
i % ® M 3 « ^ l 
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Chapters 
Part II 

Discussion 

(A) The role of microstructure in corrosion behavior 

Some pipes, which used in sanitary pipelines, are manufactured 
from reinforced concrete. In industrial area, wasters in these sanitary 
may be acidic in its effect. Then it absorbed and penetrate of the concrete 
layer to attack steel of reinforcement of concrete through the corrosion 
phenomena. 

The famous method which used to protect these pipelines against 
corrosion is one in which the inhibitor mixed with fresh concrete during 
the process of manufacturing these pipelines. 

In this study, the corrosion behavior of C.V.steel, L and M were 
studied in different concentration of HNO3 as acidic media. Also, the 
effect of heat treatment on the above two samples were studied. There 
are three different methods of regimes, which are carried out, for the two 
samples under study. Therefore, we have four samples for L.C.V.steel 
(one as cast and the other three are heat treated). Also, we have four 
samples for M.C.V.steel. 

The effect of HEAA, as inhibitor for the corrosion process, was 
studied for all specimens. The reflects that the HEAA regard as a good 
inhibitor for corrosion processes due to acidic media. 

- Effect of heat treatment on mechanical properties 
and microstructure of vanadium steel 

Two types of vanadium steel were selected for the present study. L 
and M.C.V.steel. Carbon is present in L and M vanadium steel as iron 
carbide and vanadium carbide in pearlitic phase lamina. 
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a) Microstructure of as-received (without heat treatment 
samples) 
Microstructure of as-received L and M.CV.steel samples was 

examined using optical microscope. Both polished and etched samples 
were examined. The micrographs of these samples are given in Fig(144-
151). It is clear that the as-received L.CV.steel (LA) consist wide ferritic 
area, and small one of pearlite as shown in Fig(144). 

The as-received MX.V.steel (MA) consist small area of ferrite, and 
wide one of pearlite in Fig(145). Ferrite phase is relatively pure bcc iron 
as shown in Fig.(7), while pearlite phase consist of alternate plates or 
lamellar structure (see Fig.8) of ferrite and cementite (carbide) which has 
formula, FejC (see Fig.6). 

b) Microstructure of heat treated samples 
According to the method of heat treatment, which described in 

details in experimental section of this work, and the following samples 
are result of heat treatment of tow types of steel: 

i) Normalized L.C.V.steel sample (LN) 

Pearlite was transferred by normalizing regime to fine shape in 
ferritic matrix in small quantity as shown in Fig(146). 

ii) Spheroidized L.C.V.steeI sample (LS) 
Cementite in pearlite was transferred to spherical ,particles in 
ferritic matrix by spheroidizing regime as shown in Fig(147). 

iii) Quenched L.C.V.steel sample (LQ) 

Matrix was transferred to martensitic one by used hardening 
regime as shown in Fig(148). 

iv) Normalized M.CV.steel sample (MN) 

Pearlite was transferred to large quantity of fine pearlite which 
distributed in ferritic matrix, as shown in Fig(149). 
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v) Spheroidized M.CV.steel sample (MS) 
Cementite in pearlite was transferred to spherical ,particles in 
ferritic matrix as a large quantity, that is as shown in Fig(150). 

vi) Quenched M.CV.steel sample (MQ) 

Martensite was produced by hardening regime as a large quantity, 
these is as shown in Fig(151). 
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Fig(144): Microstructure of as-received L.C.V.steel specimen 
with 2% nital. 

Fig(145): Microstructure of as-received M.C.V.steel specimen 
with 2% nital. 
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Fig(146): Microstructure of normalized L.C.V.steel specimen 
with 2% nital. 
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Fig(147): Microstructure of spheroidized L.C.V.steel specimen 
with 2% nital, 
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Fig(148): Microstructure of quenched L.C.V.steel specimen 
with 2% nital. 
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Fig(149): Microstructure of normalized M.C.V.steel specimen 
with 2% nital. 
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Fig(151): Microstructure of quenched M.C.V.steel specimen 
with 2% nital. 
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(B) Effect of concentration of HN03 on 
corrosion behavior 

The corrosion behavior of all carbon vanadium (CV) steel samples 
has been studied at 25,35,45 and 55 °C in 0.1,0.3 and 0.5 M HNO3, 

Inspection of the corrosion rate data in Tables (2-17), it is obvious 
that the corrosion rate increases as the concentration of HN03 increased 
i.e. in the order 0.1<0.3<0.5 M HNO3 for all samples under study at 
different temperature. Such behavior can be discussed in view of 
increasing the hydrogen ion concentration (i.e. the cathodic. reactant) 
which accelerate the corrosion process. 

(C) Effect of temperature on the corrosion 
behavior 

The corrosion rate data in Tables(2-17) indicate that the rate of 
corrosion increases with increasing the temperature in the following 
order: 
25°C < 35°C < 45°C < 55°C for all samples, indicating that the corrosion 
rate stimulated with increasing the temperature. The corrosion rate will 
increase with temperature as a result of decreasing the apparent 
activation energy E* of the charge transfer reaction*2*"37*: 

Oxidation (anodic reaction): Fe ►Fe + 2e 
Reduction (cathodic reaction): 2H* + 2e ►fife 

The increase in temperature will enhance the rate of H+ diffusion to 
the metal surface as well as ionic mobility. At lower temperature, the 
adsorbed hydrogen atoms block the cathodic area, while the increase in 
the solution temperature causes desorption of hydrogen. Such hydrogen 
desorption leading to the increase of cathodic area and consequently 
increase the corrosion rate. 
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(D) Corrosion rate of low carbon vanadium 
steel samples 

The corrosion rates were calculated for the studied samples in 
absence and presence Of N,N dihydroxy ethyl acryl amide (HEAA)as 
anew inhibitor"l7) in the corrosion media under the studied condition. 

1- The Corrosion rate without inhibitor 
From TabIes(2-5), its obvious that the rate of corrosion decreases 

according the following order: 

At25°C LA>LQ>LS>LN 
At35°C LA>LQ>LN>LS 
At45°C LA>LN>LQ>LS 
At55°C LA>LQ>LN>LS 

In general, it was found that the most predominant behavior for 
L.C.V. steel samples in the order: 

LA>LQ>LN>LS 

This order indicate that any heat treatment regime carried out in 
this study on L.C.V. steel samples increases the corrosion resistance. 

2- The Corrosion rate in presence of HEAA (as 
an inhibitor) 

The electrochemical method viz. polarization method used to study 
the inhibitory properties of HEAA on the corrosion behavior of LA, LN, 
LS, LQ, MA. MN, MS and MQ samples in 0.1 M HNO3 solution in at five 
concentration (2,4,6,8,10) xlO"5M of HEAA. 

Tables(6-9) represent the corrosion rates of L.C.V steel samples in 
0.1 M HNO3 in presence of different concentration of HEAA as a new 
corrosion inhibitor017* .The corrosion rate in this case decreases in the 
following order: 
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At25°C LA>LQ>LS>LN 
At35°C LA>LQ>LN>LS 
At45°C LQ>LA>LN>LS 
At55°C LN>LA>LS>LQ 

Although the high temperature(45 and 55 °C)have a sharp role in 
the corrosion of LQ and LN samples, respectively but it is possible to say 
that the most predominant order is: 

LA>LQ>LN>LS 

Another time, the heat treatment regime of L.C.V. steel samples 
decreases the rate of corrosion. These data show that the corrosion rate 
is inversely proportional with the concentration of HEAA indicating the 
inhibition of this new corrosion inhibitor. 

(E) Corrosion rate of medium carbon vanadium 
steel samples 

1- Corrosion rate in absence of HEAA inhibitor 
The corrosion rates in Tables (10-13) at different concentration of 

HN03 (0.1,0.3, 0.5M) and at different temperatures (25,35,45 and 55 °C) 
can be ordered as follows: 

At25°C MA>MQ>MN>MS 
At35°C MA > MS > MN > MQ 
At45°C MQ>MA>MS>MN 
At55°C MQ>MA>MN>MS 

The above behavior indicating that the corrosion rate of M.C.V. steel 
samples decreases in most predominant order as follow: 

MA>MQ>MN>MS 
1 

Here again, as mentioned in L.C.V. steel samples, that heat 
treatment of M.C.V.steel samples cause some inhibition for the corrosion 
processes. 
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2- Corrosion rate in presence of HEAA as an inhibitor 
The corrosion rate of M.C.V.steel samples in 0.1 M HNO3 in 

presence of different concentration of HEAA as an inhibitor were 
.tabulated in 
Tables(14-17). These data can be summarized in the following decreases: 

At25°C MA>MQ>MS>MN 
At35°C MA>MN>MS>MQ 
At45°C MA>MQ>MN>MS 
At55°C MN>MA>MQ>MS 

The above behavior illustrate that the corrosion rate for M.C.V.steel 
samples is decreased generally as follow: 

MA > MQ > MS < MN 

In general, all the previous corrosion rate data for L.C.V. and 
M.C.V. steel samples whether in absence or presence of HEAA as 
inhibitor show that the most predominant order in the corrosion rate 
decreases as follows: 

A > Q > N > S 

(with exception at 45 and 55 °C) 
In the light of this general order, it was assure that any heat 

treatment regime alike the employed in these study resist in it selves the 
corrosion processes. 

It worth-note that the corrosion rate of L.C.V.steeI samples were 
much more higher than for M.C.V.steel samples whether in presence or 
absence of the inhibitor (with exception of very few cases at 45 and 55 °C) 
Then, in other word, one can say that M.C.V.steel resists the corrosion 
more than L.C.V.steel. This is may be interpreted from the lower 
percentage of ferrite phase in M.C.V.steel than that for L.C.V.steel. 

(F) Inhibition efficiency of HEAA 
The inhibition efficiency(P%) can be calculated from the following 
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equation*117 m): 

P% = ( r - r ) / r x i 0 0 

Where r and r" are the corrosion rate in absence and presence of inhibitor. 

Inspection the inhibition efficiency data in tables( 18-25), it is obvious 
that this inhibition efficiency for all samples under study increases with 
increasing HEAA with concentration in the following order: 

10-4>8xl0*5>6xl05>4xl0'5>2xl05M HEAA 

Due to the adsorption of a more number of inhibitor molecules on the 
metal surface. 

The study of N,Ndihydroxy ethyl acryl amide(HEAA) as a corrosion 
inhibitor is of significant interest because of its structure: 

O H 

v / 
,CH 2 - - C H 2 

VC N \ 

jr-*T¥ jf*XJT v-^ T_r dr""*TUT 
*wlrl2 v^-Jrl v,.- r l 2—*-*.rl2 

O H 
N,Ndihydroxy ethyl acryJ amide(HEAA) 

This organic structure has all the advantage of the efficiency inhibitor 
such as unsaturated bond, C=0 group, nitrogen atom and tow alcoholic 
groups(1,7). These characteristic group of the inhibitor as well as the large 
molecule of this organic compound increase the property of adsorption and 
the surface coverage017), 

On the other hand the inhibition efficiency can be studied from both 
metal microstructure and temperature change point of view. 

According to Tables(18-25), The higher inhibition efficiency was 
observed mostly in quenched heat treated. Then it was concluded that the 
martensitic surfaces (of L.C.V. or M.C.V.steel samples) are the best suitable 
surface using HEAA as inhibitor in 0.1 M HNOj.In general, the inhibition 
efficiency decreases by increasing temperature in case of 25,45, and 55 "C 

o b e i k a n d l . c o m



203 

(taking account an abnormal of inhibition efficiency at 35 °C which has a 
lower values than those at the other temperature). This above behavior 
indicates that the inhibitor HEAA molecules controlled by inhibition 
mechanism and can be described as complex formation on the metal surface 
, but at high temperature(45, 55°C) this complex is decomposition. 

Figures(152-159)represent the plot of the inhibition efficiency(P%) 
versus logarithm of concentration of HEAA (log [I] ) in 0.1 M HNO3 for all 
samples under study. 

It is obvious that inhibition efficiency increases with increasing 
concentration of HEAA. These Figures exhibit a single S shape for all obtained 
curves. This means that the formation of one layer from HEAA molecules over 
the metal surfaces in all cases under study (where the number of S shapes is 
the best indication for the number of adsorbed layers the inhibition 
molecules). 

(G)Activation energy (E*)(U7-,18). 
The activation energy E* for the corrosion of eight C.V.steel samples 

under study in 0.1 M HNO3 solution in absence and presence of different 
concentration of HEAA were calculated from Arrheniuse.equation(1,7118): 

In r « In A - E*/RT (22) 

where r = corrosion rate 
A = Arrheniuse pre exponential factor 
R = ideal gas constant 
T = absolute temperature. 

Plotting In r vs. 1/T and E* would be deduced from slope =-E*/2.303R. 

Values of E*for all samples in presence and absence of different 
concentrations of HEAA as cited in Tables (38-47), Indicating that: 

1-In case of L.C.V.steel samples the activation energy values of the 
normalizing samples in presence and absence of the inhibitor are higher 
than those of (he other samples. Also, the activation energy values of the 
normalizing sample in presence of the inhibitor are higher than those in 
absence of the inhibitor. 
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2-In case of M.C.V.steel samples, the activation energy values of the 
quenched sample is higher than those for other samples in absence of 
the inhibitor . While in case of presence of the inhibitor the activation 
energy values of the normalizing sample are higher than those of the 
other samples. 

This attributed to that these heat treatments for these samples 
may be increase the energy barrier of the activation processes. 

(H) Application of the thermodynamic models 
Three models of surface chemistry were used to investigate 

corrosion inhibition mechanism of HEAA adsorption on the metal 
surfaces. 

The above models which used in this work are Langmuir, Frumkin 
and El-Awady isotherm(ll9). 

Molecules of HEAA inhibit the corrosion process by adsorption on 
metal surface. Theoretically, the adsorption process can be regarded as a 
single substitutional process in which an inhibitor molecule in the 
aqueous phase substitutes an (x) number of water molecules adsorbed on 
the metal surface as in the following equation*120*: 

Icq + xH2Os ► Is + xH2Oeq 

Where (x) is know as the size ratio and simply equal to the number 
of adsorbed water molecules replaced by a single inhibitor molecule. The 
adsorption depends on the structure of the inhibitor, the type of the 
metal and the nature of its surface, the nature of the corrosion medium 
and its pH value and temperature. 

1- Langmuir Isotherm(1,9) 

Langmuir's equation is can be written as follows: 

6/1- G = K[I] 

Where K is equilibrium constant of the adsorption reaction, 
[I] is concentration of HEAA in the bulk of the solution, 
6 is the surface coverage, which can be calculated from the 

following equation019>: 
0 = 1- (r7r) 
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Where r and r are the corrosion rate in the presence and absence of 
inhibitor respectively. K's values can be obtained by plotting 0/1- 0 
against [I], and the are showing Figures (160-167), and data registered in 
Tables (38-47). AH curves of Langmuir are straight lines, indicating to 
validity applying Langmuir model. Thermodynamic parameters of 
adsorption process were calculated from the following equation(,21): 

AG° = -2.303 RT log K (24) 
AS0 = AH0 -AG° (25) 

T 

Where AG% AH° and AS0 are stander free energy, enthalpy and 
entropy changes respectively. Data of thermodynamic parameters using 
Langmuir model were collected in the Tables (42,47), . It is obviously 
described to obtain the standard enthalpy (AH0) by the study of the 
binding constant (K) over temperature range by applying a linear-least 
squares analysis according to the Van't Hoffs isochore(I2I). 

d (In K) _ -AH° (26) 
d (T1) R 

or inK = i l r + n t 1 <27> 
Where the values of log K are plotted versus T"1 giving a straight line 

with slope equal to (-AH72.303 R){12,). Hence, the standard enthalpy 
changes AH° can be evaluated. 

All AG° values for all samples under study are negative at different 
temperature indicating to spontaneously of adsorption process022'. But 
AH0 values for all samples under study are positive referring to 
endothermicity of the adsorption processes. This behavior supported by 
the binding constant values which increases as the temperature increases 
indicating that the adsorption processes are endothermic ones which 
agree with the positive values of the standard enthalpy changes, AH°, as 
cited in TabIes(38-47). Also, the spontaneity increases with increasing 
temperature as a result of the increasing the negativity AG° with 
increasing the temperature. The positive values of AS° indicate that 
these adsorption processes are entropy favored processes, where the 
positive AS0 values are applicable with the negative AG°. This results 
indicate that the adsorption processes are mixed (physical and chemical) 
adsorption. 
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2-Frumkin isotherm<120) 

The second thermo dynamic model is Frumkin's equation which 
could be written as follows(I,9): 

ln{ G/l- 0 [I]} = In K + 2a 0 

Where "a" = Lateral inter action term between adsorbed molecules 
describing the interaction in the adsorbed area and the measurement of 
steepness of the adsorption. Other terms in the equation are as 
mentioned above. 

Data of applying Frumkin equation are recorded in Tables(48-57). 
Most values of "a" are negative values or less than unity indicating a 
weak adsorption of HEAA molecules except in few cases, the values of 
"a" near or more than unity indicating strong adsorption of HEAA 
molecules in such few cases(,20): As shown in Figures(l 68-176), A plot of 
ln{ 0/(1- 8) (I)} against 9 gives a curvature relationship (not a straight 
line) indicating to Invalidity of Frumkin model. In this case, the values of 
K as well as (a) were calculated by using least square fit. Then, 
thermodynamic parameters of adsorption processes were calculated and 
reported in Tables(52,57). All AG° values are negative denoting that 
adsorption process proceeds spontaneously. In case of L.C.V.steel 
samples, all AH0 values have negative values indicating to exothermcity 
of the adsorption processes of HEAA molecules, the negative values of 
AS0 in this case indicating that these adsorption processes were enthalpy 
favored processes(m>. Similar were observed in case of M.C.V.steel 
samples of MN and MS, while in case of MA and MQ samples the 
adsorption processes were entropy favored processes where AS0 and AH° 
have a positive values. In these cases the adsorption processes for all 
samples are mixed (physical and chemical) adsorption. 
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3-EI-Awady isotherm(,,9) 

El-Awady equation was modified to the following one<119): 

log 6/(1- 6) « x log K + 1/x log [I] 

Where "x" = Number of sites on the metal surface which can be 
replaced by one molecule of the inhibitor. Data of "x" and binding 
constant values (K) were collected in Tables(58-67), which contain "x" 
values are near or more than unity indicating a strong adsorption of 
inhibitor molecules on the metal surface. Straight lines of plotting log 
9/(1- 6) against log [I] in Figures(176-183)are indicating the validity of 
modified El-Awady isotherm. All AG° values are negative indicating to 
spontaneously of adsorption processes. AH° values are positive in most 
cases indicating to endothermicity of the adsorption processes, while 
negative in case of MS sample duo to exothermic nature of this 
adsorption process. Also, the K values increase as the temperature 
increases in most cases indicating that the adsorption processes are 
endothermic ones which agree with the positive values of the standard 
enthalpy changes, AH% as reported in Tables (62,67). 

The positive AS0 values indicate the disordered adsorption processes 
of HEAA molecules over the metal surfaces. These positive values of AS° 
applicable with the negative AG° values indicate that the adsorption 
processes in these cases are entropy favored processes. 

From values of K, AH0, AS° its obvious that the adsorption 
processes are mixed (physical and chemical) adsorption. 

On comparison of the present data of the three models, it is obvious 
from Figures (160-167) and (176-183) the validity of the Langmuir 
isotherm and El-Awady isotherm due to their obtained straight lines, 
while the application of Frumkin thermodynamic model yields a 
curvature isotherm(,l9). This curvature isotherm as well as the negative 
"a" values indicating the invalidity of the Frumkin model if compared 
with Langmuir isotherm and El-Awady isotherm (H9). 
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Although there is very good agreement between Langmuir isotherm 
and El-Awady model in the thermodynamic parameters and the binding 
constant behavior. It was conclude that the best applied thermodynamic 
model for the adsorption of HEAA molecules on various surface of the 
studied metal is Langmuir adsorption isotherm019). 

This final conclusion due to the excellent obtained straight line in 
application of Langmuir isotherm than that obtained from El-Awady 
isotherm as well as the "x" values were less than unity in some cases. 
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rable( 18 ): Inhibition efficiency of different concentrations of 
HEAA in 0.1M HNO3 for as cast L.C.V. steel 
sample at various temperatures. 

t°c [I]x105 

M -logffl Efficiency % 

25 

2 4.69 35.04 

25 
4 4.39 36.52 

25 6 4.22 38.83 25 
8 4.09 45.78 

25 

10 4.00 48.83 

35 

2 4.69 14.98 

35 
4 4.39 17.06 

35 6 4.22 23.35 35 
8 4.09 27.77 

35 

10 4.00 31.70 

45 

2 4.69 14.20 

45 
4 4.39 16.61 

45 6 4.22 24.89 45 
8 4.09 43.22 

45 

10 4.00 48.58 

55 

2 4.69 3.24 

55 
4 4.39 10.26 

55 6 4.22 24.96 55 
8 4.09 32.26 

55 

10 4.00 34.59 
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rable(19 ): Inhibition efficiency of different concentrations of 
HEAA in 0.1M HN03 for Normalized L.C.V. steel 
sample at various temperatures* 

t°c [I]x105 

M -logllj Efficiency % 

25 

2 4.69 31.82 

25 
4 4.39 35.07 

25 6 4.22 42.50 25 
8 4.09 44.27 

25 

10 4.00 47.61 

35 

2 4.69 18.17 

35 
4 4.39 23.55 

35 6 4.22 28.31 35 
8 4.09 31.66 

35 

10 4.00 41.59 

45 

2 4.69 10.57 

45 
4 4.39 15.84 

45 6 4.22 34.51 45 
8 4.09 41.58 

45 

10 4.00 42.53 

55 

2 4.69 16.90 

55 
4 4.39 23.26 

55 6 4.22 26.00 55 
8 4.09 35.39 

55 

10 4.00 38.13 
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Table(20): Inhibition efficiency of different concentrations of 
HEAA in O.IM HN03 for Spheroidized L.C.V. steel 
sample at various temperatures. 

t°c [I]x105 

M -!og[I] Efficiency % 

25 

2 4.69 37.82 

25 
4 4.39 40.45 

25 6 4.22 43.43 25 
8 4.09 45.07 

25 

10 4.00 47.98 

35 

2 4.69 5.58 

35 
4 4.39 13.80 

35 6 4.22 18.16 35 
8 4.09 22.93 

35 

10 4.00 27.32 

45 

2 4.69 28.85 

45 
4 4.39 32.45 

45 6 4.22 34.44 45 
8 4.09 38.75 

45 

10 4.00 39.70 

55 

2 4.69 1.97 

55 
4 4.39 18.48 

55 6 4.22 29.49 55 
8 4.09 31.25 

55 

10 4.00 38.03 
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Table( 21): Inhibition efficiency of different concentrations of 
HEAA in O.IM HN03 for Quenched L.C.V. steel 
sample at various temperatures. 

t°c [I]x105 

M -!og[i] Efficiency % 

25 

2 4.69 38.14 

25 
4 4.39 39.41 

25 6 4.22 42.77 25 
8 4.09 47.81 

25 

10 4.00 48.78 

35 

2 4.69 5.65 

35 
4 4.39 17.85 

35 6 4.22 27.16 35 
8 4.09 30.54 

35 

10 4.00 33.22 

45 

2 4.69 4.21 

45 
4 4.39 8.25 

45 6 4.22 33.04 45 
8 4.09 40.72 

45 

10 4.00 41.43 

55 

2 4.69 21.13 

55 
4 4.39 31.50 

55 6 4.22 40.75 55 
8 4.09 44.57 

55 

10 4.00 49.35 
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Table( 22 ): Inhibition efficiency of different concentrations of 
HEAA in O.IM HN03 for as cast M.C.V. steel 
sample at various temperatures. 

t°c [I]x105 

M -log[I] Efficiency % 

25 

2 4.69 38.48 

25 
4 4.39 41.58 

25 6 4.22 46.22 25 
8 4.09 48.68 

25 

10 4.00 54.73 

35 

2 4.69 8.08 

35 
4 4.39 11.78 

35 6 4.22 27.61 35 
8 4.09 32.19 

35 

10 4.00 37.41 

45 

2 4.69 36.32 

45 
4 4.39 38.04 

45 6 4.22 42.97 45 
8 4.09 45.36 

45 

10 4.00 49.42 

55 

2 4.69 21.60 

55 
4 4.39 34.05 

55 6 4.22 39.30 55 
8 4.09 43.65 

55 

10 4.00 45.95 
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Table( 23 ): Inhibition efficiency of different concentrations of 
HEAA in O.IM HN03 for Normalized M.C.V. steel 
sample at various temperatures, 

t°c [I]x105 

M -logfl] Efficiency % 

25 

2 4.69 28.92 

25 
4 4.39 36.91 

25 6 4.22 39.10 25 
8 4.09 42.42 

25 

10 4.00 49.61 

35 

2 4.69 7.54 

35 
4 4.39 20.90 

35 6 4.22 21.62 35 
8 4.09 24.16 

35 

10 4.00 27.21 

45 

2 4.69 8.39 

45 
4 4.39 22.97 

45 6 4.22 28.00 45 
8 4.09 32.94 

45 

10 4.00 38.18 

55 

2 4.69 18.02 

55 
4 4.39 20.42 

55 6 4.22 26.51 55 
8 4.09 38.85 

55 

10 I 4.00 40.32 I 

o b e i k a n d l . c o m



215 

Table( 24 ): Inhibition efficiency of different concentrations of 
HEAA in O.IM HN03 for Spheroidized M.C.V. 
steel sample at various temperatures. 

t°c [I]x105 

M ■log[I] Efficiency % 

25 

2 4.69 28.83 

25 
4 4.39 33.60 

25 6 4.22 37.72 25 
8 4.09 43.63 

25 

10 4.00 48.54 

35 

2 4.69 7.67 

35 
4 4.39 23.86 

35 6 4.22 27.09 35 
8 4.09 39.99 

35 

10 4.00 42.14 

45 

2 4.69 24.57 

45 
4 4.39 30.92 

45 6 4.22 40.03 45 
8 4.09 43.96 

45 

10 4.00 50.29 

55 

2 4.69 12.73 

55 
4 4.39 29.57 

55 6 4.22 33.09 55 
8 4.09 41.47 

55 

10 4.00 46.34 

o b e i k a n d l . c o m
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Table( 25 ): Inhibition efficiency of different concentrations of 
HEAA in O.IM HN03 for Quenched M.CV. steel 
sample at various temperatures. 

t°c [I]x105 

M -log[I] Efficiency % 

25 

2 4.69 14.07 

25 
4 4.39 19.99 

25 6 4.22 23.19 25 
8 4.09 28.97 

25 

10 4.00 34.58 

35 

2 4.69 5.85 

35 
4 4.39 14.68 

35 6 4.22 25.87 35 
8 4.09 27.55 

35 

10 4.00 30.82 

45 

2 4.69 35.40 

45 
4 4.39 38.80 

45 6 4.22 45.61 45 
8 4.09 48.83 

45 

10 4.00 50.77 

55 

2 4.69 25.84 

55 
4 4.39 43.14 

55 6 4.22 45.57 55 
8 4.09 49.69 

55 

10 4.00 51.58 

o b e i k a n d l . c o m
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Fig(152):The relation between inhibition efficiency and log [I] 
in 0.1M HN03 at 25 °C for L.C.V. steel samples 
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Fig(153): The relation between inhibition efficiency and log [I] 
in 0.1M HN03 at 35 °C for L.C.V. steel samples 
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Fig(154); The relation between inhibition efficiency and log [I] 
in O.IM HN03 at 45 °C for L.C.V. steel samples 
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Fig(155): The relation between inhibition efficiency and log [I] 
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Fig(156): The relation between inhibition efficiency and log [I] 
in 0.1M HN03 at 25 °C for M.C.V. steel samples 
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Fig(157 ): The relation between inhibition efficiency and log [I] 
in 0.1M HN03 at 35 °C for M.C.V. steel samples 
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Fig(158): The relation between inhibition efficiency and log [I] 
in 0.1M HN03 at 45 °C for M.C.V. steel samples 
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Table( 26): Activation energy of L.CV. steel samples in 
O.IM HN03 and absence of inhibitor HEAA at 
various temperatures. 

Sample T°K Log(C.R) 1/Tx103 E* 
KJ/mol 

As cast 

298 1.92 3.35 

6.19 As cast 
308 2.19 3.24 6.19 As cast 318 2.62 3.14 

6.19 As cast 

328 2.33 3.04 

6.19 

Normalized 

298 1.82 3.35 

9.30 Normalized 
308 2.23 3.24 9.30 Normalized 318 2.52 3.14 

9.30 Normalized 

328 2.55 3.04 

9.30 

Spheroidized 

298 1.85 3.35 

5.51 
Spheroidized 

308 1.93 3.24 5.51 
Spheroidized 318 2.32 3.14 

5.51 
Spheroidized 

328 2.18 3.04 

5.51 

Quenched 

298 1.90 3.35 

9.16 Quenched 308 2.11 3.24 
9.16 Quenched 

318 2.45 3.14 
9.16 Quenched 

328 2.63 3.04 

9.16 

o b e i k a n d l . c o m
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Table(27): Activation energy of L.C.V. steel samples in 
O.IM HNO3 in 2x10"5M of inhibitor HEAA 
at various temperatures. 

Sample T°K Log(C.R) 1/TX103 E* 
KJ/mol 

As cast 

298 1.44 3.35 

12.44 As cast 
308 1.86 3.24 12.44 As cast 
318 2.25 3.14 

12.44 As cast 

328 2.25 3.04 

12.44 

Normalized 

298 1.40 3.35 

11.90 Normalized 
308 1.82 3.24 11.90 Normalized 
318 2.25 3.14 

11.90 Normalized 

328 2.12 3.04 

11.90 

Spheroidized 

298 1.34 3.35 

10.59 
Spheroidized 

308 1.83 3.24 10.59 
Spheroidized 318 1.65 3.14 

10.59 
Spheroidized 

328 2.14 3.04 

10.59 

Quenched 

298 1.37 3.35 

11.62 Quenched 308 1.99 3.24 11.62 Quenched 
318 2.35 3.14 

11.62 Quenched 

328 2.07 3.04 

11.62 

o b e i k a n d l . c o m
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Table(28): Activation energy of L.C.V. steel samples in 
0.1 M HN03 in 4 x10"5 M of inhibitor HEAA 
at various temperatures. 

Sample T°K Log(C.R) 1/Tx103 E* 
KJ/mol 

As cast 

298 1.42 3.35 

10.99 As cast 
308 1.82 3.24 10.99 As cast 
318 2.18 3.14 

10.99 As cast 

328 2.09 3.04 

10.99 

Normalized 

298 1.35 3.35 

10.87 Normalized 
308 1.70 3.24 10.87 Normalized 318 2.12 3.14 

10.87 Normalized 

328 1.95 3.04 

10.87 

Spheroidized 

298 1.30 3.35 

7.23 
Spheroidized 

308 1.67 3.24 7.23 
Spheroidized 318 1.57 3.14 

7.23 
Spheroidized 

328 1.78 3.04 

7.23 

Quenched 

298 1.35 3.35 

9.31 Quenched 308 1.73 3.24 9.31 Quenched 
318 2.25 3.14 

9.31 Quenched 

328 1.80 3.04 

9.31 

o b e i k a n d l . c o m



Table(29): Activation energy of LX.V. steel samples in 
O.IM HN03 in 6 x10"5 M of inhibitor HEAA at 
various temperatures. 

Sample T°K Log (C.R) 1/Tx103 E* 
KJ/mol 

As cast 

298 1.38 3.35 

7.09 As cast 
308 1.68 3.24 7.09 As cast 
318 1.97 3.14 

7.09 As cast 

328 1.74 3.04 

7.09 

Normalized 

298 1.24 3.35 

10.57 Normalized 
308 1.60 3.24 10.57 Normalized 
318 1.66 3.14 

10.57 Normalized 

328 1.88 3.04 

10.57 

Spheroidized 

298 1.25 3.35 

4.85 
Spheroidized 

308 1.58 3.24 4.85 
Spheroidized 318 1.52 3.14 

4.85 
Spheroidized 

328 1.54 3.04 

4.85 

Quenched 

298 1.30 3.35 

5.09 Quenched 308 1.53 3.24 5.09 Quenched 
318 1.64 3.14 

5.09 Quenched 

328 1.56 3.04 

5.09 

o b e i k a n d l . c o m



229 

Table(30): Activation energy of L.C.V. steel samples in 
0.1M HN03 in 8 x10"5 M of inhibitor 
HEAA at various temperatures. 

Sample T°K Log (C.R) 1/Tx103 E* 
KJ/mol 

As cast 

298 1.27 3.35 

4.88 As cast 
308 1.58 3.24 4.88 As cast 
318 1.48 3.14 

4.88 As cast 

328 1.57 3.04 

4.88 

Normalized 

298 1.21 3.35 

7.30 Normalized 
308 1.52 3.24 7.30 Normalized 318 1.47 3.14 

7.30 Normalized 

328 1.64 3.04 

7.30 

Spheroidlzed 

298 1.22 3.35 

4.67 
Spheroidlzed 

308 1.49 3.24 4.67 
Spheroidlzed 318 1.42 3.14 

4.67 
Spheroidlzed 

328 1.50 3.04 

4.67 

Quenched 

298 1.21 3.35 

4.53 Quenched 
308 1.46 3.24 4.53 Quenched 
318 1.45 3.14 

4.53 Quenched 

328 1.46 3.04 

4.53 

o b e i k a n d l . c o m
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Table(31): Activation energy of L.C.V. steel samples in 
O.IMHNO3 inlO^M of inhibitor HEAA 
at various temperatures. 

Sample T°K Log (C.R) 1/Tx103 E* 
KJ/mol 

As cast 

298 0.08 3.35 

5.18 As cast 
308 0.17 3.24 5.18 As cast 
318 0.15 3.14 

5.18 As cast 

328 0.18 3.04 

5.18 

Normalized 

298 0.06 3.35 

8.49 Normalized 
308 0.11 3.24 8.49 Normalized 
318 0.16 3.14 

8.49 Normalized 

328 0.19 3.04 

8.49 

Spheroidized 

298 0.07 3.35 

3.53 
Spheroidized 

308 0.14 3.24 3.53 
Spheroidized 318 0.15 3.14 

3.53 
Spheroidized 

328 0.13 3.04 

3.53 

Quenched 

298 0.07 3.35 

2.93 Quenched 308 0.14 3.24 2.93 Quenched 
318 0.15 3.14 

2.93 Quenched 

328 0.12 3.04 

2.93 
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Table(32 ): Activation energy of M.C.V. steel samples 
in O.IM HNO3 and absence M of inhibitor 
HEAA at various temperatures. 

Sample T°K Log (C.R) 1/Tx103 E* 
KJ/mol 

As cast 

298 0.28 3.35 

11.27 As cast 
308 0.31 3.24 11.27 As cast 
318 0.44 3.14 

11.27 As cast 

328 0.44 3.04 

11.27 

Normalized 

298 0.24 3.35 

10.22 Normalized 
308 0.30 3.24 10.22 Normalized 
318 0.34 3.14 

10.22 Normalized 

328 0.41 3.04 

10.22 

Spheroidized 

298 0.24 3.35 

10.40 Spheroidized 
308 0.32 3.24 

10.40 Spheroidized 318 0.41 3.14 
10.40 Spheroidized 

328 0.39 3.04 

10.40 

Quenched 

298 
308 

0.18 3.35 

19.12 Quenched 

298 
308 0.29 3.24 

19.12 Quenched 
318 0.45 3.14 

19.12 Quenched 

328 0.46 3.04 

19.12 
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Table(33 ): Activation energy of M.C.V.steel samples in 
O.IM HN03 in 2x10*5 M of inhibitor HEAA 
at various temperatures. 

Sample T°K Log (C.R) 1/Tx103 
KJ/mol 

As cast 

298 0.14 3.35 

10.32 As cast 
308 0.28 3.24 10.32 As cast 318 0.24 3.14 

10.32 As cast 

328 0.34 3.04 

10.32 

Normalized 

298 0.14 3.35 

11.17 Normalized 
308 0.26 3.24 11.17 Normalized 318 0.30 3.14 

11.17 Normalized 

328 0.32 3.04 

11.17 

Spheroidized 

298 0.13 3.35 

11.17 
Spheroidized 

308 0.28 3.24 11.17 
Spheroidized 318 0.29 3.14 

11.17 
Spheroidized 

328 0.33 3.04 

11.17 

Quenched 

298 0.13 3.35 

11.38 Quenched 308 0.26 *Jm£.*T 11.38 Quenched 
318 0.27 3.14 

11.38 Quenched 

328 0.33 3.04 

11.38 
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Table(34 ): Activation energy of M.C.V.steel samples in 
O.IM HNO3 in 4x10*5M of inhibitor HEAA 
at various temperatures, 

Sample T°K Log (C.R) 1/Tx103 E* 
KJ/mol 

As cast 

298 0.12 3.35 

7.20 As cast 
308 0.26 3.24 7.20 As cast 318 0.23 3.14 

7.20 As cast 

328 0.26 3.04 

7.20 

Normalized 

298 0.10 3.35 

12.33 Normalized 
308 0.20 3.24 12.33 Normalized 318 0.22 3.14 

12.33 Normalized 

328 0.31 3.04 

12.33 

Spheroidized 

298 0.11 3.35 

8.03 
Spheroidized 

308 0.19 3.24 8.03 
Spheroidized 318 0.25 3.14 

8.03 
Spheroidized 

328 0.24 3.04 

8.03 

Quenched 

298 0.10 3.35 

6.63 Quenched 308 0.22 3.24 6.63 Quenched 
318 0.24 3.14 

6.63 Quenched 

328 0.22 3.04 

6.63 
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Table(35): Activation energy of M.CV.steel samples in 
O.IM HN03 in 6 x10*5M of inhibitor HEAA 
at various temperatures. 

Sample T°K Log (C.R) 1/Tx103 E* 
KJ/mol 

As cast 

298 0.10 3.35 

7.54 As cast 
308 0.17 3.24 7.54 As cast 
318 0.19 3.14 

7.54 As cast 

328 0.23 3.04 

7.54 

Normalized 

298 0.09 3.35 

10.58 Normalized 
308 0.19 3.24 10.58 Normalized 
318 0.19 3.14 

10.58 Normalized 

328 0.29 3.04 

10.58 

Spheroidized 

298 0.09 3.35 

7.09 
Spheroidized 

308 0.17 3.24 7.09 
Spheroidized 318 0.19 3.14 

7.09 
Spheroidized 

328 0.22 3.04 

7.09 

Quenched 

298 0.10 3.35 

6.40 Quenched 308 0.16 3.24 6.40 Quenched 
318 0.19 3.14 

6.40 Quenched 

328 0.20 3.04 

6.40 
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Table(36): Activation energy of M.C.V. steel samples in 
O.IM HN03 in 8x10"5M of inhibitor HEAA 
at various temperatures. 

Sample T°K Log (C.R) 1/TX103 
KJ/mol 

As cast 

298 0.10 3.35 

6.77 As cast 
308 0.15 3.24 6.77 As cast 
318 0.18 3.14 

6.77 As cast 

328 0.19 3.04 

6.77 

Normalized 

298 0.07 3.35 

6.89 Normalized 
308 0.18 3.24 6.89 Normalized 318 0.16 3.14 

6.89 Normalized 

328 0.20 3.04 

6.89 

Spheroidized 

298 0.06 3.35 

6.69 
Spheroidized 

308 0.10 3.24 6.69 
Spheroidized 318 0.15 3.14 

6.69 
Spheroidized 

328 0.16 3.04 

6.69 

Quenched 

298 0.07 3.35 

5.65 Quenched 308 0.15 3.24 5.65 Quenched 
318 0.17 3.14 

5.65 Quenched 

328 0.16 3.04 

5.65 

o b e i k a n d l . c o m
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Table(37): Activation energy of M.C.V. steel samples in 
O.IM HN03 in 10"4 M of inhibitor HEAA 
at various temperatures. 

Sample T°K Log (C.R) 1/Tx103 
KJ/mol 

As cast 

298 0.04 3.35 

8.12 As cast 
308 0.11 3.24 8.12 As cast 
318 0.14 3.14 

8.12 As cast 

328 0.17 3.04 

8.12 

Normalized 

298 0.03 3.35 

8.50 Normalized 
308 0.16 3.24 8.50 Normalized 
318 0.13 3.14 

8.50 Normalized 

328 0.19 3.04 

8.50 

Spheroidized 

298 0.03 3.35 

5.63 
Spheroidized 

308 0.07 3.24 5.63 
Spheroidized 318 0.10 3.14 

5.63 
Spheroidized 

328 0.12 3.04 

5.63 

Quenched 

298 0.04 3.35 

6.34 Quenched 308 0.13 3.24 
6.34 Quenched 

318 0.14 3.14 
6.34 Quenched 

328 0.15 3.04 

6.34 

o b e i k a n d l . c o m
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Fig (160):The relation between 6/1-8 and concentration of 
inhibitor [I] in 0.1M HN03 for As cast L.C.V. steel 
sample at various temperatures. 
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sample at various temperatures. 
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Fig (163): The relation between 9/1-0 and concentration of 
inhibitor [1] in 0.1M HN03 for quenched L.C.V. steel 
sample at various temperatures. 
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rable(38): Calculation of binding constant (K) of HEAA in 
langmuir equation in O.IM HNO3 for As cast L.C.V. 
steel sample at various temperatures 

t°C 
Cone, of 

inhibitorjl] 
Mx(10*) e/1-8 Log k 

25 

2 0.33 

3.53 25 
4 0.35 

3.53 25 6 0.39 3.53 25 
8 0.52 

3.53 25 

10 0.58 

3.53 

35 

2 0.17 

3.58 35 
4 0.21 3.58 35 6 0.30 3.58 35 
8 0.38 

3.58 35 

10 0.46 

3.58 

45 

2 0.16 

3.98 45 
4 0.19 

3.98 45 6 0.33 3.98 45 
8 0.76 

3.98 45 

10 0.84 

3.98 

55 

2 0.03 

3.83 55 
4 0.11 

3.83 55 6 0.33 3.83 55 
8 0.47 

3.83 55 

10 0.53 

3.83 
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Table(39): Calculation of binding constant (K) of HEAA in 
langmuir equation in O.IM HNO3 for Normalized 
L.C.V. steel sample at various temperatures 

t°c 
Cone, of 

inhibitorjl] 
Mx(10*) e/1-e Log k 

25 

2 0.29 

3.56 25 
4 0.34 

3.56 25 6 0.46 3.56 25 
8 0.50 

3.56 25 

10 0.57 

3.56 

35 

2 0.22 

3.75 35 
4 0.30 3.75 35 6 0.39 3.75 35 
8 0.46 

3.75 35 

10 0.71 

3.75 

45 

2 0.11 

3.95 45 
4 0.18 

3.95 45 6 0.52 3.95 45 
8 0.71 

3.95 45 

10 0.74 

3.95 

55 

2 0.20 

3.73 55 
4 0.30 

3.73 55 6 0.35 3.73 55 
8 0.54 

3.73 55 

10 0.61 

3.73 
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rable(40): Calculation of binding constant (K) of HEAA in 
langmuir equation in O.IM HN03 for Spheroidized 
L.C.V. steel sample at various Temperatures 

t°c 
Cone, of 

inhibitorjl] 
Mx(1(T) e/1-e Log k 

25 

2 0.38 

3.38 25 
4 0.42 3.38 25 6 0.48 

3.38 25 
8 0.51 

3.38 25 

10 0.57 

3.38 

35 

2 0.06 

3.59 35 
4 0.16 3.59 35 6 0.22 

3.59 35 
8 0.29 

3.59 35 

10 0.37 

3.59 

45 

2 0.40 

3.52 45 
4 0.48 3.52 45 6 0.52 

3.52 45 
8 0.63 

3.52 45 

10 0.65 

3.52 

55 

2 0.02 

3.85 55 
4 0.22 

3.85 55 6 0.41 3.85 55 
8 0.45 

3.85 55 

10 | 0.61 
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rable(41): Calculation of binding constant (K) of HEAA in 
langmuir equation in O.IM HNO3 for Quenched 
L.C.V. steel sample at various temperatures 

t°c 
Cone, of 

inhibitorjl] 
M x(10*) e/1-e Log k 

25 

2 0.38 

3.46 25 
4 0.40 

3.46 25 6 0.46 3.46 25 
8 0.56 

3.46 25 

10 0.58 

3.46 

35 

2 0.06 

3.74 35 
4 0.21 3.74 35 6 0.37 3.74 35 
8 0.43 

3.74 35 

10 0.49 

3.74 

45 

2 0.04 

3.98 45 
4 0.08 

3.98 45 6 0.49 3.98 45 
8 0.68 

3.98 45 

10 0.70 

3.98 

55 

2 0.26 

3.94 55 
4 0.45 

3.94 55 6 0.68 3.94 55 
8 0.80 

3.94 55 

10 0.97 

3.94 
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245 

Table(42):Thermodynamic parameters of adsorption-desorption 
process for L.C.V. steel samples in 0.1M HNO3 in 
presence of different concentrations of HEAA 
Calculated from equilibrium constant of langmuir 
equation. 

Sample t°c logK -AG° 
KJ/mol 

AH° 
KJ/mol 

AS° 
J/mol.K 

A 

25 3.53 20.13 24.71 150.47 

A 
35 3.58 21.10 24.71 148.70 

A 
45 3.98 24.23 24.71 153.91 

A 

55 3.83 24.05 24.71 148.66 

N 

25 3.56 20.30 13.64 113.90 

N 
35 3.75 22.14 13.64 116.16 

N 
45 3.95 24.03 13.64 118.45 

N 

55 3.73 23.42 13.64 112.97 

S 

25 3.38 19.31 24.73 147.77 

S 
35 3.59 21.15 24.73 148.96 

S 
45 3.52 21.42 24.73 145.11 

S 

55 3.85 24.18 24.73 149.11 

Q 

25 3.46 19.76 31.92 173.42 

Q 
35 3.74 22.05 31.92 175.24 

Q 45 3.98 24.25 31.92 176.65 Q 

55 3.94 24.77 31.92 172.84 | 

o b e i k a n d l . c o m
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Fig (164): The relation between 0/1-0 and concentration of 
inhibitor [I] in 0.1M HN03 for as cast M.C.V. steel 
sample at various temperatures. 
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inhibitor [I] in 0.1M HN03 for normalized M.C.V. 
steel sample at various temperatures. 
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Fig (166): The relation between 0/1-8 and concentration of 
inhibitor [I] in 0.1M HN03 for spheroidized M.C.V. 
steel sample at various temperatures. 
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Fig (167): The relation between 0/1-6 and concentration of 
inhibitor [I] in 0.1M HN03 for quenched M.CV. steel 
sample at various temperatures. 
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Table(43): Calculation of binding constant (K) of HEAA in 
langmuir equation in 0.1M HNO3 for As cast M.C.V. 
steel sample at various temperatures 

t°c 
Cone, of 

inhibitorjl] 
Mx(1(H e/1-e Log k 

25 

2 0.38 

3.63 25 
4 0.43 

3.63 25 6 0.52 3.63 25 
8 0.58 

3.63 25 

10 0.74 

3.63 

35 

2 0.08 

3.83 35 
4 0.13 3.83 35 6 0.38 3.83 35 
8 0.47 

3.83 35 

10 0.59 

3.83 

45 

2 0.57 

3.71 45 
4 0.61 

3.71 45 6 0.75 3.71 45 
8 0.83 

3.71 45 

10 0.97 

3.71 

55 

2 0.27 

3.85 55 
4 0.51 

3.85 55 6 0.64 3.85 55 
8 0.77 

3.85 55 

10 0.85 

3.85 
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Table(44): Calculation of binding constant (K) of HEAA in 
langmuir equation in O.IM HNO3 for normalized 
M.C.V. steel sample at various temperatures 

t°c 
Cone, of 

inhibitorjl] 
Mx(10*) e/1-e Log k 

25 

2 0.26 

3.63 25 
4 0.38 

3.63 25 6 0.42 3.63 25 
8 0.47 

3.63 25 

10 0.64 

3.63 

35 

2 0.08 

3.60 35 
4 0.26 3.60 35 6 0.27 3.60 35 
8 0.31 

3.60 35 

10 0.37 

3.60 

45 

2 0.09 

3.79 45 
4 0.29 

3.79 45 6 0.38 3.79 45 

8 0.49 

3.79 45 

10 0.61 

3.79 

55 

2 0.21 

3.81 55 
4 0.25 

3.81 55 6 0.36 3.81 55 
8 0.63 

3.81 55 

10 0.67 | 
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Table(45): Calculation of binding constant (K) of HEAA in 
langmuir equation in 0.1M HNO3 for spheroidized 

M.C.V. steel sample at various temperatures 

t°C 

Cone, of 
inhibitorjl] 
Mx(1<n e/1-e Log k 

25 

2 0.26 

3.64 25 
4 0.33 

3.64 25 6 0.39 3.64 25 
8 0.50 

3.64 25 

10 0.61 

3.64 

35 

2 0.08 

3.91 35 
4 0.31 3.91 35 6 0.37 3.91 35 
8 0.66 

3.91 35 

10 0.72 

3.91 

45 

2 0.32 

3.93 45 
4 0.44 

3.93 45 6 0.66 3.93 45 
8 0.78 

3.93 45 

10 1.01 

3.93 

55 

2 0.14 

3.94 55 
4 0.41 

3.94 55 6 0.49 3.94 55 
8 0.71 

3.94 

10 0.86 

3.94 
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Table(46): Calculation of binding constant (K) of HEAA in 
langmuir equation in O.IM HNO3 for quenched 
M.C.V. steel sample at various temperatures 

t°c 
Cone, of 

inhibitorjl] 
Mx(1<n e/1-e Log k 

25 

2 0.11 

3.49 25 
4 0.17 

3.49 25 6 0.21 3.49 25 
8 0.28 

3.49 25 

10 0.36 

3.49 

35 

2 0.06 

3.69 35 
4 0.17 3.69 35 6 0.34 3.69 35 
8 0.38 

3.69 35 

10 0.44 

3.69 

45 

2 0.54 

3.81 45 
4 0.63 

3.81 45 6 0.83 3.81 45 

8 0.95 

3.81 45 

10 1.03 

3.81 

55 

2 0.34 

3.92 55 
4 0.75 

3.92 55 6 0.83 3.92 55 
8 0.98 

3.92 

10 1.06 

3.92 

o b e i k a n d l . c o m
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Table(47): Thermodynamic parameters of adsorption-desorption 
process for M.C.V. steel samples in 0.1M HNO3 in 
presence of different concentrations of HEAA 
Calculated from equilibrium constant of langmuir 
equation. 

Sample t°c logK -A6° 
KJ/mol 

AH° 
KJ/mol 

AS° 
J/mol.K 

A 

25 3.63 20.75 9.69 102.13 

A 35 3.83 22.60 9.69 104.84 A 
45 3.71 22.60 9.69 101.53 

A 

55 3.85 24.16 9.69 103.20 

N 

25 3.63 20.71 15.38 121.10 

N 
35 3.50 20.67 15.38 117.05 

N 
45 3.79 23.10 15.38 121.02 

N 

55 3.81 23.93 15.38 119.84 

S 

25 3.64 20.79 17.07 127.03 

S 
35 3.91 23.09 17.07 130.38 

S 
45 3.93 23.94 17.07 128.96 

S 

55 3.94 24.72 17.07 127.40 

Q 

25 3.49 19.92 26.36 155.32 

Q 
35 3.69 21.75 26.36 156.20 

Q 45 3.81 23.19 26.36 155.82 Q 

55 3.92 24.62 26.36 155.42 

o b e i k a n d l . c o m
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Fig(168); The relation between In{9/(1-0)[I]} and (0) in .IM 
HN03 in presence of different concentration of 
HEAA for as cast L.C.V. steel sample at various 
temperatures. 
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Fig(169): The relation between In{0/(1-0)[I]} and (0) in .IM 
HN03 in presence of different concentration of 
HEAA for Normalized L.C.V. steel sample at 
various temperatures. 
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Table(48):Calculation of binding constant (K) of HEAA in 
frumkin equation in O.IM HNO3 for as cast 
L.C.V. steel sample at various temperatures 

t°c 
[I]x105 

M e ln{8/(1-0)[l]} InK a 

25 

2 0.25 9.71 

10.83 -3.04 25 
4 0.26 9.08 

10.83 -3.04 25 6 0.28 8.78 10.83 -3.04 25 
8 0.34 8.77 

10.83 -3.04 25 

10 0.37 8.67 

10.83 -3.04 

35 

2 0.15 9.08 

9.26 -1.39 35 
4 0.17 8.54 

9.26 -1.39 35 6 0.23 8.53 9.26 -1.39 35 
8 0.28 8.48 

9.26 -1.39 35 

10 0.32 8.44 

9.26 -1.39 

45 

2 0.14 9.02 

8.07 0.58 45 
4 0.17 8.51 

8.07 0.58 45 6 0.25 8.62 8.07 0.58 45 
8 0.43 9.16 

8.07 0.58 45 

10 0.45 9.03 

8.07 0.58 

55 

2 0.03 7.42 

7.46 1.89 55 
4 0.10 7.96 

7.46 1.89 55 6 0.25 8.62 7.46 1.89 55 
8 0.32 8.69 

7.46 1.89 55 

10 0.34 8.57 

7.46 1.89 
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Table(49):Cakulation of binding constant (K) of HEAA in 
frumkin equation in 0.1M HNO3 for Normalized 
L.C.V. steel sample at various temperatures 

t°c 
[I]x105 

M e in{e/(i-e)[i]} InK a 

25 

2 0.23 9.60 

10.79 -2.97 25 
4 0.25 9.05 10.79 -2.97 25 6 0.32 8.96 10.79 -2.97 25 
8 0.33 8.75 

10.79 -2.97 25 

10 0.37 8.66 

10.79 -2.97 

35 

2 0.18 9.31 

9.44 -0.90 35 
4 0.23 8.95 

9.44 -0.90 35 6 0.28 8.79 9.44 -0.90 35 
8 0.31 8.66 

9.44 -0.90 35 

10 0.42 8.87 

9.44 -0.90 

45 

2 0.10 8.68 

8.41 0.75 45 
4 0.16 8.45 8.41 0.75 45 6 0.34 9.08 8.41 0.75 45 
8 0.42 9.09 

8.41 0.75 45 

10 0.42 8.91 

8.41 0.75 

55 

2 0.17 9.23 

9.39 -0.92 55 
4 0.23 8.93 

9.39 -0.92 55 6 0.26 8.67 9.39 -0.92 55 
8 0.35 8.83 

9.39 -0.92 55 

10 0.38 8.73 

9.39 -0.92 
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Table(50):Calculation of binding constant (K) of HEAA in 
frumkin equation in O.IM HNO3 for Spheroidized 
L.C.V.steel sample at various temperatures 

t°c 
[I]x105 

M e ln{0/(1-9)[l]} InK a 

25 

2 0.27, 9.89 

13.29 -6.49 25 
4 0.30 9.27 

13.29 -6.49 25 6 0.32 8.99 13.29 -6.49 25 
8 0.34 8.77 

13.29 -6.49 25 

10 0.37 8.66 

13.29 -6.49 

35 

2 0.05 7.99 

8.03 0.45 35 
4 0.14 8.29 

8.03 0.45 35 6 0.18 8.21 8.03 0.45 35 
8 0.23 8.22 

8.03 0.45 35 

10 0.27 8.23 

8.03 0.45 

45 

2 0.29 9.92 

12.50 -4.69 45 
4 0.32 9.39 12.50 -4.69 45 6 0.34 9.08 12.50 -4.69 45 
8 0.39 8.97 

12.50 -4.69 45 

10 0.40 8.79 

12.50 -4.69 

55 

2 0.02 6.91 

7.15 2.52 55 
4 0.18 8.64 

7.15 2.52 55 6 0.29 8.85 7.15 2.52 55 

8 0.31 8.64 
7.15 2.52 55 

10 0.38 8.72 

7.15 2.52 
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Table(51):Calculation of binding constant (K)of HEAA in 
frumkin equation in O.IM HNO3 for Quenched 
L.C.V. steel sample at various temperatures 

t°c 
[I]x105 

M 6 ln{6/(1-8)[l]} InK a 

25 

2 0.28 9.86 

12.09 -4.62 25 
4 0.29 9.22 

12.09 -4.62 25 6 0.32 8.95 12.09 -4.62 25 
8 0.36 8.87 

12.09 -4.62 25 

10 0.37 8.68 

12.09 -4.62 

35 

2 0.05 8.01 

8.04 0.99 35 
4 0.18 8.60 

8.04 0.99 35 6 0.27 8.73 8.04 0.99 35 
8 0.30 8.61 

8.04 0.99 35 

10 0.33 8.51 

8.04 0.99 

45 

2 0.04 7.69 

7.51 1.89 45 
4 0.08 7.72 7.51 1.89 45 6 0.33 9.01 7.51 1.89 45 
8 0.41 9.06 

7.51 1.89 45 

10 0.41 8.86 

7.51 1.89 

55 

2 0.21 9.50 

9.72 -0.54 55 
4 0.32 9.35 

9.72 -0.54 55 6 0.41 9.34 9.72 -0.54 55 
8 0.44 9.22 

9.72 -0.54 55 

10 0.49 9.18 

9.72 -0.54 

o b e i k a n d l . c o m
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Table(52): Thermodynamic parameters of adsorption-
desorption process for L.C.V. steel samples in 
OJM HNO3 in presence of different concentrations 
of HEAA Calculated from equilibrium constant of 
frumkin equation. 

Sample t°c InK 
-AG° 

KJ/mol 
AH° 

KJ/mol 
AS° 

J/mol.K 

A 

25 10.83 26.85 -203.64 -593.28 

A 
35 9.26 23.71 -203.64 -584.21 

A 
45 8.07 22.56 -203.64 -569.44 

A 

55 7.46 20.34 -203.64 -558.85 

N 

25 10.79 26.75 -101.01 -249.19 

N 
35 9.44 24.16 -101.01 -249.51 

N 
45 8.41 22.23 -101.01 -247.75 

N 

55 9.39 25.61 -101.01 -229.89 

S 

25 13.29 32.93 -261.21 -766.02 

S 
35 8.03 20.57 -261.21 -781.30 

S 
45 12.50 33.05 -261.21 -717.48 

S 

55 7.15 19.50 -261.21 -736.919 

Q 

25 12.09 29.96 -150.53 -404.57 

Q 
35 8.04 20.59 -150.53 -421.87 

Q 45 7.51 19.85 -150.53 -410.94 
Q 

55 9.72 26.51 -150.53 -378.08 

o b e i k a n d l . c o m
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Fig(172): The relation between In{9/(1-6)[I]} and (6) in .IM 
HNO3 in presence of different concentration of 
HEAA for As cast M.C.V. steel sample at various 
temperatures. 
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Fig(173): The relation between In{9/(1-9)[I]} and (9) in .IM 
HNO3 in presence of different concentration of 
HEAA for Normalized M.C.V. steel sample at 
various temperatures. 
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Fig(174): The relation between In{9/(1-9)[I]} and (9) in .IM 
HNO3 in presence of different concentration of 
HEAA for Spheroidized M.C.V. steel sample at 
various temperatures. 
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Fig(175): The relation between In{0/(1-0)[I]} and (0) in .IM 
HNO3 in presence of different concentration of 
HEAA for Quenched M.C.V. steel sample at 
various temperatures. 
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TabIe(53):Ca!cuIation of binding constant (K)of HEAA in 
frumkin equation in O.IM HNO3 for As cast 
M.C.V. steel sample at various temperatures 

t°c 
[I]x105 

M e ln{e/(1-9)[i]} InK a 

25 

2 0.28 9.86 

11.26 -2.97 25 
4 0.30 9.30 

11.26 -2.97 25 6 0.35 9.08 11.26 -2.97 25 
8 0.37 8.89 

11.26 -2.97 25 

10 0.43 8.91 

11.26 -2.97 

35 

2 0.08 8.39 

8.11 0.88 35 
4 0.12 8.11 

8.11 0.88 35 6 0.28 8.76 8.11 0.88 35 
8 0.32 8.69 

8.11 0.88 35 

10 0.37 8.69 

8.11 0.88 

45 

2 0.36 10.26 

12.59 -3.58 45 
4 0.38 9.64 12.59 -3.58 45 6 0.43 9.40 12.59 -3.58 45 
8 0.45 9.25 

12.59 -3.58 45 

10 0.49 9.19 

12.59 -3.58 

55 

2 0.22 9.53 

10.00 -0.95 55 
4 0.34 9.46 

10.00 -0.95 55 6 0.39 9.29 10.00 -0.95 55 
8 0.44 9.18 

10.00 -0.95 55 

10 0.46 9.05 

10.00 -0.95 

o b e i k a n d l . c o m
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Table(54):Calculation of binding constant (K)of HEAA in 
frumkin equation in 0.1M HNO3 for Normalized 
M.C.V. steel sample at various temperatures 

t°c 
[I]x105 

M e ln{9/(1-6)[l]} InK a 

25 

2 0.21 9.49 

10.29 -2.16 25 
4 0.27 9.16 

10.29 -2.16 25 6 0.29 8.85 10.29 -2.16 25 
8 0.32 8.70 

10.29 -2.16 25 

10 0.39 8.76 

10.29 -2.16 

35 

2 0.07 8.31 

8.43 -0.05 35 
4 0.21 8.79 

8.43 -0.05 35 6 0.22 8.43 8.43 -0.05 35 
8 0.24 8.29 

8.43 -0.05 35 

10 0.27 8.23 

8.43 -0.05 

45 

2 0.08 8.43 

8.47 0.46 45 
4 0.23 8.92 8.47 0.46 45 6 0.28 8.78 8.47 0.46 45 
8 0.33 8.72 

8.47 0.46 45 

10 0.38 8.73 

8.47 0.46 

55 

2 0.18 9.30 

9.11 -0.36 55 
4 0.20 8.77 

9.11 -0.36 55 6 0.26 8.70 9.11 -0.36 55 
8 0.39 8.98 

9.11 -0.36 55 

10 0.40 8.82 

9.11 -0.36 

o b e i k a n d l . c o m
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Table(55):Caleulation of binding constant (K)of HEAA in 
frumkin equation in 0.1M HN03 for Spheroidized 
M.C.V. steel sample at various temperatures 

t°c 
[I]x105 

M e ln{e/(1-0)P]} InK a 

25 

2 0.21 9.49 

10.13 -2.00 25 
4 0.25 9.02 

10.13 -2.00 25 6 0.28 8.79 10.13 -2.00 25 
8 0.34 8.75 

10.13 -2.00 25 

10 0.38 8.73 

10.13 -2.00 

35 

2 0.08 8.33 

8.32 0.83 35 
4 0.24 8.97 

8.32 0.83 35 6 0.27 8.73 8.32 0.83 35 
8 0.40 9.03 

8.32 0.83 35 

10 0.42 8.89 

8.32 0.83 

45 

2 0.24 9.70 

9.99 -0.84 45 
4 0.31 9.32 9.99 -0.84 45 6 0.40 9.31 9.99 -0.84 45 
8 0.44 9.19 

9.99 -0.84 45 

10 0.50 9.22 

9.99 -0.84 

55 

2 0.13 8.89 

8.92 0.22 55 
4 0.30 9.26 

8.92 0.22 55 6 0.33 9.02 8.92 0.22 55 
8 0.41 9.09 

8.92 0.22 55 

10 0.46 9.06 

8.92 0.22 

o b e i k a n d l . c o m
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Table(56):Calculation of binding constant (K)of HEAA in 
frumkin equation in O.IM HNO3 for Quenched 
M.C.V. steel sample at various temperatures 

t°c 
[I]x105 

M e ln{e/(1-9)[l]} InK a 

25 

2 0.10 8.65 

8.78 -1.25 25 
4 0.15 8.38 8.78 -1.25 25 6 0.17 8.17 8.78 -1.25 25 
8 0.22 8.18 

8.78 -1.25 25 

10 0.27 8.21 

8.78 -1.25 

35 

2 0.06 8.04 

8.03 0.86 35 
4 0.15 8.37 

8.03 0.86 35 6 0.26 8.67 8.03 0.86 35 
8 0.27 8.47 

8.03 0.86 35 

10 0.31 8.40 

8.03 0.86 

45 

2 0.35 10.22 

11.95 -2.67 45 
4 0.39 9.67 11.95 -2.67 45 6 0.46 9.54 11.95 -2.67 45 
8 0.49 9.39 

11.95 -2.67 45 

10 0.51 9.24 

11.95 -2.67 

55 

2 0.26 9.76 

10.28 -0.82 55 
4 0.43 9.85 

10.28 -0.82 55 6 0.46 9.54 10.28 -0.82 55 
8 0.50 9.42 

10.28 -0.82 55 

10 0.52 9.27 

10.28 -0.82 

o b e i k a n d l . c o m
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Table(57):Thermodynamic parameters of adsorption-
desorption process for M.C.V. steel samples in 
O.IM HNO3 in presence of different concentrations 
of HEAA Calculated from equilibrium constant of 
frumkin equation. 

Sample t°c InK -AG° 
KJ/mol 

AH° 
KJ/mol 

AS° 
J/mol.K 

A 

25 11.26 27.89 12.58 135.84 

A 
35 8.11 20.78 12.58 108.33 

A 
45 12.59 33.30 12.58 144.31 

A 

55 10.00 27.28 12.58 121.54 

N 

25 10.29 25.48 -67.98 -142.60 

N 
35 8.43 21.59 -67.98 -150.59 

N 
45 8.47 22.41 -67.98 -143.29 

N 

55 9.11 24.85 -67.98 -131.48 

S 

25 10.13 25.09 -37.53 -41.73 

S 
35 8.32 21.31 -37.53 -52.67 

S 
45 9.99 26.41 -37.53 -34.98 

S 

55 8.92 24.33 -37.53 -40.25 

Q 

25 8.78 21.75 158.80 605.89 

Q 
35 8.03 20.56 158.80 582.36 

Q 45 11.95 31.61 158.80 598.79 Q 

55 1 10.28 28.04 158.80 569.65 
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Fig(176):The relation between log (9/1-0) and log [I] in 0.13VI 
HNO3 for as cast L.C.V. steel sample at various 
temperatures. 

o b e i k a n d l . c o m



274 

Fig(177):The relation between log (0/1-9) and log [I]in 0.1M 
HNO3 for normalized L.C.V. steel sample at various 
temperatures. 
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Fig(178):The relation between log (6/1-0) and log [I]in O.IM 
HNO3 for Spheroidized L.C.V. steel sample at 
various temperatures. 
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Fig(179):The relation between log (0/1-9) and log [I]in 0.1M 
HNO3 for Quenched L.CV, steel sample at various 
temperatures. 
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Table(58):Data of El-Awady thermodynamic model 
application for as cast L.C.V.steel sample in O.IM 
HNO3 in presence of different concentrations of 
HEAA at various temperatures 

t°c [l]x105 

M -log [l] -log(9/1-e) logK X 

25 

2 4.69 0.27 

3.23 2.83 25 
4 4.39 0.48 3.23 2.83 25 6 4.22 0.45 3.23 2.83 25 
8 4.09 0.41 

3.23 2.83 25 

10 4.00 0.28 

3.23 2.83 

35 

2 4.69 0.75 

3.41 1.61 35 
4 4.39 0.68 

3.41 1.61 35 6 4.22 0.51 3.41 1.61 35 
8 4.09 0.41 

3.41 1.61 35 

10 4.00 0.33 

3.41 1.61 

45 

2 4.69 0.78 

3.88 0.91 45 
4 4.39 0.70 3.88 0.91 45 6 4.22 0.48 3.88 0.91 45 
8 4.09 0.12 

3.88 0.91 45 

10 4.00 0.07 

3.88 0.91 

55 

2 4.69 1.47 

3.89 0.55 55 
4 4.39 0.94 

3.89 0.55 55 6 4.22 0.48 3.89 0.55 55 
8 4.09 0.32 

3.89 0.55 

1 10 4.00 0.27 | 

3.89 0.55 
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Table(59):Data of El-Awady thermodynamic model 
application for Normalized L.C.V. steel sample in 
O.IM HNO3 in presence of different 
concentrations of HEAA at various temperatures 

t°c [I]x105 

M -log [I] -log (e/1-e) logK X 

25 

2 4.69 0.52 

3.41 2.34 25 
4 4.39 0.46 3.41 2.34 25 6 4.22 0.33 3.41 2.34 25 
8 4.09 0.29 

3.41 2.34 25 

10 4.00 0.24 

3.41 2.34 

35 

2 4.69 0.65 

3.66 1.51 35 
4 4.39 0.51 

3.66 1.51 35 6 4.22 0.40 3.66 1.51 35 
8 4.09 0.33 

3.66 1.51 35 

10 4.00 0.15 

3.66 1.51 

45 

2 4.69 0.92 

3,93 0.78 45 
4 4.39 0.72 3,93 0.78 45 6 4.22 0.28 3,93 0.78 45 
8 4.09 0.14 

3,93 0.78 45 

10 4.00 0.13 

3,93 0.78 

55 

2 4.69 0.69 

3.67 1.44 55 
4 4.39 0.51 

3.67 1.44 55 6 4.22 0.45 3.67 1.44 55 
8 4.09 0.26 

3.67 1.44 55 

10 4.00 0.21 

3.67 1.44 
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TabIe(60):Data of El-Awady thermodynamic model 
application for Spheroidized L.C.V. steel sample 
in O.IM HNO3 in presence of different 
concentrations of HEAA at various temperatures 

t°c [I]x105 

M -log [I] -log (9/1-9) logK X 

25 

2 4.69 0.41 

2.97 4.00 25 
4 4.39 0.36 2.97 4.00 25 6 4.22 0.31 2.97 4.00 25 
8 4.09 0.28 

2.97 4.00 25 

10 4.00 0.23 

2.97 4.00 

35 

2 4.69 1.22 

3.63 0.88 35 
4 4.39 0.79 

3.63 0.88 35 6 4.22 0.65 3.63 0.88 35 
8 4.09 0.52 

3.63 0.88 35 

10 4.00 0.42 

3.63 0.88 

45 

2 4.69 0.39 

3.39 3.24 45 
4 4.39 0.31 3.39 3.24 45 6 4.22 0.27 3.39 3.24 45 
8 4.09 0.19 

3.39 3.24 45 

10 4.00 0.18 

3.39 3.24 

55 

2 4.69 1.69 

3.96 0.48 55 
4 4.39 0.64 

3.96 0.48 55 6 4.22 0.37 3.96 0.48 55 
8 4.09 0.34 

3.96 0.48 55 

10 4.00 0.21 

3.96 0.48 
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Table(61):Data of El-Awady thermodynamic model 
application for Quenched L.CV. steel sample in 
0.1M HNO3 in presence of different 
concentrations of HEAA at various temperatures 

t°c [I]x105 

M -log [I] -log (6/1-9) logK X 

25 

2 4.69 0.41 

3.15 2.60 25 
4 4.39 0.35 3.15 2.60 25 6 4.22 0.27 3.15 2.60 25 
8 4.09 0.23 

3.15 2.60 25 

10 4.00 0.12 

3.15 2.60 

35 

2 4.69 1.05 

3.83 0.78 35 
4 4.39 0.87 

3.83 0.78 35 6 4.22 0.41 3.83 0.78 35 
8 4.09 0.32 

3.83 0.78 35 

10 4.00 0.22 

3.83 0.78 

45 

2 4.69 0.24 

3.97 3.03 45 
4 4.39 0.21 3.97 3.03 45 6 4.22 0.12 3.97 3.03 45 
8 4.09 0.08 

3.97 3.03 45 

10 4.00 0.01 

3.97 3.03 

55 

2 4.69 0.55 

3.99 1.42 55 
4 4.39 0.28 

3.99 1.42 55 6 4.22 0.18 3.99 1.42 55 
8 4.09 0.11 

3.99 1.42 55 

10 4.00 0.07 

3.99 1.42 
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Table(62):Thermodynamic parameters of adsorption-
desorption process for L.C.V. steel samples in 
0.1M HNO3 in presence of different concentrations 
of HEAA Calculated from equilibrium constant of 
EI-Awady equation. 

Sample t°C logK -AG° 
KJ/mol 

AH° 
KJ/mol 

AS0 

J/mol.K 

A 

25 3.23 18.43 46.60 218.25 

A 
35 3.41 20.11 46.60 216.63 

A 
45 3.88 23.67 46.60 221.01 

A 

55 3.89 24.48 46.60 216.74 

N 

25 3.41 19.47 19.95 132.28 

N 
35 3.66 21.60 19.95 134.93 

N 
45 3.93 23.96 19.95 138.10 

N 

55 3.66 23.02 19.95 131.03 

S 

25 2.97 17.016 50.99 228.17 

S 
35 3.63 21.46 50.99 235.25 

S 
45 3.39 20.67 50.99 225.36 

S 

55 3.96 24.91 50.99 231.44 

Q 

25 3.15 18.02 50.03 228.36 

Q 
35 3.83 22.62 50.03 235.89 

Q 45 3.97 24.18 50.03 233.38 
Q 

55 3.99 25.06 50.03 228.94 
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Fig(180):The relation between log (0/1-8) and log [ijin O.IM 
HNO3 for As cast M.CV. steel sample at various 
temperatures. 
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Fig(181):The relation between log (0/1-8) and log [I] in 0.1M 
HN03 for Normalized M.C.V. steel sample at 
various temperatures. 
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Fig(182):The relation between log (9/1-9) and log [I] in 9.1M 
HNO3 for Spheroidized M.C.V. steel sample at 
various temperatures. 
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Fig(183):The relation between log (6/1-6) and log [I] in O.IM 
HNO3 for Quenched M.C.V. steel sample at various 
temperatures. 
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Table(63):Data of El-Awady thermodynamic model 
application for As cast M.C.Vsteel sample in O.IM 
HNO3 in presence of different concentrations of 
HEAA at various temperatures 

t°c [I]x105 

M -log [I] -log (6/1-G) logK X 

25 

2 4.69 0.94 

3.55 2.61 25 
4 4.39 0.75 3.55 2.61 25 6 4.22 0.67 3.55 2.61 25 
8 4.09 0.54 

3.55 2.61 25 

10 4.00 0.43 

3.55 2.61 

35 

2 4.69 1.20 

3.83 0.78 35 
4 4.39 0.76 

3.83 0.78 35 6 4.22 0.45 3.83 0.78 35 
8 4.09 0.41 

3.83 0.78 35 

10 4.00 0.35 

3.83 0.78 

45 

2 4.69 0.26 

3.87 3.03 45 
4 4.39 0.19 3.87 3.03 45 6 4.22 0.07 3.87 3.03 45 
8 4.09 0.02 

3.87 3.03 45 

10 4.00 -0.01 

3.87 3.03 

55 

2 4.69 0.45 

3.93 1.42 55 
4 4.39 0.11 

3.93 1.42 55 6 4.22 0.07 3.93 1.42 55 

8 4.09 0.01 
3.93 1.42 55 

10 4.00 -0.02 

3.93 1.42 
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Table(64):Data of EI-Awady thermodynamic model 
application for Normalized M.C.V. steel sample in 
O.IM HNO3 in presence of different 
concentrations of HEAA at various temperatures 

t°c [I]x105 

M -log [I] -log (6/1-9) logK X 

25 

2 4.69 0.57 

3.52 2.02 25 
4 4.39 0.41 3.52 2.02 25 6 4.22 0.37 3.52 2.02 25 
8 4.09 0.31 

3.52 2.02 25 

10 4.00 0.19 

3.52 2.02 

35 

2 4.69 1.08 

3.57 1.12 35 
4 4.39 0.57 

3.57 1.12 35 6 4.22 0.55 3.57 1.12 35 
8 4.09 0.49 

3.57 1.12 35 

10 4.00 0.42 

3.57 1.12 

45 

2 4.69 1.03 

3.85 0.87 45 
4 4.39 0.52 3.85 0.87 45 6 4.22 0.41 3.85 0.87 45 
8 4.09 0.30 

3.85 0.87 45 

10 4.00 0.20 

3.85 0.87 

55 

2 4.69 0.65 

3.74 1.32 55 
4 4.39 0.59 

3.74 1.32 55 6 4.22 0.44 3.74 1.32 55 
8 4.09 0.19 

3.74 1.32 55 

10 4.00 0.17 

3.74 1.32 
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Table(65):Data of EI-Awady thermodynamic model 
application for Spheroidized M.C.V. steel sample 
in O.IM HN03 in presence of different 
concentrations of HEAA at various temperatures 

t°c [I]x105 

M -log [I] -log (8/1-6) log K X 

25 

2 4.69 0.57 

3.94 1.95 25 
4 4.39 0.48 3.94 1.95 25 6 4.22 0.40 3.94 1.95 25 
8 4.09 0.29 

3.94 1.95 25 

10 4.00 0.20 

3.94 1.95 

35 

2 4.69 1.08 

3.97 0.74 35 
4 4.39 0.50 

3.97 0.74 35 6 4.22 0.42 3.97 0.74 35 
8 4.09 0.17 

3.97 0.74 35 

10 4.00 0.13 

3.97 0.74 

45 

2 4.69 0.48 

3.96 1.42 45 
4 4.39 0.34 3.96 1.42 45 6 4.22 0.17 3.96 1.42 45 
8 4.09 0.10 

3.96 1.42 45 

10 4.00 -0.01 

3.96 1.42 

55 

2 4.69 0.83 

3.51 0.93 55 
4 4.39 0.37 

3.51 0.93 55 6 4.22 0.30 3.51 0.93 55 
8 4.09 0.14 

3.51 0.93 55 

10 4.00 -0.06 

3.51 0.93 
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Table(66):Data of El-Awady thermodynamic model 
application for Quenched M.C.V. steel sample in 
0.1 M HN03 in presence of different 
concentrations of HEAA at various temperatures 

t°c [I]x105 

M -log [i] -log (6/1-9) logK X 

25 

2 4.69 0.94 

3.32 1.43 25 
4 4.39 0.75 3.32 1.43 25 6 4.22 0.67 3.32 1.43 25 
8 4.09 0.54 

3.32 1.43 25 

10 4.00 0.43 

3.32 1.43 

35 

2 4.69 1.20 

3.77 0.79 35 
4 4.39 0.76 

3.77 0.79 35 6 4.22 0.45 3.77 0.79 35 
8 4.09 0.41 

3.77 0.79 35 

10 4.00 0.35 

3.77 0.79 

45 

2 4.69 0.26 

4.02 2.40 45 
4 4.39 0.19 4.02 2.40 45 6 4.22 0.07 4.02 2.40 45 
8 4.09 0.02 

4.02 2.40 45 

10 4.00 0.01 

4.02 2.40 

55 

2 4.69 0.45 

4.10 1.47 55 
4 4.39 0.11 

4.10 1.47 55 6 4.22 -0.07 4.10 1.47 55 
8 4.09 -0.01 

4.10 1.47 55 

10 4.00 0.02 

4.10 1.47 
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Table(67):Thermodynamic parameters of adsorption-
desorption process for M.C.V. steel samples in 
0.1M HN03 in presence of different 
concentrations of HEAA Calculated from 
equilibrium constant of El-Awady equation. 

Sample t°C logK -AG° 
KJ/mol 

AH° 
KJ/mol 

AS0 

J/mol.K 

A 

25 3.55 20.24 22.95 144,92 

A 
35 3.83 22.59 22.95 147.86 

A 
45 3.87 23.60 22.95 146.39 

A 

55 3.93 24.72 22.95 1 HOiWV 

N 

25 3.52 20.08 17.44 125.93 

N 
35 3.57 21.09 17.44 125.09 

N 
45 3.85 23.44 17.44 128.55 

N 

55 3.74 23.47 17.44 124.71 

S 

25 3.94 22.46 -23.20 -2.49 

S 
35 3.97 23.39 -23.20 0.61 

S 
45 3.96 24.11 -23.20 2.85 

S 

55 3.51 22.07 -23.20 -3.44 

Q 

25 3.32 18.97 48.33 225.86 

Q 
35 3.77 22.26 48.33 229.22 

Q 45 4.02 24.49 48.33 229.01 Q 

55 1 4.10 25.73 48.33 225.79 
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Recommendations 
(A) Recommendation of applying the above three heat treatment regimes 

(normalizing, quenching and spheroidizing) on two types of carbon 
vanadium steel for the following causes: 

1- The heat treatment regimes are changing of microstructure for 
metal samples and resist the corrosion processes. 

2- The resistance of corrosion is large in case of spheroidizing (L.C. V. 
and M.C.V.steel) samples 

3- The martensitic surfaces of (L.C.V. or M.C.V.steel samples) are the 
best suitable surfaces when using HEAA as inhibitor. 

4- The activation energy values of the normalizing samples for (L.C.V. 
and M.C.V.steel samples) in presence and absence of the inhibitor 
are higher than those of the other samples. 

5- The adsorption processes of inhibitor on surfaces of heat treated 
samples are strongly than unheated treatment samples. 

(B) Recommendation of using N,N di hydroxyethyl acryl amid (HEAA) as 
a corrosion inhibitor for the following causes: 

1- The structure of HEAA has all the advantage of the efficiency 
inhibitor such as unsaturated bond, C=0 group, nitrogen atom and 
tow alcoholic groups. These characteristic group of the inhibitor as 
well as the large molecule of this organic compound increase the 
property of adsorption and the surface coverage. 

2- The activation energy values for solutions with HEAA inhibitor are 
higher than those for without inhibitor. 

3- The adsorption processes of HEAA molecule on surfaces of L.C.V. 
and M.C.V.steel samples are mixed (physical and chemical) 
adsorption. 
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< Y 3) & H 1 A $ J ) J * CjUjJ JJP (ifJJjA • , * « • ,1" 4 • , 1 ) ^ J « 4 U ^ O*"* 

j A t t <> ^ jV>» *, ^ jA>2 ^ CiUait (j-ij ^^P UOJI CJUAJB *)jaJ 2̂ US 
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