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Abstract

This work was carried out to study the inhibitiohcorrosion of ordinary steel in cooling water gystsolution by a
multi-component. The inhibitive formulation was gposed of 2- (2-thio-dodecyl-5-methyl-1,3,4-triazblacetic acid
(TDMTAA) associated with molybdate ions. The obtaresults lead that TDMTAA inhibits the corrosimiordinary

steel in the considered medium. The correspondmybition efficiency increases by increases by hitbr

concentration and also by adding of molybdate idriee values of the synergism parametel) {8dicate that the
enhanced inhibition efficiency in the presence diflybdate ions is only due to synergism and thera idefinite

contribution from the inhibitor molecule, which aselsorbed by coulombic interaction on metallic acef where
molybdate ions are already adsorbed and thus retieceorrosion rate. The inhibition efficiency ofxture increases
by increasing of temperature, pH and immersion timeé leads a maximum of 99%.

Keywaords:Inhibition corrosion, TDMTAA, Molybdate, Synergist Ordinary steel, Cooling water system.
1. Introduction

Natural water is frequently used in cooling systeisis use needs in especially cases treatmentsirionise the
corrosion of processes metals. Open recirculatirgdireg water systems that reuse cooling water i@guiently used at
large central utility stations, at chemical, petremical, and petroleum refining plants, in steal paper mills, and at
all types of processing plants [1]. Open recirdatatcooling water systems continuously reuse théewthat go
through the heat transfer equipment.

If absolutely pure water was used in the coolingtey, none of the problems would exist. Unfortulyateraters
contain dissolved and suspended solids, dissolmddsaspended organic matters, and dissolved gakdsifally, the
open recirculating system, with longer holding téve higher temperatures in the presence of hidissplved solids
concentrations, produces more severe corrosiotingcand microbiological growth [2]. These probleman occur
jointly, reducing the thermal efficiency of theaiit with significant economic repercussions.

Many inhibitors have been used in cooling watertesys in order to reduce or eliminate these probl¢3ag].
Particularly, fatty amines associated with phosmlvanboxylic acid salts, hydroxyethane diphosphati (HEDP)
and hydroxyphosphonoacetic acid (HPA) were thedstah corrosion inhibitors [10, 11]. Other authosed other
inhibitors such as triazole and its derivativesoagged with cetyl trimethyl ammonium bromide (CTABr with
isothiazolone in order to kill micro-organismes [13].

The cost of inorganic inhibitors is low, but mosé @oxic e.g., chromate, mercuride, nitrite, ar¢erec. [14]. As an
environmentally acceptable and effective corrositnibitor for zinc, galvanized steel, and other at&t molybdate ion
(MoO,%) has been widely investigated in a variety of esive media [15-17]Many other researchers have
concentrated on the synergetic effect between ndalghbions and other organic and inorganic compotordsorrosion
reduction in cooling water systenf$8-22]. Different operational parameters such aeling water pH, inhibitor
concentration, water circulation velocity and thencentration of the other ions present in water rhaye a
considerable influence on molybdate inhibition@éfncy in cooling waters [23, 24].
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In this paper we have studied the effect of an remwnentally acceptable multi-component inhibitoatttwould
simultaneously inhibit corrosion and microorganisdgreliminary series of laboratory experimentsswarried out in
cooling water containing different inhibitor (mixt1 of TDMTAA, molybdate and biocides) from whichetimost
promising mixture was selected for subsequentrigsti

2. Experimental procedure

2.1. Synthesis of the TDMTAA Compound

TDMTAA has been prepared by a new method developed ifabaratory. This surfactant compound was improved
by solid-liquid phase transfer catalysis method.[REoreover this product has been purified and abtarised by NMR
'H, NMR™¥C, masse and elemental analysis.

We have reacted the 5-dodecyl-3-methyl-1,2,4-tteBethione with the bromoacetic acid. This leads us to obtain
monocatenar surfactant that the polar head comtaiacidic function. The synthesised compound has lobtained
with good yield (- yield : 80 %; mp: 76-80 °C) ahds two isomer which presented in figure 1. HAMR and**C
NMR spectral data of the product are as follows:

-'H NMR (CDC} ; 300MHZ) : 1.04 -1.8 ppm (m,50H, 2(Ghh-CHs); 2.43 ppm (s, 3H, C&; 2.50 ppm (s, 3H, CH),
3.17(t,2H, CH S), 3.26(t,2H, CH S), 4.72 ppm (s, 2H, GHC=0), 4.77 ppm (s, 2H, GHC=0).

- 3C NMR (CDCE; 75.47 MHZ):

* Alkyl Chain: 11.88, 22.78, 29.09, 29.41, 29.59,83, 29.89, 32.04, 33.43.

*1,2,4-triazole :13.80 and 14.08 (2gH 153.16 and 154.74 (2(¢; 158.45 and 160.56 (¢

*Two C=0: 173.09 and 173.4 ppm.

* The CH, ata of C=0: 51.73 and 52 ppm.

HsC
N H,C s CHa - COH
T3 %
AN S-(CH,); - CH, / /)\
NN S-(CH,)1;- CHy
CH, - CO,H

Figure 1. Structure of 2- (2-thio-dodecyl-5-methyl-1,3,4atzrol)yl acetic acid ( two isomer)

2.2. Formulation of inhibitor

In accordance with the numerous works improved un laboratory using the surfactants compounds farpoead
1,2,4-triazole like corrosion inhibitors [26, 2T§e were interested in this work in the study of éfiect of 2-(2-thio-
dodecyl-5-methyl-1,3,4-triazol)ycetic acid (TDMTAA) on corrosion of ordinary stéelcooling water system.

In order to minimise corrosion, scale and microlpabblems, this new inhibitor for cooling water tms was
developed. The inhibitor formulation was blendeohirTDMTAA and molybdate. The selection of this carsition
was based on screening tests of various concemsatif the compounds and their blends.

2.3. Metallic samples

The specimens were cut from commercial ordinarglste chemical composition is (in wt.%): C-0.11;0824, Mn-
0.47, Cr-0.12, M0-0.02, Ni-0.1, Al-0.03, Cu-0.14;806, C0<0.0012, V<0.003 and the remainder iroa used as the
substrate. Before each experiment, the electrode pedished using emery papers until 1200 gradey dlftis, the
electrode was cleaned with distilled water, degrdas acetone before use and dried with hot air.

2.4. Experimental conditions

The temperature of the cooling water was adjuste@21 °C and its pH is 7.5, respectiveljable 1 gives the
chemical composition of cooling water system. Tigural solution is characterized by its low condity and its
corrosive character.

Table 1: Chemical composition of cooling water system used

Elements Mg cr ca’ | so” HCO; TDS (us/cm)
Concentration (ppm) 235 414 10 145 220 898 1426
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2.5. Electrochemical tests

Electrochemical measurements were conducted imeeational three-electrode thermostated cell. Aiqplen disc was
used as counter electrode and a saturated caldectlogle (sce) as reference electrode. The worsiectrode was an
ordinary steel disc. The specimens were machingd églinders and mounted in polytetrafluoroethylgfi® FE)
moulds. The area in contact with the corrosivetimiuwas 1 crh

The working electrode was immersed in the testteolwduring 1 h until a steady-state open circoitgntial (Ecp) was
obtained. The cathodic polarization curve was medrby polarization from J5 to negative direction under
potentiodynamic conditions corresponding to 1 mM\As SCE (sweep rate) and under air atmospherer i scan,
the anodic polarization curve was recorded by jd#ion from the kg, to positive direction. The potentiodynamic
measurements were carried out using a Potentiygtat VoltaLab PGZ 100, controlled by a personahpater. Since
the conductivity of medium studied is low, the p@ation curves J(E) were corrected from ohmic d¢rbgt is, by
RsxJ. The solution resistanceg, Rvas determined by the electrochemical impedapeetsscopy. On the Nyquist
diagrams, Ris the abscissa of high-frequency intersectiothefdiagram with the real axis.

The evaluation of corrosion kinetics parameters wlatained using a fitting by Stern—Geary equatibime inhibition
efficiency was evaluated from the measurgg\values using the relationship:

IE%= 1- Je=r “100 ()
corr
The degree of surface coveragggnd the inhibition efficiency IE% were calculatiedm the flowing equations:
q= 1- Jcorr (2)

:0
JCOI’I’
Where {..r and jor are the corrosion current values without and withaddition of various concentration of inhibitor.

2.6. Scanning electron microscopy (SEM)
The surfaces (2cmx1cmx0.4cm) of ordinary steel insext for 2 days in cooling water system, withoud aith the
inhibitor formulation, were analyzed by scanningottonic microscope JOEL JSM-5500 type.

3. Results and discussion

3.1. Electrochemical tests

Effect of TDMTAA concentration

Polarization curves of ordinary steel in coolingtevesystem in the absence and presence of diffemmtentrations of
TDMTAA are shown in figure 2. The correspondingotechemical parameters’ values are extracted usiagstern—
Geary equation and are reported in Table 2.
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Figure 2: Polarization curves for ordinary steel electradeooling water system in presence of differemaamtration
of TDMTAA at 32 °C.
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Figure 3 illustrates an example at 8 ppm TDMTAA. ¥&n note that anodic current densities decreas#ughly and
the potential corrosion (k) shifts towards positive values with increasingiliitor concentration. In the cathodic
range, we note an increasing of current plateah wihibitor. This can be explained by the changemaiecules
inhibitor orientation which is released from thetpaurface metal.

0,04 " ; . ; . ; . ; .
—O— Experimental curve
0,034 ——— Fitting curve .
0,02 _
0,01 _
§ 0.004 .
< Data: APPSEULOOTRAN_B
.\g -0,01 Model: userl ]
Chi"2 = 3.4896E-7
R"2 = 0.99921
-0,02 _
i0 -0.07335 +0.00272
a -126.327 +0.61869
N | b 253.0009 +0.62128 |
0,03
x0 -0.54058 +0.00037
-0,04 . . T . T . . . . .
-0,65 -0,60 -0,55 -0,50 -0,45 -0,40
E(V/sce)

Figure 3: Comparison of experimental and fitting data usinga-linear fitting with Stern—Geary equation (exden
8 ppm for TDMTAA).

The electrochemical parameters extracted from tlarigation curves can be depicted from Table 2esEhresults
permitted to conclude that the current densitiesraiese with increasing inhibitor concentration aedched a
maximum at 48 ppm. The approximate constancy offtifel slopes () values indicates that, there is no change in the
mechanism of dissolution reaction.

Table 2: Data obtained from polarisation curves of ordirgtgel in cooling water system containing different
concentration of TDMTAA at 32 °C.

Concentration (ppm) &(mV/sce) forl(MA.CTTY) by(mV/dec) IE%
00 -661 120 249 -

1.6 -641 100 252 17

8 -540 73 253 39

16 -477 66 248 45

48 -433 55 254 54

Effect of molybdate concentration

The effect of molybdate as a corrosion inhibitoaliady well established in the literature [24,333. The polarization
curves for ordinary steel in cooling water systendiferent concentrations of molybdate are showirigure 4. With

increasing concentration of BMoO,, the corrosion potential obviously shifts positwerhile the curves shift to lower
current densities, which results in a notably daseein j,,.. This figure clearly indicates that ions MgCact an anodic
inhibitor in cooling water system. This can be expéd by the adsorption of molybdenum and oxygers ion the

metal surface, leading to the formation of a prioteclayer with a greater charge transfer resistaand lower
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permeability [34, 35]. At the cathodic range, we tiat the addition of molybdate ions does notcftee cathodic
current density which can be explained, like in¢hse of TDMTAA, by their orientations.

| | | | | | | | |
14 3
0,1+ 3
‘\.‘A 0,01 3 3
= 3 3
© ] ]
g . -
— 1E-3 o .
J| ——510"M of MoO/* I ]
1E-4 | ———10°M of M0O,” -
| —=—510°M of MoO ' 3
] Blank solution ]

1E-5 T T T T T T T T T T T

1,1 -07 -06 -05 -04 -03 -0,2

E(V/sce)

Figure 4: Polarization curves for ordinary steel electratléhie presence of different concentration of Mo@t 32 °C.

Table 3 shows the values qf,j E.n, Tafel slope () and percentage inhibition efficiency (IE %) asdtion of
inhibitor concentration. These results permitted ctinclude that the current densities decrease imitheasing
molybdate concentration and the approximate congtaf the R values indicate that, there is no change in the
mechanism of dissolution reaction in the presericaalybdate. We note that at 101 of MoO,* ions a marked shift

of corrosion potential in the noble direction (meaknhibition).

Table 3: Data obtained from polarisation curves of ordirgtgel in cooling water system containing different
concentrations of Mo§Y ions at 32 °C

Concentration (M) En(mV/sce) for(MA.CcM?) b, (mV/dec) IE%
Blank solution -661 120 249 -
5x10° -510 83 255 31

10* -400 41 254 66

5x10* -605 100 252 17

Effect of mixture inhibitor (TDMTAA + MoO42-)

Figure 5 shows the polarisation curves for ordinstgel in cooling water system at better conceotrabf the
TDMTAA in absence and presence of “M MoO,* (mixture) at 32 °C. From these curves, it was tbtimat the
corrosive medium reduces the anodic current demséykedly without a significant change in the calibocurrent
density. This behaviour supports that the inhibiteffect of the additive compound increases duthéosynergistic
effect between the molybdate ions and the usedtiaeldiAs said before this inhibitor in absence gmdsence of
molybdate ions acts as anodic type inhibitor, tfgee only the straight line portion of the anodiatches was
considered. The numerical values of electrochengaeshmeters and inhibition efficiency (IE %) candspicted from
Table 4. These results permitted to conclude that:
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(1) jeorr decreases with increasing inhibitor concentradbmDMTAA and more decrease was observed by additio
10* M MoO,?. This suggests that the molybdate ions have playede in stabilizing the inhibitor molecules arsex

on the ordinary steel surface.

(2) The corrosion potentiaE{,,) is shifted towards more anodic potential withitidd of MoO,?.

(3) The approximate constancy of the Tafel slofgs alues indicates that, there is no change inntkehanism of
dissolution reaction.

(4) The data suggested that TDMTAA acts as anogbe inhibitor in presence or absence of Mo@ns and the
decrease in corrosion rate observed during anadéripation may be attributed to an increase irogatfon.
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Figure 5. Polarization curves for ordinary steel electrodthe presence of mixture
(TDMTAA + 10* M of MoQ,?) at 32 °C.

Table 4: Data obtained from polarisation curves of ordirgtgel in cooling water system containing different
concentration of inhibitors.

Econ{mV/sce) forl(MA.CITTY) bi(mV/dec) IE%

Blank solution -661 120 249 -
48 ppm of TDMTAA -433 55 254 54
10" M of MoO,” -400 41 254 66
Mixture -382 12 247 90

Synergism parameter

All the experimental results suggested that addittd NaMoQ to the inhibited solutions increases the inhilpitio
efficiency and the degree of surface coverage This behaviour was attributed to the resultssyfergistic effect
between molybdate ions and TDMTAA. For accounting synergistic effect, Schmitt and Bedhur [35] hpx@posed
two types of joint adsorption namely competitived aooperative. In competitive adsorption the ardod cation are
adsorbed at different sites on the metal surfaceobperative, the anion is chemisorbed on theasarénd the cation is
adsorbed on a layer of the anion. The synergisranpater, S was calculated from the data of polarisation earv
techniques using the relationship given by Aranzaid Hackerman [36]:
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Y

1- G2
Wheregq,,, =g, + @, - C]lqz;ql'+2 is the measured surface coverage by both inh#hitgr the surface coverage by
MoO,* and , is the surface coverage by TDMTAA.

S

q

(©)

Table 5 gives value of Svhich is more than unity, thereby suggesting thatenhanced inhibition efficiency caused by
the addition of molybdate ions to TDMTAA is duednly the synergistic effect. The synergistic intiin effect in the
present work can be explained as follows: The strohemisorption of molybdate ions on the metal auefis
responsible for the synergistic effect of MAOn combination with the cations of the inhibitdihese cations are then
adsorbed by coulombic attraction on the metal serfavhere molybdate ions are already adsorbed (catype
adsorption). Stabilization of adsorbed molybdatesiovith the inhibitor cations leads to great swefaoverage and
thereby greater inhibition efficiency.

Table 5. Synergism parameter (Sand coverage surface) (calculated from polarization measurements.

Ecor{MmV/sce) borl(MA.CITTY) b.(mV/dec) S IE%

Blank solution -661 120 249 - - -
48 ppm of TDMTAA -433 55 254 0.5414 - 54
10°M of MoO,~ -400 41 254 0.6583 - 66
Mixture -382 12 247 0.90 1.56 90

Effect of pH on synergy

In try to examine the effect of mixture (TDMTAA +dWo04) on ordinary steel corrosion in pH range leetw4 and
9.5, we have realized polarisation curves measuresmEigure 6 shows the shape of potential-curcentes at various
pH values. The values of electrochemical parametersummarised in table 6.
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Figure 6: Polarization curves for ordinary steel electrodthe presence of mixture inhibitor in cooling easystem at
different pH values.
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Table 6: Electrochemical parameters of polarization cunfesrdinary steel in cooling water system contagnin
mixture of inhibitor at different values pH.

pH E.or{(mV/sce) orl(MA.CITTY) b.(mV/dec) IE%
4 -537 54 234 55
5 278 32 198 73
7.5 -382 12 247 90
8.5 -365 7 252 94
9.5 -281 2 210 98

We note that the corrosion potential was shiftedrtodic values with 252 mV/sce range and the vadfigs,, decreases
from 54 to 2 pA.crif when the pH increases from 4 to 9.5. Accordin@ao and al. [37], the passive film on iron in
alkaline medium (pH=8.3) has two layers, one isaibr layer in contact with the metal, and theeoth deposit layer,
which is formed on the barrier layer. The barrigyer is a F& oxide in the passive potential region and contains
small percentage of Ee while the deposit layer is a hydrated Fe oxidexyhydroxide [38,39]. Foley and al. [40]
identified by electron diffraction the passive fies -Fe,0O; and detected BE®, in the active and transpassive regions.
The decrease of the passive current could be exquadn the basis that dehydration of the hydroxaesd occur on
the electrode surface during the potential swedpemoble direction.

In another share, this behaviour can be explaiyetthd fact that the presence of hydroxide ions fiasdhe ionic form
of the inhibitors molecules. The ionic form comtsngith Fé" to give the corresponding chelate. These resuitsma
perfect agreement with those obtained by Y. Gorzzafel al. which uses aminotrimethyl phosphonic §8itMP) as
corrosion inhibitor for the carbon steel in 0.1 M®I [41].

Effect of temperature on synergy

This effect has been studied with the mixture ag dnibitor using polarisation curves. Correspogdelectrochemical
parameters are given in table 7.

In the presence of the mixture, we note a decrebaprodic current densities with increasing tempeeg and its values
are less compared to those obtained with blankisalu

The inhibition efficiency values (IE %) increasehaincreasing temperature and reaches a valusdrdb% at range
42-47°C. This result can be explained by the irsees solubility of TDMTAA

Table 7: Electrochemical parameters of ordinary steel ioling water system with and without mixture of ibior at
various temperatures.

Temperature (K) &(mV/sce) forl(MA.CITTY) IE%
Blank solution 305 -661 120 -
310 -671 129 -
315 -695 151 -
317 -698 172 -
Mixture 305 -382 12 90
310 -410 14 89
315 -377 6 95
317 -281 7 95

Effect of immersion time on synergy

Figure 7 shows the polarisation curves obtainegr afifferent immersion time in cooling water systenthe presence
of mixture. The evolution of the characteristicgraeters with time immersion is summarized in téble

We note that the inhibition efficiency increaseshwincreasing immersion time, reaching a maximuterafh. This

result can be explained by the thickening of tia formed (appearance a current plateau for lomg)i On the basis
of the previous electrochemical impedance studies,can conclude that a gradual replacement ofrwabéecules by
the chloride anions and by the adsorption of thHebitor molecules on the metal surface, decreasfiegextent of

dissolution reaction [42,43]
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Figure 7. Polarization curves for ordinary steel electroethe presence of mixture inhibitor in coolingterasystem
after different immersion times

Table 8: Electrochemical parameters of ordinary steel ioliog water system in the presence of the mixtdire o
inhibitor at various immersion time.

Immersion time (h) Er(mV/sce) forl(HA.CITTY) b,(mV/dec) IE%
1 -382 12 247 90
2 -275 3 122 98
7 -258 1 135 99
24 -214 1 137 99

3.2. Scanning electron microscopy (SEM):

Figure 8 shows the scanning electronic microsc&BM) images of ordinary steel surface that haven leegposed to
the cooling water medium for 2 days in the absemzbthe presence of mixture inhibitors.

The SEM micrograph of the surface exposed to théitor-free solution (figure 8a), shows heterogamelayer of
products. However, an EDX analysis (figure 9.ajHer identified characteristic corrosion produdereents (Fe, O, S
and CI) as well as the presence of calcium onlalyisr.

Furthermore, the SEM micrograph of the layer fornrethe presence of mixture inhibitors (figure &bjows a large
area free of corrosion and scale products; here@tbsence of very few corrosion products is olezbrin this case,
EDX analysis (figure 9.b) showed again the presafamalcium and corrosion products, but in very Banamounts.
This indicates that while the mixture inhibitorasorrosion and scale inhibitor and leads a maximfi89%.
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Figure 8: SEM micrographs of ordinary steel surface obtaiafter 2 days of immersion in the cooling wateusioh,
pH= 7.5 and T=32°C : (a) blank solution (b) witmiture of inhibitor.
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(@)

(b)

Figure 9: EDX analysis of ordinary steel electrode surfdter& days immersion in the cooling water solutipH=
7.5 and T=32°C: (a) blank solution (b) with a miewf inhibitor.

4. Conclusion

The synergistic influence caused by molybdate &m$ TDMAA on the inhibition of corrosion and scaleordinary
steel in cooling water system has been studiedgysitarization curve and scanning electron micrpgd®EM). The
addition of molybdate shows a reducing the cormsige. The best efficiency (90%) obtained fof M of molybdates
ions concentrations and 48 ppm of TDMTAA. The imse in inhibition efficiency in the presence of pimlate ions
indicates that Mog ions enhance the adsorption of TDMTAA on the mstaface. However, the inhibition efficiency
of mixture increases by increasing temperatureaptiimmersion time.
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