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a b s t r a c t
The pitting corrosion current of C-steel in 50% diluted oilfield-produced water devoid of and 
containing various amounts of some purine inhibitors, 9H-purine-2,6-diamine, Inh I, 9H-purin-
6-amine, Inh II, and 2-amino-1H-purin-6(9H)-one, Inh III was followed under natural corrosion 
conditions. In the inhibitor-free solution, the pitting corrosion current starts to initiate after an 
induction period, τ which extends to ~ 40 min and propagates to reach a steady-state current, IS. 
In the presence of an inhibitor, the induction period increases with a decrease in the IS values that 
depends on the inhibitor type, concentration, and temperature. The surface coverage, q, and the inhi-
bition efficiency, η, were found to depend on the inhibitor type and its concentration, and decreased 
with temperature. The inhibition mechanism is supposed to occur through an adsorption process 
obeying Langmuir’s model. The scanning electron microscopy, and energy-dispersive X-ray spec-
troscopy were used to characterize and analyze the elements of the C-steel surface. Some thermo-
dynamic parameters of the adsorption process such as Kads and ΔG°ads are calculated and discussed.

Keywords:  Oilfield-produced water; C-steel; Pitting corrosion; Pitting current; Purine; Inhibition; 
Adsorption

1. Introduction

C-steel has been used widely in the petroleum field and 
industrial applications [1,2]. The resistance of this type of 
steel towards the attack of the aggressive ions, Cl–, S2– and 
SO4

2–, in oilfield formation water is very low. The use of the 
inhibitors is necessary to decrease the pitting attack [2]. 

Due to the presence of such aggressive ions in the oilfield 
formation water besides the corrosive dissolved gases like 
CO2 and H2S, corrosion is a serious and big issue in oil and 
gas production and transportation systems. In addition, it 
causes an important economic loss to oil and gas produc-
ers. The corrosion of the pipe wall frequently causes the fail-
ure of oil and gas pipelines [3] resulting in severe economic 
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losses with environmental pollution [4,5]. Formation water 
is water trapped in underground formations that are 
found along with oil or gas. It is considered a by-product 
or waste stream associated with oil and gas production.

The addition of corrosion inhibitors to oilfield- 
production water during petroleum output is essential 
for controlling the destructive effect of different corro-
sive anions mixed with the produced water environment. 
Several N-containing organic compounds are used as 
effective inhibitors for various metals and metal alloys in 
different electrolytes [6–14]. Safe inhibitors without any 
polluted effect were chosen as favorable corrosion inhibitors 
such as 9H-purine-2,6-diamine (Inh I), 9H-purin-6-amine 
(Inh II), and 2-amino-1H-purin-6(9H)-one, (Inh III) towards 
the destruction of C-steel in oilfield-production water.

In our study, the influence of the oilfield produced- 
water obtained from North East Sannan, NES-4, in the 
Western Desert, Egypt, in a depth of 2,415–2,435 m on the 
induced pitting corrosion of C-steel was studied. The inves-
tigation was carried out by using a simple cell constructed 
early for measuring the localized pitting corrosion current 
under natural corrosion conditions in the absence and pres-
ence of different concentrations of some purine compounds 
[15–19]. The surface characterization techniques such as 
scanning electron microscopy (SEM) and energy-dispersive 
X-ray spectroscopy (EDX) were used to analyze the sur-
face of unattacked and attacked steel surfaces tested in 
the aggressive 50% diluted oilfield-produced water in 
the absence and presence of some purine inhibitors [20].

2. Experimental

2.1. Materials and the electrolytic cell

The required electrodes were prepared from carbon 
steel C1018. The elemental analysis of these electrodes 
was estimated, as weight percent, by Tabbin Institute for 
Metallurgical Studies (TIMS), Helwan–Cairo, Table 1 [21]. 
The C-steel electrodes were reinforced to Pyrex-glass pipes 
utilizing an epoxy resin. The free cross-sectional surface area 
of the prepared electrode required to contact the solution 
was 0.04 cm2. Before each run, the surface area of the steel 
electrodes was mechanically polished using various grades 
of polished papers, rinsed with acetone, and finally washed 
with doubly distilled water.

The pitting corrosion current can be measured utilizing 
a simple electrolytic cell. This cell is shown diagrammati-
cally in Fig. 1 [21–26]. It consists of a 250 mL borosilicate 
glass beaker containing 100 cm3 of the examined solution, 
one of the C-steel electrodes (A), and a magnetic stirrer. 
The second C-steel electrode (B) was enclosed in a boro-
silicate glass tube and ended with a fine porosity fritted 
centered glass disc G4 (C). The two steel electrodes (A and 
B) were short-circuited through a nano-ampere meter 
(Siemens type N-5536).

2.2. Corrosive electrolyte, oilfield-produced water, and inhibitors

Generally, deep oilfield-produced water is liberated in 
the reservoir rocks before drilling. Such water utilized in 
our study was gained from one of the wells of the general 

petroleum company, GPC, Egypt, in the Western Desert, 
North East Sannan, NES-4 in a depth of 2415–2435 m under-
ground mixed with crude oil. The chemical composition 
and physical properties of the produced water are given in 
Table 2.

The corrosion inhibitor, purine compounds, 
9H-purine-2,6-diamine (Inh I), 9H-purin-6-amine (Inh II),  
and 2-amino-1H-purin-6(9H)-one, (Inh III), Table 3. The 
utilized organic materials were obtained from Sigma 
Aldrich chemical company with a purity of 98% and were 

Table 1
Elemental analysis C-steel electrodes, C 1018, in wt.%

S Si P Mn C Fe

0.60 0.17 0.046 0.50 0.12 Bal 98.564 mass %

Fig. 1. Electric circuit and electrolytic cell used for pitting corro-
sion current measurements. A and B are identical C-steel elec-
trodes, C is a fritted centered glass disc G4 and nA is a nano 
ampere meters.

Table 2
Physical and chemical characterization of the oilfield-produced 
water

Character Unit Value

pH Unitless 7.10
Cl– ppm 41,477
SO4

–2 ppm 244
Cl–/SO4

–2 ratio 170:1
Ca+2 ppm 2,525
Mg+2 ppm 122
Conductivity mS/cm 95.2
Sulfur % 0.2021
Density g/cm3 1.03293, at 25°C
Total dissolved salts (TDS) g/L 47,600
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used without further purification. The inhibitor con-
centrations was ranging from 1 × 10−6 M up to 5 × 10−3 M. 
The examined electrolytes were prepared by utilizing 
double-distilled water. Experiments were done at room 
temperature, 25°C ± 0.1°C, excluding those investigated at 
various temperatures. The influence of temperature was 
carried out on 1 × 10−4 M of purine compounds and varied 
between 293 and 318 K. The cell temperature was monitored 
by utilizing an ultra-programmable thermostat (U.S.A).

The influence of the corrosive anions (Cl–, S2– and SO4
2– 

ions), which are naturally present in the 50% diluted oil-
field-produced water on the C-steel electrode on the initi-
ation of the pitting corrosion current was followed against 
the immersion time. Double-distilled water was used to 
attain the dilution factor of the oilfield-produced water.

Firstly, the prepared electrodes were immersed in a 
dilute electrolyte, 0.5% diluted oilfield-produced water. 
Due to the similarity of the electrodes and the electrolytes, 
no current could be observed while connecting the steel 
electrodes through the nano ampere meter [21–26]. In a 
few experiments, however, small currents were observed 
to flow, apparently resulting from slight uncontrollable 
differences in environmental conditions. These currents 
are decayed in a period of ~30 min. When this condi-
tion was established, the investigated amount of the 50% 
diluted oilfield-produced water is comprised in the main 
compartment of the electrolytic cell, and the initiated cur-
rent was followed using a nano ampere meter till reach-
ing the steady current value, IS [21–26]. The other test was 
conducted with 50% diluted oilfield-produced water con-
taining various amounts of purine inhibitors, Inh I, Inh II, 
and Inh III. Each run was done with freshly prepared elec-
trode and with a new portion of the examined solution. 
To ensure the accuracy of the results, every experiment 
was repeated two times (similar data are obtained) and 
the average value of the produced current was taken.

Unattacked and attacked steel surfaces were examined 
with SEM JSM-F100 coupled EDX, Japan.

3. Results and discussion

3.1. Influence of inhibitor additions on the pitting corrosion 
current

The corrosion inhibitors are used to control the pitting 
corrosion of C-steel in 50% diluted oilfield-produced water 
[21]. In this study, three different types of purines are uti-
lized as inhibitors toward the pitting corrosion induced by 
the destructive Cl–, S2–, and SO4

2– ions in the examined solu-
tion [21]. The data in Fig. 2 represent the constructed cur-
rent density time curves of the corroded C-steel electrode 
in 50% diluted oilfield-produced water devoid of and con-
taining various amounts of Inh I, 9H-purine-2,6-diamine. 
Analogous curves are fined in the presence of Inh II and 
Inh III, curves are not shown. It is noteworthy to see that, 
in the inhibitor-free 50% diluted oilfield-produced water, 
(curve 1, Fig. 2), the corrosion current starts to initiate after 
an induction period, τ, which extends to about 40 min 
(zone A, Fig. 2) followed by a continuous rise in the cor-
rosion current (zone B, Fig. 2) owing to the propagation of 
the pitting corrosion till reaching a constant value, steady-
state current, IS, (IS = 123 μA/cm2) (zone C, Fig. 2) [21–26]. 
The appearance of such a high pitting corrosion current is 
an indication of the presence of an electrochemical reac-
tion at the C-steel surface due to the oxidation of Fe into 
Fe+2 ions [21,25,26].

When a small amount of 9H-purine-2,6-diamine, Inh I 
(1 × 10–6 M) is added to the 50% oilfield-produced water, 
the induction period accompanied by the initiation of the 
pitting corrosion is elongated (τ = 59 min) with lower-
ing in the steady-state current synchronous to the pitting 
propagation process (IS = 92 μA/cm2). Higher amounts of 
Inh I (5 × 10–3 M) increase the induction period, τ, to reach 
169 min with more lowering in IS values to reach 11 μA/
cm2. Similar behavior is noticed in the case of Inh II and 
Inh III. Such behavior is related to the passivation of the 
formed pits by the influence of the inhibitor that can form 
a protective layer around the C-steel surface decreasing the 

Table 3
The IUPAC name, chemical structure, chemical formula, and molecular mass of the utilized inhibitors molecules

IUPAC name Structural formula Chemical formula Molecular mass (g/mol)

9H-purine-2,6-diamine (Inh I) C5H6N6 150.14

9H-purin-6-amine (Inh II) C5H5N5 135.13

2-amino-1H-purin-6(9H)-one (Inh III) C5H5N5O 151.13
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corrosion process. This attitude signalizes that the added 
purine compounds act as good inhibitors toward the pit-
ting corrosion of the C-steel in the oilfield-produced water.

However, the steady rise in the current (zone B, Fig. 2) 
is due to the initiation of the pitting current with the prop-
agation of the pitting corrosion. The increase in current 
could be due to the increase in the number of active pits 
that are formed on the C-steel surface that is harmonizing 
the raise in the total damaged area [27]. The pitting cor-
rosion current density eventually attains the steady-state 
value, IS, that is suppressed by inhibitors and relies on 
the amount of the inhibitive molecules in the investigated 
solution. The attainment of the IS signifies that the pro-
duced pitting current of the C-steel surface takes place at 
the under-most of the created pits without a change in the 
number of these pits [9,27–31]. The decrease in the steady-
state current upon increasing the additions of purine com-
pounds suggests a reduction in the number of the initiated 
pits, that is, minimized anodic area [27,28].

The dependence of the induction time, τ, on the amount 
of the added inhibitor (Cinh) in 50% oilfield-produced 
water can be depicted in Fig. 3. The data of such curve per-
forms a logarithmic relation between the two parameters 
(τ and Cinh) that are fulfilling the relation [10–15]:

log  log Cinhτ ζ λ= +  (1)

where ζ and λ are constants that rely on the nature of the 
aggressive solution, the type of the investigated inhibitor, 
and the metal under test [21,23,24,26].

The decrease in the pitting corrosion current density 
with the purine concentration can be represented by the 
curves in Fig. 4. This figure represents the variation of the 
logarithm of the steady-state current, logIS with the log-
arithm of the molar concentration of the inhibitor, log-
Cinh, for purine compounds (Inh I, Inh II, and Inh III). The 
plots depicted S-shaped curves which could elucidate the 
promised action of the examined inhibitors to act by an 

adsorption process [26,28]. These compounds are supposed 
to adsorb on the C-steel preventing the aggressive ions, 
Cl–, S2–, and SO4

2– to attack the metal surface by forming an 
adsorbed film, as confirmed later by SEM investigation. 
The similarity in the S-shaped curves for all purine inhib-
itors proves that the mitigation of the corrosion process is 
managed by the same adsorption mechanism [26].

The amplitude of the mitigation towards the local-
ized pitting corrosion on the C-steel by the purine mol-
ecules could be estimated from the data of the surface 
coverage, q, and the inhibition efficiency, η %. The values 
of q and η % (Tables 4 and 5) are deducted from the val-
ues of steady-state currents according to Eqs. (2) and (3)  
[23,24,26].
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Fig. 2. Current time curves for C-steel immersed in 50% diluted 
oilfield-produced water, containing various additions of 
inhibitor I, at 25°C.
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Fig. 3. Variation of the logτ against logCinh for C-steel in 50% 
diluted oilfield-produced water for different purine compounds, 
at 25°C.
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where IS,free, and IS,inh are the steady-state currents in 50% 
diluted oilfield-produced water devoid of and containing 
purine compound, respectively. The calculated values of q 
and η % at different amounts of purine compounds are pre-
sented in Table 4. Also, Table 5 shows that the values of q and 
η % for C-steel in 50% diluted oilfield-produced water con-
taining 0.0001 M of purine inhibitors are reduced with rising 
the solution temperature. This behavior could be attributed 
to the desorption of the inhibitor molecules from the metal 
surface at high temperatures. The increases in the tempera-
ture rises the probability of the aggressive ions to attack 
the C-steel surface and enhancing pitting corrosion [32,33]. 
Screening of Tables 4 and 5 reveals the following:

• At a constant temperature, the values q and η % of the 
added inhibitor are increased with raising the inhibitor 
concentration.

• The q and η % values are increased in the order: 
Inh III < Inh II < Inh I, which is accompanied by the 
sequence of the inhibition tendency of the added purine 
against the pitting corrosion of the C-steel.

• At a fixed inhibitor concentration the q and η % values 
are decreased as the temperature is increased.

• Inh I is more effective on the C-steel surface than other 
inhibitors, Inh II, and Inh III. This greatly enhanced the 
strength of the adsorbed film against the pitting cor-
rosion depend on the number of adsorption sites on 
the inhibitor molecules.

3.2. Influence of temperature

The influence of temperature on the pitting corrosion 
of C-steel in 50% diluted oilfield-produced water was 
investigated without and with the additions of purine 
compounds. The curves of Fig. 5A and B represent the 
current-time curves for C-steel immersed in 50% diluted 
oilfield-produced water without and with 1 × 10–4 M of 
purine inhibitor, Inh I, respectively. The temperature 
varied between 293 and 318 K. Similar curves are gained 
with Inh II, and Inh III (curves not shown). It is noticed 
that the induction period in all examined solutions (with-
out and with inhibitor) preceding the initiation of pitting 
corrosion decreases with temperature followed by an 
increase in the pitting current till reaching a steady-state 
current, IS [34]. Such attitude could be attributed to the 
increase in the rate of corrosion of C-steel with tempera-
ture due to the rise in the adsorb-ability of the corrosive 
ions (Cl–, S2–, and SO4

2– ions) to the C-steel surface which 
prevents passivation and promotes the dissolution of met-
als with raising in the IS values [35,36]. The values of IS 
for C-steel surface in oilfield-produced water devoid of 
and containing 0.0001 M of different purine compounds 
are plotted against the temperature in Kelvin scale, Fig. 6.  
The data of this figure depicts that the IS is increased with 
temperature in the case of the aggressive and inhibitive 
solutions confirming that the mechanism of corrosion 
does not influence by the presence of purine inhibitors 
although the decrease in the corrosion rate [26].

The data of the curves of Figs. 5 and 6 reveal that:

• The induction period, τ claimed to initiate the localized 
pitting corrosion current is decreased and the steady-
state corrosion current, IS accompanied by the pit 
propagation is raised by raising the temperature.

• The increase in the pitting current with the temperature 
is owing to the enhancement of the oxidation current 
(Fe → Fe+2 + 2e–).

• The steady-state corrosion current, IS is attained after 
an induction period which is decreased as the tempera-
ture is increased. The purine compounds reduce the IS 
due to the inhibition process according to the sequence: 
Inh III < Inh II < Inh I.

Broadly, increasing the temperature for pitting corrosion 
enhances the initiation of pitting corrosion by reducing the 
incubation period, τ, and increasing the steady-state pitting 
corrosion current density, IS. The Arrhenius relation can 
be used to deduce the activation energy, Ea for the pitting 

Table 4
Calculated values of the surface coverage, q, and inhibition effi-
ciency, η %, for different concentrations of purine inhibitors, on 
C-steel surface in 50% diluted oilfield-produced water, at 25°C

Inh IIIInh IIInh IConc., M

η %qη %qη %q

16.30.1620.30.2025.20.251 × 10–6 M
21.10.2130.90.3136.60.375 × 10–6 M
28.40.2837.40.3747.20.471 × 10–5 M
35.80.3647.20.4759.30.595 × 10–5 M
43.80.4456.60.5769.10.691 × 10–4 M
55.30.5567.50.6879.70.805 × 10–4 M
65.90.6678.00.7885.40.851 × 10–3 M
76.40.7686.20.8691.10.915 × 10–3 M

Table 5
Calculated values of the surface coverage, q, and inhibition 
efficiency, η %, for, on C-steel surface in 50% diluted oilfield- 
produced water containing 1 × 10–4 M of different purine 
inhibitors at different temperatures

Inh IIIInh IIInh ITemperature, K

η %qη %qη %q

42.60.4356.00.5669.70.70293
43.80.4456.60.5768.90.69298
41.10.4153.60.5459.30.59303
36.30.3648.40.4855.30.55308
36.80.3745.80.4649.00.49313
31.80.3236.40.3641.40.41318



S. Abd El Wanees et al. / Desalination and Water Treatment 269 (2022) 21–3226

corrosion reaction [37]. Such an equation can be represented 
by the following relations [38]:

K A
E
RT
a� �

�

�
�

�

�
�exp  (4)
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log log
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E
RTS
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2 303
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where the rate of reaction (K) can be represented by the IS 
values, Ea is the activation energy of the pitting corrosion pro-
cess, A is the Arrhenius constant, R is the ideal gas constant 
and T is the absolute temperature.

Fig. 7 depicts the variation of the logarithm of IS vs. 1/T 
for 50% oilfield-produced water without and with purine 
inhibitors (1 × 10–4 M). Straight lines relations are obtained 
confirming the Arrhenius relation. The slope of each line 
can be used to deduce the activation energy, Ea, required 
for pitting corrosion for all examined electrolytes, Table 6. 
The calculated value of Ea for the corrosion of C-steel in 
inhibitor-free 50% diluted oilfield-produced water is less 
than that obtained in the case of the purine compound 
solutions. Such behavior could be attributed to the increase 
in the energy barrier of the inhibitor molecules than those 
in the oilfield-produced water alone. This confirms that 
the presence of purine compounds tolerates the pitting 
corrosion of C-steel in oilfield-produced water due to com-
peting with the aggressive anions to adsorb on the C-steel 
surface forming a protective layer, lowering the pitting 
corrosion [39]. The computed Ea accompanying the pitting 
corrosion increases in the order: of 50% oilfield-produced 
water < Inh III < Inh II < Inh I. This sequence confirms the 
variation in the inhibition efficiency of purine compounds 
which depends on the adsorption sites on each compound. 
9H-purine-2,6-diamine (Inh I) is the more effective com-
pound while 2-amino-1H-purin-6(9H)-one (Inh II) is the least.

Other thermodynamic parameters, entropy (ΔS°) and 
enthalpy (ΔH°) of activation can be deduced when using the 
transition-state equation [40–47]

log log
. .

I
T

S
R

H
RT

RS





= + −
° °

Nh
∆ ∆

2 303 2 303
 (6)

where N is the Avogadro’s number, R is the universal gas 
constant, and h is the Planck’s constant. Plotting of logIS 
T–1 vs. 1/T for 50% diluted oilfield-produced water devoid 
of and containing purine inhibitors (1 × 10–4 M) gives 
straight-line relations, Fig. 8. The slope of the gained plots 
represents the value of ΔH°/2.303R while the intercept 
is equal to (ΔS°/2.303R) + log(R/Nh). The values of ΔH° and 
ΔS° are computed and tabulated in Table 6. The activation 
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adsorption entropy ΔS° is determined to be –183 J mol/K 
for the inhibitor-free 50% diluted oilfield-produced water. 
In the case of 1 × 10–4 M of purine compound solutions 
the values of ΔS° are –118, –101, and –68 J mol/K for Inh 
III, Inh II, and Inh I, successively. The negative values of 
ΔS° for all examined solutions confirm that the activated 
complex in the rate-determining step represents an asso-
ciation rather than dissociation. Such attitude is due to 
the reduction in the disordering that takes place [39–43]. 
The positive values of ΔH° confirm that the transition state 
process (the activated complex) is endothermic.

3.3. Adsorption isotherm

Generally, the corrosion inhibition of most inhibitor 
molecules is directly accomplice by an adsorption process 
[48–51]. Such an adsorption process could follow various 
models of adsorption isotherms, like Langmuir, Freundlich, 
Temkin, and Frumkin [52,53]. The surface coverage, 
θ can be deduced from the steady-state current values, IS, 
without and with the presence of inhibitors [26,54].

The obtained values of q for all used purine compounds 
confirmed the Langmuir model, Fig. 9. Such an adsorption 

Table 6
Thermodynamic corrosion parameters, activation energy for pitting corrosion, Ea, enthalpy of activation, ΔH°, kJ/mol, and entropy 
of activation, ΔS°, J/mol, and correlation coefficient, R2, of purine inhibitors on C-steel surface in 50% diluted oilfield-produced 
water, at 25°C

Type of solution Ea, kJ/mol ΔH°, kJ/mol ΔS°, J/mol R2

50% diluted oilfield-produced water 23.51 21.34 –133 0.996
Inh III 29.86 27.32 –118 0.999
Inh II 35.46 32.91 –101 0.988
Inh I 45.95 43.40 –68 0.996
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Fig. 7. Arrhenius plots, logIS against 1/T, for C-steel in 50% 
diluted oilfield-produced water mixed with 0.0001 M of various 
purine inhibitors.
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model can be represented by the following relations 
[55–57]:

θ
θ1−

= K Cads inh  (7)

Or

C
K

C
�
� �

1

ads
inh  (8)

where Kads represents the adsorption–desorption equilib-
rium constant, and Cinh is the equilibrium concentration of 
the added inhibitor. Fig. 9 depicts straight-line relations 
between Cinh θ–1 vs. Cinh for all added purine compounds 
with slopes very near to one with correlation coefficients 
very near to one, Table 7. The adsorption–desorption equi-
librium constants, Kads are deduced from the values of the 
intercept of these straight lines. The Kads data may be consid-
ered as a measure of the power of the adsorption of purine 
compounds on the C-steel surface [57]. The Kads values are 
found to be 30.4 × 103, 19.7 × 103, and 11.2 × 103 mol–1 for Inh I,  
Inh II, and Inh III, successively. This conclusion approves 
that Inh I is more effective than Inh II followed by Inh III.

The standard free energy of adsorption, ΔG°ads can be 
deduced from the Kads values according to the relation [58–62]

K
G
RTads

ads�
��

�
�

�

�
�

1
55 5.

exp
�

 (9)

where 55.5 represents the molar concentration of water, 
R is the universal gas constant and T is the temperature on 
the Kelvin scale. The calculated values of ΔG°ads are −35.53, 
−34.45, and −33.05 kJ/mol for Inh I, Inh II, and Inh III, suc-
cessively. This is proportionate with the higher inhibition 
efficacy of Inh I followed by Inh II and Inh III. The neg-
ative signs of ΔG°ads confirm the spontaneity of the adsorp-
tion process on the C-steel surface with the constancy of 
the adsorbed film on the C-steel surface. The obtained val-
ues of ΔG°ads are proportionate with a chemisorption pro-
cess due to coordinate bonds formed between the nitrogen 
atoms and the Fe atoms on the metal surface [63–66].

3.4. Surface investigation

The SEM micrographs with a magnification of 1,000 
times of the C-steel samples before and after immersion for 
a period of 6 hrs in 50% diluted oilfield-produced water 
devoid of and containing 0.0001 M inhibitor I are shown in 
Fig. 10A–C, successively. The micrograph in Fig. 10A (pol-
ished C-steel sample) shows that the C-steel surface was 
smooth and without pits formation. The micrograph of the 
inhibitor-free 50% diluted oilfield-produced water sample 
displays a huge number of pits of varying sizes that appear 
scattered on the surface of the examined area, Fig. 10B, 
confirming the destructive effect of the oilfield-produced 
water due to the presence of Cl–, S2–, and SO4

2– ions. While in 
the presence of inhibitor I, Fig. 10C, the micrograph offers 
a less damaged area with a few numbers of more fine pits 
spreads on the C-surface which confirms the mitigation of 
the pitting corrosion [21].

EDX spectra were used to determine the elements which 
are present on the C-steel surface before and after exposure 
to the examined solutions. EDX was carried out to ana-
lyze the surface composition of the protective film formed. 
The EDX spectrum of the polished C-steel sample in Fig. 11A 
revealed characterized signals for C-steel compositions. The 
EDX spectrum in the case of the C-steel sample immersed in 
50% diluted oilfield-produced water for 6 hr in the absence of 
the inhibitor revealed characterized signals for C-steel com-
positions and corrosion products (i.e., O, Cl, Ca, Mg, C, S, 
and Fe), as shown in Fig. 11B. In the presence of a 0.0001 M 
inhibitor, the EDX spectrum in Fig. 11C shows that the Fe peak 
is considerably suppressed relative to the sample in 50% oil-
field-produced water with the appearance of new signals. The 
suppression of the Fe peak and vanishing of Cl signals with 
the appearance of the N signal would confirm the presence of 
the overlying inhibitor film on the C-steel surface. This sup-
ports that a surface film inhibited the metal dissolution and 
preventing pitting corrosion. The protective film formed by 
the inhibitor molecules was strongly adherent to the surface, 
which leads to a high degree of inhibition efficiency.

Therefore, EDX and SEM examinations of the electrode 
surface support the experimental data obtained from the 
chemical method that purine compounds can be regarded 
as effective inhibitors for corrosion of C-steel in 50% oil-
field-produced water.

3.5. Mechanism of inhibition

The corrosion inhibition mechanism is based on the 
adsorption of the inhibitor molecules on the metal sur-
face in the investigated inhibitive solution. The adsorption 
mechanism [67] may be due to the electrostatic interaction 
and/or a coordinate bond formation between the unshared 
pairs of electrons located on the electronegative atoms on 
the inhibitor molecules and the Fe atoms on the C-steel 
surface. The reality that based on the adsorption of inhib-
itors on the C-steel surface proceeds via chemical adsorp-
tion signalize that the inhibition mechanism is consistent 
with the transferred electron from the inhibitor’s mole-
cule to the empty orbital of Fe on the C-steel surface. The 
adsorbed inhibitor can form a complex with the Fe surface 
and then protect the metal against further corrosion attacks 
by blocking the active sites by the N-atoms and heterocy-
clic rings of the purine inhibitive molecules. The obtained 
data indicate that Inh I exhibits better performance due 
to the presence of sex nitrogen atoms that are suitable for 
adsorption besides the presence of the π-electrons of the 
conjugated system located on the heterocyclic rings which 
facilitates the adsorption process. So, this compound covers 

Table 7
Adsorption parameters (Kads, mol and –ΔGads, kJ/mol) and 
correlation coefficient, R2, of purine inhibitors on C-steel 
surface in 50% diluted oilfield-produced water, at 25°C

Type of inhibitor Kads, mol ΔGads, kJ/mol R2

Inh I 30.4 × 103 –35.53 0.997
Inh II 19.7 × 103 34.45 0.999
Inh III 11.2 × 103 –33.05 0.998
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the C-steel surface and protects it through the lone pairs 
of electrons located in the active centers, which leads to 
an increase in the adsorption ability and surface coverage 
thereby giving higher inhibition efficiency. Inh II exhibits 
less inhibition efficacy than that Inh I and is more effective 
than Inh III. This attitude can be attributed to the existence 
of five nitrogen atoms in addition to the π-electrons of 
the conjugated system in the heterocyclic rings. Inh III is the 
least efficient compound which could be attributed to the 
less number of adsorption centers besides the presence of 
the inductive effect of the carbonyl group which decreases 
the electron density on the adsorption centers [68].

4. Conclusions

From measurements of the pitting corrosion current of 
C-steel in 50% diluted oilfield-produced water in the absence 
and presence of some purine derivatives the following con-
clusions could be drawn:

• The pitting corrosion current starts to follow after an 
induction period that depends on the purine concentra-
tion and temperature.

• The induction period required for the initiation of pit-
ting increases with increasing the amount of the added 
purine.

• The steady-state corrosion current density decreases with 
increasing purine concentration.

• Raising the temperature decreases the induction period 
and increases the pitting corrosion current.

• The inhibition efficiency is reduced in the order: Inh I > 
Inh II > Inh III.

• The activation energy accompanied by the pitting 
corrosion is increased in the order: Inh III < Inh II <Inh I.
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