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Abstract: The aim of this investigation is to examine thhiliitory effect of ETH toward the corrosion of carbsteel
corrosion in 15% hydrochloric acid solution. Weidgb$s and potentiodynamic polarization techniquesewused in this
work to evaluate the inhibition efficiency of thested inhibitor. Also, Tafel method for determinion§ the kinetic
parameters, scanning electron microscopy, all eftlproviding complete information about the modeaction of the
inhibitors; simultaneously, has been studied, thel Ehhibiting efficiency with increasing temperagur
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1. Introduction hydrochloric acid pickling inhibitor for ferrous rads [11].
This product is not recommended for use in othédsac
Carbon steel is used as the constructional material [12].

many industries because of its excellent mechanical The objective of this work is to study the corrasio
properties and its low cost [1]. Carbon steel, thest inhibition of carbon steel in 15% HCI solutions BYH as
widely used in engineering material, accounts fogorrosion inhibitors using weight loss and differen
approximately ~ 85% of the annual steel productioflectrochemical techniques.
worldwide [2]. Also, it is extensively used in chieal and

allied industries for the manipulation of differeatid, 2. Experimental

alkali and salt solutions [3]. Metals and alloys axposed

to the action of acids in many different ways aodrhany 2 1. Materials

different reasons. One of the most commonly usédkan

many industries is hydrochloric acid in some agglans The working electrode was a cylindrical disc catnfr

like: chemical cleaning and processing, acid treatnof a carbon steel sample. HCl reagent was used for the
oil wells [4]. This acid is very corrosive to most the preparation of aggressive solutions. To determihe t
common metals and alloys [5]. The exposures can lhibitor effect of ETH on the corrosion rate offoan steel
severe to the properties of the carbon steel amlldads to in 15% HCI solution different concentrations of iimitor,

sudden failure of materials in service. between 0.01 and 1%, have been used.
Corrosion is a fundamental process with an importan
role in economics and environmental protection eesglly 2.2.Methods

for metals and alloys. A number of ways such aserat
selection, cathodic or anodic protection, coatingd the
use of corrosion inhibitors has been used to redu
corrosion of the installation industry [6,7]. Theseu of
inhibitors is one of the most used methods for gutidn
against corrosion, especially in acidic media [8)ost
inhibitors used in industry are primarily organic
compounds which have in the molecular structunegén,
oxygen and sulphur atoms. Also, inhibitors containi
double or triple bonds play an important role ire thtes
adsorption mechanism of these compounds onto mer?g
el

The cyclic voltammetry, linear polarization (Tafel
gé)larization method) and weight loss methods weeslun
order to notice the inhibitive properties of ETH time
carbon steel corrosion process. The surface maoghiaf
corrosion samples has been characterized by sgannin
electron microscopy (SEM) using a Quanta FEG 2%],(F
The Netherlands) scanning electron microscope (SEM)
equipped with EDAX analyzer, before and after csion
ts.

The electrochemical studies were recorded using a

150 BiolLogic potentiostat/galvanostat, a typigkss

| consisting of the carbon steel specimen witlenf
exposed areaas working electrode (WE), two graphite
counter electrodes (CE), and a Ag/AgCI electrodehas
reference electrode. All potentials were referredthe
saturated AgQ/AgCI reference electrode. The carlderl s
electrode was abraded with different grit emery goap
Icleaned in ultrasonic bath, washed with distilleater and
finally dried. The electrode potential was allowed
stabilize 60 min before starting the measurements.

surfaces [R The adsorption process depends on ma
factors such as: the nature and surface of thel niet¢atype
of aggressive media, the structure of the inhib#tod the
nature of its interaction with the metal surfacé. [Acid
inhibitors are essentially used in metal finishindustries,
acidizing of oil wells, cleaning of boilers and hea
exchangers [10].

Stannine ETH is a commercial corrosion inhibitdar.
is a blend of cationic surfactants in water to juleva

49



Chem. Bull. " POLITEHNICA" Univ. (Timisoara)

Volume 61(75), 2, 2016

3. Results and Discussion 150

100 -

The information about how ETH can influence the
corrosion process of carbon steel is pointed by it &~
electrochemical behavior in the test solution. @rehe Ego
most used method to investigate the electrochemic: §
properties of various compounds is cyclic voltammein
Fig.l (dE/dt = 5 mV 9§ are shown the cyclic
voltammograms recorded on Pt as working electraadle,
15% HCI solutions without and with highest concatitms
(1%) of ETH used in corrosion tests. The base curv
obtained in the absence of the inhibitor presefis t _50|

T .
Electrode: Pt
dE/dt = 50 mV/s 1

3.1. Cyclic voltammetry method :f;; s e

characteristics of polarization curves drawn inrogthloric
acid solutions. On anodic branch of the voltammptyra
only the plateau characteristic for oxygen releaise,
observed.

0.4 0.6 0.8 1.0 1.2
E [VI/Ag/Ag/CI

Figure 2. Cyclic voltammograms on Pt electrodesfoodic polarization
15% HCI, in the absence/presence of ETH, scarbfataV s
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Figure 1. Cyclic voltammograms on Pt electrode580IHCI in the
absence/presence of ETH, scan rate 5 tV s Figure 3. Cyclic voltammograms on Pt electrodeafoodic polarization

15% HCI in the absence/presence of ETH, scan fate\Bs*

In order to identify how ETH inhibitor influencebet
electrode processes, polarization curves were dedor  -0.26

separately, in cathodic domain as well as in anadie. 028

According to Fig. 2, the oxygen evolution reactiamd45%
hydrochloric acid solution in the presence of ETk a
inhibited due to adsorption on carbon steel surfate -0.32

inhibitor molecules. Em 034
Also, as it is shown in Fig. 3, the hydrogen eviolut 35 :
reaction is not significantly inhibited by the eeisce of < 036 I
ETH molecules in corrosive test solutions. ;. -0.38
W -0.40
3.2. Linear polarization method 042 |

The ETH inhibitor effect on corrosion of carbonedte 044

was studied in 15% HCI corrosive environment by -0.46
0

applying successive investigation methods preseatiede.
These were applied after about 1 hour, sufficiemetto
install a electrode equilibrium or quasi-equilibristate, as
shown in Fig. 4.

50

030

@ 1

- Chronopotentiometry at 1=0 A _]
Electrode: Carbon steel
—=—(1) HCI 15%
— —{(2) HCl 15% + 0,1% ESN
. . . ('.:,) HCI 15% +I 1% ESN
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t [min]

Figure 4. OCP for carbon steel electrode in 15% id@he

absence/presence of ETH
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In solutions with different concentrations of initdy, -0.22 —
the OCP (open circuit potential) carbon steel eteld is | Chronopotentiometry at =0 A —o—(1)t=25"C— —(2)t=35%C |
. . Electrode: Carbon steel - 7(3)1;45"(;_ _..‘4)1;5500
shifted to more negative values, a phenomenonctrate -0.24 |-HCI 15% + ESH0,1% 5)t=65%C .
attributed to adsorption of ETH molecules or caons . -
products deposition on the electrode surface. 0.26 -
The temperature influence of the OCP has beel L (4)1

o _
studied for the case when in the test solution1l&0ETH 5?-0_23 v i
was added. OCP versus time variation is shown gn % g

As expected, it can be observed the OCP displademel & 530l == - : @)
towards more positive values, reflecting a cornosiate = : ]
increase with temperature. Waasl, e-o—o=soms oo o 000 o0 o (2]

The manner in which ETH can be a corrosion R oo P
inhibitor for carbon steel in 15% HCI solution aitgleffect 034l M

on corrosion rate can be estimated by various @xpetal I
procedures. The Tafel curves recorded without anth w 0.36 R R R S S
various ETH concentrations are shown comparatively 0 10 20 30 40 50 60
Fig. 6. t [min]

The polarization curves presented in Fig. 7 shoat th
ETH significantly influences both processes: théhadic
process of hydrogen evolution reaction and the @nod
process of dissolution/passivation of the metal. the . — e ———— —

Figure 5. OCP for carbon steel electrode in 15% id@he presence of
0.1% ETH at different temperatures

concentration of inhibitor is higher, the diminuti@f the 3F .
cathodic current is more pronounced, suggestingBfi&l i 1
acts by blocking the electrode surface throughatieorbed 2+ 7

inhibitor molecules mechanism.

To investigate how temperature affects the carbol
steel corrosion process in 15% HCI, Tafel curvesewe <
determined at various temperatures in the range- 288 E

5

K, using different concentrations of ETH inhibitorhe
results obtained are shown in Fig. 7 a-c. L

[

. . . ! 1

The numerical values of the corrosion current dgnsi -2 ! | Bckodsgaon stesl -
(icorr), the corrosion potentiaE(,,), the anodiclg,) and the F ey S
cathodic ;) Tafel slopes, the polarization resistanig) ( 3 — —(1)HCI 15% H
and the corrosion rate(,), with various concentrations of Al L 1 oS s erani 1
the ETH inhibitor at various temperatures were ioleth 07 06 05 -04 03 02 -01
from  polarization profiles by  extrapolating E [VJ/AgAgCI
potentiodynamic curves using BiolLogics softwarel Al

. g Figure 6. Linear polarization curves on carbonlstktrode in 15% HCI
obtained values are presented in Table 1. in the absence/presence of ETH, scan rate 2"V s

TABLE 1. Polarization parameters for carbon steel corrosion in 15% HCI in the absence/presence of ETH inhibitor

T I corr ECO" - bC ba Rp VCOH
Electrolyte K] [MA cm?] V] [V dec] [V dec] Q] [mm an]

B hel 298 423 329,33 115,6 1423 10,2 14,93
15%) ( 308 8,97 322,79 1525 171,9 5,31 31,67
318 13,47 -316,74 180,5 192,9 2,23 47,59

298 0,32 311,35 65,9 1222 42,8 1,62

SB + 308 1,00 -309,86 80,7 1195 22,6 3,54
0.1% ETH 318 2,97 287,87 86,7 118 8,83 10,47
328 551 261,22 89,6 117 2,65 19,45

338 752 -253,6 97,2 1138 1,51 26,56

298 0,23 -394,97 188,1 151,1 117 0,94

SB + 308 0,38 -379,88 1913 150,3 73,7 1,33
1% ETH 318 0,61 -359,73 200,8 135,8 40,7 2,14
328 1,20 342,89 2116 130,4 24,8 4,25

338 2,14 334,61 2228 1174 9,18 757
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Figure 7. Linear polarization curves on carbonlstktrode for anodic
polarizationin 15% HCI in the absence (a) and presence of ()%d%

E [VI/AgAgCI

c)

(c) ETH at different temperatures, scan rate 2 fhV s
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Inspection of dates from Table 1 reveals that the
corrosion rate decreases with the increasing ofrthiditor
amount added in corrosive media. Also, corrosiote ra
increases with temperature in experimental ran@®s8 (2
338 K). When using the ETH inhibitor, it can be cluded
that it impedes the corrosion by merely blocking th
reaction sites on carbon steel surface interfeesypecially
with the anodic dissolution reaction. This inhibiauses
significant changes in the anodic Tafel slopes. The
influence of inhibitor addition on cathodic procéssiot so
pronounced. This suggests that ETH behaves asaatican
type inhibitor.

The inhibition efficiency I[E) and surface coveragé) (
have been calculated with equations (1) and (2 Th
obtained values are presented in Table 2 depenging
concentration and temperature.

E-:'.':k

.
1E (%) = (‘m*ﬁ—“*)x 100
legrr (1)

io _ttr:k
corr corr

8=
2

Iﬂ
corr

where iferr and izorr are the uninhibited and
inhibited corrosion current densities, respectively

TABLE 2. The inhibition efficiency (IE) and surface coverage (6)
for carbon steel corrosion in 15% HCI, in the presence of ETH

T IE

Electrolyte K] (%] 6
B+ 298 86.81 | 087
0.1% ETH 308 8156 | 082
318 77.95 | 0.78
298 9579 | 0.96
loiBE;H 308 9547 | 0.95
318 9458 | 0.95

From the results shown in Table 2, it can be sheh t
by increasing the inhibitor concentration the iritdm
efficiency increased. Also, ETH inhibition efficien had
almost the same high values on the entire temperatu
range in which have been performed experimentdiesu

3.3. Weight loss method

The gravimetric measurements of carbon steel discs
samples immersed in 15% HCI, in the absence and
presence of different concentrations of ETH inlibitvere
investigated and determined after 240 hours of irsios,
at 298 K. The weight loss of carbon steel samples
decreased with the increase of ETH concentratidnis T
means that ETH acts as an inhibitor. The corrosita of
carbon steelW) was determined using the relation (3) and
the inhibition efficiency IE) and surface coverage) (with
equations (4) and (5):
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N
corr T Sxt (3)
where™s and"z are the initial and final mass of the

samples in mgS is total surface area in énandt is the
exposure time in h.

H"E'ﬂ'l‘f
IE(%) = (1 - E)x 100 "

_ Weorr
War (5)

whereearr andWer+ are the weight loss in the presence
and absence of inhibitor, respectively.

TABLE 3. The inhibition efficiency and surface coverage obtained
by weight loss method

ETH conc.

IE

[%] mgem?hy | [%] 0
SB 0.039 - -
0.01 0.011 70.93 0.71
0.1 0.006 84.58 0.85
1 0.001 95.45 0.95

The inhibition efficiency and the obtained surface
coverage values using this method are comparahteote
calculated on the basis of Tafel polarization carvéhe
data presented in Table 3 show that inhibitor &fficy
reaches to appreciable values for concentrationETdf
bigger than 1% in 15% HCI solution.

Figure 8. SEM images obtained on carbon steel dftelays of
immersion in HCI 15%, at different magnification

3.4. Surface analysis

SEM analysis was performed to investigate the
surface morphology of the carbon steel after imiarf
15% HCI, in the absence (Fig.8) and presence oETH
(Fig.9) for 240 h, at 298K. Damaged surface waenlesi
in the absence of inhibitor due to high dissolutiate of
iron in test solution.

The EDX spectrum of the powder is presented in Fig.
10 and confirms the chemical composition of samples
identified elements being carbon, iron, oxygen emidrine.
The presence of chlorine is only visible in sampléhout
inhibitor introduced in corrosive media.

The sample surface was protected by adsorption
of inhibitor molecules that form a protective filior, due to
complex compounds between iron and ETH molecules.
The comparing of micrographs recorded at the same
maghnification for both samples suggests that theosmn
process of carbon steel is inhibited. This is coméid by
the weight loss measurement, cyclic voltammetry and
polarization results.

Figure 9. SEM images obtained on carbon steal a@telays of
immersion in HCI 15% with 1% ETH
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Figure 10. EDX on carbon steel samples after 18 ddymmersion in HCI 15% without (a) and with 1%HE (b)
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