cacao peelsextract (a) log V vs UT (b) log V/T vs LT
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Surface M or phology

The observation of the surface morphology of miekbefore and after immersing the treatment aeeneatment
is shown in Fig. 8a-8c. Initial surface morpholagfythe specimen can be seen in Figure. 8a, thedraagn the fine
lines are white and relatively thin which is théeef of grinding on the surface of mild steel.dincbe seen also that
the surface is flat, clean, and non-porous ancethez no holes. This means it has not been deratetimild steel
corrosion reaction because there is no influencthefenvironment such as water, air, acids, shiises or from
corrosive substances. The morphology of the surédamild steel after immersion for eight days in@al.5M
corrosive solution with and without the addition azfcao peels extract shown in Figure 8b and 8anRhe two
images can be seen there are significant diffeseicéhe surface of mild steel due to the reactiat occurs in a
corrosive solution of sodium chloride. Fig. 8b #teel surface looks rough and many clumps of s@roproducts.
While in Fig. 8c with the addition of 2.5% extradsible decrease the rate of corrosion attacksteel surface is
smooth and no visible lumps of corrosion products.

Figure 8. SEM images of Mild steel in NaCl 1.5M after 8 daysimmersion at room temperatur e (a) beforeimmer sion (polished) (b)
without inhibitor (blank) (c) with 2.5 % inhibitor

Chemicals Composition on the Surface

Analysis of elements of C, O and Fe on the surtdaaild steel in NaCl 1.5M after immersion for 8ydawith and
without the presence of cacao peels extract is shawlable 6. Based on the obtained graphs theeptage of
element C increases from 0.30% to 6.58% with tlim@geels extract. This proves that C element@hiblecule
cacao peels extract adsorbed on the mild steedcmitb form a passive layer. While the percentdgescelement
decreased in the presence of the cacao peels textram 98.79% to 80.00%. The elements were deatdcatehe
initial O does not exist, and another analysis @tedied with a low percentage. While there wasnanease in
oxygen percentage to 15.16% as immersion in Na&W orrosive media without inhibitors, so the oxidemed
quickly by an attack from the corrosive ions NaBlit oxygen percentage is decreased to 14.54% aditing the
cacao peels extract. This indicates that the Herta complex compounds with molecular cacao pegisaet so
that the percentage of Fe element were detecteshizscsmaller.

Table 6: Recapitulation of some elements and oxides wer e identified in the SEM-EDX testing

Contain of element (% mass)
No Treatment C Fe 0
1. | ST37 0.32 | 98.79 -
2. | ST 37 + extract 2.5% 6.19 92.6¢ 2,3
3. | ST 37 + NaCl 1.5} 2.2i 80.61 17.1¢€
4. | ST 37 +NaCl1.5M + extract 2.5%  5.58 80.00 4.5

Adsor ption Isotherm

Adsorption of cacao peels extract on the surfagailaf steel in NaCl by using Langmuir equatigtsd is shown in
Figure 9. The highest correlation coefficient isadbed from the Langmuir adsorption isotherm tls&.98-0.99. It
means that adsorption occurs closer to the Langausiorption isotherm equation is unimoleculer.
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Figure 9. | sotherm Adsor ption Langmuir

M echanism of Inhibition

The presence of the inhibitor molecules on the ikl surface is due to the adsorption. Adsorpidses due to
the adhesion force between inhibitors and the sartd# mild steel. The adsorption of inhibitor malkxs on the
mild steel surface will produce a kind of thin laygfilms) that can inhibit the rate of corrosidn. this case
inhibitor of cacao peels extract will act as formia thin layer on functional group the surface didnsteel[1].
Additionally inhibitors also serve as the contrdltloe rate of corrosion by making the metal divitbetween the
media[8, 2§. Adsorption process of cacao peels extract on stédl surface will occur in solutiohe higher the
concentration of the inhibitor, which is covered aypiece of metal corrosion inhibitor molecules énalso
increased because efficiency inhibition increas@goshown in Fig. 2. Atomic bonding that occursimmibitor
adsorption processes in mild steel surface alleg®rdination covalent bonds involving chemicasagtion as
seen in the hard layer is removield 25. Adsorption compounds found in the cacao peelsekivill produce a

ferro complexes compound [F€€PH; * as can be seen in Figure 10.

Fe_____» Fe + 2e

26F. —» 157 257 2p9 357 3p® 452 34'f£|£» ? | ﬂﬂ . |

24F. T 157 257 2p 357 3p° -..... |:| |——E|:|:|

3d 4s  4p

F.[TCPE]s>

Figure 10. M echanism of complexes compound between metal and TCPE inhibitor
CONCLUSION

1.Inhibition efficiency increases with increasing rext concentration with maximum efficiency is ralaty high,
that is 91.93% (weight loss), 85.90% (Tafel), 906@Rp) and 75.23% (EIS) at a concentration of 2tB&oextract.
However, the efficiency decreases slightly withr@asing working temperature.

2.The cacao peels extracts contain phenolic andatkabmpounds as main component, and there istaraition
and chemical bonding between these compounds kétkteel surface to form a ferro complex compound.
3.The increasing of inhibition efficiency is due toetincrease of charge resistance transfer (Rcf eesult of
chemical adsorption in the surfadaddition of the extract inhibit the transfer of elons from the surface of mild
steel into the solution, so that the oxidation psscof iron atoms decreases.
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4.The inhibitor type is mixed type inhibitors in Na€l5M with dominant cathodic inhibitor, obeys Langm
isotherm adsorption. Cacao peels extract adsorbédeosurface of the mild steel chemical adsorptidath forming
a passive layer on its surface.

5.The mechanism of inhibition between extract of cgoaels with mild steel surface studied throughititeraction
between pairs of lonely electrons that functionsdasor ions to the surface of mild steel as an ptoceby
coordination covalent bond
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