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Abstract- Corrosion inhibition of mild steel by two new glassy materials correlated with the
ternary system Bi2O03-B203-P205 in HCI 1.0 M medium was evaluated using different technics:
Gravimetry and electrochemical methods (polarization and electrochemical impedance
spectroscopy (EIS)). The results show that the inhibition efficiency depends on the
concentration of the two compounds studied (1BHP, 2BHP) and the temperature. The
adsorption model obeys to Langmuir isotherm. Thermodynamic parameters were calculated
and analysed. The morphology of the steel surface was characterized by scanning electron
microscopy (SEM) coupled with EDX.
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1. INTRODUCTION

Steels are widely used in many fields because of their beneficial properties: good ductility,
high tensile strength, good electrical and thermal conductivity and great ease of implementation
[1,2]. However, steels are sensitive to corrosion. Their durability has been the subject of many
researches these last year’s [3]. The use of inhibitors is one of the most effective methods in

order to protect them from corrosion.
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In industry, chloride acid solutions are usually used to eliminate the scale and stripping
materials [4]. Acid must be treated to prevent a significant metal dissolution. This treatment
involves the addition of certain organic or inorganic inhibitors such as Triazole, phosphates,
polyphosphates, particularly metaphosphate glass, silicates and borates. These compounds will
adsorb on the surface by the intermediate of heteroatoms: Azote (N), Oxygen (O), Sulfur (S)
and sometimes phosphor (P) [5].

In literature, many phosphates derivatives and glassy phase compounds were studied as
corrosion inhibitors and showed their effectiveness [6-8]. G. Saha et al. have studied the
adsorption of the complex iron phosphates and figured out that only the surface of the iron
hydroxides is combined with phosphate ions; no trace of calcium was detected in the complex
iron phosphates [9,10].

The eco-friendly inhibition property of phosphate’ compounds, in agreement with new
environmental restrictions, makes them favorable for a practical use, as a replacement of certain
toxic organic inhibitors [11,12]. As well as the use of glassy phases for the corrosion protection
of steel [6].

The present study aims to evaluate the inhibition properties of two compounds based on
phosphorous pentoxide P>Os, bismuth oxide Bi,O3 and boric acid H3BO3, namely 1BHP and
2BHP, on the corrosion of mild steel in HCl 1.0 M. The made up compounds were
characterized by infrared spectroscopy. The effect of temperature on the electrochemical
parameters of the system was studied as well, in order to define the adsorption mechanism of

the studied compounds.

2. MATERIALS AND METHODS
2.1. Preparation of samples

Glassy phosphates were prepared from bismuth oxide Bi»Os, boric acid H3BOs; and
diammonium hydrogen phosphate (NH4)HPO4 by stoichiometric mixture of raw materials

according to the following reaction (1) [13]:

(1-x-y) Bi203-y H3BO:s- x 2[(NH4)HPO4] — (1-x-y) Bi2O3 +y % B20s+ xP20s (1)

The weighed materials were mixed and crushed in an Agat mortar. The thermic operation
is realized in porcelain crucibles. The first treatment at 350 °C for 15 h enables hydrogen
decomposition, it is followed by a grinding for homogenization. Each reaction mixture is then
melted in an oven at 1050 °C, energetically plunged into a preheated aluminum mould at
200 °C [6]; and then stored in desiccators to avoid moisture. The compositions studied are
collected in Table 1:


https://context.reverso.net/traduction/anglais-francais/phosphorous+pentoxide
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Table 1. Composition of glassy elements studied within the system

(1-x-y) Bi,O3 +y % B,0s+ xP10s
Echa. N° | (I-x-y) y X

1BHP 0.55 | 0.35 | 0.10

2BHP 045 | 045 | 0.10

The aggressive solutions of HCI 1.0 M were prepared from HCI with an analytical quality
(37% in weight). The concentrations of the two studied compounds were fixed from 50 to 300
ppm. The studied samples are of mild steel, with the chemical composition shown in Table 2.
They were cut into 2.00 cm*1.00 cm™* 0.20 cm plates for gravimetric tests. For electrochemical
experiences, the mild steel samples were used with an exposed area of 1.0 cm? to the acid
solution. Before each use, the samples were abraded with emery paper with different grades
(from 180 to 1500), rinsed with distilled water, degreased with ethanol and air-dried.

Table 2. Chemical composition of mild steel (wt %)

Element C Si Mn S P Fe

wt (%) 0.17 0.20 0.37 0.03 0.01 Balance

2.2. Gravimetric tests

The samples were immerged for 6 h in HCI 1.0 M at 298 K in the absence and presence of
the two compounds 1BHP and 2BHP then dried [14]. The loss weight is used to calculate the

corrosion rate expressed in (mg.cm2.h™!), using the following equation (2) [15]:

CR=% )

St

W is the loss weight of the mild steel sample, S the surface exposed to the study solution and t
the immersion time (6h).
The inhibition efficiency, ncr%, is determined as follow (3) [16]:

n CR% = =20 + 100 3)

where CR and CRginn) represent the corrosion rate in the absence and presence of inhibitors,

respectively.
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2.3. Electrochemical cell

The electrochemical measurements were realized in a conventional three-electrode cell
with a working electrode of steel plate with an exposed surface of 1 cm?, a Pt counter electrode
and an Ag/AgCIl/KCI saturated reference electrode.

The working electrode was immerged in the prepared solutions for a half an hour until a
stable open circuit potential is achieved (Eocp). All the electrochemical experiments were
realized at a temperature of 298 K. The potential area is from -900 to -100 mV/Ag/AgCl with
a scan rate of 1 mV/s.

In order to evaluate the kinetic parameters of corrosion, an adjustment with the Stern-Geary
equation was used [17]. For the potential area not too far from the open circuit potential, we

can consider that both processes followed Tafel’s law [17], which is derived from (4):
i= ia + ic = ic()r[' {exp[ba*(E - Ec()r[')] - exp[bc*(E - Econ‘)]} (4)

where icorr is the corrosion current density (A.cm), b, and b, are the anodic and the cathodic
Tafel constants, respectively (V™). Those constants are linked to Tafel slopes p (V/dec) at the

usual logarithmic scale given by the equation (5):

p="=27 (5)
The kinetic parameters of corrosion were then evaluated using the non-linear least squares
method with Origin software. The potential range applied was limited to £100 mV/Ag/AgCl
around the Ecorr, in order to avoid a significant systematic divergence sometimes observed for
anodic and cathodic branches.
The corrosion inhibition efficiency was evaluated from the corrosion current density

values, according to (6):
n pp%— [(iocorr - icorr)/ iocorr]*loo (6)

where i%orr and icorr are the corrosion current density values in the absence and presence of
inhibitors, respectively

The SEM measurements were done with amplitude of £10 mV, in a frequency range from
100 KHz to 100 mHz with ten points per decade.

The results were then analyzed and an equivalent electric circuit was determined using
Bouckamp program [18]. The inhibition efficiency, derived from EIS, neis% was also added

and calculated using the following equation (7):

1 £15% = [(Ret ~ R%) / Re]*100 )
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Where Roct and R are the values of charge transfer resistance in the absence and presence of
both compounds 1BHP and 2BHP.

2.4. Surface analysis

Steel surface characterization before and after 6 h of immersion in HCI 1,0 M solution, in
the absence and presence of both compounds studied IBHP and 2BHP at 298 K, was realized
owing to the Scanning Electron Microscopy (SEM). The elemental analysis is obtained by
coupling the system with an energy dispersive analysis (EDX). These analyses were realized
in the research center CAC of Cadi-Ayyad University in Marrakech.

3. RESULTS AND DISCUSSION
3.1. Gravimetric measurements

Corrosion rate (CR) and inhibition efficiency (IJcr%) values, obtained from the weight loss
measurements, are shown in Table 3. Observation of the table revealed that the corrosion rate
decreases, while the inhibition efficiency increases with the decrease in inhibitors’
concentrations. [Jcr% reached a maximum value of 79.8% and 86.2%, with a concentration of

50 ppm, for both compounds 1HBP and 2HBP, respectively.

Table 3. Corrosion rate and inhibition efficiency in 1.0 M HCI1 1.0 M solution

Concentration CR I]cr
Medium
(ppm) (mg/cm’ .h) (%)
HCI11.0 M - 7.65 -

50 1.62 78.8
100 1.68 78.0

1BHP
200 1.76 76.9
300 2.09 72.7
50 1.05 86.2
100 1.23 83.9

2BHP
200 2.14 72.1
300 2.55 66.7
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Fig. 1. Corrosion rate and inhibition efficiency variation for mild steel as a function of the
concentration of the two glassy compounds 1BHP (a) and 2BHP (b) in HCI 1.0 M medium

3.2. Electrochemical study
3.2.1. Potentiostatic study

Polarization plots for mild steel in 1.0 M HCI with and without different concentrations of
IBHP and 2BHP at 298 °K are shown in Figure 2. Electrochemical parameters such as the
corrosion potential Ecorr(mV/Ag/AgCl), the cathodic and anodic slopes fc and Ba, the corrosion

current density icorr and the inhibition efficiency npp% are reported in Table 4.
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Fig. 2. Polarization plots for mild steel in 1.0 M HCI in the absence and presence of the glassy
compounds 1BHP (a) and 2BHP (b) at 298 K

Figure 2 shows that the addition of the two glassy compounds induces a decrease in the

cathodic and anodic current densities. The cathodic plots present a large domain of linearity
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indicating that Tafel law is verified. The discharge of H" proton is then takes place according
to a pure activation kinetic.

The values of the cathodic and anodic Tafel slopes (Table 4) suggest that the reactional
mechanism of hydrogen reduction remains unchanged in the absence and presence of 1BHP
and 2BHP. Involving a significant decrease in the corrosion current, to achieve a value, thus
inhibitory efficacy is equal to 78.9% and 86.6% to 50 ppm for both 1BHP and 2BHP

compounds respectively.

Table 4. Electrochemical parameters and inhibition efficiency of steel corrosion in HCI 1.0 M

without and with the addition of different concentrations of the glassy compounds at 298 K

Medium Conc. -Ecorr icorr -Be Ba o nep
ppm | mV/Ag/AgCl | pA cm? | mV dec! | mV dec’! %
HCI1.0 M -- 498 983 140 150 - -
50 489 207 131 124 0.789 78.9
100 490 220 136 132 0.776 77.6
1BHP
200 497 231 123 130 0.765 76.5
300 469 267 120 129 0.728 72.8
50 472 132 121 128 0.866 86.6
100 484 155 132 142 0.842 84.2
2BHP
200 511 275 136 135 0.720 72.0
300 507 332 128 136 0.662 66.2

The addition of the compounds in the electrolyte has also caused the variation of Ecor
values, the displacement is superior to 85 mV, and thus, the inhibitor could be considered as a
cathodic or anodic type [19-21]. If the variation is lower than 85 mV, the inhibitor can be
considered as a mixed type inhibitor [22]. The maximum displacement in this study was of +30
mV, indicating that both compounds are mixed type inhibitors.

This result could indicate that the inhibitory action occurred simply by blocking the
cathodic and anodic sites available on the surface of the metal. By adsorption of inhibitor

molecules on the surface of the steel [23,24].

3.2.2. EIS studies

The corrosion behavior of mild steel in HCI 1.0 M solution in the absence and presence of
different concentrations of 1BHP and 2BHP was studied using EIS, after 30 min of immersion

in HCI 1.0 M corrosive solution at 298 K. Nyquist plots with open circuit potential are shown



Anal. Bioanal. Electrochem., Vol. 12, No. 1, 2020, 1-20 8

in Figure 3. The plots are two imperfect semicircles for both inhibitors, indicating that the

corrosion mechanism of mild steel is under charge transfer mechanism [25-27].
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Fig. 3. Nyquist plots obtained for mild steel after 30 min of immersion in HCI 1.0 M solution
with different concentrations of IBHP (a) and 2BHP (b) compounds at 298 K

The equivalent electric circuit presented in Figure 4, was proposed to simulate the
experimental data. This circuit enables the identification of the solution resistance (Rs) and the
charge transfer resistance (R¢t). It should be noted that the value of the double layer capacity
(Cct) was affected by the surface imperfections, this effect was simulated via a constant phase
element (CPE) [28,29] and their parameters were calculated according to different models and
are listed in Table 5.

Rs

CPE

Fig. 4. Equivalent circuits compatible with experimental impedance data

The CPE impedance is defined by two values, Q and n and it is described by the equation
(8) [30,31]:

Zepe =Q'(jw)" (8)

where Q is the CPE constant, o is the angular frequency (rad.s™), j is an imaginary number
defined by j?>=-1 and n is a CPE exponent which can be used as an heterogeneity indicator or
the surface roughness [32,33].The double-layer capacity values were calculated using the
following equation (9):

Ca= Q(anmax)a-l (9)
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where Wmax= 27tf max and fmax 1s the maximum frequency.

Table 5. Impedance parameters for mild steel corrosion in HCI 1.0 M in the absence and the

presence of different concentrations of two glassy phase compounds at 298 K

Conc. R, Ret Ca Q Himp
n
oM | Q@em) | Qem) | (uF.cm?) “ QES™ | %
HCILOM | - 1.9 2336 190 0.897 470 ;
50 18 108.9 90 0.902 184 78.5
100 18 103.6 110 0.911 164 77.4
|BHP
200 1.9 98.9 125 0.924 235 76.4
300 2.0 83.2 96.4 0.916 144 71.9
50 15 157 100 0.872 170 85.1
100 18 143.6 119 0.904 176 83.7
2BHP
200 1.6 81.75 139 0.908 209 71.4
300 2.1 68.24 145 0.913 803 65.7

The data presented in Table 5 indicates that R¢; value increases in the presence of different
concentrations of both inhibitors. Moreover, the value of the proportional factor Q of CPE
varies in the usual way with the concentration ofIBHP and 2BHP. This is attributed to the
increase in surface coverage of mild steel by the inhibitory molecules leading to increased
inhibition efficiency [34]. The increase in R¢ value is attributed to the formation of a protective
layer in the metal/solution interface. It should be noted that the inhibition efficiencies
calculated from electrochemical measurements are reasonably in agreement with those
obtained from weight loss measurements.

Bode plots of mild steel immerged in HCl 1.0 M medium without and with different
concentrations of IBHP and 2BHP at 298 K are presented in Figure 5.
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Fig. 5. Bode plots of mild steel immerged in HCI 1.0 M medium without (c¢) and with different
concentrations of 1BHP (a) and 2BHP (b) at 298 K

In Bode plots, there is only one peak in both inhibitors as well as the blank solution, this
result confirms the equivalent circuit model used to simulate the impedance spectrums. Bode
plots show a single maximum phase for both inhibitors, indicating that the electrochemical

process in the metal-solution interface is controlled by charge transfer kinetics.

3.2.3. Isothermal adsorption and temperature effect

The inhibition of metal corrosion by organic or inorganic compounds is due to their
adsorption on the metal surface, which may involve two types of interaction with a metal
surface (physisorption, chemisorption). The adsorption process therefore depends on the
charge, the nature of the metal surface, the chemical structure of the inhibitor and the type of
electrolyte [35]. However, several adsorption isotherms are generally used to describe the
adsorption process, including Temkin, Frumkin, Langmuir and Flory-Huggins [36-39]. The
best fit is obtained with the Langmuir isotherm. Adsorption of the inhibitor molecules to the
surface of mild steel by the Langmuir adsorption isotherm is given by the accompanying
conditions [40].
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0
kaasCinn = -0 (10)

where 0 is the recovery rate, Cinn is the concentration of both glassy compounds and Kags is the
adsorption equilibrium constant. The linear curves of (Cinn/0) as a function of the concentration

of 1BHP and 2BHP are graphically presented according to the appropriate adsorption isotherm
(Figure 6).

350 | ® 1BHP
* 2BHP
— Fitting curves

C,/0 (mgll)

50 100 150 200 250 300
C,n (M)

Fig. 6. The adsorption of Langmuir’s isotherm of mild steel in HCI 1.0 M in the presence of
the glassy compounds1 BHP and 2BHP at 298 K

The coefficient of linear correlation (0.99997 for IHBP and 0.99933 for 2HBP) are almost
equal to 1 and the slopes of the lines are of 1.24881 for 1HBP and of 1.06746 for 2HBP,
confirming the hypothesis that the adsorption of both glassy compounds obeys the adsorption
of Langmuir’s isotherm. It confirms the adsorption activity of two vitreous compounds on the
mild steel surface, indicating that the typical adsorption sites at the steel-electrolyte interface
are occupied by active compounds of 1BHP and 2BHP, as some works have reported [41]. So
the adsorption equilibrium constant Kags, is related to the free adsorption energy AGags, by the
following equation (11) [42]:

—4Gqags
e( RT )

Kaas =

(11)

Cwater

where, Cwater is the concentration of the solution water (10° mg/L), R is the noble gases constant
and T is the absolute temperature (K).

AGags values are calculated and grouped in Table 6. The negative values of the free
adsorption energy AGads, indicate a spontaneous adsorption of both glassy compounds on the
metallic surface as well as the strong interaction between the inhibitor molecules and the
surface of mild steel [43,44].

In general, AGags values near to -20 KJ mol™! or lower, are associated with electrostatic

interaction between the charged molecules and the charged metal surface (physical adsorption);
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while those near to —40 kJ mol! or higher, involve load sharing or transfer of inhibitor
molecules to the surface of the metal to form a coordinated covalent bond (Chemical
adsorption) [44-46]. AGags calculated values are between -20 kJ mol™'and -40 kJ mol™! for both
products, suggesting that the adsorption of both inhibitors on the steel surface is of mixed type,

predominantly physical (Table 6).
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Fig. 7. Potentiostatic polarization plots of mild steel in HC1 1.0 M without (c¢) and with the
addition of 50 ppm of 1HBP (a) and 2HBP (b) at different temperatures

Table 6. Thermodynamic parameters obtained from the adsorption of Langmuir’s isotherm for
both products at 298 K

Inhibitors  K.4(L /mol)  AGaas(Kj/mol) R? Slopes
1 HBP 0.156 -29.6 0.99997 1.24881
2 HBP 0.038 -26.1 0.99933 1.06746
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Generally, temperature is a factor that has a direct influence on the kinetics of chemical
reactions in solution. According to literature, temperature may cause a change in the behavior
of steel in a corrosive environment and in the nature of metal/inhibitor interaction [47]. In order
to determine the effect of this variable on the inhibitory power of both glassy compounds
(1BHP, 2BHP) on mild steel, we performed stationary electrochemical characterization in
potentiostatic mode at different temperatures (298 K to 328 K).

The polarization plots obtained in HCI 1.0 M without and with the addition of 50 ppm of
the tested compounds in the temperature range (298-328 K) are presented in Figure 7. The
values of the corrosion current densities (Lcorr), corrosion potentials of the steel (Ecorr) and the

inhibition efficiencies as a function of temperature are given in Table 7.

Table 7. Temperature effect on the electrochemical parameters of mild steel in HC1 1.0 M in

the absence and the presence of 50 ppm of both compounds

Temperature -Ecorr icorr Be Ba nee
Compounds
K mV/Ag/AgCl  pA cm? mVdec! mV dec! %
298 498 983 140 150 -
308 491 1200 184 112 -
Blank
318 475 1450 171 124 -
328 465 2200 161 118 -
298 489 207 131 124 78.9
308 505 278 128 126 76.8
1BHP
318 519 372 121 123 74.3
328 522 624 125 121 71.6
298 472 132 121 128 86.6
308 524 185 127 115 84.5
2BHP
318 516 269 126 117 81.4
328 508 468 134 133 78.7

Based on the analysis of the results obtained, we find that:

v The corrosion current density values increase with temperature in the whole studied range.
This is probably due to the acceleration of steel corrosion kinetics with increasing
temperature.

v The curves in the cathodic part are parallel, explaining that H+ ions reduction on the steel
surface is done according to the same pure activation mechanism.

v" Inhibition efficiency mep (%) of the tested compounds decreases with the temperature

increase. This can be explained by the positive contribution to the corrosion phenomenon.
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This can be also explained by a slight change of equilibrium adsorption- desorption in favor

of the desorption process thus decreasing the inhibitory power of the molecule [48,49].

3.2.4. Activation parameters of corrosion process

By studying the effect of temperature on the corrosion current density (icor) We can
calculate the value of the activation energy (Ea) of the corrosion process, with different
temperatures, in the absence and the presence of the inhibitors 1BHP and 2BHP, according to
Arrhenius equation (12) [50].

. Ea
Inicor=1In A - P (12)

where icorr 18 the corrosion current density, R is the noble gases constant and T is the absolute
temperature. A is Arrhenius pre-exponential factor.

The variation of the logarithm of the corrosion current density as a function of the
temperature reciprocal (1000/T) is given in Figure 8 in the absence and presence of 50 ppm of
both glassy compounds. From Arrhenius relationship, we can calculate the activation energies
which are given in Table 8. It is noteworthy that E, values in the presence of both glassy
compounds are higher than E. value obtained for the free inhibitor solution. This increase in
corrosion energy activation in the presence of inhibitors, associated with a decrease in the
inhibition efficiency

At high temperatures, is frequently interpreted as due to the formation of an adsorption film

of a physical nature, i.e. involving electrostatic interactions with the metal surface [51,52].
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Fig. 8. Arrhenius diagrams for mild steel in HCI 1,0 M in the absence and the presence of 50
ppm of both glassy compounds/(a) of In (icorr) vs. 1000/T and (b) In(icor/T) vs. 1000/T

Standard activation enthalpy values (AH.) and activation entropy (AS.) were calculated

according to the following equation (13):
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[ R AS AH
== (In () + =) - = (13)

where N is the Avogadro number and h is Planck’s constant.

Figure 8 illustrates the variation of Icor/T as a function of the temperature reciprocal for the
blank solution and for a concentration of 50 ppm for both glassy compounds. The lines obtained
have a slope equal to (-AH./R) and an intercept equal to (In(R/Nh)+AS./R). Owing to these
lines, we can calculate AH. andASa values. Enthalpies (AH.) and entropies (AS.) values are
given in Table 8.

The positive signs of enthalpies (AH,) reflect the endothermic nature of the process of steel
dissolution. In fact, the increase of activation enthalpy corresponds to a decrease in the metal
dissolution. The high and negative values of activation entropy, in the presence of the studied
inhibitors, indicate a decline in the disorder during the formation of the metal

complex/adsorbed species [53].
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Fig. 9. MEB micrographs of mild steel surface after 6 hours of immersion in HCI 1.0 M at 298
K in the absence and the presence of both glassy compounds: 1BHP (a) and 2BHP (b)
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Table 8. Values of the activation parameters E., AHa and AS, for mild steel in HCl 1.0 M

without and with the addition of 50 ppm of both glassy compounds 1BHP and 2BHP

Medium E, AH, ASa
(KJ/mol) (KJ/mol) (KJ/mol.K)
Blank 21.0 18.5 -126.0
HClI1.0 M 1 BHP 29.1 26.5 -111.9
2 BHP 33.7 31.1 -100.0
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Fig. 10. Qualitative and quantitative analysis of mild steel by EDX, after 6 h of immersion in
a blank solution of HCI 1.0 M and in the solution containing 50 ppm of 1BHP (a) and 2BHP
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3.2.5. Surface analysis

The corresponding MEB micrographs and EDX spectra of mild steel samples after 6 h of
immersion in HCI 1.0 M at 298 K in the absence and the presence of both glassy compounds
are presented in Figure 9.

The image of the surface of the mild steel after 6 h of immersion in HCI 1.0 M at 298 K
shows clearly that the latter is under attack. The steel suffered from corrosion in the absence of
the inhibitor. However, in the presence of both glassy compounds 1BHP and 2BHP, we note
on the surface micrographs of steel after 6H of immersion in HCI 1.0 M solution at 298 in the
presence of 50 ppm of both compounds 1BHP et 2BHP, that the surface is covered by a product
in the form of a wafer, reflecting the adsorption of the glassy phase [54]. This observation
shows that the inhibition is due to the formation of a stable and insoluble adhesive deposit that
restricts electrolyte access to the surface of the steel. We realized EDX analyses in order to
identify the different elements present on the mild steel surface. Figure 10 presents EDX
spectrums. In the case of the blank, we note the formation of iron oxide and the apparition of
an oxygen peak, emerging from the steel attack in HCI 1.0 M.

We note also, in the presence of IBHP and 2BHP, a decrease in the carbon and oxygen
peak and the presence of Bismuth and fluorine. These observations confirm that the glassy
compounds decrease the steel corrosion by forming a layer, which restricts electrolyte access

to the surface of the steel

4. CONCLUSION

Concluding the experimental part, it was clearly demonstrated that all techniques used, are
able to characterize and to follow the corrosion inhibition process promoted by two glassy
compounds: 1BHP and 2BHP was investigated. The corrosion rate of mild steel decreased with
decreasing the inhibitor concentration to reach a minimum at 50 ppm. 1 BHP and 2BHP
exhibited good inhibition properties for mild steel corrosion in 1.0 M HCI solution and their
inhibition efficiency is inversely proportional to their concentration. The obtained results
showed that 1 BHP and 2BHP acted as mixed-type inhibitors of mild steel corrosion in 1.0 M
HCI. Electrochemical impedance spectroscopy (EIS) measurement results indicated that the
resistance of the mild steel increased with inhibitor concentrations to reach a maximum at 50
ppm of 1BHP and 2BHP but 2BHP showed higher protection and performances than 1BHP.
This may be due to the percentage increase in bismuth phosphate, which improves adsorption
of 2HBP on a charged metal surface. The adsorption characteristics of 1BHP and 2BHP
followed the isothermal adsorption model of Langmuir. The study of temperature effect on the
inhibition efficiency shows that this one decreases with the temperature increase. Which
confirms that the adsorption of both glassy compounds is made by an intermediate adsorption

between physisorption and chemisorptions. Surface morphology studies confirmed the
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mitigation of mild steel corrosion by the formation of a protective film on the surface of the
steel.
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