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This paper investigates the inhibition effects of methyl violet (MV) without and with chloride ion on
cold rolled steel corrosion in 1.0 mol/dm® phosphoric acid (HsPOs) solution using weight loss,
potentiodynamic polarization and electrochemical impedance spectroscopy techniques. The results
reveal that combination of MV and chloride ion shows as excellent inhibitor and there is a stronger
synergistic effect between MV and chloride ion for cold rolled steel corrosion in 1.0 mol/dm?® HzPO..
The electrochemical studies reveal that single MV or combination of MV and chloride ion acts as a
cathodic type inhibitor and the corrosion reaction is controlled by charge transfer process. Adsorption
of MV on the steel surface follows Langmuir adsorption isotherm with chloride ion and Temkin
adsorption isotherm without chloride ion, respectively. The thermodynamic and kinetic parameters
(AGPads, AHPads,AS%%ds, Kads and Ea) were obtained and discussed. The adsorption of inhibitor molecules
on the surface of cold rolled steel contains a mixed physical and chemical adsorption mechanism and
the chemisorption is dominant.

Keywords: Corrosion, Cold rolled steel, Acidic solution, Electrochemistry, Methyl violet, Synergistic
inhibition.

1. INTRODUCTION

The metals are always susceptible to corrosion by acid solution. Hydrochloric acid and
sulphuric acid are widely used in industrial applications, such as acid pickling, removal undesirable
rust, acid descaling, oil-well acidizing and acid cleaning [1]. Phosphoric acid, though a moderately
strong acid, also exhibits a relatively strong corrosiveness to ferrous or ferrous alloys [2-3]. In the
process of phosphorus chemical industry, metallic material equipment is vulnerable to corrosion
attack. As an important chemical product, phosphoric acid is also widely used in industries, such as
fertilizer production, food industry, electronics industry, acid pickling, descaling and so on. The cold
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rolled steel has been one of the most important metals used as constructional material in many
industries process because of its low price and excellent mechanical properties [4-5]. Metals are
susceptible to corrosion by acid solutions, resulting in economic losses. The use of inhibitors is one of
the convenient, economical and effective ways to inhibit corrosion. [6-8]. Most of the efficient
inhibitors are organic compounds containing heteroatoms such as nitrogen [6,9-13], sulphur [14-16],
oxygen [17-18], m-electrons and aromatic rings [19-20] in their molecules.

Generally speaking, the corrosion inhibition of these compounds is due to the adsorption of the
molecules on the metal surface. The inhibitor molecules are bonded to the metal surface by chemical,
physical adsorption or complexation [21-22]. Many factors may affect the adsorption of inhibitor
molecules, such as the molecule structure, the type of the aggressive environment and nature of metals.
Some studies have shown that compounds containing N are more effective in inhibiting corrosion of
steel in hydrochloric acid than in sulphuric acid solution, and the possible reason is that there is a
synergistic effect between compounds containing N and chloride ions on inhibition of steel corrosion
in hydrochloric acid [23-24]. Compared with using a single inhibitor, synergistic effect is an effective
technology to improve the efficiency of inhibitors and is often used in practice for its efficiency and
economy [25-27].

Methyl violet (MV), an analytical chemical indicator, has nitrogen atoms unshared electron
pairs and abundant m-electrons aromatic rings. The inhibition of MV and CI on steel corrosion in
sulphuric acid has been studied in a previous work [28]. The results showed that MV and chloride ion
exhibited a good synergistic inhibition effect on steel corrosion and the inhibition efficiency reached to
91% even at 10 pumol/dm® MV. MV and Br also showed good synergistic effect on mild steel
corrosion inhibition in phosphoric acid solution [29], but Br- had adverse effects on the environment
and health. This research attempts to investigate the synergistic effect of MV and CI" for cold rolled
steel corrosion inhibition in H3PO4 solution using weight loss, Tafel polarization and electrochemical
impedance spectroscope (EIS) techniques. It is expected to get some ideas to guide the composing of
inhibitors in reality for H3PO4 system.

2. EXPERIMENTAL

2.1. Materials

The cold rolled steel specimens used have a composition of (wt%): 0.05% C, 0.019% S,
0.062% P, 0.021% Si, 0.21% Mn and Fe balance.

All experimental solutions were prepared by bidistilled water and AR grade H3POs and
potassium chloride (KCI) were used. Methyl violet was supplied by Merck Chemicals. Figure 1 shows
the chemical structure of MV.
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Figure 1. Structure of MV

2.2. Weight loss measurements

The cold rolled steel sheets (40 mm x15 mm x 0.4 mm) were carefully polished with a series of
emery paper grades 600 to 1200 until mirror images were reached. The steel sheets were then cleaned
in distilled water, degreased in acetone and dried in airflow.

The steel sheets were accurately weighed and then immersed in the testing solutions (150 ml)
for 4 hours. At the end of the run the steel sheets were taken out, washed with distilled water then
acetone, dried and immediately weighed accurately. Each measurement was performed on three
separate samples and the average weight loss was taken. All runs were done at different concentrations
of MV studied without or with 0.1 mol/dm? CI- in 1.0 mol/dm?® HzPO4 and at 25, 30, 35, 40 °C.

2.2. Electrochemical measurements

The electrochemical cell consisted of a three-electrode system including a reference
electrode, a working electrode and an auxiliary electrode. Saturated calomel electrode (SCE) was used
as reference electrode with Luggin capillary positioned very close to the surface of the working electrode
in order to minimize ohmic potential drop. Auxiliary electrode was a platinum foil. The working
electrodes were cut from a steel plate and were embedded in PVVC holder using epoxy resin with an
exposed area of 1.0 cm?2. Each working electrode was polished with a series of emery paper grades 600
to 1200 until mirror images were reached, then cleaned in distilled water, degreased in acetone and
dried in airflow. Before each measurement, the working electrode was immersed in the 250 ml testing
solutions containing different concentrations of MV studied without or with 0.1 mol/dm® CI- in 1.0
mol/dm® HsPO, at open circuit potential (OCP) for two hours until a steady state potential was
obtained.

The electrochemical measurements were performed wusing PARSTAT 2263
Potentiostat/Galvanostat. The Tafel polarization curves were gained on a sweeping range of -250 mV
to + 250 mV around OCP, at a sweeping rate of 0.5 mVs™. EIS measurements were carried out at OCP
in the frequency range of 10 mHz -100 kHz using a 10 mV peak to peak voltage excitation. Each
experiment was performed in triplicate to ensure reproducibility at 30°C.
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3. RESULTS AND DISCUSSION

3.1. Weight loss measurements

The inhibition efficiency (IE) was calculated by the following equation [27]:
V,-V.
IE =—2—1x100 1)

0
where Vo and Vi are the corrosion rates in the absence and presence of the inhibitors,
respectively. The corrosion rate curves of cold rolled steel with different concentrations of MV without
and with 0.1 mol/dm? CI" in 1.0 mol/dm?® H3POx are shown in Figure 2.
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Figure 2. The corrosion rate curves of the cold rolled steel with different concentrations of MV in 1.0
mol/dm3 H3POys in the absence (a) and presence (b) of 0.1 mol/dm?® CI-.
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According to Figure 2(a), the corrosion rates decrease gradually with increasing MV
concentration, but increase with the increase of temperature. Figure 2(b) shows the relationship
between MV concentration and corrosion rate in the presence of 0.1 mol/dm® CI-. Compare Figure 2(a)
with Figure 2(b), it is obvious that the corrosion rates greatly reduce with increasing MV concentration
with the addition of Cl in the experimental temperature range and there are no basically change in
corrosion rate values above 800 pmol/dm® MV,

Table 1. Inhibition efficiencies for different concentrations of inhibitors in 1.0 mol/dm® H3PO, at
experimental temperatures.

MV CI Inhibition efficiency
(umol/dm®) (mol/dm?) 25°C 30°C  35°C  40°C

0 0 — — — —
100 0 21 14 5 1
200 0 30 21 15 9
400 0 39 29 27 21
600 0 46 35 32 27
800 0 49 39 38 33
1000 0 51 48 45 43

0 0.1 20 24 27 28
100 0.1 80 70 67 46
200 0.1 83 76 75 72
400 0.1 86 82 81 80
600 0.1 88 84 83 82
800 0.1 91 90 89 86
1000 0.1 91 91 90 89

Table 1 gives the inhibition efficiencies of the cold rolled steel for single MV and combination
of MV and CI in 1.0 mol/dm® H3sPOa. As seen, the IEs increase gradually with the increase of MV
concentration without CI-, while the IEs decrease with the increase of temperature, which means that
the adsorption of MV on the steel surface causes the inhibition of MV on steel corrosion. With the
increase of temperature, desorption of MV on the steel surface might be taken place and the cold rolled
steel surface will be more exposed to the acidic solution because of reduction of surface coverage of
MYV on the steel surface [30]. The highest inhibition efficiency is only 51% (at 25°C), and the IE of CI
alone is also not good.

With the addition of 0.1 mol/dm® CI" it is clear that the IEs have been greatly improved
compared with those of MV or CI" alone. Such as, the IE of the combination of MV and CI™ exceeds
90% at 800 pmol/dm*® MV (at 25°C), which also implies that the mixture of MV and CI is an effective
corrosion inhibitor for the cold rolled steel in 1.0 mol/dm® H3PO4 solution.
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3.2. Adsorption isotherm

Adsorption isotherms could be commonly used to know the some information on the
interaction between inhibitor and steel surface. The following formula can be used to calculate the
degree of surface coverage (¢) [27]:

V, -V
0=_" (2)
VO _Vm

where V is the corrosion rate in the presence of inhibitor and Vi, is the smallest corrosion rate.

1.0

0.8

0.6 1

(0}

0.4
25°C
30°C

0.2 0
35°C
40°C

0.0 1

T T T T T T T T T T
-9.5 -9.0 -8.5 -8.0 -7.5 -7.0

InC (umol/dm®)
Figure 3. The relationship between # and InC in the presence of MV alone in 1.0 mol/dm?® H3PO..

Table 2. Parameters of the linear regression of 4 and InC.

Temperature Linear regression Kads
(°C) coefficient a4 (x10* dm®mol)
25 0.9991 -1.88 4.70
30 0.9966 -1.96 2.82
35 0.9990 -1.46 1.38
40 0.9961 -1.38 0.96

It was found that in the presence of MV alone, the adsorption of MV on the steel surface

follows the Temkin adsorption isotherm in 1.0 mol/dm3 H3POy4, as follow:
exp(_zae) = KadsC (3)
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where C is the concentration of the inhibitor, Kags is the adsorptive equilibrium constant and a
Is the lateral interaction term describing the molecular interactions in the heterogeneity of the metal
surface and the adsorption layer. Equation (3) can also be converted to the following form:

0= InKys ,dne 4

-2a -2a

Figure 3 exhibits the linear regression of 4 and InC and Table 2 lists the corresponding
parameters obtained.

From Table 2, it is clear that the linear regression coefficient values are very close to unity,
meaning that the adsorption of MV on the cold rolled steel surface obeys the Temkin adsorption
isotherm without CI". The values of Kags are large to 10, showing there is stronger adsorption MV onto
the steel surface. But it can also be seen that the values of @ are < 0, implying that there is a
repulsion in the adsorption layer.

In the presence of 0.1 mol/dm? CI-, the adsorption of MV on the steel surface is fitted to the
Langmuir adsorption isotherm:

c 1

(9 Kads

Figure 4 gives the relationship of C/0 and C and Table 3 lists the corresponding parameters
obtained.
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Figure 4. The relationship between C/@and C in the coexistence of MV and CI- (0.1 mol/dm?®) in 1.0
mol/dm?® HzPOsa.
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Table 3. Parameters of the linear regression of C/¢and C.

Templerature Linear re_gression slope 4Kad§
(°0) coefficient (x10*dm®/mol)
25 0.9997 0.9879 4.60
30 0.9995 0.9875 2.71
35 0.9976 0.9839 2.05
40 0.9998 0.9723 1.61

Compared the values of Kags in the absence and presence of 0.1 mol/dm?3 CI, it can be seen that
the values of Kags are larger in the presence of Cl™ than the absence of ClI°, which indicates that the
adsorption tendency of combination of MV and CI" is greater than presence of MV alone.

The corrosion inhibition of cold rolled steel and the adsorption phenomenon of inhibitor can be

further elaborated by some thermodynamic parameters. According to the Van’t Hoff equation:

_ —AH;

INK,, =———a 4B  (§)
RT

ads

where AHCqs is the standard adsorption heat, R is the universal gas constant, T is the absolute
temperature and B is a constant. Obviously, the AH%gs can be calculated from the slope of the
regression.

Table 4. The thermodynamic parameters of adsorption of MV or MV + CI on the surface of cold
rolled steel in 1.0 mol/dm?® H3POaat experimental temperatures.

Temperature CI AG s AHC%gs AS%gs
(°C) (mol/dm?3) (kd/mol) (kd/mol) (J/mol K)
25 0 37 85 161
30 0 36 85 162
35 0 35 85 162
40 0 -34 -85 -163
25 0.1 -37 -49 -40
30 0.1 -36 -49 -43
35 0.1 -36 -49 -42
40 0.1 -35 -49 -45

The standard adsorption free energy (AG%qs) can also be obtained by the following calculation
[31-32]:
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K = o O0C2) ()

where the value 55.5 is the concentration of water in solution represented in mol/dm?®. The
standard adsorption entropy (AS°gs) can be calculated by the basic thermodynamic equation:

AGOads:AHoads—TASOads (8)

The thermodynamic parameters calculated are listed in Table 4.

It is known that the values of AG%qs around -20 kJ/mol or less negative are assigned for the
electrostatic interactions exist between inhibitor and the charged metal surface (physisorption). While
those around -40 kJ/mol or more negative are associated with chemisorption as a result of sharing or
transferring of electrons from the inhibitor molecules to the metal surface to form a coordinate type of
metal bond [33-34].

Whether chloride ion exists or not in 1.0 mol/dm?3 HsPO4 solution, the negative values of AG%gs
show spontaneous adsorption process of MV on the steel surface. These values of AG%ds suggest that
adsorption mechanism of the inhibitor molecules on the cold rolled steel is a combination of both
physisorption and chemisorption with emphasis on the latter. The decrease of free energy and
inhibition efficiency with the increase of temperature indicates that the adsorption of the inhibitor on
the cold rolled steel is not beneficial at higher temperature in HsPO4 solution. The physical adsorption
could occur through the interaction of electrons on CI” or n-bonds in the benzene rings of MV with the
active positive centers on metal surfaces, and while the chemical adsorption is the formation of
coordinated bond between the d-orbital of iron on steel surface and the inhibitor molecules through one
pair electron of N atoms or n-electrons of MV [35-36].

The negative values of AH%gs mean that the adsorption of MV on the cold rolled steel surface is
an exothermic process in the absence or presence of Cl- in 1.0 mol/dm® HsPO4.The negative entropies
show that adsorption is a process of decreasing entropy. Entropy decreases can be attributed to the
ordering of inhibitor molecules adsorbed on the steel surface during the adsorption process, which
reduces the degree of chaos. Compared with the free movement of inhibitor molecules in solution, the
degree of chaos is greater [37].The negative of entropy and negative enthalpy suggests that the
exothermic is the driving force of spontaneous process inhibitor molecules adsorbed on the surface of
cold rolled steel in 1.0 mol/dm?® HzPOsa.

3.3. Effect of temperature

Arrenius formula can be applied to calculate the activation parameters to further elucidate the
mechanism of the inhibitors action:

IV = —E2 1 1nA (9)
RT

where Ea is apparent activation energy and A is pre-exponential factor. Figure 5 shows the
Arrenius plots of InV vs. 1/T.
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Figure 5. Arrhenius plots of cold rolled steel in 1.0 mol/dm® H3PO4 without (a) and with (b) 0.1
mol/dm? CI-.

Table 5 gives the values of Ea and A calculated from the Arrenius formula. It can be found that
the values of E, for inhibited solution were higher than that for the uninhibited solution, which implied
the presence of energy barrier on the cold rolled steel surface, meaning that dissolution of the steel in
1.0 mol/dm? HzPOq in the presence of MV or combination of MV and CI- is lower than the solution
with no inhibitor. The increment of the Ea with the addition of inhibitors is indicative of physisorption
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of the inhibitor molecules on the metal surface [38]. Considering the Ea values, MV and CI" interact
electrostatically with steel surface, which is consistent with the result of adsorption free energy.

Table 5. Parameters of the linear regression of InV and 1/T.

MV CI Ea Pre-exponential factor A Linear regression
(umol/dm?) (mol/dm®)  (kJ/mol) (g/m?h) coefficient

0 0 57 5.84x10%° 0.9982
100 0 69 6.62x10%2 0.9991
200 0 70 1.01x10% 0.9998
400 0 69 5.66x1012 0.9999
600 0 72 1.26x10%1 0.9992
800 0 69 6.60x10*2 0.9998
1000 0 65 6.38x10% 0.9988
0 0.1 53 9.94x10° 0.9941
100 0.1 104 2.52x10%8 0.9961
200 0.1 79 9.45x10%2 0.9982
400 0.1 73 6.88x10%2 0.9965
600 0.1 75 1.13x10% 0.9937
800 0.1 71 1.58x10'2 0.9865
1000 0.1 62 4.20x101! 0.9912

It is also clear that the rate of steel corrosion is decided by the Ea and A at a certain temperature
by equation 9. In the absence or presence of Cl, the reduction of corrosion rate of cold rolled steel is
all mainly controlled by the increasing the Ea..

3.4. Polarization measurements

Figure 2 gives the potentiodynamic polarization curves of cold rolled steel in 1.0 mol/dm?®
H3PO4 at 30°C for different concentrations of MV without and with 0.1 mol/dm? CI-.

By Figure 6 (a), MV slightly shifted the corrosion potential (Ecorr) in the negative direction and
slightly promote the anodic reaction, but cathodic polarization was clear in the absence of CI". From
Figure 6 (b), combination of MV and CI" also slightly shifted Ecor to negative direction and retardation
of the cathodic reaction was the absolute dominance in the presence of 0.1 mol/dm® CI-. Compare
Figure 6(b) with Figure 6(a), the shifting levels were obviously greater combination of MV and CI
than MV alone. These results indicate that the MV alone or combination of MV and CI" acted as a
cathodic inhibitor for cold rolled steel corrosion in H3POa.

The IE values were calculated by the formula [39]:

0 +inh
IE — ICOI’I’io Icorr X].OO (10)

corr
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where %o and Mo are the corrosion current density values w
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Figure 6. The potentiodynamic polarization curves of cold rolled steel in 1.0 mol/dm?® H3PO, at 30°C
for different concentrations of MV without (a) and with (b) 0.1 mol/dm?® CI-.
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Table 6 illustrates corrosion potential (Ecorr), anodic and cathodic Tafel slopes (Ba, fc),
corrosion current density (icorr) and the inhibition efficiencies for the cold rolled steel corrosion by MV
in the absence and presence CI-in 1.0 mol/dm? HsPOs. As seen, Tafel slopes of Sc and . do not change
regularly and remarkably with the addition of MV or MV and CI-, meaning that the cathodic hydrogen
evolution was inhibited by the inhibitors through merely blocking the reaction active centers of steel
surface without changing the reaction mechanism [40].

Comparing with the inhibition efficiencies, the IEs of combination of MV and CI are much
greater than those of single MV and the highest IE is up to 93% at 1000 pmol/dm® MV and 0.1
mol/dm? CI, showing that the combination of MV and CI- is effective inhibitor for the cold rolled steel
corrosion in 1.0 mol/dm?® HzPOa.

Table 6. Polarization parameters for cold rolled steel corrosion containing inhibitors in 1.0 mol/dm?

H3PO4 at 30°C.
ECOIT .
MV Cl lcorr - fe Pa
(umol/dm?®)  (mol/dm?3) (V(S }n‘c{%E) (pA/cm?) (mV/dec) (mV/dec) IE
0 0 -449 479 129 38 _
100 0 -473 389 119 39 19
200 0 -477 340 124 56 29
400 0 -478 296 140 67 38
600 0 -482 267 129 70 44
800 0 -482 255 131 47 47
1000 0 -484 239 129 49 50
0 0.1 -464 326 140 49 32
100 0.1 -484 107 120 41 78
200 0.1 -488 88.3 129 44 82
400 0.1 -476 72.3 139 40 85
600 0.1 -487 53.1 136 49 89
800 0.1 -466 42.2 150 42 91
1000 0.1 -458 35.0 148 47 93

3.5. Electrochemical impedance spectroscopy

Nyquist plots for cold rolled steel at 30°Care presented in Figure 7. It is obvious that only a
single capacitive loop depressed semicircles is observed for all the Nyquist impedance plots, which
implies that the corrosion process occurs under charge transfer control. The inhibition of steel
corrosion was influenced predominantly by charge-transfer process and the existence of inhibitors did
not affect the mechanism of steel dissolution [41]. The capacitive loops are imperfect semicircles
which can be attributed to the frequency dispersion effect as a result of the roughness and
inhomogeneous of the electrode surface [42]. It is also seen that diameters of the capacitance loops are
clearly larger with CI" than without CI', revealing that CI can effectively improve corrosion inhibition
performance of MV.
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The electrochemical impedance spectroscopy results are simulated according to the equivalent
circuit model which is well-known Randle cell, shown in Figure 8, which contains charge transfer
resistance (Rct), solution resistance (Rs) and a constant phase element (CPE). The double layer
capacitance (Cql) value affected by imperfections of the surface is simulated via CPE [43]. The CPE is
composed of a component Qq and a coefficient a which quantifies different physical phenomena
including surface inhomogeneous resulting from surface roughness, porous layer formation, inhibitor
adsorption, etc. The Cqi can be obtained as follows [24]:

Cai = Qai- (27fmax) ** (11)

where fmax represents the frequency at which the imaginary value reaches a maximum on the
Nyquist plot.

The inhibition efficiencies were obtained from the relation:

R..-R
IE, = W __©® 100 (12)

ct(inh)
where Rcyo) and Rcenny are the charge-transfer resistances without and with inhibitor,
respectively. The values of EIS parameters are illustrated in Table 7.

Table 7. EIS parameters for cold rolled steel corrosion containing inhibitors in 1.0 mol/dm?® H3POys at

30°C.
MV CI- Rs Cal Ret IE
(umol/dm®)  (mol/dm?3) (Q cm?) (uF/em?) (Q cm?) o
0 0 4.43 1130 14.6
100 0 4.85 985 17.4 16
200 0 4.54 935 20.5 29
400 0 4.38 909 23.9 39
600 0 5.01 907 26.1 44
800 0 3.75 756 27.5 47
1000 0 5.18 714 30.3 52
0 0.1 3.31 152 21.6 32
100 0.1 4.43 110 36.8 60
200 0.1 2.53 105 48.6 70
400 0.1 3.88 105 55.2 74
600 0.1 3.55 102 68.7 79
800 0.1 3.31 95.6 89.4 84
1000 0.1 5.13 75.3 118 88

From Table 7, compared with the blank solution, the capacitance values decrease in the
presence of the inhibitor and they show a gradual downward trend with the increase of MV
concentration, which means that the decrease of Ca is resulted from the decrease in local dielectric
constant or the increase in the thickness of the electrical double layer, suggesting the adsorption of
inhibitor molecules at the metal/solution interface [44]. At the same time, It can be observed that Rt
and IEq also increase with the increase of MV concentration, regardless of whether CI™ exists or not.
Of course, this is also obvious that the Rct or IEc in the presence of Cl™ are much larger than those in
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the absence of CI". These results are in good agreement with those obtained from weight loss and
polarization measurements.

3.6. Synergism parameters

From the above studies, it is found that the inhibition efficiency for solution with CI~ exhibit
greater values compared to solution without CI". That is to say, the addition of 0.1 mol/dm*® CI
effectively improves the increase of inhibition efficiency comparing with single MV. This means that
MV and Cl may have a synergistic inhibition effect on cold rolled steel corrosion in 1.0 mol/dm?®
H3PO4 which can be explained by synergism parameters (S), defined as follows [41]:

S=1—(IE1+IE2) (13)

1-1E
where 1E1 and IEzare the inhibition efficiencies of inhibitor 1 or inhibitor 2, respectively, and
IE1+2is the inhibition efficiency by both inhibitor 1 and inhibitor 2.

Generally, when value of S is < 1, implying that antagonistic behavior leading to competitive
adsorption prevails, whereas S > 1 indicates a synergistic effect.

Table 8 gives the values of S. Obviously, all S values are greater than 1 and larger, indicating
that MV and CI" have stronger synergistic inhibition effect on cold rolled steel corrosion and promote
the inhibition efficiency to be greatly improved in 1.0 mol/dm® HzPO..

1+2

Table 8. Synergism parameters of MV and CI” on the inhibition of cold Rolled steel corrosion in 1.0
mol/dm?® H3POys at experimental temperatures.

MV CI Synergism parameters(S)
(umol/dm?®) (mol/dm?) 25°C  30°C  35°C  40°C

100 0.1 2.95 2.07 2.06 1.31
200 0.1 2.94 2.29 2.32 2.25
400 0.1 2.93 2.61 2.42 2.55
600 0.1 2.83 2.56 2.41 2.50
800 0.1 3.44 3.70 3.18 2.79
1000 0.1 3.22 3.11 2.80 2.64

In acid solution, steel surface contains positive charge due to Ecor—Eq=0 (zero charge potential)
> 0 [45], and MV can also be protonated into [MVHy]*". Therefore, the adsorption of corrosion
inhibitor on steel is first shown as electrostatic action. Due to electrostatic repulsion, it is difficult for
positive charged MV to approach the positive charged position on the surface of steel. On the contrary,
negatively charged ClI is easily adsorbed to the positively charged position of steel surface, resulting in
potential of zero charge becomes less negative which promotes the adsorption of inhibitors in cationic
form [32,46]. The adsorption of MV can occur through donor-acceptor interactions between the
nitrogen atoms or abundance n-electrons of MV and the unoccupied d-orbital of the iron atoms. So,
physical and chemical adsorption may be acting on the cold rolled steel surface.
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4. CONCLUSION

The corrosion of the cold rolled steel in 1.0 mol/dm?® H3POx is not significantly reduced upon
the addition of single MV or CI. However, the inhibition efficiency of combination of MV and Cl"is
enormously improved. The synergism parameters indicate that MV and CI" show strong synergistic
effect for cold rolled steel corrosion inhibition in HsPOs. The adsorption of MV on the steel surface
follows the Temkin adsorption isotherm without CI". But, the adsorption of MV follows the Langmuir
adsorption isotherm with the addition of CI. The adsorption of inhibitor molecules on the steel surface
IS a spontaneous process with chemical and physical adsorption and chemical adsorption is dominant.

Single MV or combination of MV and CI" acts as a cathodic type inhibitor for the cold rolled
steel in 1.0 mol/dm? H3POa. The inhibitors retard cathodic hydrogen evolution reaction by blocking the
active reaction centers on the cold rolled steel surface. EIS shows that the fact the corrosion reaction is
controlled by charge transfer.

The results of weight loss, EIS and polarization measurements show good consistency.
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