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Study of Steel Electro-dissolution Behavior in Presence of Some
Surfactants. Electrochemical Investigation and Surface Active
Properties Determination
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Abstract Steel electro-dissolution performance was investigated in orthophosphoric acid in the presence
of N-oleyl 1.3 Diaminopropane, Benzalkounuim chloride, Soduim Lauryl sulphate and Di-Isononyl
phthalate as a surfactant using potentiodynamic polarization measurements. The retardation
performance of these surfactants was examined. The surfactant surface active parameters were
estimated based on surface tension measurements. The parameters calculated comprise the critical
Micelle concentration (CMC), maximum surface excess (I'max), minimum surface area (Amin) and
effectiveness (tCMC). The micellization thermodynamic parameters (AGmic, ASmic) for the estimated
surfactants were also computed. Results obtained from surface active properties are comparable with
those gained from galvanostatic polarization measurements. Temperature influence on the steel
dissolution performance was examined at 25 to 40°C range. Steel kinetic study in orthophosphoric acid-
free solution and orthophosphoric acid containing surfactant was also examined. The dissolution kinetic
and activated parameters were computed. Results based on microscopy measurement indicate that,
addition of new four surfactants, resulting in the solution shows potential, a discrete progress in the
metal texture was monitored. Improvement produced in electro-polishing bath by the investigated SAS
that owing to the adsorption of such surface active agents on the anode surface

Kwywords: C-steel, electro-dissolution, scanning electron microscope (SEM), surfactant,
surface active properties

1.Introduction

Electro-polishing is extensively working in manufacturing for micro finishing and deburring of
dissimilar metallic constituents. A great quantity of electrolytic baths with diverse working
circumstances and electrolyte compositions are estimated for long time [1]. Regardless of greatly
progression in the metals science and technology field, the metals corrosion phenomenon stays a main
apprehension to industry about the planet. Electro-polishing is the technique of electrolytic metal
finishing, presently broadly used in numerous elevated functions like cardiovascular and orthopedic
body implants, pharmaceutical and semiconductor installations.

Amongst furthers, the technique offers an extremely clean, even and smooth resistant exterior.
Presently, approximately any metal, alloy and inter metallic compound may be electro-polished [2] . The
importance of electro polishing on surface of metal process mainly is for the metals treatment and
alloys to improve luminous surface finishes with very low surface roughness values, no residual surface
tensions and improved steel resistance to deterioration [3].

Steel electro-dissolution provides the surface homogenization, and thus the generation of a high
degree of shine as well as the de-burring of cut and punched edge [4],noting that steel has found a broad
applications in a wide industrial field and equipment as it is extensively used on cutting tools, forging
and punching dies also steel usually utilized in edifice materials for pipelines in the oil and gas industry
but they are very vulnerable to together a grand common dissolution rate and strict localized dissolution
but steel has a propensity for corrosion, which is a essential industrial apprehension that has received a
significant quantity of awareness due to its superior harden ability, improved wear confrontation and
appropriate stoutness [5].
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The phenomenon of metals dissolution stay a chief worry to industries in the world, so inhibitors are
usually applied to defend metal from deterioration.

The selection of most favorable inhibitor ought to be based on three reflections:

(@) It should have a suitable production of economical rare resources.

(b) The incidence of hetero atom like nitrogen, oxygen, sulfur and multiple bonds in the inhibitor
molecule is necessitated for its effectiveness.

(c) Its should be environmentally friendly [6].

It is usually believed that bulk organic compounds retard dissolution through the metal-solution
interface adsorption [7]. Where two main adsorption methods of chemical or physical are correlated to
organic molecules control firstly via overcrowding the reaction sites or creating a physical obstruction
to decrease the corrosion species diffusion to metal surface.

On basis that the adsorption mode is reliant on the subsequent features: concentration of inhibitor,
interface electrochemical potential, metal nature and metal surface charge, surface chemistry, solution
chemistry and dissolution reaction temperature

Temperature has a immense influence on the metal dissolution rate and its distinction is an important
factor for investigating and descriptive the steel electro polishing and inhibitor adsorption mechanism.

Electro- dissolution was carried out in the limiting-current anodic polarization curve plateau, at
which anodic dissolution was below mass-transfer management. Conversely, the classes prevailing the
mass-transfer management is significantly metal electrode and electrolyte dependent [8].

However, some work shows to have been done on the steel corrosion inhibition in H3PO4. The
corrosion of steel in phosphoric acid was investigated earlier in the presence of gelatin [9], lactic and
mandolic Acid [10], natural products [11,12], some drugs[13], urea, thiourea, triethanolamine,
FINEAMIN 88 and FINEAMIN 06 [14], 6-methyl-7H-1,2 4triazolo[4,3-b][1,2,4]-triazepine-8(9H)-
thione [15] , Eucalyptus leaf extract [16]. Therefore, the goal of this research is to investigate the steel
dissolution behavior in H3PO4 in existence of contemptible, environmentally friendly and simple
produced surfactants. In our research study, potentiodynamic polarization technique was carried out to
inspect the steel electro-dissolution in the presence of N-oleyl 1.3 diaminopropane and Di-lsononyl
phthalate as nonionic surfactant, Benzalkounuim chloride as cationic surfactant, Soduim lauryl sulphate
as an anionic surfactant. The surfac active parameters of each investigated surfactant (SAS) were
estimated (from its surface tension outline) to compare the inhibitors retardation efficiency with their
surface active parameters

2. Materials and methods

The electrolyte solution was prepared from analar grade of HsPO4 (85% wi/w) supplied by BDH
Chemicals Ltd. The selected non-ionic, anionic and cationic surfactants (Figure 1) were of clean
excellence (>97%) and utilized without further purification. de-mineralized water was utilized in the
solution preparation.

Solution preparation
8M HsPOQ4 and different concentrations range of surfactant (1x10 - 1x 10 M) has been prepared.

Analysis of carbon steel specimen composition (weight %0)

The composition of the steel electrodes used in electro-polishing was made in the Egyptian company
for cupper, it is important as the metals present in the electrode alloy effects the rate of the process and
the enhancement or inhibition rate in presence of the surfactants, the analysis of the steel specimen of
the electrode in weight % is as follows:

C (0.2%), S (0.04%), Mn (2.6%), P (0.039%), Si (0.36), Fe (96.7619%)
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Figure 1. Structure of surfactants

Surface tensionanalysis

The surface tension was investigated at 20, 30, 40 and 50°C using Du Nouytensiometer (Kruss type
8451). The temperature (£0.1°C) was reserved stable by flow the thermostatic water via a jacketed craft
-containing solution. The solution concentration was diverse by adding stock solution aliquots of
identified concentration to the identified volume of the vessel solution.

Scanning electron microscope
(JEOL, JSM-5300, scanning microscope, OXFORD instrument) has been used in order to investigate
steel surface qualitatively.

3.Results and discussions
Surface active possessions
Determination of SAS CMC in 8 M H3POq4

The major CMC implication based on fact, at this concentration, the majority of the surfactant
physical and chemical properties present an unpredicted difference.[17]The surface tension values (y,
mN/m) for the four SAS under examination were schemed versus the logarithm of the SAS concentration
(logC) at several temperatures as represented in Figure 2 The critical micelle concentration(CMCs), for
the investigated SAS were concluded from the spot of interrupt of the two linear parts gained through
the y—logC plots. The reproducibility of the surface tension versus concentration curve was confirmed
via carrying out at least three separate trials. It is obvious that, the surface tension decreases via raising
the concentration until CMC is arrived, above which the surface tension is not influenced by a more SAS
concentration addition, CMCs for the four SAS are listed in (Table 1) [18].

Table 1. Variation of CMC for the surfactants at different temperatures in 8M H3PO4

Surfactant 20°C 30°C 40°C 50°C
Diisononylphtalate 4x10* 5x10* 7x10* 8x10*
N-oleil1.3diamino propane 3x10* 4x10* 6x10* 7x10*
Sodium lauryl sulphate 5x10* 6x10* 7x10* 9x10*
Benzalkonium chloride 6x10 7x10* 8x10* 10x10#

From Figure 2 it was found that reduce in surface tension is monitored while the SAS concentration
enlarges and then stays constant at fixed point where further addition would have no effect on surface
tension indicating that, point at which CMC takes place at all temperature.
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Figure 2. Relation between surface tension and log C at different temperature in 8M H3zPO4
of a) Diisononyl phthalate, b) N-oleil1.3diaminopropane ¢) Sodium lauryl sulphate
and d) Benzalkonium chloride

In general, Sodium lauryl sulphate and Benzalkonium chloride (ionic surfactants), have higher CMC
than n-oleill.3diamino propane and Diisononyl phthalate (nonionic surfactant). This can be attributed
to the fact that, the free energy required to bring the polar heads of the surfactant collectively in case of
nonionic surfactant when the head group is uncharged the CMC is usually smaller than that when the
heads is charged in ionic surfactant [19].

From Table (1) it was found that in case of Benzalkonium chloride it has the highest CMC at all
temperatures that’s can be explained as follows, for ionic surfactants with charged heads possess a higher
CMC than that of nonionic surfactant as the head groups causes a steric repulsions between the similar
charges of the surfactant so repulsion can be supposed to augment as the positively charged nitrogen
atom number increases ,and the higher CMC can be attributed to small hydrophobic alkyl tail of
Benzalkonium chloride and the presence of the benzene ring and it’s orientation were found to increases
the CMC value in this study [20].

For Sodium lauryl sulphate surfactants it has CMC higher than nonionic surfactant in this study due
to the repulsion force between the similarly charged heads as mentioned before as well with increasing
the sulphate groups gives rise to raise in the CMC as the head group size raises. For a certain ethylene
oxide chain length and an equilibrium packing parameter matching to globular micelles, raising the chain
length of the surfactant tail will result in increasing in the aggregation number. In this study Sodium
lauryl sulphate has CMC lower than that of Benzalkonium chloride that may be attributed to long alkyl
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chain of Sodium lauryl sulphate and the steric hindrance caused by the benzene ring, it's orientation and
the small alkyl chain of Bezalkonium chloride [21].

Diisononyl phthalate possess a higher CMC than that of n-oleil 1.3diamino propane due to the
presence of the benzene ring as mentioned above and as Diisononyl phthalate is considered as a double
tail surfactant and if single and double tail surfactant particles are contrasted, for the same equilibrium
region per molecule, the doublly tailed molecule will have an aggregation number two times as large as
that of the singly tailed molecule. Hence, the doubly tailed molecules can self-accumulate to form
bilayer vesicles whereas the equivalent single tail molecule aggregates into only sphere-shaped micelles
[22]. In addition to that the steric hindrance possessed by the benzene ring and its orientation will also
have a great effect on the unexpected raise in its CMC. For an ionicsurfactants with ethylene oxide as
the head group in Diisononyl phthalat, the steric repulsions between the head groups can be supposed to
enlarge the number of ethylene oxide units in a head group. In common evaluate ionic and nonionic
surfactants, the head group interaction will be larger for the ionic surfactant than for the nonionic owing
to one has to also regard as ionic repulsions among the head groups therefore compared to nonionic
surfactants of the same tail length , an enhance in the CMC when ionic and nonionic surfactants of equal
tail lengths are compared.

In the case there is no charged head group, surfactant mange to form micelles via the hydrophobic
force and Vander Waals interaction. The strong communication among water molecules ward off the
hydrocarbon chain out off the water bulk phase [23]. This forces the surfactants to summative forming
micelle, where the hydrophilic head groups pointed to the water covering the hydrocarbon tail. Micelle
configuration is consequently predictable to occur at inferior concentration for non-ionic surfactant in
comparable with ionic surfactants. For ionic surfactants, elevated concentrations are essential to get rid
of the electrostatic repulsion among ionic charged head groups through the micelle arrangement process.

Effect of electrolyte

The CMC is affected by some factors including the nature of SAS and the aqueous electrolyte used.
HPO.% presence in the electro polishing cell is one of the main features being accountable for the
alteration of the CMC values in comparison with their original values in uncontaminated water. These
phenomenon are attributed to the famous Hofmeister sequence, that is an pragmatic quantify the ions
hydration degree. The Hofmeister sequence arranges ions as raised salting in strength from left to right
as in the subsequent:

S042, HPO42, OH", HCOO", CH3COO:, CI, Br, NOg, I, SCN", Cl04

HPO42is situated to the left side of chloride ion (CI- represents in some way, a intermediate with the
Hofmeister sequence) acts as water structure creators (salting out ions) or (cosmotropicions). The salting
out influence is take place when HPO42competing with surfactant for hydration water, diminishes the
water amount obtainable in the micelles for polar chain hydration. Consequently micelle configuration
will be constructed at a low surfactant concentration [24,25].

There may be another explanation in case of Diisononyl phthalate and N-oleill.3diamino propane
which is the formation of hydrogen link with water molecules through the oxyethylene component in
case of Diisononyl phthalate and the N atom of N-oleill.3diamino propane required high energy to
break, to enable surfactant aggregation, thus the micelles formation occurred at elevated concentration
in contrast to in 8M H3POa, no hydrogen bond will be formed so the ability of Diisononyl phthalateand
N-oleil1.3diamino propane molecules to form micelle will be enhanced and shaped at low concentration
than through water [26]. Whilst in sodium lauryl sulphate and Benzalkonium chloride case, a decrease
in the electrostatic repulsion force among anionic hydrophilic head group and as a result, a lesser
influence of repulsion which decreases the efficiency of micelle formation takes place. So, in 8M H3POa,
SDS begins micelles formation in easy way and causes CMC of Sodium lauryl sulphate and benzal-
konium chloride to be lower than that of distilled water [27].
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Effect of temperature

A network of cations and anions interaction in ionic liquids are considered and not only by means of
electrostatic forces other than forming comprehensive hydrogen bond associations also [28,29]. In
another interpretation, supra molecular structure of surfactant results in solvent-solute communication,
temperature elevation may results in some modification between the contact affecting the final
consequence. Also, the number of comparatively feeble hydrogen and vander Waals interactions among
surfactant molecules becomes diminished. Thus, the surfactants solvophobicity is augmented, favoring
micellization process to happen at elevated surfactant concentration.

The attained CMC values demonstrate an raising tendency through rising temperature (Table 1). The
raise in temperature results in reduction the hydrophilic group hydration (which favors micelles
formation) or causes disturbance in the structural of water molecules adjoining the hydrophobic group
(that effect that is not preferred micellization). The comparative scale of these two opposite effects, so,
determines if the CMC amplifies or diminishes over a desired temperature range. The data in Tablel
indicates that CMC augments by increasing temperature which indicates that both aspects enormity is
not prefer micelle formations [30, 31].

Surface active parameters
The pure surfactant surface active possessions are effectiveness (7 ¢cmc), maximum surface excess
(T'max), and minimum area per molecule (Amin) Were computed via the subsequent equations:

Tteme = Yo~ Yeme (1)
I'max = 1/303RT -5Y / g Log C (2)
AMin = 10%/ [Tax .NA] (3)

Where yo is the pure water surface tension measured, yemec S the surface tension at CMC (mN/m). The
surfactant molecules concentration at the interface for each unit area is expressed as (I'max, mol cm?), T
is the absolute temperature, R is the molar gas constant (R=8.314 J/mol. K), C is the surfactant
concentration (mol/L). NA is the Avogadros number (6.023x10% molecule/mol).

The micellization thermodynamic parameter articulated via standard free energy AGmic and
micellization entropy ASmic are computed from the equations:

AGnmic = RTIn CMC (4)
ASmic:('SAGmic/ oT) (5)

I'maxis calculated from the slop of y—logC plots fig 6.and the surface active parameters values are
listed in Table 2, ASmicis estimated from the slop of T-AGmicplot Figure 3 [32]

From Table 2, it is obvious that the slighter I'max, and the higher Aminis recorded for N-oleyl
1.3diaminopropanerelative to Benzalkounuim chloride, Soduim lauryl sulphate and Di-lIsononyl
phthalate respectively.

It is obvious that Amin increases as the temperature enlarges. This is may be characteristic to the
gradual increase in thermal motion.

The neme Values indicate that N-oleyl 1.3 diamino propane has the most effectiveness among the
four surfactants due to the large decrease in surface tension which takes place at the CMC of N-oleyl
1.3diaminopropane that’s why it has the largest inhibition efficiency on dissolution process followed
by Benzalkounuim chloride , Soduim lauryl sulphate and Di-Isononyl phthalate respectively [33].
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Table 2. Surface active parameters value of the four studied surfactants

Parameters Temperature | 10*CMC yeme x10%° Jheme Amin -AGnic -ASnic
mol/L (mN/m) | (mol/cm?) | (mN/m) (A% (kJ/mol) (kd/mol.K)

Diisononyl phthalate 20°C 4 20.22 2.2 51.78 75.36 19.1 0.59
30°C 5 35 15 37 110.72 18.5
40°C 7 40.33 1.03 31.67 161.92 17.7
50°C 8 41.7 0.86 30.3 193.27 174

N-oleil1.3 20°C 3 12.13 1.2 59.87 135.58 19.8 0.73
diaminopropane 30°C 4 22.98 1 49.02 166.08 19.1
40°C 6 25.28 0.87 46.72 190.62 18.1
50°C 7 28.08 0.82 43.92 203.37 17.7

Sodium lauryl 20°C 5 20 1.9 52 89.56 18.5 0.46
sulphate 30°C 6 34 1.04 38 159.66 18.1
40°C 7 38 9.04 34 183.75 17.7
50°C 9 39.32 8.23 32.68 201.73 17.1

Benzalkonium 20°C 6 14 14 58 118.73 18.1 0.42
chloride 30°C 7 32.17 1.03 39.83 160.54 17.7
40°C 8 34 0.88 38 189.03 174
50°C 10 37 0.82 35 201.97 16.8

From Table 2 it's apparent that from thermodynamic parameters of micelle formation, we can deduce
that micelle formation process is spontaneous process (AGmic< 0) [34]. The AGmic value for N-oleyl
1.3diaminopropaneis more negative in comparison with Di-Isononyl phthalate, Soduim lauryl sulphate
and Benzalkounuim chloride respectively that observation indicates which surfactant can form micelle
more easily than the others, the order according to how easy the surfactant can form micelles according
to the free energy consideration is N-oleyl 1.3diaminopropane > Di-Isononyl phthalate > Soduiml auryl
sulphate > Benzalkounuim chloride that results come with agreement with the values of the CMC
estimated for each one in the Table 4, where CMC of N-oleyl 1.3diaminopropaneis less than that of Di-
Isononyl phthalate, Soduimlauryl sulphate and Benzalkounuim chloride.

290 2é5 3(I)O 3CI)5 3:ILO 3:;_5 3é0 3é5
AGMHic (Kdmol 1)
Figure 3. Relation between T and AGmicof a) isononyl phthalate,
b) n-oleyl 1.3di aminopropane, c¢) sod.laurylsulphate, d) benzalkonium chloride

From Table 2 it’s apparent that AGmicvalues for each surfactant undergo reduction with increasing
temperature so values of CMC increases as the temperature increases and that's come with agreement
with the estimated data of the CMC in the Table 2 at different temperature [35]. ASmic possess positive
value from the data estimated from the Table 2 it was found that the order of positive value from high
to low is as following N-oleyl 1.3diaminopropane>Di-Isononyl phthalate >Soduim laurylsulphate
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>Benzalkounuim chloride indicating that the randomness of the system increases during surfactant
molecules alteration into micelle.

Polarization curves

Figure 4 demonstrates the polarization curves and current density for the steel anodization in
orthophosphoric acid at several concentrations of the four studied SAS ranging from 1x 10 tolx 1073
mol/l , the plots illustrated the distinctive performance for the steel anodization in phosphoric acid [36]
.In brief way , inside polarization plots , the current raised among potential increasing pending a greatest
was attained, analogous to a compressed oxide layer formation on the steel surface. This was
characteristically the step abruptly before or when the ultimate potential was accomplished.
Subsequently a quick current molder was watched inside the current fleeting. When a lowest in current
density was accomplished (characteristically behind a little minutes from the start), diminutive holes
began to shape arbitrarily in the oxide layer.
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Figure 4. Polarization plots s for of vertical c-steel plates in 8MH3PQO4 solution containing
different concentrations of a) isononyl phthalate, b) n-oleyl 1.3di aminopropane,
c) sod.laurylsulphate, d) benzalkoniumcholrideat 20°C

Owing to a superior active region the current raised over until a maximum number of apertures was
expanded, equivalent to a second greatest in current density. Consequently, the holes grew in length and
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the current density reduced gradually towards a steady- state value. little dissimilarities in the
performance of the substrates, i.e. in the time needed to reach the first maximum, can be explained by
differences in the surface roughness [37].

It is observable that, in the organic- free solution, the current amplifies linearly at first, then tend to
demonstrate limiting current plateau with raising in the anodic potential. Organic particles addition to
the electrolyte solution reduces the anodic polarization and diminishes the limiting current density value.
The monitored modifications in the anodic polarization in the existence of organic additive recommend
that, additives may be acting as an inhibitors, that is corroborated by the surveillance that at any specified
over potential, the current density for steel electro polishing from solution include organic additive is
lesser than that found for the analogous organic particles - free solution.

Effect of surfactant on limiting current

Electro-polishing mechanistic study have exposed that electro polishing reaction is managed by
diffusion that occur on the limiting current, the limiting current is accomplished most possibly when the
diffusion film develop into saturated with Fe*? ions [38].

Consequently the limiting current value that established the polishing rate depends on Fe*? ions
mass transfer rate from the diffusion film to the solution bulk [39]. The steel polishing rate in presence
of 8 M phosphoric acid and surfactants in electro polishing process was investigated by determining the
limiting current amount that signifies electro polishing rate. This rate reduces by raising surfactants
concentration which lead to solution viscosity increase

The data on Table (3) shows the addition of different surface active agents (SAS) concentrations with
range from (1x10to 1x10°®) to 8M phosphoric acid which decreases the rate of limiting current of steel
dissolution depending on the dielectric constant mixtures and thermodynamic parameters given [40].

This decrease was pointed to SAS presence particles deposited on the steel electrode surface, that
proceeds as a protective film and diminishes the H:PO4 and steel surface interaction.

From (Table 3), it is also obvious that the retardation amplifies with concentration enlargement that
indicates that organic additives may be ranked as a dissolution inhibitor in 8 MH3PO4[41].

The steel anodic polarization performance is so responsive to little concentrations of the studied
surfactants. The limiting current decrease with the studied SAS addition is dependable with a salt-film
mechanism. When the surfactants were added, it is possible that adsorption occurred on and near to the
anode helped to manage ion diffusion process in three means that is:

(i)Occupation of hollows and depressions in the metal surface.

(if)The rate of electro-polishing over valleys is higher than that of cavities. That’s why surface

leveling takes occurred due to the crevices passivation is more stable and it retards etching.

(iii) Water molecules surrounding the anode become replaced. This replacement changes the medium
dielectric constant and decreases the water molecules number that solvate cations, therefore decreases
the cations diffusion rate apart from the anode surface [42].

The inhibition percentage was estimated via the next equation:
%Inhibition= [(Ib—Isas)/1x]x100 (6)

where the limiting current in surfactant - free solution (o) while the limiting current in surfactant
containing solution called (Isas). The percentage inhibition efficiencies obtained from equation (6) listed
in Table (3). It is obvious that the % Inhibition amplifies with raising the inhibitor concentrations.

The order of inhibition according to limiting current results and the percentage inhibition efficiencies
(Table 3) is:

N-oleill,3diaminopropane > Benzalkonuim chloride > Sodium lauryl sulphate > Di- isononyl
phthalate.
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This results comes with agreement with the data obtained from the surface active properties. The
values of m cmc indicate that N-oleyl 1.3 diamino propane has the most effectiveness among the four
surfactants due to the large decrease in surface tension which takes place at the CMC of N-oleyl
1.3diamino propane that’s why it has the largest inhibition efficiency on dissolution process followed
by Benzalkounuim chloride, Soduim lauryl sulphate and Di-Isononyl phthalate respectively.

Table 3. limiting current (A)and % inhibition values for the four studied surfactants
at different concentration and temperature

Organic compound Conc(mol/L) | 20°C 30°C 40°C 50°C
DilsononylPhthalate Blank 0.31 %IE 0.4 %IE 0.45 %IE 0.48 %IE
1E-04 0.3 3.23 0.39 2.50 0.44 2.22 0.51 1.92
2E-04 0.28 9.68 0.37 7.50 0.42 6.67 0.5 3.85
3E-04 0.26 | 16.13 | 0.35 | 1250 | 0.42 6.67 0.49 5.77
4E-04 023 | 2581 | 0.32 | 20.00 | 0.38 | 1556 | 0.46 | 11.54
5E-04 0.22 | 29.03 | 029 | 2750 | 035 | 2222 | 043 | 1731
6E-04 0.2 3548 | 028 | 3000 | 0.33 | 26.67 0.4 23.08
7E-04 019 | 38.71 | 0.27 | 3250 | 0.32 | 28.89 | 0.38 | 26.92
8E-04 0.16 | 4839 | 0.24 | 40.00 | 0.28 | 37.78 | 0.36 | 30.77
9E-04 0.14 | 5484 | 0.23 | 4250 | 0.27 | 40.00 | 0.34 | 34.62
1E-03 0.11 | 6452 | 0.22 | 45.00 | 025 | 4444 | 0.32 | 38.46
N-oleyl 1.3diamino 1E-04 0.22 | 29.03 | 0.34 15 0.42 6.67 0.49 5.77
propane 2E-04 019 | 3871 | 031 225 0.4 1111 | 048 7.69
3E-04 0.18 | 41.94 0.3 25 0.37 17.78 | 0.46 | 1154
4E-04 0.14 | 5484 | 0.28 30 035 | 2222 | 043 | 1731
5E-04 012 | 61.29 | 0.23 42.5 031 | 3111 0.4 23.08
6E-04 0.1 67.74 | 0.22 45 028 | 37.78 | 0.37 | 28.85
7E-04 0.08 | 7419 | 0.19 52.5 0.26 | 4222 | 0.34 | 34.62
8E-04 0.06 | 80.65 | 0.17 57.5 0.23 | 48.89 | 0.32 | 38.46
9E-04 0.05 | 83.87 | 0.16 60 0.21 | 53.33 0.3 42.31
1E-03 0.04 | 87.10 | 0.14 65 0.18 | 60.00 | 0.28 | 46.15
Sodium lauryl sulphate 1E-04 0.27 | 1290 | 0.36 10 0.44 2.22 0.51 1.92
2E-04 023 | 25.81 | 0.33 175 041 8.89 0.5 3.85
3E-04 0.21 | 32.26 | 0.32 20 0.39 13.33 | 0.48 7.69
4E-04 0.2 3548 | 0.31 225 0.37 17.78 | 045 | 13.46
5E-04 0.19 | 38.71 | 0.28 30 0.33 | 26.67 | 042 | 19.23
6E-04 0.18 | 4194 | 0.27 325 031 | 31.11 | 0.39 | 25.00
7E-04 0.17 | 45.16 | 0.26 35 0.3 33.33 | 0.37 | 28.85
8E-04 0.15 | 51.61 | 0.23 425 0.27 | 40.00 | 0.35 | 32.69
9E-04 0.13 | 58.06 | 0.22 45 0.26 | 4222 | 0.33 | 36.54
1E-03 0.1 67.74 | 0.21 475 024 | 46.67 | 0.31 | 40.38
Benzalkonium chloride 1E-04 0.31 16.13 0.4 125 0.45 4.44 0.52 3.85
2E-04 026 | 3548 | 0.35 20 043 | 1111 0.5 5.77
3E-04 0.2 45.16 | 0.32 22.5 0.4 1556 | 0.49 9.62
4E-04 0.17 | 4839 | 031 25 0.38 | 20.00 | 0.47 | 1538
5E-04 0.16 | 54.84 0.3 40 0.36 | 31.11 | 044 | 21.15
6E-04 0.14 | 58.06 | 0.24 425 031 | 3556 | 041 | 26.92
7E-04 0.13 | 6452 | 0.23 50 0.29 | 40.00 | 0.38 | 30.77
8E-04 0.11 | 70.97 0.2 55 0.27 | 4444 | 036 | 34.62
9E-04 0.09 | 7742 | 0.18 57.5 0.25 | 48.89 | 0.34 | 40.38
1E-03 0.07 | 83.87 | 0.17 62.5 0.23 | 5556 | 0.31 | 44.23

3.4. Effect of surfactants structure in electro polishing process

Among a diversity of anodic inhibitors procedures, the operation of organic molecules has been
classified as an proficient and sensible scheme as they may guard metal substrate from being rotten in
aqueous solution through adsorbing themselves on the metal surface and shaping a protecting layer. On
the other hand, most usually used organic inhibitors are not only costly but also precarious to ecosystem
and atmosphere [43], that has punctuated the explore for economical, willingly obtainable and green
inhibitors. Organic inhibitors normally have heteroatoms, such as O, N, S, P atoms. The hetero atoms
have superior basicity and electron density and may operate as active centers for the adsorption process
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on the metal surface [44]. Surfactants that contain O and N heteroatoms have been used as the layer
formers to create barricade layers on the metal and metal oxides surfaces, with the principle of
preserving their original luster [45] Consistent with the related studies, the surfactants adsorb onto the
metal surface via the specific hydrophilic functional groups adsorption and the long alkyl chains
interact together via van der Waals interactions to form the established monolayer coat [45]. So the
retardation surfactants efficiency is influenced not only by the metal nature and metal surface charge to
be sheltered, but also by the inhibitors molecular structure.

N-oleil 1.3 diamino propane is a nonionic surfactant composed of a fairly polar hydrophilic part of
(NH2-CH,-CH2-CH2-NH-CHz) and a hydrophobic part from (Ci7H27). The decrease occurred on
dissolution rate of steel in 8 M H3PO4 by N-oleil 1.3 diamino propane can be attributed to two factors;
molecular adsorption and the CMC barrier conditions. Under CMC, N-oleil 1.3 diamino propane is
exhibit the monolayer level on the surface of the electrode, and above the CMC adsorption of N-oleil
1.3 diamino propane may forma multiple layers of physically adsorbed molecules. By increasing
surfactant concentration after the CMC concentration, a gradual formation of multi layers that lead to
reduction in the rate of electro polishing more than that estimated from the monolayer coverage resulted
from concentrations lower than that of the CMC. In other meaning; the increasing in thickness of multi
layers and thus increasing surface barrier layer viscosity are the reason why additional increase in
dissolution inhibition above CMC takes place [45], while for Di-isononyl phthalate which is also a
nonionic surfactant contains four polar oxygen atoms surrounded by benzene ring and hydrophobic alkyl
chain, from Table 3 it was found that by increasing surfactant concentration the limiting current
decreases thus the dissolution rate decrease and from Table 3 it was found that % IE enlarges also via
raising surfactant concentration that’s may be attributed to the VVander Waals forces interaction between
the partially negatively charged oxygen atoms and the positively charged Fe*? ions resulting from
dissolution of the anode and the physical adsorption on the surface of electrode forming mono layer at
small negatively charged oxygen atoms and the positively charged Fe*? ions resulting from dissolution
of the anode and the physical adsorption on the surface of electrode forming mono layer at small
concentrations and hemi micelles at concentration exceeds the CMC. From Table 3 it was found that
the efficiency of inhibition for N-oleil 1,3 di amino propane is larger than Di isononyl phthalate and that
may be attributed to the loose physical interaction of the Di-isononyl phthalate at high concentrations
than that of N-oleil 1,3 di amino propane due to the steric hindrance of the two alkyl groups and the
benzene ring and the poor electrostatic interaction of the oxygen atoms due to being surrounded by the
hydrophobic parts of the surfactants.

For Sodium lauryl sulphate which has (C12H25S04 1), it was found that, the anodic dissolution rate
diminishes with increasing concentrations of surfactant. It was found that, the dissolution inhibition
action of Sodium luaryl sulphate in 8 M H3PO4 consequences from physical (electrostatic interaction)
adsorption of the two opposite charges of the steel ions from dissolution and charge on Sodium lauryl
sulphate forming a barricade on steel surface. At low concentration of Sodium lauryl sulphate, the
negative charge possessed by sulphate group adsorbed on the positive charges of Fe*? on the electrode.
By increasing concentration of Sodium lauryl sulphate, the barrier thickness consists of Sodium lauryl
sulphate increases forming a hemimicelles as a result of the interaction between the oxygen atoms via
Vander Waals forces. The barricade turn int more strong by adsorption of the extremely negatively
charged Sodium lauryl sulphate micelle (when the surfactant concentration exceeds the CMC, the
micelles number enlarges but the free surfactant molecules remains constant at the CMC).So more
decrease in limiting current and elevated IE% will happen after CMC of sodium lauryl sulphate [46].In
addition Sodium lauryl sulphate is used as wetting agents also the sulphur bound directly to an atom of
carbon, may be successfully used in brightness of the anode.

For Benzalkonium chloride, it's clear that the limiting current of steel dissolution in 8 M H3POg in
attendance of surfactant reduces and IE% raises by increasing the surfactant concentration [44]. At high
concentration the inhibitory effect of Benzalkonium chloride is so obvious as it has a elevated retardation
efficiency that may be featured to the fact that addition of Benzalkonium chloride will increase CI™ anion
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present in HsPO4 acid solution which will be adsorbed at the electrode/solution boundary via
electrostatic interaction and increase the number of negative charges oriented towards the solution stage
and insures additional adsorption of positively charged Benzalkonium cation. Thus the Benzalkonium
chloride will be electrostatically adsorbed on the electrode surface enclosed with mainly adsorbed
chloride ions [45]. Benzalkounuim chloride as a cationic surfactant added a roughness significant to the
steel surface as well to the presence of an aromatic group leads to the brightening view.

Temperature effect and activation parameters

Temperature can affect the electrochemical behavior of a metal in the polishing environmental
conditions. The temperature effect on the retardation accomplishment of the inhibitor was established at
different concentrations and at diverse temperatures (20-50°C). The tabulated results (Table 3) expose
that as the inhibitor concentration amplifies, the dissolution rate enlarges with raising temperature both
in the surfactant-free solution and surfactant containing solution, while from (Table 3) % IE reduces
with temperature augment. This enhancing could be elucidated on the basis that increasing temperature
improves the PO4 2 ions transfer rate and the conductivity will increase. Also the temperature raising
will reduce solution viscosity with a consequential augment in Fe?* ion diffusivity that resulting in
dissolution rate raising [47]. The reduce in IE% is due to surfactants molecules desorption on the Fe
surface via raising temperature. The diminish in inhibition efficiency via raising temperature is evocative
of physical adsorption of the investigated surfactants on the steel surface [10].
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Figure 5. (a) Arrhenius plot, (b)Transition state plot of the recorded for copper dissolution process in
8M H3POg4 solution containing several concentration of Di isononyl phthalate

Electro polishing process can be regarded as an Arrhenius-type procedure Eg. 7 and transition-state
equation 8; the activation parameters for the investigated system were estimated from Arrhenius
equation with the aid of the values of |, gained at several temperature.

The activation energy Ea calculated from Arrhenius equation:

Inl=-Ea/RT + InA (7)
Transition-state equation:

IL = (RT/Nh)exp(AS*/R)exp(—AH*/RT) (8)
where:
A: pre-exponential factor, that imitates the additives adsorption capacity on metal surface
R: molar gas constant, T: absolute temperature, N: Avogadro’s number and H: Planck’s constant
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The enthalpy of activation AH*, entropy of activation AS*, and free energy of activation AG* values
can also be calculated via utilizing the following equations were their values mentioned in Table (4):

AH =Ea—RT 9)
AS/R=In A — In (KTe/h) (10)
AG*= AH* - T AS (11)

where:

k: is Boltzmann's constant, e: = 2.7183, h: is Plank’s constant, A:is Arrhenius constant, T:is absolute
temperature, °K and R:is the universal gas constant=8.314Jmol 1K™,

From Arrhenius equation the plot of In I against 1/T provide a straight line as shown in fig(5 a) with
slope proportional to Ea/R and intercept equal to InA and applying to transition state equation a relation
between Ln (I/T)versus 1/T shows linear curves as mentioned in Figure (5b).with slope of ~AH*/R and
intercept In (R/Nh)+AS*/R proved the high degrees of linearity that obtained reflecting that the
adsorption of this inhibitor properly fitted the Transition state model. Arrhenius and Transition state
plots were configured for steel in 8 M H3PO4 solutions with different concentrations of the four
surfactants under study different temperature (20-50°C). Figure 4a and 4b shows the Arrhenius and
Transition state plots, originate from electro polishing measurements of steel in 8 M H3PO4 solutions at
different concentrations of the four studied surfactants ranging from 1x10* to 1x107%. The thermo-
dynamic activation parameters were originated from these curves and tabulated in Table (4) for each
surfactant concentration. From the data obtained from Table (4) it was found that In free surfactants
solution , the results fit well with a instantly line with an activation energy equals to (13.19 k.J.mol-1)
which is lower than the values gained from surfactants in 8M H3PQOs indicating that surfactants can be
classified as anodic dissolution inhibitor, this can be ascribed to the chemical interaction nature among
additive molecules and the steel surface. These consequences will be established via the pre-exponential
feature in the Arrhenius equation where the (A) values in case of adding surfactant are larger than that
of surfactant free solution , this may be ascribed to the fact that the surfactant molecules are adsorbed
on the mainly active adsorption sites (possessing the highest energy) and the dissolution procedure occur.
The increase of the activation energy by increasing SAS concentration might be connected to the
increasing in the electrical double layer thickness as a result enhancement of the activation energy of the
dissolution process takes place [48,49].

It is showed that the of AH* values after further raising of the surfactants concentration augments,
This can be ascribed to the fact that the raise in surfactants concentration increases energy barrier value
of the anodic dissolution reaction to a value that directly proportional to the concentration of the added
surfactant indicating the endothermic nature of the electro polishing process [11]. It was observed that
the values of AS* highly negative whatever the surfactant was added or not which illustrate that the
activated complex at the step before the rate determining step favors the organization bath rather than
dissociation step in other meaning, the disorder decreases continuing from reactants to the activated
complex. Thus a higher order shows on transformation from reactants to the activated complex [45].
AG* values shows increase on increasing concentration of organic surfactants, AG values after inhibition
was more positive than that for the blank illustrating the weak dependence of (AG*) on the organic
additives composition. In all cases (AH*) and (AS*¥) compensate each other to produce that change in
(AGH).

The pre-exponential factor in the Arrhenius equation (A), for heterogeneous reaction is accompanied
with the number of active sites at surface of the electrode. The surfactant molecules that area adsorbed
at the surface of the electrode block apart from the active sites that's with lower activation energy value.
And due to the fact that these active sites possess different values of energies, we will have two
probabilities; 1) if the activation energy after addition of the surfactant is higher than that of free acid
such as the case of the four studied surfactant of this study, here we notice that A in case of surfactant
addition is superior than that of free acid. The surfactants molecules are adsorbed on the greatest active
adsorption sites (thus having the lowest energy) and the dissolution process occur on the active sites of
elevated energy. If the activation energy after addition of the surfactant is lower than that of free acid,

Rev. Chim., 72(3), 2021, 179-197 191 https://doi.org/10.37358/RC.21.3.8447


https://revistadechimie.ro/
https://doi.org/10.37358/Rev

Revista de Chimie @ @

https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

the values of (A)on addition of the surfactant is lower than that of free acid. Thus a decrease in number
of active sites that are remaining uncovered which participate in the anodic dissolution process [42].

Scanning electron microscope

SEM was made to investigate the steel pieces surface morphology. Specimens micrographs before
and after electro-polishing in acid —surfactant free solution and acid containing several concentrations
of investigated surfactants are shown in Figure 6.

The steel surface morphology which were dissolved in 8 M H3PO4 at 20°C which after examining it
a bad, un even and damaged surface is seen also large deep pits and number of white spots are clearly
appeared for raw sample Figure (6a)

After electro polishing of the blank steel sheet the surface texture were enhanced to some extent fig.
(6b) after addition of low concentration from Di isononyl phthalate Figure (6c) it is showed that , there
is enhancement in surface texture to small extent grain boundaries are the most shape represented on the
sample as deep cavities were also found but after the addition of high concentration from Di isononyl
phthalate Figure (6d) grain boundaries were disappeared and surface appears more uniform which may
be ascribed to surfactants adsorption on steel surface and improvement of the surface texture takes place,
the same appearance took place for Sodium lauryl sulphate as at low concentration (Figure 6g) is more
damaged from the high concentration (Figure 6h).

Table 4. Values of thermodynamic parameters for dissolution of Steel in 8 M H3PO4

10 “Conc. SAS

(mol/l)
Ea 10%A AH# -AS* AG*
kj.mol* kj.mol* J.mol?. K? kj.mol*
0.0 13.19 4.27 21.76 2176 75.62

@)

1.0 = 18.12 6.12 15.69 202.31 75.97
2.0 S 19.69 6.68 17.21 197.66 76.14
3.0 3 21.21 7.23 18.73 193.09 76.30
4.0 = 21.65 7.35 19.17 192.04 76.43
5.0 2 22.18 7.51 19.70 190.7 76.58
6.0 = 22.74 7.67 20.26 189.43 76.74
7.0 @ 23.07 7.72 20.59 188.98 76.94
8.0 25.56 8.607 23.09 181.66 77.25
9.0 27.90 9.45 25.42 174.63 77.49
10.0 29.62 10.97 29.62 161.95 77.91
1.0 14.74 4.80 12.26 213.27 75.85
2.0 = 15.2 5.9 15.24 152.47 76.11
3.0 o} 22.56 7.6 20.08 189.22 76.50
4.0 ) 30.24 10.56 27.76 165.35 77.06
5.0 Sk 33.12 11.56 30.64 157.03 77.46
6.0 = 33.63 11.64 31.15 156.44 77.79
7.0 -~ 39.17 13.7 36.69 139.32 78.23
8.0 = 45.99 16.24 4351 118.14 78.73
9.0 © 46.5 17.27 46.37 109.61 79.05
10.0 51.99 18.35 49.51 100.61 79.51
1.0 13.53 4.38 11.05 216.79 75.69
2.0 @ 14.27 4.61 11.79 214.83 75.84
3.0 = 15.31 4.97 12.82 211.88 76.003
4.0 3 15.93 5.15 13.45 210.32 76.16
5.0 = 15.85 5.05 13.37 211.19 76.34
6.0 < 16.96 5.42 14.48 208.13 76.54
7.0 = 17.71 5.64 15.23 206.28 76.73
8.0 E; 20.33 6.54 17.85 198.83 77.14
9.0 3 21.54 6.91 19.06 195.71 77.42
10.0 25.97 8.52 23.50 182.32 77.86
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1.0 19.71 6.71 17.23 197.40 76.09
2.0 @ 24.05 8.25 21.75 184.57 76.60
3.0 ﬁ 25.82 8.88 23.34 179.38 76.82
4.0 3 25.01 8.48 22.52 182.66 76.99
5.0 2 26.76 9.03 24.19 178.06 77.29
6.0 3 27.71 9.36 25.23 175.38 77.52
7.0 S 29.57 9.99 27.09 170.13 77.89
8.0 g 32.54 11.00 29.97 161.77 78.20
9.0 & 36.13 12.25 33.65 151.31 78.76
10.0 43.26 14.82 40.78 129.97 79.54

In Figure (6e) Benzalkonium chloride also at low concentration the grain boundaries and pits were
clearly disappeared but at high concentration of N-oleill.3diamino propane Figure (6f) the surface
appear smooth, even and uniform

In (Figure 6i) at low concentration of N-oleill.3diamino propane, the surface appears even to great
extent but at high concentration (Figure 6 j) the appearance were well uniform since the grain boundaries
and pits are covered via adsorption of N-oleil1.3diamino propane particles on C-steel surface

Finally we can conclude that Benzalkonium chloride and N-oleill.3diamino propane achieved the
highest inhibition efficiency but have positively influence on the surface texture. Since the surface
appear well promising, smooth, bright and uniform especially at high concentration

U ®X5.8

Figure 6e. At 2x10™* M sodium lauryl sulphate Figure 6f. At 10x10™* M sodium lauryl sulphate
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Figure 6i. At 2x10* M n-oleil1.3diamino Figure 6j. At 10x10*“ M n-oleil1.3diamino
propane propane
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Figure 6. Scanning electron microscopes images of Steel in 8 M H3PO4 free solution
and 8 M HsPOg4 solution containing 2x10** and 10x10™* mol/L of surfactant at 20°C

4. Conclusions

For the investigated surfactant, the C-steel dissolution rate reduces with the raising of concentration
and retardation efficiency is a SAS concentration dependant. Critical micelle concentration regard as a
main factor in influential the effectiveness of SAS as corrosion retardation substance. Surfactant
compounds augment the activation energy value of dissolution process and therefore reduce the C-steel
dissolution rate in HsPOg solution. The retardation mechanism is ascribed to the strong adsorption
capability of the investigated surfactants on C-steel surface, forming a excellent protective film, that
separate the surface from the destructive environment. SAS played the part of retardation, diminishing
the acid etching action, and increasing the surface brightness. In the presence of the SAS, the solution
appeared hopeful, and a distinctive development in the finish was observed. Improvement produced an
EP by the investigated SAS was owing the surfactant adsorption on the anode surface
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