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ABSTRACT

The corrosion inhibition properties of a new claddriazole derivatives, name{RS) — 2 — (2, 4 dichlorophenyl) 1
—(1H) - 1, 2, 4 triazol 1 — yl) hexane 2 OL (Hexaazole) and 1 — ((4 — Bromo — 2 — (2, 4 —dichbdrenyle tetra
hydro- 2 — furanyle) methyl) — 1 H — 1, 2, 4, amble (Bromuconazojen ordinary steel in 1M HCI medium were
investigated using electrochemical impedance spsctpy (EIS), potentiodynamic polarisation and \weilpss
measurements. The obtained results showed that tt@mpounds are excellent inhibitors for ordinatges in
hydrochloric acid solution 1M and that the protectiefficiency increases with increasing inhibitomncentration.
Leading to the formation of a protective layer witlgreater polarization resistance. The effecteshperature on
the corrosion behaviour ordinary steel in acid siwn with addition of 18 mol/l of Hexaconazole and addition of
10° mol/l of Bromuconazole were studied in the temipeearange from 25C° to 50C°. Adsorption of Hexaazmie
on the steel surface obeys to the Langmuir’s isathénd adsorption of Bromuconazole on the stedasa obeys
to the Temkin’s isotherm. The apparent activatioargies are calculated and discussed.

Keywords: Corrosion, ordinary steel, EIS, Polarization,agole, Inhibition, Adsorption, Hydrochloric acid.

INTRODUCTION

Carbon steel has been widely used as tubing mbferiaondensers and heat exchangers in varioukngowater
systems because of their resistance to corrosiatin@ry steel materials are extensively used toidate structures
and components exposed to sea water and petroleadugtion and refining [1-5].

One of the most important methods in corrosion gmtidn is the utilization of organic inhibitors. treneral, the
organic compounds have demonstrated a great effeess in inhibiting the aqueous corrosion of maeyals and
alloys [6-11].The inhibiting action of those orgardiompounds is usually attributed to interactionth wnetallic
surface by adsorption. The adsorption of inhibitalses place through heteroatoms such as oxygesppbrus and
sulphur or aromatic rings containing polar groupd melectrons [12].

Subsisted triazole has desirable characteristiafoprrosion inhibitor. It has been extensivelydstd in several
media and for different metals and alloys [13-14].

In this paper, we have studied the effect of thditamh of 1,2,4-triazoles derivatives on the coiosinhibition of
ordinary steel in HCI 1M medium using electrocheshimpedance spectroscopy (EIS), potentiodynamic
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polarisation and weight loss measurements. Thernib@ynamic data of adsorption and activation arerddhed
and discussed.
MATERIALS AND METHODS

2.1. Specimens

Ordinary steel specimens containing 0.11% C , ®24i , 0.47% Mn, 0.12% Cr, 0.02% Mo, 0.1% NiQ3% Al ,

Co< 0.0012% ,Cu 0.14% ,V < 0.003% , W 0.06% and rémmainder Fe was used as the substrate. For the
gravimetric and electrochemical measurements, thiesd specimens were mechanically cut into 1cntm5 0.06

cm dimensions for weight loss experiment. For etettemical experiments. The specimens were expased
geometrical surface area of 1tto the electrolyte. Prior to all measurements. $hecimens were mechanically
polished on wet SiC paper (grade 400 — 600 - 12089ed with doubly distilled water, degreasedadtmically in
ethanol for 5 min and dried with hot air.

2.2. Inhibitors

2.2.1. Hexaconazole

The organic compounds (Hexaconazole), used assionrhibitor, is a commercial product “Anvil”.
e Brute Formula: ¢, Hi7; CL, N3O

 Developer FormulaRS) — 2 — (2, 4 dichlorophenyl) 1 — (1 H) — 1, 2ridzol 1 — Y L) Hexane 2 OL.

Fig.1: the molecular formula of Hexaconazole

2.2.2. Bromuconazole

The organic compounds (Bromuconazole), used asgiorr inhibitor, is a commercial product “Vectra”.

* Brute Formula ¢ Hy, BrCl, N; O

» Developer Formula: 1- ((2 RS, 4 RS: 2 RS, 4 R8)—Bromo — 2 — (2, 4 — dichlorophenyle) tetralojdrfuryle)
1H-1, 2,4 -triazole .1 — ((4 — Bromo — 2 —42; dichlorophenyle tetra hydro- 2 — furanyle) hydt— 1 H -1, 2,
4, - triazole.

i i

\N
A

Fig.2: the molecular formula of Bromuconazole
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2.3. Electrolytes

The aggressive solutions of 1M HCL were preparedilution of analytical grade 37% with doubly diltd water.
The concentration range of inhibition employed wased from 16 M to 10°M in 1M HCL. And the electrolyte
used was 100 ml.

2.4. Methods

2.4.1. Gravimetric measurement:

The weight loss of steel with and without the additof different concentration of inhibitor was detined after
immersion in simulated cooling water over 24 h at@ in 100 ml, controlled thermostatically, andden air
atmosphere. At the end of experiments, the specamanre cleaned and reweighed up to 10-4 g for mhatérg
corrosion rate [15].

The percentage inhibition efficiency%) was calculated from:

W o -W
%=—
== )

WhereW, and Ware the values of the corrosion weight loss oflstfer immersion in solutions without and with
inhibitor respectively.

2.4.2. Electrochemical measurement:
Electrochemical experiments were conducted usimgedance equipment (Voltalab model PGZ 100) androtbed
with analysis software model Voltamaster 4.

A conventional three electrode cylindrical glasd #mermostated cell. The working electrode was rainary steel
with surface area of 1cma platinum plate of surface area of 2’cas the auxiliary electrode (CE) and
Hg/Hg,Cl,/KCI saturated (SCE) were used as the referenctreties, The working electrode was immersed in test
solution for 30 min until a steady state open dirpotential (Eocp) was obtained. The impedancesmeanents
(EIS) were carried-out at Ecorr after immersion ansolution without bubbling, After the determinatiof
steadystate current at a given potential, sine waltage (10 mV) peak to peak, at the frequencitsvbéen 100
KHz and 10 mHz was superimposed on the open cipaténtial. The impedance diagrams are given irlNyuist
representation. Values of Rp ang, @ere obtained from Nyquist plots. For polarisatmmrves, Potentiodynamic
polarisation studies were performed with a scae cétlmv.st in the potential range from -750 mV to +100 mV
relative to the corrosion potential. The polariaaticurves were corrected for the ohmique drop nredsby
electrochemical impedance spectroscopy.

RESULTS AND DISCUSSION

3.1. Weight loss measurement:

The effect of addition of 1,2,4 triazole derivatvested at different concentrations on the casrosf ordinary steel
in 1M HCI solution was studied by weight loss methat 30°C after 24 h of immersion period. The csion
parameters such as corrosion rate (W) and inhibéfticiency E (%) are summarized in Table 1.Theuhs showed
that the corrosion rate of ordinary steel decreashdreas the inhibition efficiency increased wititreasing
inhibitor concentration. The maximum E (%) of eachibitor was achieved at 10-3M and a further iase in
concentration showed only a marginal change irirtthe performance of the inhibitor. Hence, theimmpim levels
of concentrations of the inhibitors were found ®@19-3M. This behavior could be attributed to theréase of the
surface area covered with adsorbed molecules abitoh as its concentration increases. Among thabitors
studied; Hexaconazole performs better than thaBraimuconazole. It is generally assumed that thebitdr
adsorption onto the metal/solution interface isfttet step in the mechanism of inhibition in agggi®e media. Four
types of adsorption may take place by organic mdéscat the metal/solution interface: (1) electtistattraction
between the charged metal and the charged molec@)emteraction of uncharged electrons’ pairhie imolecule
with the metal, (3) interaction @f electrons with the metal and (4) combination ¢fgad (3) [16].
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Fig.3: Variation of corrosion rate for various conentrations of triazole derivatives in 1 M HCl at 252°

Table.1: Corrosion rate of ordinary steel and inhilition efficiency for various concentrations of triazole derivatives in the corrosion of
ordinary steel in 1 M HCI obtained from weight lossmeasurements

inhibitors Concentration (M) W (mg/cth) | E%
Blank - 2.670 -

10-6 0.480 82

Hexaconazole 105 0.293 89

10-4 0.267 90

10-3 0.213 92

10-6 0.378 85

Bromuconazole 105 0.375 86

10-4 0.347 87

10-3 0.266 90

3.2. Potentiodynamic polarisation studies
The cathodic and anodic polarization curves of radi steel with varying concentrations of Hexacatazand
Bromuconazole are shown in figs 4, 5. The dedudectrechemical parameters and inhibition efficiesc(E %)
are given in Table 2. The inhibition efficiency %&) of the inhibitors for the corrosion of steel wasculated by
using corrosion current density as follows:

E0p = lcorr — lcorr 2)

o
ICOI‘I‘

Wherei°r andior are the corrosion current density values withat &ith the inhibitor, respectively. Determined
by extrapolation of cathodic Tafel lines to the rogion potential. It is evident the results tha¢ tddition of
inhibitor caused a decrease of the current demasitythe cathodic and anodic curves were shiftedutdywositive
potential region. The & values were marginally shifted in the presencedderazole and Bromuconazole. The
values of the corrosion current,f) of ordinary steel in the inhibited solution wesmaller than those for the
inhibitor free solution. This observation cleanmylicated that the inhibitors control the anodic aathodic reactions
and thus act as mixed type inhibitors. Cathodicesurpotential curves gave rise to parallel Tafetd indicating
that the hydrogen evolution is activation contr@dl&7]. The values of inhibition efficiency increase wititreasing
concentration of inhibitor. The corrosion rate larik solution was found to be 325pAftand it was minimized by
adding the inhibitors to a lower value of 55 and#9cnt for ordinary steel due to adsorption of Hexaconazuld
Bromuconazole on the metal surface respectively.
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Fig.4: Polarization curves of ordinary steel in 1MHCL containing various concentrations of Hexaconaze
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Fig.5: Polarization curves of ordinary steel in LMHCL containing various concentrations of Bromuconanle

Table.2. Electrochemical parameters of steel at vaous concentrations of Hexaconazole and Bromuconaeostudied in 1M HCI at 25C°

Inhibitor Concentration (M)] Ecorr (mv/ECY)  Icorr(roAv) bc Efficacité%
Blank - -511 0.325 -100.2 -

10-6 -488 0.055 -135 83

Hexaconazole 10-5 -489 0.036 -155 89
10-4 -507 0.034 -164 90

10-3 -520 0.025 -170 92

10-6 -493 0.049 -134 85

Bromuconazole 10-5 -484 0.047 -141 86
10-4 -515 0.044 -142 86

10-3 -532 0.034 -139 90
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3.3. Electrochemical impedance spectroscopy (EIS)

The corrosion behaviour of steel in hydrochloridacsolution 1M was investigated by the ac impexdamethod at
room temperature (30 C°) after 30 min of immersiyquist plots of steel in inhibited and uninhibitedidic
solution various concentrations of Hexaconazole Bramuconazole are shown in figures 6, 7. The iraped
diagrams obtained are not perfect semicircles hisddifference has been attributed to frequencyetsornl18-27.
The polarization resistance valuesp)(Rire calculated from the difference in impedantdoaer and higher
frequencies. To obtain the double layer capacitg@gg, the frequency at wich the imaginary componenthef
impedance is (-Zmax) is found ang alues are obtained from the equation:

1
f(-Zmax)=——
( ) 2MRtCd (3)
The inhibition efficiency is calculated by polatiiea resistance as follows
Rp—- Rpe
n%= P—Kp (4)
Rp

Where Rp and Rp° are the polarization resistanciéis and without inhibitor for ordinary steel in 1MCI,
respectively.

The impedance parameters derived from these igatths are given in table 3. It is found that B values
increased in the presence of inhibitors, wheregfond to be decreased. The decreasejindlues was due to the
adsorption of Hexaconazole and Bromuconazole onmtéial surfacg¢21]. Leading to the formation of film from
acidic solutior 27].

600

500
—— 1HCL
— ——10°
g 400 10°
E —10°
S %07 —10°
3 - ~_

4
\

200 yZ

1004

7
04

— 71t r 1 r 1 . 1 r 1 . 1 T T T 1
0 100 200 300 400 500 600 700 800

Z (ohm cm?)
Fig.6: Nyquist plots of steel in 1M HCI containingvarious concentration of Hexaconazole
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Fig.7: Nyquist plots of steel in 1M HCI containingvarious concentration of Bromuconazole
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Table.3: EIS parameters of steel at various concerttions of Hexaconazole and Bromuconazole studied iL M HCI at 30C°

Inhibitor Concentration (M)] Rg.cn?) | fmax(Hz) | CdI(uF.cd) | Efficacite%

Blank - 119 6.32 -

10-6 391 6.32 60.30 70

Hexaconazole 10-5 445 4 56.25 73
10-4 64( 6.3z 40.0¢ 81

10-3 758 6.32 34.87 84

10-6 500 4 50.37 76

Bromuconazole 10-5 630 6.32 24.90 81

10-4 763 6.32 20.08 84

10-3 866 6.32 19.12 86

3.4. Effect of temperature

To study the effect of temperature on the inhibitefficiencies of Hexaconazole and Bromuconazabgrzation
experiments were conducted in the range of 25-5@the absence and presence of M of inhibitors. Typical
polarisation curves, obtained at different tempees without and with 1D M of Hexaconazole and
Bromuconazole are shown in Figs. 8, 10. Valuedasfteochemical parameters and E (%) are given bier4.

The effect of the temperature shows that the irsered corrosion current density is more pronoungihl the rise
of temperature for the blank solution. In the pneseof the triazole compounds testigg, is reduced. We note that
the efficiency of the Hexaconazole depend perfeatiythe temperature and decreases with the risengferature
from 25 to 50C°. Bromuconazole compounds act asffigient inhibitor in the range of temperaturediad and no
variation to the corrosion potential has been founthe temperature range studied
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Fig.8: Effect of temperature on the cathodic and andic responses for ordinary steel in 1M HCI
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Fig 9: Effect of temperature on the cathodic and andic responses for ordinary steel in 1M HCI + 18M of Hexaconazole
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Fig 10: Effect of temperature on the cathodic and modic responses for ordinary steel in 1M HCI + 18M of Bromuconazole

Table.4: The influence of temperature on the electchemical parameters for ordinary steel electrodenimersed in 1M HCI without and
with inhibitors

Temperature|  Ecorr | corr

Inhibitor () (MV/ECS) | (mA.cn?) Efficacité%
25 -511 0.325 -
Blank 30 -532 0.370 -
40 -568 0.691 -
50 -559 1.310 -
25 -520 0.025 92
10-3 M 30 -588 0.057 85
Hexaconazole 40 -609 0.142 79
50 -563 0.48 64
25 -532 0.034 90
Brorﬁ?;cso:lazo!e 30 -576 0.047 87
40 -594 0.057 91
50 -56E 0.10: 92

3.5. Adsorption isotherm and thermodynamic pararsete

The adsorption isotherm can be determined if thgbitors effect is due mainly to the adsorption the metal
surface. The type of the adsorption isotherm cawige additional information about the propertiéshese tested
compounds. The fractional surface coverage

O can be easily determined from the weight loss oreasents
Wo-W
0=— (5)
W o

Where Wo and W are the corrosion rates withoutvaitid inhibitor.

The dependence of the fraction of the surface em@pbtained by the ratig/100 as function of the concentration
(C) of Hexaconazole and Bromuconazole was testaghigally by fitting it to various isotherms. Langiris
isotherm assumes that the solid surface contdiixe@ number of adsorption sites and each siteshotte adsorbed
species. The surface coverage data for the studieghounds have failed to be linear when plotte@l v@tsus C,
suggesting that adsorption of Hexaconazole wasrdicigpto Langmuir's isotherm:
E = i +C
6 K (6)
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Were C is the concentration of the inhibitor, khie adsorptive equilibrium constant, ghi the surface coverage.
And adsorption of Bromuconazole was not accordingangmuir's isotherm

Also, we have tested the different models:

Temkin isotherm E!{p(f. gj — Kﬂﬂg'c (7)

Frumkin isotherm

g
ﬁl‘i‘.ﬂ]‘ (_2 f. E) = KogsC (®)
§=K . =

And Freundluich isotherm
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Fig 11: Langmuir adsorption plots for ordinary sted in 1M HCL containing different concentrations of Hexaconazole
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Fig 12: Temkin's isotherm adsorption of Bromuconazée
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It seems from the various isotherm models testedl e alone straight line is obtained for Bromuwzmie on
plotting © versus log C suggesting that the adsorption ofBl@muconazole on steel surface Follow Temkin's
adsorption isotherm (Fig. 12) [23].

The free energy of adsorption was calculated adegit the following equation

1 AG°ad (10)
ads

= e (——
555 R

Where 55.5 is the molar concentration of watehmgolution in mol |-1

These values were found to be -8Kj/mol, -24.45K}/rfay Hexaconazole and Bromuconazole respectiviig,
negative values diG°ads indicate spontaneous adsorption of the itdribin the metal surface [24-27].

The activation energy can be determined from Ariteplots for steel corrosion rate presented itheyfollowing
relation:

(11)

Ea
| = Aexp——
p¢ RT)

Where T the absolute temperature, Ea the activatorosion energy for the corrosion process asdhé corrosion
current density.

The apparent activation energies (Ea) and pre-exqit@l factors (A) at are calculated by linear emgion between
In(Icorr) and 1/T (Fig. 13) [23].
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Fig 13: Arrhenius slopes calculated from corrosiorcurrent density for mild steel in the absence andhe presence of 18M of
Bromuconazole and Hexaconazole

Table.5: The activation energies for the corrosioin the presence and absence of inhibitors

Inhibitor A(pA.cn?) | Ea(Kj/mol)
Blank 34,96.10 45.92
Hexaconazole| 25,95.50 91.18
Bromuconazol | 19,53.1¢ 28.4¢
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The apparent activation corrosion energies in theeace and presence of the inhibitors were founidetd5.92
ki/mol Blank, 91.18 Kj /mol for Hexaconazole and.£#8 Kj /mol for Bromuconazole respectively. The -pre
exponential factors (A) and Ea show the same tréhd. increase in Ea in the presence of Hexaconamalebe
interpreted as physical adsorption by the formatiban adsorptive film of an electrostatic charaeted Ea value in
the presence of Bromuconazole with respect to titgbited solution is typical of chimisorption oretsteel surface
[24].this result shown clearly that Bromuconazadds kthe best inhibiting efficiency at all temperatur

CONCLUSION

The following main conclusions are drawn from thegent study.

» Both isomers studied are excellent inhibitors fa torrosion of ordinary steel in 1 M HCI.

« The inhibition efficiency increases with inhibitooncentration to attain near 90% for both inhilsitat 10°M.

« Inhibition of corrosion by Bromuconazole is duethe formation of a chemisorbed film on the metafae and
Hexaconazole is due to the formation of a physadslbrptive film.

» Adsorption of Bromuconazole on the surface of sfemih 1M HCI obey Temkin's adsorption isotherm and
adsorption of Bromuconazole on the surface of sibel Langmuir's adsorption isotherm.

» The two inhibitor's act as mixed-type inhibitors.
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