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Abstract—The research includes synthesis of bis thiourea phthalato nickel (II) complex (PTUNi) by reaction
of NiCl2⋅6H2O with 2 mol thiourea and 1 mol phthalic anhydride. The (PTUNi) complex was identified by
Fourier-transform infrared spectroscopy, UV-visible spectrophotometry, mass spectrophotometry, thermo-
gravimetric differential thermogravimetry analyses, XRD techniques and magnetic susceptibility measure-
ments. The complex was evaluated as corrosion inhibitor for carbon steel alloy (C1010) against a corrosive
medium of 0.1 M hydrochloric acid at298 K and showed the maximal efficiency of 95.23% at a concentration
of 3 ppm. The effect of temperature on the inhibition behavior was studied at 308, 318 and 328 K and the
inhibitor revealed reducing efficiency as temperature raised. The inhibitor behaved as mixed inhibitor. The
adsorption of the inhibitor on the surface of the alloy was studied by the Timken, Frumkin, Florry-Hugin and
Langmuir adsorption isotherms. The best fitted isotherm was found to be the Langmuir isotherm. The ther-
modynamic functions like and were calculated and revealed that spontaneous adsorption, was
exothermic where, the inhibitor was physiochemically adsorbed.

Keywords: thiourea complex, phthalic anhydride, corrosion inhibitor, nickel chloride, nickel complex, car-
bon steel C1010, acidic medium, tafel plot
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INTRODUCTION

Corrosion of metals and alloys is a dangerous prob-
lem and it is extradite more attention of corrosion sci-
entists all over the world because of its duplex impacts
on both economy and environmental safety [1–4].

Because of the main concerns of corrosion in the
durability of materials structure, many studies were
always carried out to develop an effective and eco-
nomic means of corrosion control chosen of an appro-
priate inhibitor for a certain system may be actually
complicated. A corrosion inhibitor adsorbed on the
surface of a metal as a protective layer and the strength
of the adsorption bond depend on the type of the func-
tional group donor atom, the electron density and the
polarizability of the functional group. Corrosion
inhibitors normally contain oxygen, sulfur and nitro-
gen atoms. Multiple bonds in the corrosion inhibitor
molecules may facilitate the adsorption on the metal
surface [5].

Corrosion inhibition by organic compounds is due
to their adsorption on the metal surface to formed pro-

tective layers act as insulators between the metal sur-
face and the corrosive medium [6–15].

Such adsorption depends on the nature of the
metal, the kind and concentration of the corrosive
medium and also on the chemical structure of the
inhibitor molecule [14]. Furthermore, adsorption of
organic inhibitor on the metal surface depends the
functional group, the probable steric effects and elec-
tronic density of donor atoms in the inhibitor [16, 17].

Steel alloys are major building materials widely
used in broad areas of industrial applications, and
almost in everyday life because of their good mechan-
ical properties. However, these steel alloys and other
metals and alloys suffer from corrosion phenomena in
some environments [18–20]. There are many studies
devoted to corrosion inhibitors, the development of
corrosion inhibitors was always determined by their
effectiveness [21–26].

Thiourea, its compounds and its complexes were
used as corrosion inhibitors in industrial operations
[27, 28]. In the present work, a novel bis thiourea
phthalato nickel(II) (PTUNi) complex was synthe-
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Table 1. Elemental composition of C1010 alloy used in this study

Elements C Mn Cr Cu S Si P As Ni Fe

Content, % 0.13 0.30 0.10 0.30 0.04 0.37 0.05 0.08 0.30 Balance
sized and estimated as corrosion inhibitor against cor-
rosive environment of 0.1 M HCl on the carbon steel
C1010 surface.

MATERIALS AND METHODS
The materials utilized in this study were purchase

from different companies, including: hydrochloric
acid (37 Aldrich), dimethyl sulfoxide (DMSO
99 Alpha), ethanol (99.99 Scharlau), diethylether
(99.5 SCH), thiourea (99.99 Aldrich), dichlomethane
(99 Fluka), nickel chloride (NiCl2⋅6H2O 99.5 GPR),
and phthalic anhydride (99.5 GPR).

Preparation of Samples and Test Solution
C1010 type was the carbon steel alloy use in this

study. The alloy composition is shown in Table 1
below.

The carbon steel alloy C1010 specimens were strips
with length, width, and thickness of 3.1, 1.15 and
0.15 cm, respectively, prepared according to the ASTM
G1-72 recommended practice for preparing, washing,
and evaluating corrosion test specimens.

A Vernier caliper with a sensitivity of 1 mm was
used to calculate the distance. Silicon carbide grades
120, 180, 320, 400, and 600 were used to grind the
strips. A specimen was rinsed with cooling water at
each stage of the grinding process to minimize the
impact of the rise in temperature and to prevent the
adhesion of the grinding paper particles, taking into
account that each grinding process is perpendicular to
the other.

The specimens were then rinsed with water and
soap, followed by a wash with distilled water and etha-
nol to extract the soap residue. Finally, they were pol-
ished with acetone and air dried, then polished with a
disc rotator covered with alumina Al2O3 applied to the
polishing disc to make the sample as smooth as a mir-
ror the samples were then rinsed with distilled water,
ethanol, and acetone before being air dried. Eventu-
ally, to protect the strips from moisture, they were
placed in a desiccator.

Synthesis of Bis-Thiourea Phthalato Ni(II) Complex

The following procedure was used to make the
PTUNi complex. To begin, dropwise additions of
thiourea (6.384 g, 0.084 mol) to a solution of
NiCl2⋅6H2O (10 g, 0.042 mol) in 100 mL ethanol
were made. A solution of phthalic anhydride (6.216 g,
0.042 mol) and sodium hydroxide (3.36 g, 0.084 mol)
in 40 mL of water was applied after the solution had
been refluxed for around 2 h. For 18 h, the mixture was
stirred. After cooling the reaction mixture, the formed
green precipitate was filtered and rinsed with distilled
water, absolute ethanol, and diethyl ether. The com-
plex was washed by dissolving the solid in a small
amount of dichloromethane and then adding a signif-
icant amount of ethanol [29]. The solution was left
undisturbed at room temperature for 24 h, resulting in
a green precipitate that was dried under vacuum. The
green substance decomposed at 160–162°C, yielding
9 g, M. Wt.: 374.693 g mol–1 (57%) [30, 31]. Scheme 1
shows the synthesis of the complex.

Scheme. 1. Synthesis of PTUNi complex.

The PTUNi complex was characterized by Fou-
rier-transform infrared spectroscopy (FTIR), UV-vis-
ible spectrophotomenry, mass spectroscopy, thermo-
gravimentric analysis (TGA) with derivative thermograv-
imetry (DTG). X-ray diffraction (XRD) techniques, and
magnetic susceptibility measurements.

CHNS Elemental Analysis

The CHNS elemental analysis was used to classify
the complex PTUNi, which allows for the rapid deter-
mination of carbon, hydrogen, nitrogen, and sulfur in
organic matrices and other materials. 

NiCl2  6H2O  +  2NH2CSNH2
reflux 2 h Ni(NH2CSNH2)2Cl2

2NaOH
[Ni(NH2CSNH2)2(phth)]

phthalic anhydride
Ni(NH2CSNH2)2Cl2

.

stirr 18 h
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Fig. 1. PTUNi complex.
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Table 2. CHNS elemental analysis of PTUNi

NiC12H20O4S4N8Cl C, % H, % N, % S, %

Calculated 32.02 3.20 14.94 17.08
Found 31.55 3.11 14.83 17.04
Table 2 shows matching between theoretical and
experimental ratios of CHNS of the complex.

Fourier-Transform Infrared Spectroscopy

The FTIR (KBr pellet, cm–1) spectrum of the
complex (Fig. 2) in the region of 400–4000 cm–1

shows the following bands: νNH (3383 cm–1) (assym),
3282 cm–1 (sym), νC=O (1660 cm–1), νNH (1558 cm–1)
(bending), (1612 cm–1) νC=C(aromatic), νCOO (2200),
νC=S(1411), νC–O(1153), and νCN (1489), νC–S(756)
and out of plane bending νN–H(702), νNi–S (482 cm–1),
and νNi–O (655 cm–1) [32–37].

UV-Visible Spectrophotomenry

The complex PTUNi was also characterized by
UV-visible spectrophotometry, as shown in Fig. 3,
which showed three transitions; 295 nm can be
assigned to the benzene ring’s π → π* and n → π*, as
well as the two carboxylic groups in ortho position to
one another. For the C=S group, the transition
305 nm is assigned to n → π*, and 410 nm is assigned
to d–d transitions [32, 38–40].

Magnetic Susceptibility

The magnetic moment coefficient of a complex
was measured and found to be μ = 2.0, magnetic sen-
sitivity calculations confirmed the tetrahedral form
and Ni+2 nickel oxidation state. The molecular weight,
magnetic moment coefficient, oxidation state, and
geometry of the complex are shown in Table 3.

Mass Spectroscopy

In addition, mass spectroscopy was used to charac-
terize the complex PTUNi. Figure 4 depicts the mass
spectrum of the PTUNi complex, which includes a
significant molecular ion peak at 375 m/z and a molec-
ular formula [NiC10H12O4S2N4]+, and a peak at
358 m/z due to the molecular ion [NiC10H9O4S2N3]+

after lossing an ammonia molecule. Another peak at
341 m/z belongs to the molecular ion [NiC10H6O4S2N2]+

due to the loss of another ammonia molecule, and the
peak at 299 m/z belongs to the molecular ion
[NiC9H4O4S2]+. The peak at 223 m/z returns to the
molecular ion [NiC8H4O4]+ due to the loss of the CS2
molecule, and the A peak at 172 m/z returns to the
molecular ion [NiC4HO4]+ due to a loss of the butadi-
ene root HC=CH–CH=CH, which is due to the
Durrs reaction that causes the dissociation of the ben-
zene ring. The peak at 104 m/z belongs to the molecu-
lar ion [NiCHO2]+ due to the loss of the carbon diox-
ide molecule CO2 and the two carbon atoms, and a
peak at 76 m/z belonging to the molecular ion
SURFACE ENGINEERING AND APPLIED ELECTROCH
[NiOH]+ was due to the loss of the carbon monoxide
molecule [39].

X-ray Diffraction
The crystal size of the crystallization of the com-

plex was determined using the Debye–Scherer equa-
tion borrowed from the XRD diffraction for the diag-
nosis of PTUNi [32, 37, 41]:

(1)

where D is the crystallite size (nm), λ is the X-ray
wavelength (0.15406 nm for CuKα), K is the Scherer
constant (0.9) that depends on the shape of a crystal, β
is the full width at half maximum of intensity, and θ is
the Bragg angle, Fig. 5 shows XRD spectrum for
PTUNi with a sharp peak at 2θ = 31.5999°, β =
0.00872 radian, and D = 16.6261 nm. As it was
observed from the crystal size of the crystallized com-
plex, it has the nano structure.

Thermogravimetric with Derivative 
Thermogravimetry Analysis

Thermal stability of any material is known as the
change in the weight of the material as a function of
temperature or the change in the weight of the material
as a function of time with a constant temperature and
can be expressed in several ways.

The geothermal analysis of the complex PTUNi
prepared in this study was carried out using thermo-
gravimetric analysis with derivative thermogravimetry
(TGA-DTG) technique with a range of temperatures
(25–700°C) with a heating rate of 50°C/min in the
presence of an inert atmosphere of nitrogen gas, at a
flow rate of 30 mL/min. Through this technique,

λ ,
β cos θ

KD =
EMISTRY  Vol. 57  No. 5  2021
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Fig. 2. FTIR spectrum of PTUNi complex.
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some thermal functions were calculated, such as the
stages of dissociation of the material, the temperature
at which the material disintegrates, the dissociation
rate, in addition to the remainder after the dissolution
process.

In Fig. 6, the TGA and DTG pyrolysis curves show
that the complex passed through four dissociation
stages.

First stage—at a temperature of 115.55°C, which
can be attributed to moisture or solvent residues, the
second one—at 236.62°C, the third one—at 276.97°C,
and the last one—at 578.69°C.

The value of  at a temperature of 274°C and the
value of the residue at a temperature of 600°C was
62.66%, and the dissociation rate was 2.867%/min. As
the follow-up of the disintegration phases, the per-
centage went down by approximately 38%. The disin-
tegration of two thiourea ligands resulted in the release
of nitrogen, carbon, and hydrogen gases [42, 43].

*
sT
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Fig. 3. UV-visible spectrum of PTUNi complex.
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Preparation of Working Electrode
In this experiment, a 75 mL vessel was connected to

three electrodes: a platinum electrode, a carbon steel
specimen, and a saturated calomel electrode, which
served as counter, working, and reference electrodes,
respectively. Using the electrochemical process, five
concentrations of the PTUNi complex (1, 2, 3, 4, and
5 ppm) were prepared to investigate the effect of the
complex concentrations on the corrosion of the C1010
alloy surface at 298 K (Tafel plot method). The effect
of temperature on the corrosion reaction in the pres-
ence and the absence of both the optimal and the max-
imal PTUNi concentrations was studied at 298, 308,
318, and 328 K in 0.1 M HCl as corrosive agent.

RESULTS AND DISCUSSION
Figure 7 show Tafel plots for five concentrations of

the PTUNi complex relative to blank in 0.1 M HCl.
The electrochemical data were summarized in

Table 4 below.
As the Table 4 above shows, the inhibition effi-

ciency (IE%) is 95.23% at a concentration of 3 ppm,
i.e., it is the optimal concentration, and the efficiency
was calculated by the following equation as borrowed
from [44]:

(2)

where CRuninhib and CRinhib are the corrosion rates of
the C1010 alloy in the absence and the presence of the
inhibitor, respectively. As in Table 4, no significant
difference in the inhibition efficiency at higher con-
centrations of the inhibitor were registered, which
means that the inhibitor tends to be well adsorbed at all
these five concentrations, with those of 3 and 5 ppm
being considered as the optimal and the minimal con-
centrations, respectively.

uninhib inhib

uninhib

% 100,CR CRIE
CR

−= ×
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Table 3. Magnetic susceptibility of PTUNi complex

Complex M. Wt. μeff Shape Oxidation state

PTUNi 374.69 2.0 Tetrahedral +2
Table 4 shows that the presence of the complex
PTUNi lowered the corrosion rate of the surface of the
C1010 alloy at all concentrations as compared to the
blank HCl solution because the corrosion current den-
sity decreased and the resistance polarization of the
alloy increased [45, 46].

The corrosion current in the presence of the inhib-
itor decreased to 32.18 μA cm–2 and the corrosion rate
to 14.90 mpy. At the optimum concentration of 3 ppm,
the inhibition efficiency of 95.23% was the highest;
the area of the layer covering the surface of the alloy
with the inhibitor θ = 0.9523, too, and the polarization
resistance of the alloy in the presence of this inhibitor
reached 559.28 Ω cm2 compared to the respective val-
ues in the corrosive medium without the inhibitor. An
increase in the inhibitor concentration causes a slight
increase in the inhibition efficiency to the optimal
concentration of 3 ppm, and then the value decreases
by a small amount, and the area covered by the inhib-
itor becomes the lowest (θ = 0.9142) since the inhibi-
tion efficiency became also the lowest (91.42%).

The spatial shape of the complex PTUNi is to
blame for a small decrease in the values of inhibition
efficiency in the presence of this inhibitor. Ecorr values
changed by less than 89 mV as compared to the null,
indicating that the inhibitor analyzed here is a mixed
inhibitor [47, 48]; since both βa and βc values shifted
compared with those in the blank specimen, it can be
concluded that the anodic dissolution in the anode
and the hydrogen evolution in the cathode were con-
trolled [49]. Figure 8 explained the relation between
these data and the concentrations of the inhibitor.
SURFACE ENGINEERING AND APPLIED ELECTROCH

Fig. 4. Mass spectrum
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Adsorption Behavior of PTUNi Complex on C1010 
Surface

The effect of the adsorption film for the described
complex on the surface of the mentioned alloy was
investigated using various adsorption isotherms such
as the Langmuir, Freundlich, Timken, Florry-Hugin,
and Frumkin ones. The Langmuir adsorption iso-
therm best suit the experimental results. Equation (3)
(borrowed from) is the equation that gives a regression
coefficient R2 near unity [50–53]:

(3)

where C is the molar concentration of PTUNi, Kads is
the equilibrium constant of adsorption, and θ is the
surface coverage area by the inhibitor calculated
according to Eq. (4) as borrowed from [44]:

(4)

Figure 9 shows the Langmuir adsorption isotherm
where the equilibrium constant was calculated from
the intercept of Eq. (3):

Thus, the standard free energy of adsorption 
in kJ mol–1 can be calculated depending upon the
equilbrium constant of adsorption according to Eq. (5)
as borrowed from [52–54]:

(5)

ads

1 ,
θ
c C

K
= +

uninhib inhib

uninhib

θ .CR CR
CR

−=

adsG°Δ

ads adsln 55.5 ,G RT K°Δ = −
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Fig. 5. XRD spectrum of PTUNi complex.
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Fig. 6. TGA and DTG pyrolysis curves.
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Fig. 7. Tafel plots for carbon steel alloy C1010 in presence
of different concentrations of PTUNi complex at 298K.

–0.8

–0.6

–0.7

–0.5

10–210–5 10–310–410–6

I, μA cm–2

1 ppm
2 ppm
3 ppm
4 ppm
5 ppm

Po
te

nt
ia

l, 
V

where R is the universal gas equal to 8.314 J K–1 mol–1.
T is the absolute temperature in K, and the value 55.5
is the molar concentration of the water molecules in
the corrosive medium. In addition, the standard

enthalpy of adsorption  in kJ mol–1 is calculatedadsH °Δ
SURFACE ENGINEERING AND APP
according to the Van’t Hoff equation (Eq. (6) below)
as borrowed from [43]:

(6)

where Kads was calculated for 3 and 5 ppm as the opti-
mal and maximal concentratios i.e., the concentration
with higher and lower inhibition effeciency respec-
tively. Figures 10 and 11 showed the plotting of the

relationship between  to give the

straight line with slope equal to 

All thermodynamic functions were summarized in
Table 5 below.

Table 5 shows that as the temperature rose, the
adsorption equilibrium constant decreased, indicating
that the process was by desorption rather than adsorp-
tion. At all temperatures, the adsorption process was
spontaneous, but it slowed as the temperature rose.

Adsorption is physisorption if the value is less than
40.0 kJ mol–1, but chemisorption if the value is greater
than 100.0 kJ mol–1 [56–58]. Since the emulsion
adsorption values are in the middle of those two
ranges. The adsorption of the inhibitor under investi-
gation is a combination of chemical and physical
adsorptions, with a higher proportion of chemical
adsorption. The negative adsorption free energy values

 indicate that the adsorption mechanism is auto-
matic (spontaneous) [59]. In other words, the inhibi-
tor appears to be adsorbed on the alloy surface, form-
ing an adsorbent layer that inhibits corrosion. At the
optimum concentration of PTUNi, the adsorption
equilibrium constant Kads increases at higher tempera-
tures and decreases at its maximal concentration.

Also, the value of the enthalpy adsorption of the
PTUNi complex at the optimum concentration is
noted to be R2 = 0.3441 due to the stability of the value
of the damping efficiency at the first three tempera-
tures, and then there is a significant drop in the damp-
ing efficiency at 328 K.

Study of Effect of Temperature on Corrosion Rate
of C1010 Alloy

The effect of temperature on the corrosion reaction
on the surface of the mentioned alloy was studied at
298, 308, 318, and 328 K by using Tafel plots at the
optimal concentration (3 ppm) and at the maximal
one (5 ppm) as in Figs. 12, 13, and 14. Thus, an elec-
trochemical data for both cases were obtained and
summerized in Tabel 6.

As shown in Table 6, The PTUNi complex works
best at a concentration of 3 ppm, and the inhibitor can
keep its inhibition efficiency between 298 and 318 K.

ads
ads

1ln constant ,HK
R T

 °Δ= −   
 

ads
1ln againstK
T

ads .H
R

 °−Δ
  
 

adsG°Δ
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Table 5. Standard thermodynamic functions for adsorption of the PTUNi inhibitor on the surface of C1010 alloy

Comp. C × 10–6,
mol L–1

Temp.,
K

Kads × 106,
L mol–1 kJ mol–1 kJ mol–1

R2

PTUNi

8.01

298 2.49 –46.44

–48.72 0.3441
PTUNi 308 2.51 –48.02

PTUNi 318 2.97 –50.02

PTUNi 328 0.19 –44.10

PTUNi

13.4

298 0.80 –43.63

–75.00 0.9390
PTUNi 308 0.27 –42.31

PTUNi 318 0.11 –41.31

PTUNi 328 0.07 –41.38

ads,G°Δ ads,HΔ �

Table 4. At 298K, electrochemical data for corrosion of the C1010 alloy surface in the presence of various concentrations of
PTUNi compared to a void

Comp. Conc.,
ppm

Ecorr,
mV

βa,
mV

βc,
mV

Rp,
Ω cm2

Icorr,
μA cm–2

CR,
mpy IE% θ

HCl 3650 –659 171.27 –333.06 26.28 685.06 317.23 – –
PTUNi 1 –686 237.2 –214.33 513.5 35.05 16.23 94.82 0.9482

2 –667 307.6 –251.29 492.07 36.58 16.94 94.59 0.9459
3 –700 251.29 –226.06 559.28 32.18 14.90 95.23 0.9523
4 –671 480.41 –484.6 366.51 49.11 22.74 92.76 0.9276
5 –704 597.51 –1001.3 308.64 58.32 27.00 91.42 0.9142
As the temperature reaches 328 K, the damping’s per-
formance plummets, as it is observed that the values of
the corrosion rate and the corrosion current at the
mentioned temperatures are close, but the values of the
corrosion rate changed from 14.90 to 350.85 mpy and pf
the corrosion current from 32.18 to 757.60 μA cm–2, and
the polarization resistance decreased from 559.28 to
23.75 Ω cm2 when the temperature rises from 298 to
328 K. At the biggest concentration, the decrease is
evident and regular.
SURFACE ENGINEERING AND APPLIED ELECTROCH

Fig. 8. Relation between inhibitor concentration and elec-
trochemical data for C1010 surface.
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As the rate of corrosion and the corrosion current
have increased their values within this range of tem-
peratures from (27) mpy, (58.32) μA cm–2 to (460.73)
mpy, (994.92) μA cm–2 in presence of 5 ppm of the
inhibitor. The polarization resistance has decreased
from 308.64 to 18.09 Ω cm2, also the damper has dual
behavior in the optimum and highest concentrations
in spite of the high temperature, but in the case of the
optimal concentration, the values of the anode and
cathode indicate the maintenance of control over the
EMISTRY  Vol. 57  No. 5  2021

Fig. 9. Langmuir adsorption isotherm for PTUNi on
C1010 surface.

5.0E–06

1.0E–05

1.5E–05

y = 1.0622x – 8E–09
R2 = 0.9978

1.5E–055.0E–06 1.0E–050
C, mol L–1

C
/θ

, m
ol

 L
–

1



602

SURFACE ENGINEERING AND APPLIED ELECTROCHEMISTRY  Vol. 57  No. 5  2021

ISRAA M. AL-JUBANAWI et al.

Fig. 10. Calculation of standard enthalpy of adsorption of
3 ppm (optimal conc.) of PTUNi on C1010 surface by
Van’t Hoff equation.
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Fig. 11. Calculation of standard enthalpy of adsorption of
5 ppm (maximal conc.) of PTUNi on C1010 surface by
Van’t Hoff equation.
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Fig. 12. Tafel plots for C1010 in presence of corrosive envi-
ronment of 0.10 M HCl at different temperatures.
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Fig. 13. Tafel plots for C1010 in presence of optimal con-
centration (3 ppm) of PTUNi at different temperatures.
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Table 6. Electrochemical evidence for corrosion of C1010 surfaces in the presence of optimal (3 ppm) and maximum
(5 ppm) PTUNi concentrations at various temperatures relative to the blank (3650 ppm)

Comp. Conc.,
ppm Temp., K

Ecorr,
mV

βa,
mV

βc,
mV

Rct,
Ω cm2

Icorr,
μA Cm–2

CR,
mpy IE% θ

HCl 3650 298 –659 171.27 –333.06 26.28 685.06 317.23 –
HCl 308 –670 370.54 –825.15 21.86 823.32 381.26 –
HCl 318 –674 56.45 –186.37 15.87 1132.1 525.16 –
HCl 328 –678 193.53 –1165.40 9.41 1912.3 885.45 –
PTUNi 3 298 –700 251.29 –226.06 559.28 32.18 14.90 95.23 0.9523
PTUNi 3 308 –691 421.88 –329.11 471.09 38.20 17.69 95.26 0.9526
PTUNi 3 318 –690 613.31 –349.93 412.42 43.64 20.21 95.96 0.9596
PTUNi 3 328 –695 331.60 –454.13 23.75 757.60 350.85 60.41 0.6041
PTUNi 5 298 –704 597.51 –1001.3 308.64 58.32 27.00 91.42 0.9142
PTUNi 5 308 –712 351.99 –372.38 101.43 177.46 82.18 78.36 0.7836
PTUNi 5 318 –702 332.81 –341.39 39.69 453.50 210.00 59.88 0.5988
PTUNi 5 328 –694 116.97 –210.84 18.09 994.92 460.73 47.99 0.4799
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Fig. 14. Tafel plots for C1010 in presence of maximal con-
centration (5 ppm) of PTUNi at different temperatures.
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Fig. 15. Effect of temperature on electrochemical parame-
ters of C1010 in absence of inhibitor.
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Fig. 16. Effect of temperature on electrochemical parame-
ters of C1010 alloy in presence of optimal concentration
(3 ppm).
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Fig. 17. Effect of temperature on electrochemical parame-
ters of C1010 in presence of maximal concentration
(5 ppm) of PTUNi.
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anode and cathode reaction mechanisms up to 328 K,
unlike in the case of the higher concentration, then
these values decrease, which indicates a loss of control
over the two reactions mentioned [55]. In comparison
to the decrease in IE% at the optimum concentration
with rising temperature within the aforementioned
thermal range, a substantial decrease is also observed.

As a result, using the ideal PTUNi concentration of
3 ppm is preferred. The values of the Tafel anode and
cathode constants are changing in both cases, and
there is a decrease, indicating a reduction in the con-
trol mechanisms of the anode and cathode reactions
[45, 60]. In Figs. 15, 16 and 17 the effect of tempera-
ture on the corrosion rate and other electrochemical
parameters is shown.

CONCLUSIONS

(1) The nickel complex PTUNi has a tetrahedral
geometrical shape and is paramagnetic, which con-
firms the replacement of two ligands from thiourea
versus one ligand of phthalates.
SURFACE ENGINEERING AND APPLIED ELECTROCH
(2) The nickel complex PTUNi can be used as cor-
rosion inhibitor for corrosive environment of 0.1 M of
HCl at a quite low concentration, i.e., 3 ppm, with the
efficiency of 95.23%; and it behaves as mixed inhibitor.

(3) The inhibitor PTUNi raised the activation
energy for the corrosion reaction on the surface of
C1010 alloy.

(4) The mechanism of hydrogen evolution in the
cathode and anodic dissolution can be controlled in
the presence of this inhibitor.
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