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Abstract
The influence of tetraethanol-β-octadecenyl succinylamide (TOSA) on the corrosion of steel in H2S04

and HC1 solutions of divers concentrations has been studied using gravimetrical, electrochemical and
polarization corrosion test methods. It has been observed that the TOSA behaves as an inhibitor of molecu-
lar active cathodic type and has inhibition effect at the beginning stage of corrosion in both acids, but more
effectively in H2S04. It is shown that the inhibition effect of the TOSA increases with temperature increas-
ing from 91 % at 20°C to 100 % at 80°C in 0.5 N H2S04 solution and decreases with temperature increasing
for higher concentrations of acid solutions. From obtained electrocapillary curves it is evidenced that the
TOSA is a primarily additive of molecular type (insignificant shift of the maximum to the positive side on
the curves). Moreover, it is surface active compound those superficial strength substantially decreases in
H2S04 (30 dyn/cm) and HCl (34.9 dyn/cm) solutions. It has been shown that the TOSA has a high protection
effect and high formation rate of adsorption layer on the metal surface in H2S04 (ψ = 96.4 % and τ = 8.0
min) and HC1 (ψ = 91.5 % and τ = 4.0 min).
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Introduction

The metal corrosion problem is getting the most
urgent actuality due to the constant extending of in-
dustrial applications of metal articles and equipment
in marine petrol mining, especially in the Caspian
marine shelf.

It is known that the use of functional organic in-
hibitors is a very effective method for anticorrosive
protection of metal surfaces contacting with corrosive
acid solutions. Early the inhibitor properties of organic
nitrogen-containing compounds in the solution of
divers mineral acids were studied [1-4].

It was shown that some N-containing organic
compounds such as pyridine and its derivatives [5],
4-phenyl thiosemicarbazide [6], alkylene di(tri or
tetra)amines [7], aromatic and heterocyclic amines [8],
pyrimidine derivatives [9], izomers of aminobenzoic
acid [10], and others [11-15] could be used as metal
corrosion inhibitors in acid solutions.

The objective of this work is to study mechanism
of inhibition effect of tetraethanol-P-octadecenyl
succinylamide (TOSA), as corrosion inhibitor of low
carbon steel in the mineral acid (HC1 and H

2
SO

4
)

solutions and to determine optimum conditions of their
use including effects of temperature and concentrations
of studied acids and inhibitor.

Experimental

Materials

The samples of Steel-3 containing 0.28 % C, 0.26 %
Si, 0.42 % Mn, 0.024 % P and 0.03 % S before use
were ground, refined by ethanol and dried in vacuum
exsiccator. The 0.5-5.0 % solutions of chloride and
sulfuric acids as a working environment were used.
The initial N-containing functional organic compound
of TOSA

n−C15H29−CH=CH−CH2−CH−CON(CH2CH2OH)2

                                        CH2−CON(CH2CH20H)2

used as an inhibitor was synthesized by the known
method [16].

Measurements

For quantitative assessment of studied inhibitor
efficiency the gravimetrical, electrochemical and po-
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larization corrosion test methods were used [17-21].
The gravimetry measurements were carried out at 20-
80°C by using planning experimental data method.

The polarization measurements were carried out
in the galvanization conditions. The working surface
of steel samples was 10 cm2. The non-working sur-
face was insulated with epoxide resin ED-5. The den-
sity of polarized electrodes was measured at 0.001-
6.0 mA/cm2.

The adsorption rate of studied inhibitor on the steel
surface was determined by electrochemical polariza-
tion method on the base values of measured polariza-
tion current in accordance with scheme of the plant
presented in the Fig. 1. As a value (θ, mA×h) identi-
fying corrosion starting period in no-inhibitor and in-
hibitor conditions there was used the following equa-
tion:

no-inhibitor and inhibitor conditions.
To determine surface activity of studied inhibitor

(σ) and state of its molecules on the electrode surface
of electrolyte, the electrocapillary curves were recorded
with capillary electrometer [22]. The σ value was
calculated by following equation:

σ =g×r/2[(h1 – h2)dHg - (hp – h2)dp]

where h1 (30 cm) is a distance between the end of
capillary and upper part of Hg (cm), h2  is a distance
between the end of capillary and lower part of Hg
(cm), hp is a height of immersed part of capillary (cm),
dp is a density of solution (g/cm3), dHg is a density of
Hg (g/cm3), r is a radius of capillary (µm), g is a gravi-
tational acceleration.

The differential capacity of electrodes was
measured with electrical resistor of alternating current
(P-568) at 10 kHz frequency where any dispersion
was appeared. To determine adsorption characteristics
of studied inhibitor the adsorption isotherms were used.
Assuming mono-molecular adsorption in calculation
of saturation degree (ϕ) of metal surface with inhibi-
tor, the values of electrode capacity were obtained and
following known equation [23] was used:

ϕ=(C0-Ci)/(C0-C∞)      (4)

where C0, Ci and C∞ are capacities of electrode in the
blank solution, at given and breaking concentrations
of inhibitor.

Results and discussion

The TOSA inhibitor efficiency was determined by
study of the influence of following external factors on
the surface properties of steel in acid solutions: (1)
temperature, (2) concentration of corrosion solution,
(3) concentration of inhibitor, and (4) type of corrosion
solution, i.e., anionic composition of acid solution.
The levels of these factors and the intervals of their
variations for studied inhibitor are presented in Table 1.

At constant values of levels of X1, X2 and X4 fac-
tors for all inhibitors the levels of X3 factor were
changed in the dependence on the following effective
concentrations obtained for TOSA inhibitor: 1.8.10-4

- 1.8.10-3 mol/L. After statistical analysis of experi-
mental results for given inhibitor accomplished, the
following equation for inhibitor efficiency (ψ) was
obtained:

ψTOSA= 68.6-3.6X1-13.5X2-13.9X3+
      5.7X4-8.0X1X3 + 6.0X3X3

(1)

where I is a value of polarization current (mA) at given
difference of potentials (Vc -Va = const) and τ is a
beginning inhibition time (min).

Fig. 1. Sheme of the plant for according of polarity
characteristics of steel surface in absence and presence of
inhibitors: 1- feed spring , 2 - resistance, 3 - key, 4 - steel
eletrode, 5 - additional electrode, 6 - compared calomel
electrode, 7 - potentiometer and 8 - milli-ammeter.

As a criterion of inhibitor efficiency in the starting
period of corrosion there was used protection effect
values (ψ, %) determined by following equation:

ψ/100=Q0-Qn/Q0

where: Q0 and Qn are amounts of electricity between
electrodes at given value of potentials during τ time

(2)

(3)

∫=
τ

ττθ
0

)( dI

(5)
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As is evident from this equation the concentration
of inhibitor (X3) exerts essential influence on the pro-
tection properties of the TOSA inhibitor; the increase
of its concentration in the electrolyte causes growth
of its efficiency. The temperature of corrosion solu-
tion (X1) also exerts essential influence on the inhibi-
tor efficiency.

The increase of temperature exerts negative
influence on the protection properties of the TOSA
inhibitor. The essential changes for TOSA inhibitor
were observed that could be explained by formation
of monomolecular film layer of this inhibitor on the
surface of steel which was kept on the surface due to
the physical and chemical adsorption. The high value
of effective energy of activation (Ea) found from the
plots of corrosion rate vs. reverse value of tempera-
ture (Fig. 2) confirms this fact. The Ea values for stud-
ied inhibitor were determined in the various conditions.
The obtained results are shown in Table 2.

Table 1
The levels of factors and their variation intervals for studied TOSA inhibitor

srotcaF srotcaFfokraM
eveL sl tcaFfo sro

avretnI sl raVfo ai snoit
−I 0 I+

noisorrocfoerutarepmeT
)C°(aidem

X1 02 05 08 03

)N(dicafonoitartnecnoC X2 5.0 57.2 0.5 52.2

)L/gm(rotibihnifonoitartnecnoC X3 001 055 0001 054

dicafoepyT X4 1CH - H2 0S 4 -

dicA oc cn noitartne
)N(

Ea ocrof)lom/lack( rr so oi nin

noitulosdicA
ASOT

)L/gm0001(

H(5.0 2 0S 4)
0.1
0.2
0.3
0.4
0.5

4.11
1.21
8.11
3.21
8.11
3.21

6.4
2.8
0.21
1.51
9.51
1.71

)lCH(5.0
0.1
0.2
0.3
0.4
0.5

7.31
5.41
3.41
5.41
2.41
7.31

9.11
8.41
2.41
5.61
1.51
1.02

Table 2
The values of effectivite activation energy (Ea) of steel

corrosion in acid and inhibited acid solutions

Fig. 2. Arrhenius plots of corrosion rate log (Rc) vs. 1/T
to determine effective activation energy (Ea) at divers
concentrations of acid solutions: (-ο-) 0.5 N, (-•-) 1.0 N,
(-∆-) 2.0 N, (-∇-) 3.0 N, (-[]-) 4.0 N and (-×-) 5.0 N;
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The influence of temperature factor is correlated
with the following experimental data: Inhibition ef-
fect increases with temperature increasing from 91
% at 20°C to 100 % at 80°C in the 0.5 N H2S04

solution. The inhibition effect decreases with tem-
perature increasing for higher concentrations of

acid solution (Table 3). It is shown that the inhibi-
tor efficiency decreases with solution corrosiveness
increasing. The TOSA inhibitor is more efficient
in sulfuric acid solutions in comparison with
chloride acid, and shows more stable protection
properties at 20°C.

Table 3
Dependence of the efficiency of TOSA inhibitor (ψ) on temperature and concentrations

of inhibitor, H2S04 and HCl acid solutions

Afterwards, the surface activity of the inhibitor and
the state of its molecules in electrolyte at electrode
layer were studied. For this purpose the electro-
capillary curves were recorded, those results of which
are given in Fig. 3. The comparative analysis of these
curves and curves of initial solutions shows that the
studied inhibitor is a surface active compound those
superficial strength substantially decreases a in H2S04

and HCl solutions. The difference of superficial
strength (∆σ) for the TOSA close to the corrosion ϕ-
potentials of Fe has following values: 30 and 34.9
dyn/cm in 0.5 N H2S04 and HC1 solutions.

The shift of the maximum on the observed
electrocapillary curves allows to get to understanding
type of adsorption and orientation of inhibitor mol-
ecules in the Hg-solution interface. The TOSA inhibi-
tor is primary the additive of molecular type showing
an insignificant shift of the maximum to the positive
potentials on the curves (Fig. 3). It is known that the
shift of maximum can be caused by polar organic

compounds as well as by additives of ionic type [24].
The analogous specific adsorption of some N-
containing compounds noted for Fe corrosion in acid
solutions was observed by Hackerman and Hurd [25].

The ϕ - scale potentials allow to use surface activ-
ity data obtained on the Hg for interpretation of ad-
sorption properties on the Fe. The obtained adsorp-
tion characteristics of surface activity (σ) and inhibi-
tion rates of corrosion (γ) for the TOSA inhibitor in
acid solutions are: σ = 396 dyn/cm, ∆σ- = 30.0 dyn/cm
and γ = 11.6 in 0.5 N H2S04 solution (ϕHg = -0.1 V),
σ = 392 dyn/cm, ∆σ = 34.9 dyn/cm and γ = 5.0 in 0.5
N HCl solution (ϕHg = -0.2 V).

As is evidenced from these data there is a parallel-
ism between adsorption of the TOSA inhibitor on the
Hg and its protection effect on Fe in H2S04 (γ = 11.6)
and in HCl (γ = 5.0).

Then, the inhibition effect of the TOSA at the be-
ginning stage of steel corrosion was studied. The
necessity of this study is conditioned by known fact

cdicA noitartnecno
)N(

ψ )%(

1x]ASOT[rotibihnifonoitartnecnoC 03 ta)L/lom(

C°02 C°04 C°06 C°08

81.0 29.0 8.1 81.0 29.0 8.1 81.0 29.0 8.1 81.0 29.0 8.1

H( 2 0S 4) 5.0
0.1
0.2
0.3
0.4
0.5

5.57
2.37
8.76
7.26
7.75
5.25

6.28
4.18
5.87
5.87
0.37
2.07

3.19
4.19
7.19
7.19
1.29
3.29

5.87
1.57
2.76
2.76
5.25
7.44

5.58
8.28
9.77
7.27
8.76
5.26

3.49
3.39
0.19
9.88
9.68
5.48

3.18
9.67
6.66
7.65
9.64
1.73

4.88
1.79
3.48
4.19
6.48
1.59

7.96
8.58
8.35
8.66
2.26
3.18

0.77
7.58
9.27
0.08
2.37
7.38

3.85
4.47
4.24
4.55
8.05
9.96

001
0.79
8.98
9.28
1.67
1.96

5.0)lCH(
0.1
0.2
0.3
0.4
0.5

1.46
8.16
4.65
3.15
3.64
1.14

1.17
0.07
1.76
3.46
6.16
8.85

9.97
0.08
3.08
4.08
8.08
9.08

1.76
7.36
8.55
3.84
1.14
3.33

1.47
4.17
5.66
4.16
4.65
1.15

9.28
9.18
6.97
5.77
5.57
1.37

9.96
5.56
2.55
3.54
5.53
7.52

8.87
5.68
2.77
4.09
9.56
6.67

7.14
0.75
8.45
9.67
3.92
0.74

4.76
1.57
8.56
0.97
5.45
2.56

3.03
6.54
4.34
5.56
9.71
6.53

7.88
6.58
4.87
5.17
7.46
7.75
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that the most extent of corrosion destruction processes
is noted exactly at the beginning stage of contact be-
tween metal surface and corrosive media.

The obtained experimental results are presented in
Table 4. It is shown that the TOSA inhibitor have the
most protection effects and higher formation rate of
adsorption layer on the metal surface in H2S04 (ψ =
96.4 % and τ = 8.0 min) and in HC1 (ψ = 91.5 % and
τ = 4.0 min). As is obvious from the data of Table 5
the low concentration of TOSA inhibitor in 0.5 N
H2S04 does not provide stable inhibition at the begin-
ning  stage  of corrosion. However, increase in TOSA

Fig. 3. Electrocapillary curves of the TOSA inhibitor in (a) 0.5 N  H2S04 and
         (b) 0.5 N HCl solutions at [TOSA] = 0.0 (-•-) and 3.7.10-3 mol/L (-o-).

concentration (9.2.10-4 mol/L) provide 91.8 % pro-
tection during 20 min. Further increase in concentra-
tion (to 3.7.10-3 mol/L) causes a substantial decreases
in formation time of the adsorption layer (to 8 min)
and increases in the protection effect (95.4 %). The
transfer from sulfuric acid to HCl also considerably
decreases the formation time of the adsorption layer.
The high adsorption of surface active organic
compound on the steel electrode surface can be ex-
plained by specific adsorption power of Cl

−
 anions

with negative charge increasing of electrode surface.
The increase in H2S04 concentration from 1.0 N to

Table 4
Adsorption rate (θ) and protection effect (ψ and τ) of inhibitor at its divers concentrations

]ASOT[ × 01 3

)L/lom(

HN5.0 2 OS 4 noitulos noitulos1CHN5.0

θ am( × )h ψ )%( τ )nim( θ am( × )h ψ )%( τ )nim(

55.0 3.122 2.57 - 4.05 2.07 0.6

29.0 9.411 1.78 02 6.82 0.38 0.6

08.1 0.77 4.19 31 2.81 2.98 0.4

07.3 9.04 4.59 8 4.41 5.19 0.4

02.9 6.63 9.59 8 - - -

00.00 2.398 - - 2.961 - -
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2.0 N does not change protection efficiency of inhibi-
tor and has rather high value (Table 5). The protec-
tion properties of inhibitor change no either in the high
concentration of HC1 and the electrochemical
corrosion rate has a tendency to decrease. However,

tion efficiency of its molecules on the metal-elec-
trolyte interface, the field of adsorption potentials
of the inhibitors and the interfacial interactions with
metal surface excite interest to further thorough
investigation.

The plots of differential capacity vs. adsorption
potential for divers TOSA inhibitor concentrations in
H2S04 and HCl solutions are presented in Fig.4. As is
evident from Fig.4 data the capacity is approximately
up to 24.0 mkf/cm2 in the blank solution (0.5 N H2S04

and 0.5 N HCl) while this parameter is substantially
decreased by addition of inhibitor to the studied sys-
tem. The minimum value of capacity in H2S04 solu-
tion is somewhat lower than in HCl solution and ad-
sorption potential field is shifted to the negative side.
The field of inhibitor adsorption in HCl solution is
extended in the anode field and the desorption come
at -0.05 V potential against -0.2 V for H2S04 solu-
tion. This fact can be explained by the well known
additional specific adsorption effect of surface active
chlor-anions in HCl solutions [27,28].

The adsorption parameters of inhibitor layer were
calculated on the base of capacity measurements. The
values of adsorption properties of studied inhibitor,
such as adsorption equilibrium constant (Ka) and at-
traction constant (A), were calculated by following

known equation [24]:

KaI = ϕ/ (1- ϕ) exp [-2Aϕ]

where I is a concentration of TOSA initiator (mol/L)
and ϕ is a saturation degree of electrode surface (%)
which is determined by following equation:

ϕ = (1/f) ln[(l + Ka(max)I)/( 1 + Ka(min)I)]  (7)

where f is a factor associated with a heterogeneous
surface, Ka(max) and Ka(min) are adsorption equilibrium
constants corresponding to the maximum and
minimum values of adsorption energy respectively.

The obtained TOSA adsorption parameters have
the following values: Ka = 13.6 and A = 4.4 in 0.5 N
H2S04 solution and Ka = 3384 and A = 0.36 in 0.5 N
HC1 solution. As is evidenced from these values, the
attraction constant A has positive values in both acid
solutions that is associated with intermolecular attrac-
tion force of adsorption molecules of the inhibitor. The
TOSA inhibitor forms more compact (ϕ = 98 %) and
dense (A = 4.4) surface film in H2S04 and ensures
high inhibition effect on corrosion intensity of the steel
with temperature increase.

The TOSA adsorption ability conforms to its effi-

Table 5
Adsorption rate (θ) and protection effect (ψ and τ) of

TOSA inhibitor at divers concentrations of acids solution

the increase in HCl concentration from 1.0 N to higher
ones increases τ value where the stable inhibition is
nearly in three time as much (τ = 19.5 min in 1.0 N
HCl). At the same time it the inhibitor decreases in
protection efficiency of (ψ = 75.4 % in 5.0 N HCl,
Table 5).

The results of this study show that the inhibitor of
molecular active type, as the TOSA one, has high in-
hibition effect at the beginning stage of protection layer
formation.

It is well known that the adsorption of the organic
polar compounds on the metal-solution interface is a
necessary condition of their inhibition effect in metal
corrosion processes [24]. The surface of metal (Fe)
electrode has a positive charge in H2S04 solutions.
However, the electrode potential has slightly negative
charge in accordance with ϕ-scale in the case of HC1
solutions [26]. Taking into consideration the observed
fact that the inhibition effect of N-containing
compound such as the TOSA, reduce the adsorp-

(6)

noitartnecnoC
sdicafo

]ASOT[ × 01 3 )L/lom7.3(

)N( θ Am( × )h θ Am( × )h ψ )%( τ )nim(

H2S04

0.1 029 3.94 6.49 31

0.2 2751 4.29 1.49 71

0.3 4771 0.041 1.29 03-9

0.4 7791 0.102 9.98 12-21

0.5 9591 0.162 7.68 -

lCH

0.1 382 9.93 0.68 21

0.2 513 4.54 5.58 51

0.3 604 6.24 5.98 81

0.4 325 5.55 4.98 12

0.5 495 3.28 1.68 61
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ciency of anti-corrosion protection in corrosion pro-
cesses. The TOSA as a molecular additive showing
higher effects of protection considerably reduce the

capacity of double layer on the steel surface.

Conclusion

Surface active functional N-containing compound
of TOSA is effective cathodic inhibitor of carbonized
steel corrosion in H2S04 and HCl solutions, being more
efficient in H2S04.

TOSA inhibitor shows the most protection effects
and higher formation rate of adsorption layer on the
metal surface in H2S04 (ψ = 96.4% and τ = 8.0 min)
and in HC1 (ψ = 91.5 % and τ = 4.0 min).

TOSA inhibitor enhances protection properties of
adsorption layer with increase in the concentrations
of both acids and inhibitors in corrosive solution.

TOSA inhibitor forms more compact (ϕ = 98 %)

and dense (A = 4.4) surface film in H2S04 and ensures
higher inhibition effect on steel corrosion with tem-
perature increasing; the protective effect of the TOSA
inhibitor increases with temperature increasing that
is correlated with chemical nature of its adsorption
ability on the steel surface.
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