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ABSTRACT

The corrosion inhibition effect of mild steel imsilated concrete pore solution (SCPS) by SodiiiriteNand Zrt*
has been investigated using weight loss methodcgolit voltammetry. The results show that 93%nabihition
efficiency is achieved with binary system congistifi 100 ppm of sodium nitrite — 50 ppm of*Zn Surface
evaluation technique like FTIR is used to detaarthe nature of the protective film formed onnietal surface.
The protective film consists of #e SN complex, Zf+ SN complex and Zn(OH)Cyclic voltammetry study reveals
that the protective film is more compact and stawen in 3.5% NaCl environment.
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INTRODUCTION

Effect of organic inhibitors on chloride corrosiofsteel rebars in alkaline pore solution has biegastigated by
Marina Cabrini et al.The inhibition properties of aspartic and lactiédasalts are compared with nitrite ions with
regard to their effect on critical chloride conaatibn. The tests were carried out on carbon stpetimens in
simulated pore solutions with initial pH in the genof 12.6 to 13.8. The results confirm that 0.labpartate
exhibits an inhibiting effect comparable with rigrions of the same concentration[1].The inhibitddrrorrosion of
reinforcing steel in simulated concrete pore soluSCPS) has been studied using mass loss, gasomet
measurements, potentiodynamic polarization and dapee studies using Mezlocillin (MZN) as a greembitor.
The studies clearly revealed that MZN acted asochthinhibitor. Diffused reflectance spectra comi@d the
formation of adsorbed film of inhibitor on reinfang steel in SCPS[2].The corrosion inhibition effeand
mechanism of D-sodium gluconate for reinforcingekia the simulated concrete pore solution conteyrCl were
studied by electrochemical techniques, includingrragion potential, potentiodynamic polarization, dan
electrochemical impedance spectroscopy measuremeéhes results indicate that 0.01 M D-sodium gludena
showed a good corrosion inhibition effect on reinfiog steel in the simulated concrete pore solutiamtaining 0.1
M NaCl because it strongly hindered the anodictieas, by forming a compact adsorptive film by sgahelation
and effectively inhibit the initiation of reinfomyg steel corrosion[3].The Effect of NGn the early stages of
pitting corrosion of Q235 carbon steel in a simedhtoncretepore solution (pH=11) was studied by nmeaf
polarization curves, Mott-Schottky curves and XP®thods. It was found that, N@hibits both the stable
pitting corrosion and the meta stable pitting csiwa [4]. The newly synthesized polymer, azo metHiased
polyester, has been employed as inhibitor agaimstcorrosion of rebar in artificially simulated coete pore
solution with chloride contamination (blank) by meaof Tafel polarization and electrochemical impesa
measurements. Polarization studies exhibited thémmam inhibition efficiency of 98% at 1000 ppm c@mtration.
Electrochemical studies revealed the mixed-typareatf the inhibitors [5].
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EXPERIMENTAL SECTION

2.1.Preparation of the specimendild steel specimen was used in the present si{@hymposition (wt %): 0.026 S,
0.06 P, 0.4Mn, 0.1C and balance iron. The dimensfahe specimen was 1 x 4 x 0.2cm were polisheal tairror
finish and degreased with trichloroethylene andduse the weight-loss method and surface examinasimdies.
The environment chosen is well water and the phgisemical parameter of well water is given in table

2.2.Preparation of Simulated Concrete pore solufi8€PS):Simulated concrete pore solution is mainly coesist
of saturated calcium hydroxide Ca(QH3odium hydroxide(NaOH) and potassium hydroxid® with the pH ~
13.5. However in numerous studies of rebar cormpssaturated Ca(Oklhas been used as a substitute for pore
solution. A saturated calcium hydroxide solutiomsgd in present study, as SCP solution with the-[2.5.

Table — 1 Physico- chemical parameters of well wate

Parameters value
pH 8.38
Conductivity 17702 % cm?
Chloride 665 ppm
Sulphate 214 ppm
TDS 1100 ppm
Total hardness 402 ppm
Total Alkalinity 390 ppm
Magnesium 83 ppm
Potassium 55 ppm
Sodium 172 ppm
Calcium 88 ppm

2.3.weight loss method
Weighing the specimens before and after Corrasikdhthe weighing of the mild steel specimens befarel after
corrosion was carried out using Shimadzu balanoelemAY62.

Determination of Corrosion Rat&he weighed specimens in triplicate wesespended by means of glass hooks in
100 ml SCPS prepared in well water containing wegiooncentration of potassium chromate in the pesand
absence of Z1i for one day, the specimen were taken out, washednining water, dried, and weighed. From the
change in weights of the specimens, corrosion raége calculated using the following relationship:

CR = [(Weight loss in mg) / (Area of the specimendn? x Immersion periods in days)] mdd Q)

Corrosion inhibition efficiency (IE, %) was thenl@alated using the equation:

I.E =100[1-(W/W31)] % 2)

Where, W1= corrosion rate in the absence of thibitun, and W = corrosion rate in the presence of the inhibitor,
RESULTS AND DISCUSSION

Analysis of results of the weight loss method

The calculated inhibition efficiencies(IE) and amsion rates(CR) of sodium nitrite in controllingrosion of mild

steel immersed in simulated concrete pore solUHGRS) for a period of one day in the absence ofpaesence of

Zn*" ion are given in Table 2. The inhibition efficieniy also given in this Table 2. The corrosion raséshe

potassium chromate systems at various concentsagignshown in Fig 1.

It is observed from Table 2 that sodium nitrite §3Hows some inhibition efficiency. 50 ppm of SN 85% IE. As

the concentration of SN increases, the IE increamed corrosion rate decreases. 50 ppm of SN h¥s|B5100

ppm of SN has 93% IE. When 50 ppm ofZis added, the IE shifting increases in each cHsat is addition of SN
and Zrf* increases the corrosion protection of mild steehersed in SCPS prepared in well water.
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Table 2: Inhibition efficiencies (IE%) and corrosion rates (CR) obtained from SN-Zi* system in controlling corrosion of mild steel
immersed in SCPS prepared in well water
Inhibitor system: SN -Zh Immersion period: 1 day

SN [ zn® [ IE] CR
ppm | ppm | % | mdd
0 0 0 25
0 50 | 20| 20
50 0 85| 3.7
100 0 87| 3.2
50 50 90| 25
100 50 93| 1.7

Influence of Zn®* on the corrosion inhibition efficiency:

It is observed that when 50 ppm %ris added, the inhibition efficiency increases e thoth the cases. The
formulation consisting of SCPS + 100 ppm of sodiNitrite and 50 ppm of Z:i has 90% corrosion inhibition
efficiency. In presence of Zhmore amount sodium Nitrite is transported towardlsl steel surface. On the mild
steel F&- Nitrite complex is formed on the anodic sitestié mild steel surface. Thus the anodic reaction is
controlled. The cathodic reaction, the generatib@®ld" is controlled by the formation of Zn(OHdn the cathodic
sites of the mild steel surface. Thus, the anagliction and cathodic reaction are controlled affebt.

Fe> Fé&* + 2¢ (anodic reaction),
F&" + Zrf* — Nitrite > F&" — Nitrite + Zrf*
O, + 2H,0 + 4é > 40H (cathodic reaction),

Zn** + OH = Zn (OH), |
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Fig.: Graph inhibition efficiency (IE) of SN — Zn?* system in the corrosion of mild steel immersed iBCPS prepared in well water

Analysis of FTIR spectra

FTIR offers quantitative and qualitative analysis brganic and inorganic samples. Fourier Transftmfrared
spectroscopy (FTIR) identifies chemical bonds imalecule by producing on infrared absorption speutrThe
spectra produce a profile of the sample, a distiaciolecular fingerprint that can be used to streed scan
samples for many different components. FTIR is fi@cdve analytical instrument for detecting fumetal groups
and characterizing covalent bonding information.

FTIR spectra were used to analyze the protective fiormed on metal surface [6]. The FTIR (KBr) spam of
pure sodium nitrite is given in figure 2a. The Nélretching frequency appears at 1268'cithe FTIR spectrum of
the film formed on the metal surface after immensio SCPS prepared in well water containing 100 opMNaNG;
and 50 ppm of Z# is shown in figure 2b. The NOstretching frequency of NaNGhifted from 1268 to 1205.67
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cm®. This confirms that the oxygen atom of the nitlies coordinated with Eeresulting in the formation Bé-
nitrite complex on the metal surface. Also ther@assibility of anchoring of nitrite on the layefr apnsisting CaO,
Ca(OH),CacCQ.
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Fig.2a FTIR spectrum of pure sodium nitrite
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Fig.2b FTIR spectrum of film formed on the metal surface &er immersion in aqueous solution containing SCPS100 ppm SN+ 50 ppm
of Zn*"

Peak appears at 1398 ¢iis due to Zn—O stretching. The - OH stretchingjfiency appears at 3439.79 trThese
observations indicate the presence of Zn (Jbmed on the metal surface Peak appears at T885and 1398 cm
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! These peaks confirm the presence of calcium caiteo calcium oxide, calcium hydroxide and on thetain
surface[7-8].

2. CYCLIC VOLTAMMETRY

Cyclic voltammograms have been used to investiti@eorrosion behaviour of metals[9-12]. Deyab Keéra[9]
have analysed the influence of sulphide, sulptetd,bicarbonate anions on the pitting corrosiorabighur of mild
steel in formation water containing chloride iong Imeans of cyclic voltammetry technique. The cyclic
voltammograms were recorded in the presence ogasing amounts (0.1 to 0.3M) of NaCl at a scangaf® mV
s™. The anodic response exhibits a well defined anpdak followed by a passive region. The anodik fedue to
active metal dissolution and formation of ferroygltoxide [13]. The cathodic sweep shows two cathquiaks.
The appearance of cathodic peak around -1.1 Véstaweduction of corrosion product, namely irofndexto iron.
The appearance of cathodic peak around -0.7 V éstduhe reduction of pitting corrosion productsqgipitate on
the electrode surface.

In the present study, cyclic voltammograms weremded by measuring the working electrode, mildIsiee3.5%
NaCl solution. The cyclic voltammogram of mild dtéamersed in 3.5% NaCl is shown in Fig 3a. It sserved
that during anodic scan, no peak is observed Ipatsaive state is noticed. This can be explainddllasvs: When
the metal dissolves, ferrous hydroxide is formedeW the concentration of ferrous oxide at the anadirface
exceeds its solubility product, precipitation ofid@xide occurs on the electrode surface.

When the surface is entirely covered with oxidespasfilm, anodic current density does not increashcating
onset of passivation. In the passive state, théo@Ilcan be adsorbed on the bare metal surfacempetition with
OH ions. As a result of high polarizability of the” @ins, the Clions may adsorb preferentially [14]. The cathodic
sweep shows only one peak at -0.652 V. This istdude reduction of corrosion product, iron oxideiron. The
peak due to reduction of pitting corrosion prodigcabsent. (This reveals that pitting corrosionsdoet take place
under the given experimental conditions).

The cyclic voltammogram of mild steel, which hagtémmersed in SCPS for one day and dried is shoviig

3b. (brown iron oxide was observed on the mild Istéectrode). It is observed that during anodic epyeno peak
appears, but a passive region is observed. Dunegathodic sweep, the peak due to reduction tifigitorrosion
product appears at -955 mV indicating that pittaggrosion takes place. However, the peak due tactemh of

corrosion product, iron oxide, appears at -2.7 Ne Eurrent density increases from -2.5 %20to-4.6 x10° A. This

indicates that when mild steel electrode is imneiseSCPS for one day, a protective film of iroridexis formed
on the electrode surface. It is stable in 3.5% Naflition. The increase in current density is exgd as follows:
Chloride ion is adsorbed on the passive film. Tsoabed chloride ion penetrates the oxide film eislg at the
flaws and defects in the oxide film [15].When thenptrated chloride ion reaches the metal surfées, promote
local corrosion.
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Figure 3a.Cyclic voltammogram of mild steel electrde immersed in 3.5% NacCl
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Figure.3b Cyclic voltammogram of mild steel electrde submerged in 3.5% NaCl solution after its immerisn in SCPS for one day
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Figure.3c .Cyclic voltammogram of mild steel electsxde submerged in 3.5% NacCl solution after its immesion in SCPS containing 100
ppm of SN and 50 ppm of ZA" for one day

When the mild steel electrode is immersed in SCR&mcontaining 100 ppm of SN and 50 ppm of "Zor one
day, a protective film is formed. It consists @+ SN complex, Zi— SN complex, and Zn (Okips revealed by
FTIR spectroscopy. The cyclic voltammogram of nstdel electrode deposited with the above protediireis
shown in Fig.3c. It is observed that during anadieep, dissolution of metal does not take placés ifldicates that
the protective film is stable and compact. Elecdrare not transferred from the metal surface, apdsaive region
is observed. During cathodic sweep, the peak qoorating to reduction of pitting corrosion produppeaars at -850
mV. However, the peak due to reduction of iron exid iron appears at -1.31 V. The current densitygases from
-2.5 x10° A to -1.5 x10® A. The decrease in current density suggest thamttsorbed inhibitor molecule on the
electrode surface not only effectively retard thedic dissolution iron, but also enchanged theiliialof ferrous
species to be further oxiesedtBento ferric iron. It is observed from the Fig 24, 2c that the pitting potentials for
the three systems are at -656 mV, -970 mV, and ®45respectively. That is when mild steel electrade
immersed in the SCPS medium; the pitting poteriahifted to more negative side (active side, &0 mV). It
accelerates corrosion because the protective iméd is porous and amorphous. When the electsoohemersed
in the inhibitor medium, the pitting potential ikifted to the noble side, i.e., -645 mV. This irad&s that the

passive film found on the metal surface in the @nes of inhibitors is compact and stable. It caifistand thettack
of chloride ion present in 3.5 NaCl.
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