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ABSTRACT 

The inhibiting effect of some diazine derivatives on 
the corrosion of stainless steel (SS) type 316 L specimens in 
3 M HCl in the presence of diazine derivatives at 30°C was 
studied using weight loss and galvanostatic polarization 
techniques. Polarization studies revealed that these 
derivatives behave as a mixed type inhibitors. The adsorption 
of these compounds on SS surface was found to obey Temkin 
adsorption isotherm. The inhibition efficiency increases with 
increasing the concentration of the inhibitor and decreases 
with increasing the temperature. Addition ofr. Br" and SCN"" 
ions to the solution containing diazine derivatives increases 
the inhibition efficiency of the system by synergistic effect. 

Keywords: Diazine derivatives; corrosion inhibition; HCI; SS type 316 L. 

1. INTRODUCTION 

Stainless steel (type 316 L) is frequently used as a construction 
material in various aggressive environments such as chemical plants, 
destination plants, waste water treatment plants and petroleum industry 
IBentiss et al., (2000)]. Organic compounds containing nitrogen atom 
are commonly used· to reduce the corrosion attack on steel in acidic 
media [Popova et al., (2003); Abda.llah & El-Naggar ·(2001); De 
Damboreoea et al., (1996); Al-Neani et al., (1995); Bastidas et al., 
(1997); Abd·e Aal & Morad (2001);'Mohamed et al., (2000); Abd EI
Rehim et al., (1999); Bentiss et al., (2002) and Wiley Van (1994)]. 

The inhibition mechanism of these organic compounds is mainly 
based on adsorption IEJ-Kanonni et al., (1996)). These compounds can 
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adsorb on the steel surface by blocking the active sites and hence 
de.creasing the corrosion rate. They control corrosion acting over the 
anodic or the cathodic surface or both. 

The aim of this work is to study of the effect of some diazine 
derivatives as corrosion inhibitors for dissolution of SS type 316 L in 3 
M HCI solution using weight loss and galvanostatic polarization 
measurements. The effect of temperature on the dissolution of SS type 
3 l6 L in free and inhibited acid solution was also, investigated. 

2. EXPERIMENTAL DETAIL 

2.1. Materials and solutions 
The chemical composition and mechanical properties of material 

specimen are given in Table (1). 

Table (1): Chemical composition (wt %) of the SS type 316 L. 

:VI ntcrial % composition 

type 
c- Mn p s Si Cr Ni Mo Cu Fe 

ss· type 
0.02 1.0 0.054 0.02 1.0 16 11 3 0.2 

is the 
316 L remaining_ 

HCI, KSCN, KI, KBr and diazine derivatives all of BDH made 
were used for preparing solutions. The names and molecular structures of 
diazine derivatives are given below: 

(NXcoNH, 
N CONH2 

CXCOOH 
N N.H2 

(lNH, 
pyrazine-2,3-dicarboxamide 3--aminopyrazine-2-carboxylic acid pyraz.in-2-amine 

inhibitor I inhibitor n inhibitor III 

2.2. Experimental 
2.2.1. Che~ical Technique (Weight loss method) 

The reaction basin was a graduated glass vessel 6 em inner 
diameter and having a total volume of 250.ml. 100-ml of the test solution 
were employed in each experiment. The test pieces were cut into 
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2x2x0.2 em. They were mechanically polished with emery paper (a 
coarse paper was used initially and then progressively finer grades were 
employed), rinsed with double distilled water and finally dried between 
two filter papers and weighed. The test pieces were suspended by 
suitable glass hooks at the edge of the basin, and under the surface of the 
test solution by about 1 ern. After specified periods of time, 3 test pieces 
were taken out of the test solution, rinsed with double distilled water, 
dried as before and weighed again. The average weight loss at a certain 
time for each set of three samples was taken. The weight loss was 
recorded to the nearest 0.0001g. 

2.2.2-Elcctrochemical technique (Galvanostatic polarization method) 
Electrodes 

Two different types of electrodes were used; disks with 12 rnm 
diameter and 2 mm thickness and cylindrical specimens. The discs were 
welded from one side to a copper wire for electric connection and 
embedded in glass tube of larger diameter than the sample. Epoxy resin 
was used to stick the sample to the glass tube except the exposed tested 
surface area which was left to be exposed to the corrosive media. 

3. EXPERIMENTAL RESULTS AND DISCUSSION 

3.1-Weight loss measurements 
3.1.1-Effect of inhibitor concentrations 

Weight-loss ofSS type 316 L was determined, using equation (1), 
at various time intervals in absence and presence of different 
concentrations of diazine derivatives (I-III). The obtained weight loss
time curves are represented in Figure ( 1) for inhibitor (I), the most 
effective one. Similar curves were obtained for other two inhibitors (not 
shown) 

6.w=(w1-w2)/A (1) 
where /1w is the weight loss in mg per unit area, w1 and w2 are the 
weights of the specimen before and after reaction, respectively, and A is 
the surface area in cm2

. 

The curves obtained in the pt:esence of inhibitors fall significantly 
below that of free acid. In all cases, the increase in the inhibitor 
concentration was accompanied by a decrease in. weight-loss and an 
increase in the percentage inhibition. These results lead to the conclusion 
that, these derivatives are fairly efficient as inhibitors for SS type 316 L 
dissolution in hydrochloric acid solution. Also, the degree of surface 



· A.S.Fouda, eta!. 72 

coverage, (9) by the inhibitor, calculated from equation (2), would 
increase by increasing the i'nhibitor concentration. 

9 = 1- (6. Winh../6 Wrree) (2) 
Where 6 Winh and 6 W free are the weight losses per unit area in presence 
a:1d absence of the inhibitor, respectively. 

In order to get a comparative view, the variation of the inhibition 
efficiencies (IE%) of the inhibitors with their molar concentrations were 
calculated according to equation (3); values obtained are summarized in 
Tabte (3). 

%IE= e x100 (3) 
Careful inspection of these results showed that, at the same inhibitor 
concentration, the order of inhibition efficiencies decreases in the following 
crder I> II> III. 

6 

5 

"! 
~ 4 

0 
~ 
ti 3 
.2 

0 

-• - Bl,nk(3M H CI). 

-0- IXJO ' M . 

-A-3XIO'' M. 

- 6-SXto·• M. 

-•- 7XIO"" M. 

-0-9XIO"' M . 

_.,_ IIXIO ' M. 

30 60 90 120 150 180 

Time,min. 
Fig. (1): Weight loss-time curves for the dissolution of 

SS type 316 L in absence and presence of different 

concentrations of compound (I) at 30°C. 

3.2. Synergistic effect: 
As seen from Table (2), the % inhibition efficiency of the tested 

derivatives is low, so in order to increase these values we use KI, KSCN, 
and KBr in addition to the different concentrations of the investigated 
derivatives. Table (3) shows the % inhibition of the investigated 
derivatives in presence of 1 X 1 0"2M of Kl. 
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Table (2): % Inhibition of SS type 316 L dissolution at 120 min. 
immersion in 3 M HCl in presence of different concentrations 
of inhibitors at 30°C. 

Concentration, %Inhibition 
M (I) (II) (III) 

l X 10-o 68.4 61.3 56.7 
Jx 1 0"6 71.5 65.7 59.3 
5x 10·6 74.1 68.1 63.6 
7x I o·O 77.0 71.2 65.4 
9 x lo·~> 78.3 74.1 67.2 
11 x 1 o·b 81.2 77.3 70.8 

Table(3) : %Inhibition efficiency of SS type 316 L dissolution at 120 
min. immersion in 3M HCl in presence of 1 X 1 o·2M KI at 
different concentrations of inhibitors at 30°C. 
Concentration, % Inhibition 

M (I) (II) (III) 
1 x ro-o 78.2 70.2 65.0 
3x 1 o·() 81.3 73.3 68.0 
5x 10·<> 83.7 76.2 71.2 
7xl0-() 86.1 79.2 74.3 
9x ro·() 89.0 82.1 78 .5 
1 l X l o·o 91.0 85.3 80.4 

It can be seen from Table (3) that the addition 1 o·2 M of KI 
inhibits the corrosion of SS type 316 L to a lar~e extent and by increasing 
the concentration of diazine derivatives ( 1 X l o· - 1 I X 1 o·6 M). This can be 
interpreted according to Schmitt and Bedbur [Schmilt & Bedbur 
(1985)], which proposed two types of joint adsorption namely 
competitive and cooperative. In competitive adsorption, the anions and 
cations are adsorbed at different sites on the electrode surface, and in 
case of cooperative adsorption, the anions are chemisorbed on the 
electrode surface and the cations are adsorbed on a layer of the anion, 
apart from the adsorption on the surface directly. . 

From the data of Table (3) it is seen that K1 would be considered 
as one of the effective anions for synergistic action with respect to the 
investigated salts. The net increment of inhibition efficiency shows a 
synergistic effect of KI, KSCN and KBr with diazine derivatives. The 
synergistic effect depends on the type and concentration of anions. The 
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inhibition efficiency in presence of these anions decreases in the order: 
KI > KSCN > KBr (Khamis et aJ., (2000)] and this parallel to the 
increase of the covalent radii of these anions. The experimental results 
suggested that the presence of these anions in the solution stabilizes the 
adsorption of derivatives on the metal surface and improved the 
inhibition efficiency of these derivatives. 

Fig. (2) demonstrates the weight loss time curves for the 
dissolution of SS type 316 L in 3 M HCl in absence and presence of 
different concentrations of compound (b) without and with addition of 
10-2 M KI at 30°C. 

Se=(l-8r+2)/ (1-8i+2) (4) 
Where 81+2 = 81 + 82 - 8, 82 

8- i+2 : measured surface coverage by the anion in combination with 
cation. 8 r and 82 are the surface coverage for anions and cations , 
respectively. 
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Fig.(f): Weight loss - time curves for SS type 316 L dissolution in 3M HCl in absence and 

presenc~ of I~ I o·'M K I and nt different concentra tions or inhibitor (I) at 30"C. 

Table ( 4) lists the variation of the synergistic parameter (Sa) in the 
presence of different concentrations of diazine derivatives. It is seen that 
all values of (Sa) are more than unity _and, therefore, the increase in % 
inhibition is due to synergistic effect Thus, these diazine derivatives 
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significantly improved the coverage and hence, the inhibition efficiency 
of these derivatives increased. 

These derivatives are nitrogen containing compounds, which 
contain unshared electron pairs on the N atom. In strong acidic solutions 
these derivatives may be protonated, leading a positive charge on the 
molecule. It is also known that SS type 316 L surface has positive charge, 
thus it is difficult for the positively charged derivatives to approach the 
positively charged SS type 316 L surface ,due to the electrostatic 
repulsion ,this is why these derivatives can not act as excellent inhibitors 
for SS type 316 L corrosion in 3M HCl solution without containing 
anions .In case of presence r , SCN" and Br" ions, these anions adsorbed 
on SS type 316 L surface and makes the surface negatively charged by 
means of electrostatic attraction, after that ,proto!}-ated diazine derivatives 
are easily reached the surface of S S type 316 L . 

Table (4): Synergism parameter (S.a) at different concentrations of 
inhibitors for 3161 S dissolution in 3M HCl with addition of 
1 X 1o-2M KI at 30°C. 

Concentration, 
M 

] X 10-o 

7x to·o 

3.3. Adsorption isotherm: 

Syner ism parameter (So) 
(I) (II) (III) 
l.O 1.1 1.1 
1.0 1.1 1.0 
1.0 1.1 1.1 
1.0 !.! !.1 
1.2 1.2 1.0 
1.4 1.2 1.1 

Assuming the corrosion inhibition was caused by the adsorption 
of diazine derivatives, and the values of surface coverage at different 
concentrations of inhibitors in 3M HCl were evaluated from weight loss 
measurement using equation (2). 

From the values of (8), it can be seen that the values of (8) 
increased with increasing the concentration of derivatives. Using these 
values of surface coverage, one can utilize different adsorption isothenns 
to deal with experimental data. The Temkin adsorption isothenn was 
applied to investigate the adsorption mechanism, by plotting (8) vs. log 
C, a straight lines were obtained (Fig.3). On the other hand, it is found 

0 



A.S.Fouda, eta/. 76 

that kinetic- thermodynamic model of El-Awady et al [El-Awady & 
Ahmed (1985)] which has the fo rmula: 

log (9 /1 - 9) = log K ' - y log C (5) 
Is valid and verify the present adsorption data (Fig.4). The 

equilibrium constant of adsorption K = K'(l/y)' where 1/y is the number 
of the surface active sites occupied by one diazine molecule and C is the 
bulk concentration of the inhibitor. From Table (5) it is noted that .6.Gads 
values have a negative sign indicating that the adsorption process 
proceeds spontaneously and increase as the percentage inhibition 
increases. Table (5) shows the calculated thermodynamic parameters. 

Table (5): Inhibitor binding constant (K), free energy of binding 
(t.Gads·), number of active sites ( 1/y) and later interaction 
e_arameter (a) for diazine derivatives at 30°C. 

Kinetic model Temkin 
Inhibitors 

K -AGads.7 K -A Gads., 

(I) 

(II) 

(Ill) 

1/y 
kJmor1 a 

kJmor' 

3.200 0.985 60.7 14.03 72.3 63.0 

3.121 0.874 58.9 13.33 67.1 62.2 

3.023 0.655 54.5 13.24 17.1 52.1 

I . (I) 
• (II) 

R'=0.996 • ( Ill) 
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Fig.(3): Curve fitting of corrosion data for SS type 316 L 

3M HCI in presence of different concentrations of 

inhibitors to the Temkin isotherm at 3o•c. 
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Fig.(4 ): Curve fitting of corrosion data for SS type 316 L 

in 3M HCI in presence of different concentrations 

of inhibitors to the kinetic model at30°C. 

3.4. Effect ofTemperature: 
The effect of temperature (30 - 55°C) on the performance of the 

inhibitors at a concentration of ( 1 X 1 0"6 
- 11 X 1 0"6 M) for ss type 316 L 

in 3M HCl was studied using weight-loss measurements. Plots of log k 
(corrosion rate) against 11 T (absolute temperature) Fig. (5) for SS type 
316 L in 3M M HCl, gave straight lines. The values of the slopes 
obtained at different temperatures permit the calculation of Arrhenius 
activation energy (Ea \ The activation energy values obtained from these 
lines were found to be 58 kJ mor1 for SS type 316 L 3M HCl and (69-
96) kJ mor1 for acid containing inhibitors Table (6). 
Activation parameters for corrosion of SS type 316 L were calculated 
from Arrhenius - type plot. .. 

k=A exp (-Ea I RT) (6) 
and transition state- type equation : 

k= RT I Nh exp (~S./R) exp ( -~H· I RT) (7) 
The relation between log k IT vs. 1 I T gives straight line Fig (6), 

from their slopes, ~H· can be computed and from their intercepts ~S • can 
be also computed. 
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Table ( 6) exhibits the values of apparent activation energy Ea •, 
enthalpies t:.H• and entropies t:.s* for SS type 316 L dissolution in 3M 
HCl solution. The presence of derivatives increases the activation 
energies of SS type 316 L indicating strong adsorption of the inhibitor 
molecules on the metal surface and the presence of these additives 
induces energy barrier for the corrosion reaction and this barrier 
increases with increasing the additive concentrations. 
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Fig .(S) : log, k- 1/ T curves for SS type 316 L dissolusion 
in 3M HCI in absence and pre s ence of diff erent 
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Table (6): Effect of concentrations of inhibitors on the activation 
energy, activation enthalpy and activation entropy of SS 
t " 16 L d' l t' . 3M HCl ype .J ISSO U !On 1D 

Inhibitor Concentration. 
E;,kJ mor' 6H', kJ mol"1 -6S', K'1 J mol"1 

M 
Blank 0.0 58.0 52.6 82.8 

1>< 10'6 94.4 87.4 7.3 
Jx to·• 96.4 89.5 13.4 

I 
5>< I 0-6 96.6 92.2 20.9 
7>< 10'0 97.3 92.6 21.7 
9>< 10'6 97.6 94.3 26.0 
1 1 x to·• 90.0 94.3 26.7 
1><10'0 80.7 76.8 25.0 
Jx I o·• 81.0 78.7 19.7 

II 
5>< 10'0 83 .2 80.6 14.4 
7>< 10'0 84.0 81.3 12.7 
9x to·" 85.0 82.7 8.8 
1! >< 10'0 86.1 83 .4 7.4 
1>< 10-o 67.8 71.4 41.0 
) x 10·• 74. 1 71.9 36.9 

Ill 
Sx 10'0 75.2 74.1 33.5 
7>< l 0"' 76.8 75.5 29.5 
9x I o·• 78.2 79.4 17.4 
11 )( 10'6 80.2 80.2 13.4 
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3.5 Electrochemical measurement 
Galvanostatic polarization studies were carried out on SS type 

316 L in 3 M HCl solution without and with different concentrations of 
the inhibitors. All experiments were carried out at 30°C. The inhibition 
efficiency (%IE) is defined as [George (1988)]: 

%IE= ((icorr.- iinh·)/ lcorr) x 100 (8) 
Where icorr. and iinh. are the corrosion CUITent density in the 

absence and presence of inhibitors, respectively. The degree of surface 
area coverage (8) can be calculated from the relation: 

8 ::: (icorr· - iinh· )/ icorr. (9) 

3.5.1. Galvanostatic polarization curves 
Corrosion behavior of SS type 316 L is studied in 3M HCl 

solution in absence and presence of (1 X 1 0"6 
- 11 X 1 o-6

) M inhibitors (I -
UI) at 30°C. Fig. (7) shows the galvanostatic polarization curve of SS 
type 316L in 3M HCl in absence and presence of inhibitor (I) at different 
inhibitor concentrations similar curves were obtained for other two 
inhibitors (not shown). Table (7) gives the various corrosion parameters. 

Tafel slopes Wa & pc) values, corrosion potential CEcorr), 
corrosion current Cicorr), degree of surface coverage (8) and inhibition 
efficiency (% IE) indicate that: 
l- The corrosion current density decreases with increasing the 

concentration of diazine derivatives. This indicates that the presence 
of these derivatives retards the dissolution of SS type 316 L in 3M 
HCI solution and the degree of inhibition depends on the 
concentration and type of the inhibitor present. 

2- The degree of surface coverage was found to increase with increasing 
the concentration of inhibitor. 

3- The presence of the tested inhibitors retards both anodic and cathodic 
reactions I3a and I3c are changed. This indicates that these inhibitors act 
as mixed-type inhibitors. 

4- The order of decrease in inhibition efficiency for the diazine additives 
is: (I)> (II)> (III) 

'• 
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Fig_(7).:Galv:mostatic pol:1riz.1tion curve of SS type 316 Lin 3M HCI in absence and 

presence of different concentrations of inhibitor (I) at 3o•c 

The inhibition mechanism of the tested inhibitor is a combination 
of surface blockage and electrostatic repulsion between adsorbed diazine 
layer and chloride 1ons. The adsorption of inhibitor depends on the 
inhibitor concentration. At adsorption density less than that needed for 
monolayer coverage (Fig. 8a), most of the nucleation sites are still 
possibly exposed to HCI, as the inhibitor has less adsorption affinity on 
them. When the adsorption density reaches monolayer adsorption 
(Fig.8b), some of the nucleation sites begin to be completely covered by 
inhibitor molecules. At maximum adsorption density in Fig. (8c), the 
whole surface, including the nucleation sites, is covered by the inhibitor 

. molecules and hence complete inhibition occurs. 
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Table (7): Corrosion parameters for SS type 316 Lin 3M HCl in absence 
and presence of different concentrations of inhibitors (I-III) at 
30°C. 

Inhibitor Cone., M -Ecorr, icoro 13., flCl 8 %IE 
mV(SCE) ).lAcm·2 mVdec' 1 mY dec·' 

Blank 3MHCl 0.351 74.64 0.287 0.179 - -
lx 10'6 0.317 54.81 0.109 0.462 0.3862 38.62 

3.x l0"6 0.313 21.88 O. I03 0.403 0.6143 61 .43 

5xl0'6 0.303 20.79 0.162 0.351 0.7443 74.43 
I 

7x 10·6 0.301 I 1.48 0.153 0.362 0.8462 84.62 

9x l0"6 0.297 11.21 0.148 0.298 0.8498 84.98 

I J x10.o 0.287 I0.93 0. 158 0.197 0.8535 8'5.3 s 
1 x 1o·b 0.330 50.70 0.052 0.192 0.3208 32.08 

3x 10'6 0.319 32.81 0.056 0.243 0.5605 56.06 

5x iO"" 0.315 I 7. 10 0.088 0.218 0.7709 77.09 
II 

7xt0'6 0.306 13.68 0.113 0.207 0.8169 81.69 

9x I0"6 0.301 12.91 0.1 I I 0.3 I 2 0.8270 82.70 

II X 10-6 0.297 11.56 0. 103 0.30I 0.8451 84.51 

tx 10'6 0.333 51.40 0.051 0.190 0.2940 29.40 

3xi0'6 0.331 36.30 0.061 0.208 0.5355 53.55 

5x 10'6 0.327 28.18 0.083 0.206 0.6656 66.56 
III 

7xl0'6 0.316L 14.36 0.069 0.347 0.7672 76.72 

9x 10·6 
• 0.3 I 2 15.83 0.110 0.351 0.7879 78.79 

llxl0.6 0.297 14.96 0.097 0.309 0.7995 79.95 

Nucle~tion si tes 

(a) (b) (c) 

Fig.8: Adsorption schemes for organic compound as an inhibitor on SS 
type 316 L stainless steel, (8a) at low concentration, (8b) 
intermediate concentration and (8c) high concentration. 
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. 4. CONCLUSIONS 

The following conclusions can be deduced from the present study: 

1- Diazine derivatives appear to be efficient inhibitors for corrosion of 
316 L in 3M HCl solution, which act as mixed-type inhibitors, the 
%IE was found to increase with increase the inhibitor concentration 
and was found that the inhibition efficiency decrease in order: 

(I) > (U) > (III). 

'2- The inhibition of corrosion of SS type 316 L in 3M HCI solution was 
found to oE>ey the Temkin adsorption isotherm and the inhibitors 
appear to absorb on SS type 316 L surface. 

3- The inhibition efficiency (%IE) increases with the increase in the 
inhibitor concentration, while decreases with the increase in the 
temperatur'e according to the order: (I)> (JI) > (III). 

This means that these inhibitors adsorbed physically on SS surface. 
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