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TABLE—2, Thermodynamic data for nitriles obtained from experimental adsorption isotherms.

Nitrile a K(M™Y) AG®q, (kKJ mol~1)
PN -1.7 365 —25.0
SN —1.0 26903 —358
BN —2.6 59874 —37.8
AcN +1.4 2440 —29.8

Polarization Behaviour

To gain some information regarding the mechanism of inbibition of these compounds,
potentiodynamic polarization data of steel in sulphuric acid solutions containing a fixed amount
of these compounds were collected. Figure-4 gives a plot of the logarithmic current density
versus the potential change when steel specimens were reacted with 1.0 M H,S0O, in absence
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Figure—4. Polarization curves of steel in 1.0 M HyS0, in the absence and in presence of nitriles.
(O) H:504, (@) PN, () SN, () 4cN and (W) BN.
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and presence of 0.01 M of PN, SN, AcN and BN. Inspection of this figure shows that the
inhibitors affect both the cathodic and anodic overpotentials with a more pronounced
effect of the cathodic curves. This shows thatthe inhibitors affect both hydrogen evolution and
anodic dissolution processes, and that the compounds act as mixedtype inhibitors. The shift
of the cathodic Tafel line of steel by these compounds follows the order PN< AcN~=SN<BN.
This order is in agreement with that obtained from gasometry technique for the order of
change of inhibition efficiency. Table-3 gives the cathodic Tafel constants “B,” for steel in
1.0 M H,S0, in absence and presence of 0.01 M of the studied nitriles. It appears that the
slopes of the cathodic Tafel lines are approximately constant, which suggests that the inhi-
biting action of the nitriles occurs by simple blocking of the available surface. In other
words, the inhibitors decrease the surface area available for the hydrogen evolution without
affecting the reaction mechanism.

TABLE—3. Cathodic Tafel constants (8,)for steel in 1.0 M H3S0, in the absence and in presence of
0.01 M nitriles.

Nitrile —_—— PN SN BN AcN
B.(V[decade) 0.125 0.125 0.135 0.150 0.130

Effect of Temperature

To throw more light on the mechanism of inhibition of the dissolution of steel in
1.0 M H,SO,, mass loss measurements were undertaken at six different temperatures viz
25, 30, 35, 40, 45 and 50 °C in the absence and the presence of 0.05 M PN and 0.005 M of

SN, AcN or BN. These concentrations represent a minimum surface coverage of 70%, for the
four compounds at 30°C.

Putilova et al [15] have pointed out that, for steel in acids, the logarithm of the
corrosion rate of steel { can be represented asa straight-line function of /T (Arrhenius
equation), where T is the temperature in kelvins :

Inl = — E.JRT + B 4)

where E, is the apparent or effective activation energy, R is the universal gas constant and B
is a constant. Figure-5 gives the plots of log ¢ vs 1/T data for the cotrosion of steel in
absence and presence of the four inhibitors studied. The values of the activation energy
obtained are given in table-4. The activation energy value for the corrosion of steel in free
acid solution obtained (52.66 kJ mol~1) is in good agreement with that obtained by a number
of authors [3, 16, 17} (50—55 kJ mol-1). Inspection of the data in table-4 shows that the
apparent activation energy of the dissolution of steel in 1.0 M H,50, in presence of the four
inhibitors studied increases slightly than that of the uninhibited solution, which means that
no energy barrier for the reaction in the presence of the inhibitor is attained. These results
together with the informations obtained from polarization curves indicate that the retardation
of hydrogen evolution is being affected without changing the mechanism of the reaction.
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Figure—5. Arrhenius plot for the dissotution of steel in 1.0 M HS04 in the absence and in presence of
nitriles. 1) HgSO04, 2) PN, 3) BN, 4) SN and 5) AcN.

TABLE—4. The apparent activation energy (E,) of the dissolution reaction of steel in 1.0 M Ho SO in the
absence and in presence of nitriles.

Nitrile _ PN SN BN AcN
E,(kJ mol-?) 52.66 61.27 53.61 67.02 57.43

Similar behaviour has been reported by Putilova et al [15] for several types of
inhibitors. They stated that the behaviour of such inhibitors resembles the behaviour of stable
poisons in heterogeneous catalysis which, as Taylor 18] has shown, do not affect the tem-
perature coefficient of the reaction.
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Abstract Propionitrile (PN), succinonitrile ( SN), acrylonitrile (AcN') and benzonitrile (BN) have
been studied as corrosion inhibitors for mild steel in 1.0 M H,SQ, using gasometry, mass loss and poten-
tiodynamic polarization techniques, Inhibitor efficiences and the adsorption isotherms were calculated
from the gasometry measurements. The effect of sructural changes in these compounds on their inhibition
efficiency has been studied. Polarization curves indicated that these compounds affect both the cathodic
and anodic overpotentials with a more pronounced effect of the cathodic curves. Mass loss measurements
at six temperatures ranging from 25 to 50 °C indicated that the apparent activation energy of the dissolution
of steel in 1.0 M HyS0, in presence of nitriles increases slightly than that of uninhibited solution. The
results obtained from gasometry, polarization and mass loss measurements indicated that the inhibiting
action of the nitriles occurs by simple blocking of the available surface without affecting the reaction
mechanism.

Tatroduction

The acid corrosion of steel represents an economic loss, and the inhibition of this
corrosion by some sulphur andfor nitrogen containing compounds has been investigated [1-6).
The primary step in the action of corrosion inhibitors in acid solutions is usually adsorption
of the inhibitor onto the metal surface. The interaction responsible for the bonding of
inhibitors to a metal surface is mainly due to the electron transfer from the inhibitor molecule
to the metal surface to form a coordinate type of link. Electron transfer from the adsorbed
inhibitor is favoured by the presence of loosely bound electrons such as are found in anions
and in neutral molecules containing lone-pair electrons, or in a #-electron system conjugated
with aromatic rings or triple bonds [7].

Aliphatic nitriles have been examined as inhibitors for the acid corrosion of steel [8,9].
It has been found that the inhibition efficiences of nitriles generally increasing with chain
length. Recently [10] the cathodic polarization of iron in acidic acetonitrile-water solutions
was studied. The inhibition of hydrogen evolution reaction was explained by adsorption of
acetonitrile molecules on active sites of the metal surface. The adsorption of acetonitrile,
propionitrile and succinonitrile on a polarized mercury electrode from aqueous solutions was
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investigated previously [11, 12). The results indicated that the adsorption of these nitriles at
the Hg-solution interface obeys Frumkin isotherm.

This work deals with the study of corrosion inhibition properties of four compounds of
organic nitriles with different molecular structures (table-1), using chemical and electro-
chemical techniques.

The corrosion inhibition properties of these compounds will be correlated to their
respective structures. In addition, temperature effects on the inhibition characteristics of
these nitriles have been done at six temperatures ranging from 25 to 50°C.  The aims were ;
(1) to determine the efficiency of these compounds as inhibitors for the corrosion of steel in
1.0 MH,SO, solution and (2) to study the effect of structural changes in the compounds on
their inhibiton mechanism and efficiency.

TABLE—1. Investigated compounds.

CHy,—CH,—C=N N=C—CH,—CH,—~C=N
Propionitrile (PN) Succinonitrile (S¥)
@‘ C=N CH,=CH—C=N
Benzonitrile (BN} Acrylonitrile (4¢N)
Experimental

The influence of the inhibitors additives on the dissolution process of steelin 1.0 M
H,S0, solution was monitored chemically and electrochemically. The specimens used in the
chemical investigations were in the form of rods with surface area of 12.5cm®. The com-
position of the specimen is given as :

Element Fe C Si Mn P N
Amount %, 98.16 0.34 0.22 1.25 0.022 0.01

Prior each experiment the steel rod used was polished with a series of emery papers of variable
grades, starting with a course one and proceeding in steps to the finest grade available. The
rod was then washed several times with distilled water then with acetone and air dried.

Rates of dissolution of steel were determined by gasometry and by mass loss
techniques. In the first the volume of evolved hydrogen was measured as a function of time
and the rate determined from the slope of the obtained curve. In the second method, the
mass of the steel rod was measured before the start of the experiment and after the elapse
of a given time. The mass loss of sample is given as milligram lost per unit area and unit
time (mg cm™? min~!). The vessel used in the chemical method is similar to that described

by Mylius [13].
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Polarization measurements were achieved by connecting the cell to Winking Poten-
tioscan Mod. POS 73. Al electrode potentials were measured with reference to the saturated
calomel electrode (SCE). Deareation of the test solution was carried out using argon.

The gasometry and electrochemical measurements were conducted at 30°C. In addi-

tion, mass loss measurements were undertaken at fixed different temperatures, 25, 30, 35, 40,
45 and 50 °C.

All chemicals used were reagent grade. Stock solutions of the four nitrile compounds

were prepared in methyl alcohol. All the tested solutions contained 10 volume percent of
methyl alcohol to maintain the inhibitors completely soluble.

Results and Discussion
The corrosion of mild steel in 1.0 M H,SO, solutions containing different amounts of

propionitrile (PA), succinonitrile (S¥), benzonitrile (BN) or acrylonitrile (AcN) was studied
chemically using the hydrogen evolution method. Figure-1 represents the variation in the
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Figure—1, Effect of propionitrile on the corrosion rate of steel in 1.0 M HoS04. 1) 00, 2) 4x10-4,

3) Sx10-4, 4) 1x10-3, 5) 1x10-2, 6) 2.5x10-2, 7) 2.8x10-2, 8) 5x10-2 and
9) 0.1 M.
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volume of hydrogen evolved as a function of time when the steel test pieces were allowed to
react with 1.0 M H,SO, in the presence of varying molar concentrations of propionitrile
(0.0—0.1 M). On increasing the concentration of PN in the solution the rate of evolution
of hydrogen (the slope of the plot) decreased. This indicates that the presence of PN in the
solution retarded the corrosion of steel by sulphuric acid and that the extent of corrosion
inhibition depend on the amount of PN present. The other three nitriles gave a similar
behaviour.

The protection efficiency (P) of the four compounds was calculated by applying the
following relationship :

P=100 [I—(R/R,)] 1)

where R, and R are the corrosion rates in the absence and presence of a certain concentration
of the inhibitor.

log C

Figure—2. Variation of the protection efficiency with the logarithm of the concentration of the nitriles.
(Q) PN, (s) SN, (W) AcNand () BN.
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Figure-2 represents the variation in the protection efficiences with the logarithm of the
concentration of the four compounds used in this study. Inspection of this figure shows that
the three nitriles SN, BN and 4AcN are more efficient than PN, however, the order of the
change of the protection efficiency of the three compounds SN, BN and AcN depends on the
concentration of these compounds. At relatively high concentration of nitriles the order
of the increase of their protection efficiency may be given as PN < AcN = SN < BN.
These results can be discussed on the following bases. It has been reported previously [7]
that the electron transfer from the adsorbed inhibitor molecule to the metal surface to form a
coordinate type of link is favoured by the presence of loosely bound electrons such as are
found in a m-electron system conjugated with aromatic rings or triple bonds. Thus BN
which contains an aromatic ring conjugated with the —C=N group and AcN which contains
a double bond CH,=CH~— conjugated with the —C=N group show an increase in the
protection efficiency compared with PN which contains a —C=N group attached to an alkyl
group. Succinonitrile shows also an increase in the protection efficiency compared with
propionitrile this is probably due to the presence of two —C=N groups in the molecule of
succinonitrile. The dependence of the order of change of the protection efficiency of the
three nitriles SN, BN and AcN on their concentration can be interpreted on the basis of the
type of interaction between the adsorbed molecules which will be discussed in the next
section.

Adsorption Isotherms

1t is found that Frumkin's adsorption isotherm [14] fits the experimental data for the

four studied compounds. Frumkin’s adsorption isotherm is given as
[/Q—0)] exp (f0) = K C @

where K is the equilibrium constant of the adsorption process (the binding constant between
the inhibitor and the metal surface), 0 is the surface coverage (effiectiveness of the inhibitor),
C is the concentration of the inhibitor in the bulk solution and fis a parameter connected
with the variation of adsorption energy with coverage and is equal to —2a, where ais a
quantity characterizing the interaction between the adsorbed particles. The equilibrium
constant of the adsorption process, K, is related to the standard free energy of adsorption
AG6as by :

K = (1/55.5) exp [ —AGuas | RT] ®)

The value 55.5 in the above equation is the concentration of water in the solution in mol/l.
Figure-3 shows the test of the experimental results obtained from the corrosion of steel in
1.0 M H,S0, in presence of the four studied compounds at 30°C according to Frumkin's

isotherm.
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Figure—3, TFitting the Frumkin’s isotherm for nitriles. (QO) PN, (00) SN, (@) AcNand () BN.

Thermodynamic data obtained from the experimental isotherms are listed in table-2.
The data show that the interaction parameter ““a” has a positive sign for AcN and a negative
sign for the other nitriles PN, SN and BN. These results may be consistently understood in
terms of a specific interaction of —C=N group with the metal surface. Electrons in the
triple bond are likely to be attracted by the metal surface, leaving a net positive charge on
the organic molecule. The resulting polarization of the adsorbate generates repulsion
between molecules and “a” tends to become negative for PN, SN and BN. In the case of
AcN which contains a double bond (CH,=CH—) conjugated with the triple bond (—C=N),
interaction between molecules causing increase of adsorption energy with increase of the
coverage degree and ““a” tends to become positive. Italso appears from the inspection of
the table that the magnitude of K is the determining factor for the inhibition efficiency and
accordingly the order of increase in the efficiency of nitriles is given as PN< AcN<SN<BN.





