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ABSTARCT

The corrosion inhibition of stainless steel in 36H;P0O, by clay has been studied as a possible sourcemf e
friendly inhibitor using potentiodynamic polarizati curves and electrochemical impedance spectrgs¢Bis)
methods at 298 K. Results obtained showed thatlédysfunctioned as a corrosion inhibitor for sthas steel in the
acidic environment. Inhibition efficiency increasetth clay concentration. Polarization curves inglie that this
inhibitor acts as a cathodic inhibitor. EIS spec&ahibit one capacitive loop. The charge transksistance (R
increases with inhibitor concentration, while doaibhyer capacitance (§ decreases. Adsorption of this inhibitor
on stainless steel surface obeys the Langmuir adisorisotherm.
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INTRODUCTION

The corrosion of metallic materials in acidic saos causes considerable costs. Several techniupes been
applied to reduce metal corrosion. The use of itdni® during acid pickling is a practical protectimethod against
corrosion in acidic media. Most effective and eéfic organic inhibitors are compounds containintef@atoms,
such as oxygen, nitrogen, sulfur, and phosphorbghaallow adsorption on metal surfaces [1-19].

Inorganic inhibitors are also used to secure metgdsnst corrosion; we cite molybdate, vanadatidémas well as
metallic ions as Zi' CU**, and C&"... [20-22].

Though many organic and inorganic compounds shavd gmticorrosive activity, most of them are higtdyic to
both human beings and environment. The investigaif;mew non-toxic or low-toxic and green corrosiohibitors
is essential to overcome this problem. In th& Zentury, the research in the field of “green” ‘@co-friendly”
corrosion inhibitors has been addressed towardgte of using cheap, effective molecules at low"pero”
environmental impact. Up to now, many alternativa-&iendly organic and inorganic inhibitors haveeh
developed [23].

This study aims to investigate the inhibitory effed clay, an affordable, ecofriendly, and natyradiccurring
substance, on the corrosion of stainless steebi® 8 HPO, solution through potentiodynamic polarisation @gv
and electrochemical impedance spectroscopy (ElI#)ads. The adsorption of clay was investigated.
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MATERIALSAND METHODS

Materials

The steel used in this study is a UB6 stainlessisigith a chemical composition (in wt%) of 4.39M6, 0.0013 %
C, 1.45 % Si, 1.84 % Mn, 0.007 % S, 20.77 % CrpR0D% P, 25.09 % Ni, 2.36CU % Others and the redeain
iron (Fe).

Solutions

The electrolyte used in this study was (5.5M) 4098 ®}, contaminated with addition of 4% of,50,and 400 ppm
of chloride ions. In this last case, the solutioaswealled polluted PO, solution. The concentrations of clay are
0.002 g/L, 0.004 g/L, 0.006 g/L and 0.008 g/L.

Electrochemical measurements

The electrochemical study was carried out usingotergiostat PGZ100 piloted by Voltamaster softwarhis
potentiostat is connected to a cell with threetedele thermostats a saturated calomel electrod&)&ad platinum
electrode were used as reference and auxiliaryretis, respectively. The working electrode israutar shaped
and the exposed area of the specimen to the solwtias 0.67cf Anodic and cathodic potentiodynamic
polarization curves were plotted at a polarizasoan rate of 0.5 mV/s.

The experiments were conducted under thermostaiaditions at 298 K. Before the potentiostatic passdn

experiments, the surface of the samples was cleaatitbdically at -0.6 V/SCE for 15 minutes.The wngk
electrode was polarised for 1 hour at the diffetemperatures. The electrochemical impedance gzecpy (EIS)
measurements are carried after potentiostatic yetasn tests. After the determination of steadyestaurrent at a
corrosion potential, sine wave voltage (10 mV) p&alpeak, at frequencies between 100 kHz and 10Q.rHe

impedance diagrams are given in the Nyquist reptasen.

RESULTSAND DISCUSSION

Potentiodynamic Polarization Study

It is well established that polarization @svcan help to understand how a certairosmm inhibitor

works. Inhibitors can modify the anodic procetise cathodic process or both leading toleareased rate of
the global corrosion process. Fig. 1 shows gigiolarization curves for stainless steel caritederated 5.5 M
HsPQO, in the absence and presence of varied concemtsatibclay. In the figure, two important rids are

evident. Firstly, that this inhibitor is found block the electrochemical processes taking ptacé¢he stainless
steel undergoing corrosion in phosphoric acidtsmhs. It reduces both the rate of cathodic amodic reactions
by reducing the current densities on botikesiof the polarization curves in the pa&megion studied and
hence reduces the corrosion rate. Secondly, itsshtie open corrosion potentials towards mogatiee values

with reference to the blank. These factorgyesy that this inhibitor acts as cathodic tgpeosion inhibitor

[24-26].

0.01- ‘-‘.';J""“(
?...
1E-34 f" ¢
— .2 Fo
e 1Eaq g
o =
< L
54 S
\%_ 1E5 oo & —=— Blank
8 . ——0.002 g/L
T 1E63 0.004 g/L
—v— 0.006 g/L
1£.7.) 0.008 g/L

1E-84

T e L e e e e S B p p
-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 12

Ecorr (VSCIQ

Figure 1. Polarisation curves of stainlesssteel in 5.5 M H3PO, at different concentrations of clay
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The data obtained from polarization curves by Tafirapolations are presented in Table 1. Theselude
corrosion potential (&), corrosion current density .{l), cathodic and anodic Tafel slopg& @ndpa) at
varied clay concentrations. Correspondingly, IB¥%eases with the inhibitor concentration, du¢h®increase in
the blocked fraction of the electrode surface bsoaption. IE% of 0.008 g/L inhibitor reaches upthle maximum
of 88%, which indicates that clay is a good inttbifor stainlesssteel in 5.5 M3PIO,. The potentiodynamic curves
show that there is a clear reduction of both thedamand cathodic currents in the presence of ctaypared with
those for the blank solution. It is clear that teghodic reaction (hydrogen evolution) and the @&modaction
(dissolution metal) were inhibited. The values athodic Tafel slop@c in the presence of inhibitor was changing,
which clearly indicates that this inhibitor influs the kinetics of hydrogen evolution reaction.sTimdicates an
increase in the energy barrier for proton dischéegding to less gas evolution. The valuegof®) increased with
increase in concentration of inhibitor, which iraties higher surface coverage of the metal. It banseen from
Table 1 thatthe corrosion potential,,J=becomes more negative as the concentratioreases.

The linear Tafel segments of anodic and cathodicesuwere extrapolated to corrosion potential tiobcorrosion
current densitiesl{,;). From the polarization curves obtained, the oo currentI(,,) was calculated by curve
fitting using the equation:

_ (2.3&] r( Z.SXEJ
| - | corr eXp ﬂ - eX T (1)

The inhibition efficiency was evaluated from theawered ., values using the relationship:
1> =
”p% = —cor___cor x1(Q (2)

corr

where, |’ and|' are the corrosion current density in absence aesepce of inhibitor, respectively.

' " corr corr

Table 1. Polarisation data of carbon steel in 5.5 M H3PO, without and with addition of inhibitor at 298 K

Conc Ecorr Ba _ lcorr Mp
(MVISCE) (mV/dec) “Pe (MV/AEC)  inendy  (96)
Blank 55M 132 3804 3062 419
0.002 g/L 63.3 4048 2071 132 68
0.004g/L -431 2307 3476 104 75
Clay
0.006 g/L -9.2 2001 2637 8.0 81
0.008 gL -177.1 3415 2880 5.0 88

Electr ochemical impedance spectr oscopy

The inhibition process of the gum exudates was stisdied by electrochemical impedance spectrostaghnique.
Impedance measurements in the Nyquist formastainless steel exposed for 1 hour in the addlations
containing different concentrations of the yclarhe impedance behavior of stainless steel5n\VbH;PO, with
and without addition of various concentrations laycis presented as complex impedance plot (Nyclat) in
Fig. 2. It is seen from this figure that thesence of the clay in the phosphoric acldtiems leads to
changes of the impedance diagram in both shapsiaed

It is clear from this figure that the impede diagrams are not perfect semicirclesrtegdo be attributed
to the frequency dispersion [27]. The size of thpacitive arc increased with increase in inhibitmncentrations up
to 0.008 g/L. This suggests that, 0.008 g/L cdiddconsidered as the optimum inhibitor conegiotn forming
the optimum protective film on the substrataface against the charge transfer.
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The impedance spectra for different Nyquisdtg were analyzed using a Complex Nonlinezaidt Squares
(CNLS) fitting program, EQUIVCRT and the equivalemircuit model and relevant relations used arecidlesd
elsewhere [28]. The values of elements fittedrttoelel, that is, charge transfer resistancgg éRd that of double
layer capacitances { calculated are listed in Table 2. The tableo dlscludes the open circuit potential,
calculated corrosion rates and percentage inhilgfficiency f, %). Since, the corrosion rate is inversely
proportional to the charge transfgr% was calculated by use of the relatiomegi above. It is seen from
this table that as inhibitor concentrationcr@ases, the (R values increase while the double-layer
capacitance decreases. This indicates that, islaprrosion inhibitive. The decrease in thg @lues in the
presence of the clay shows that clay adsorbs om#tal surface and forms a film that reduces thtahsarface
area undergoing corrosion. It has been reportedt the adsorption process on the metdhsa is
characterized by a decrease i [29]. The inhibition efficiencies obtained by ingace studies are in agreement
with those obtained employing potentiodynamic pa&gion technique.

The inhibition efficiency of the inhibitor was calated from the charge transfer resistance valissguthe
following equation [30]:

7,%= Rct(inh) - R, %100 3

t(inh)

whereR andRy ijnnywere the values of polarization resistance in the=ace and presence of inhibitor, respectively.

Table 2. Electrochemical impedance parametersand inhibition efficiency for stainless steel in 5.5 M H3PO, solution with clay at 298K

Rt Ca Nz
(Qcmd) (uFlen?) (%)
Blank 5.5 M 2040 1738
0.002 g/L 587.4  192.3 65.0
0.004 g/L 732.7  166.5 73.0
0.006 g/L 912.1  102.0 78.0
0.008 g/L 990.0 745 80.3

Conc

Clay

Adsor ption isotherm

The efficiency of inhibitor molecules are relatedheir adsorption ability on the metal surface.idmibitor reduces
the corrosion rate by covering active centers enntletal surface. So, it is important to determimdage coverage
ratio value §) for discussing the corrosion rate properly. Thdug is simply obtained from inhibition efficiency
values,

0 =n,/100. In Fig. 3, the linear relation ships ob®@&rsus C suggest that the adsorption of clay ersthinless steel
is in well agreement with the Langmuir adsorptisotherm, which is expressed by the following equafB1].
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c._ 1
=~ 4C 4
0 K inh ( )

ads

where G, his inhibitor concentration and,k is the adsorption equilibrium constant for theagton-desorption
process. The KsVvalue was obtained from the intercept of plot. Blgeeement with the Langmuir isotherm shows
that the inhibitor adsorption is physical. Thistisrm supposes that adsorbed molecules constitoienalayer on
the surface, but the intermolecular attractionsige®itable between the adsorbed molecules and oter by the
surface. Therefore the obtained efficiencies ansibée against inhibitor concentration.
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Figure 3. Langmuir adsor ption of clay on the stainless steel surfacein 5.5 HsPO, solution
CONCLUSION

The polarization studies showed that clay is aadithtype inhibitor of corrosion one that decrealseth cathodic
hydrogen reduction reactions and anodic metal tlifea and that its corrosion efficiency increaseidh the
inhibitor concentration. AC impedance results shbwet charge transfer resistance increases witlease in the
clay concentration. The adsorption isotherm of daythe stainless steel in 5.5 MR, solution obeyed Langmuir
adsorption isotherm with high correlation coeffitieThe results obtained from different experimestadies are in
good agreement.
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