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Evaluation of corrosion inhibition of carbon steelin 0.25M H,SO,
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ABSTRACT

The effect of sodiumdiethyl dithiocarbamatetringydréNaDDCT) on the corrosion of carbon steel in-€aturated
0.25MH,SQ, solutions have been studied using the open cipatiéntial (OCP) and potentiodynamic polarization
(PDP) techniques. The results of open circuit ptétrshowed that slightly shifts toward positiveredition with
increasing the concentration of NaDDCT inhibitoredto form a layer protected film on the carbon k&eface.
The potentiodynamic polarization (PDP) results redd to the NaDDCT as a good inhibitor in, © saturated
acidic medium as well acts as a mixed-type inhibifthe inhibition efficiency increases with incregas of
concentration of NaDDCT to exceeds%96.55. The adisor of the NaDDCT inhibitor on the electrode s is
well depended to on the Langmuir adsorption isathefheAG,4s values indicated that the adsorption of NaDDC
on the surface of carbon steel spontaneously.
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INTRODUCTION

The carbon steel in the petroleum industry is tlestncommon material that is used in piping and tankoth the
downstream and upstream is domain due its relgtifeal cost and high behavior compared with highéryad
materials. The corrosion impedance of the carbeal & Q free aqueous solutions is depended to the suldigee
that consists of the carbon steel. This layer comynoonsists of siderite (FeGjDand cementite (RE€); however
these deposits are nor dense neither compact li].c@irbon steel of corrosion is a problem in petnol industries
that attracted the attention of researchers. Inesomustrial processes such as etching, cleanitiy &gid, and
pickling using aggressive media such as acidsshasel salts, leads to corrode the steel. A numberys such as
material cathodic or anodic protection, selectiomatings and the use of corrosion inhibitors hagenbused to
inhibit corrosion of the installation industry [3-50rganic compounds are most active inhibitorsabee of
containing electronegative functional groups ane glectrons in double or triple bonds [6-9]. Thegamic
compounds also have heteroatoms (such as N, ldoS)R[10-12]. The effect of such organic compouadghe
corrosion of carbon steel in acidic solution hasrb@vestigated by several researchers [13-15]. ditmeof this
work to investigate the NaDDCT inhibitor on the rmion behavior of the carbon steel in 0.25K58, solutions
by using electrochemical methods.

EXPERIMENTAL SECTION

2.1. Materials and solutions

The carbon steel alloys were used as working eldetto investigate the corrosion inhibition in ogpgted acidic
solution at constant temperature 298.15K in thesiadxs and presence of sodium diethyl dithiocarbaniagdrate
(NaDDCT)inhibitor. The chemical compositions of carbon ktgeOptical Emission Spectroscopy (PMI MASTER
Pro Oxford UK) were shown in Table(1) that takeonfriraq's oil fields.The samples were cut to dinams (1cm
x1cm) and thickness (1cm). The samples polisheditior finish, using emery paper following by aqusalumina
suspensions to become surface soft. After thaanelé by hot benzene and acetone with double dibtillater and
finally dried.
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Table (1): Chemical composition of carbon steel b@ptical Emission Spectroscopy

Elements C Si Mn Cr Mo Ni Cu Fe
Wt.% 2.18| 3.10, 1.3 0.102 0.127 0.213 0.596 Balance

The working steel specimen cut from cylindrical soof carbon steel was covered with epoxy, so tisatrioss-
sectional area, 1cm, was in contact with the smutExperiments were carried out at constant teatper 298.15K
by using a calibrated thermostat bath circulatomfrHYSC company. The solutions for all the experitaevere
prepared freshly with double distilled water, inpswric acid (which obtained from Scharlau compah@bM
H,SQO, solutions were prepared by dilution of an analytieagent grade 97%,80, with distilled water.

2.2. Corrosion Inhibition Study

In order to study the inhibitive action of sodiunettlyl dithiocarbamatetrihydrate (NaDDCT) as intalbi(which
supplied from SIGMA-ALDRICH Company) towards therasion of carbon steel in acidic solutions, expenmts
were carried out in 0.25M J30,in absence and the presence of NaDDCT inhibitowdrious concentration
1x 1073Mto 3 x 103 M at 298.15K. The chemical structure of the inigggted compound is given Figure (1).
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Figure (1): The chemical structure of sodium diethydithiocarbamatetrinydrate

2.3. Electrochemical measurement

For the electrochemical measurement used a coowvahtiive necks Pyrex glass cell, three-electrodedyuding a
working electrode( carbon steel), a platinum et&# as an auxiliary and Saturated Calomel eldetri@ig |
Hg.Clys) | KClas a reference. While, two necks, one teetite gas and the other to get out oxygen gastypur
99.99%). The working electrodes were made of cardterl which was holder using epoxy resin with aasg
surface of 1crh The auxiliary electrode was a platinum foil améiing by black platinum in all the experiments to
increase a large surface area and high cataliigtsic The saturated Calomel electrode with a fingygin capillary
tube positioned close to the working electrodeaigfin order to minimize Ohmic potential drop (IRjter that,
The working electrode, Platinum auxiliary electradw reference electrode with a fine Luggin capjlimmersed
in the test solution and connected by Potentidstdtanostat for measurement the open circuit patief@CP) and
the potentiodynamic, After that, using an Echem Igsta( version 6.23) to obtain the electrochemjgatameters
for Tafel polarization curves at a polarizingual £ 100 mV with respect to the free corrosioteptal.

RESULTS AND DISSUASION

3.1- Open circuit potential

Figure 2 shows the potential of carbon steel imegtia Q — saturated 0.25M 430, solution was measured as a
function of time in the absence and presence&lok 10™* to 3 X 1073M) of NaDDCT inhibitor. Open circuit
potential measurements apparent from Figure(2)thgabdpen circuit potential of 0.25M,80; in the absence of the
inhibitor decreases with time and the end of reachesteady state value at (10 min). In without ddiion of
sodium diethyldithiocarbamatetrihydrate inhibitthre potential at steady state,{Fat t = steady state) become more
negative than the immersion potential (Eocp aD),=suggests that before the steady-state condgiovestigated;
which represents the dissolve pre-immersion aiméat oxide film the presence on the carbon stedhesair
according to the following equation(1)[16].

Fe203 + 3H,50, — Fe,(S0,)s + 3H20 (1)

At low concetration of inhibitor shifts values diet steady state potential towards noble direcpasitive direction)
values and without changing in the E-t curves festand the shifts become more by increasing of INGD
concentration. The noble shifts for the open cirpaitential enhanced the formation of a protectaser of the
NaDDC inhibitor on the carbon steel surface [1#e3e results may indication to the formation ofable Fe(ll)-
complexes with the sulfur atom as ligands in tha@RCT) molecule [18].
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Figure (2): Show the open circuit potential (OCP) dr the carbon steel in Q — saturated 0.25M HSO, solution in the presence of the
various concentration(0 M,1 x 10™*M,3 x 10™*M,6 x 10~*M, 1 X 10 3Mand 3 x 10~3M)of NaDDCT at 298.15K

3.2- Potentiodynamic Polarization Curve

Potentiodynamic polarization curves of the cath@did the anodic for the carbon steel surface recbad scan rate
0.5mvs' in O, — saturated 0.25M 430, solution and the presence of different concemtratif NaDDCT inhibitor
at 298.15K are given in Figure 3.The increasinghef NaDDCT concentration inhibitor decreases bb¢hanodic
and the cathodic corrosion current density withupioigof current density values. Thus, the decraasthe
corrosion current density suggested the inhibitaction of NaDDC. Electrochemical parameters suchthas
corrosion current density.j), corrosion potential (&), the anodic Tafel constang) and the Cathodic Tafel
constant §c) were calculated from Tafel plots and shown ibl&a 2.
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Figure (3): Shows potentiodynamic polarization cures for carbon steel in @— saturated of 0.25M HSO,in the absence and presence of
different concentration of NaDDCT inhibitor(OM, 1x10*M,3x10™*M , 6x10*M, 1x10°*Mand 3x10°M) at 298.15 K

Table (2): Shows the kinetic parameter for carbonteel in O, — saturated of 0.25M HSO,and the absence and presence of different
concentration of NaDDCT inhibitor at 298.15 K

Conc. Inh. icorr Econ Ba Be
(M) (uAcm?) | (mV) | (mV/decade)| (mV/decade)

0 374.0 -549.0 54.30 127.7
1x 107 48.30 -552.0 52.20 82.80
3x107* 41.10 -567.0 57.30 98.30
6x107* 34.40 -556.0 46.20 80.60
1x1073 26.90 -568.0 81.20 98.40
3x1073 12.90 -558.0 51.90 64.20

The results in a table(2) show that in the presearfidéaDDC inhibitor, the value of corrosion curret@nsity (ior)
was decreased. These behaviors prove its abilityhibit the corrosion of the carbon steel in -Gsaturated 0.25M
H,SQy, solution. The corrosion current densities were e@sed as shown in Figure 4, indicating that the INaD
inhibitor inhibits both the anodic and cathodic atéans through adsorption on the carbon steel sarfd9].
Whereas, changes in values Tafel slope anodic Tafedtantsffa) and cathodic Tafel constaific] upon addition
of NaDDCT inhibitor which indicates that NaDDCT ibtftor is adsorbed at both anodic and cathodic$2€].The
corrosion potential shift small in the range of 888/ around the corrosion potential of -549mV ani$ thhift
towards the positive direction (noble direction) Tiable 2. These results show that the addition aDDCT
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compound inhibited of iron oxidation and in a lowedtent hydrogen evolution, consequently these aDDCT
compounds can be classified as mixed — type camashibitors [21].
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Figure (4): Shows decreased; with increasing of NaDDCT concentration

The surface coveragé)(and inhibition efficiency were calculated as [22]
9 = (icurr.uninh. - icurr.inh.) (2)

leorruninh.

IE = 6 x 100 3)
Where,i orruninn.@Ndicorr inn represents absence and presence inhibitors resggctire given in table 3.

From data in Table, 3 shows decrease the corrasitehn and increase the inhibition efficiency (%lE)dathe
fractional surface coverag®)(as in shown figure 5and 6. This behavior indisateat the NaDDCT inhibitor
adsorbed on the carbon steel surface [23].

Table 3:Shows corrosion rate, inhibition efficiencyand surface coverage degree for carbon steel in, © saturated of 0.25M HSOyin the
presence and absence of different concentration dlaDDC inhibitor at 298.15 K

Corrosion Rate(mpy %IE| O
0 138.8
1x10™* 17.93 87.08| 0.87
3x107* 15.25 89.01] 0.89
6x107* 12.78 90.80| 0.9(¢
1x1073 9.973 92.80| 0.97
3x10°3 4.777 96.55| 0.94
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Figure (5): Shows the relationship between the coosion rate and the NaDDCT concentration
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Figure (6): Shows the relationship between the inbition efficiency and NaDDCT concentration

3.3- ADSORPTION ISOTHERM

It is generally assumed that the adsorption ofithéitors on the metal surface is an essentia stehe inhibition
mechanism [24]. Several adsorption isotherms wesessed and the Langmuir adsorption isotherm waslifto be
the best description of the adsorption behavighefstudied inhibitor, which obeys to [25-28]:

Cinh 1
- = C; 4
0 Kads + inh. ( )
AG®,4s = — RTIn(55.5K45) (5)

Wherekys the equilibrium constant of the adsorption reacaad C;,,;,. is the inhibitor concentration in the bulk of
the solutionand the standard adsorption free enét@q).R is the gas constant (8.314kJipland T is the
temperature in Kelvin (298.15K). 55.5 is the corcation of water in solution in molLPlots of C;,, /6versus
Cinnyielded a straight line as shown in Figurthé intercept is representkl);; and give in table 4. The calculation
the standard adsorption free energG{ss) from equation (4) and give in table 4.
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Figure (7): Langmuir isotherm adsorption model of N\DDCT on the surface of carbon steel in 0.25M $0,
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Table (4): shows the Langmuir isotherm parametersfoinhibitors on carbon steel surface in 0.25 M HSO;, solutions

R® | Slope] Intercept| Kai | -AG(KJ mol®)
1.000 | 1.034 | 0.000032| 31250 35.61

The slopes close to 1.034 and the linear correlataefficients(R) are close to 1, as shown in Tahlendicating
that the adsorption of the NaDDCT inhibitor on tbarbon steel surfaces is well depended to the Lairgm
adsorption isotherm [29].The relatively high vabfethe adsorption equilibrium constai,§) in Table 4shows the
high adsorption ability of NaDDCT inhibitor on tloarbon steel surface [38lgs large values of implying more
efficient adsorption hence better inhibition effiocy [31]. TheAG,4s negative values indication of adsorption of
NaDDCT on the carbon steel surface is spontane@eerally, the values @G,qsto (-20 kJ mof)are consistent
with the electrostatic interaction between the ghdrmetal and the charged molecules (physical ptisof while
those more negative than (-40 kJ Madhvolve sharing or transfer of electrons from thkibitor molecules to the
metal surface to form a co-ordinate type of borfeefsisorptions) andG,gs values between 20 and 40 KJ thare
mixed - adsorption [32]. In the present study, Ali&ys values obtained for NaDDCT on carbon steel jrs@turated
0.25M H,SO; solution are -35.61KJ mdl.This indicates that the adsorption of studiedhitbrs is mixed- typical
(physical and chemisorption adsorption).

3.4- Mechanism of inhibition

The results which obtained from electrochemical sneaments concluded that the (NaDDCT) inhibit tbg@sion
process of carbon steel in 0.25M3®,. As shown in Figure 1 which explained NaDDCT stuue, contain
nitrogen group (N) and C=S bond. It is general agstion that the adsorption of NaDDCT molecules radgorb
on the carbon steel surface by 4 types [33, 34].

1. Electrostatic interaction between the charged of NADCT molecules and the charged ofFan the carbon
steel surfaces.

2. Interaction of unshared electron pairs (N, S) i@ MaDDCT molecule inhibitor with d-orbitals on tharbon
steel surface by coordination bonds, form Fe @hplexes.

3. Interaction ofr- electron pairs for C=S bonds with the carbonlstedace.

4. A combination of step 1 and step 3.

CONCLUSIONS

The changed in the OCP values to noble directiqtagned formation a protective layer from NaDDCTHibitor on

the carbon steel surfac&€he results from potentiodynamic polarization (PDijicated that NaDDCT as agood
inhibitor in acidic medium. Thus, the potentiodynamolarization results showed that NaDDCT as aeati#ype
inhibitor due to inhibiting both anodic metal dikgon and also cathodic hydrogen evolution readioThe
inhibition efficiency increases with increasing thencentration of NaDDCTThe adsorption of the NaDDCT
inhibitor on the carbon steel surfaces is well deleat to the Langmuir adsorption isotherm.The higlsdues of

the equilibrium constant (f§) indicated higher adsorption of the NaDDCT ondhebon steel surface. The negative
value of AG,gsindicates spontaneity in the NaDDCT adsorptiont@darbon steel surface and the adsorption type
is mixed — adsorption type (physical and chemisonpt
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