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SUMMARY 

A new c o r r o s i o n i n h i b i t o r namely 2- s a l i c y l i d e n e a m i n o -

6-methyl-benzothiazole (SAMEBT) has been s y n t h e s i s e d and i t s 

i n n l b i t i n g a c t i o n on the c o r r o s i o n of mi l d s t e e l i n 1 M HCI 

and 0.5 M H2SO4 has been i n v e s t i g a t e d by weight l o s s 

measurements and p o t e n t i o s t a t i c p o l a r i s a t i o n s t u d i e s . I t 

behaves as a mixed type i n h i b i t o r i n the above a c i d i c 

s o l u t i o n s . I t has been found to i n h i b i t the d i s s o l u t i o n o f 

s t e e l i n both a c i d s o l u t i o n s by b l o c k i n g the a c t i v e s i t e s o f 

the mild s t e e l s u r f a c e . Hydrogen permeation s t u d i e s and 

A.C. impedance measurements i n d i c a t e the improved 

performance o f the compound i n HOI. The ad s o r p t i o n o f 

SAMEBT on the s t e e l s u r f a c e from both a c i d s i s found t o obey 

Temkin's ad s o r p t i o n isotherm. 
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1. INTRODUCTION 

A study o f organic c o r r o s i o n i n h i b i t o r s i s an 

a t t r a c t i v e f i e l d o f research, due to i t s usefulness i n 

v a r i o u s i n d u s t r i e s . Most o f the commercial i n h i b i t o r 

formulations are found to i n c l u d e aldehydes and amines as 

e s s e n t i a l i n g r e d i e n t s [1,2]. Turbina e t a l . [3] have 

observed t h a t condensation products of carbonyls and amines 

which are known as a n i l s o r s c h i f f ' s bases g i v e higher 

i n h i b i t i o n e f f i c i e n c y than t h a t f o r c o n s t i t u t e n t carbonyls 

and amines. Desai and co-workers [4] have s t u d i e d a few 

s c h i f f ' s bases ( d e r i v e d from aromatic aldehydes and amines) 

as c o r r o s i o n i n h i b i t o r s f o r mild s t e e l i n h y d r o c h l o r i c a c i d . 

They found t h a t the I n h i b i t i o n e f f i c i e n c y f o r the 

i n v e s t i g a t e d s c h i f f ' s bases Is much gr e a t e r than t h a t f o r 

corresponding amines and aldehydes. These observations have 

a c t u a l l y l e d t o the s y n t h e s i s o f a few a n i l s by condensing a 

few s u b s t i t u t e d a m i n o t r i a z o l e s and s a l i c y l a l d e h y d e , with a 

view t o evaluate t h e i r i n h i b i t i n g p r o p e r t i e s on the 

c o r r o s i o n of m i l d s t e e l i n a c i d i c s o l u t i o n s . A l l the a n i l s 

were found to be e f f e c t i v e as i n h i b i t o r s f o r a c i d c o r r o s i o n 

of m i l d s t e e l . The i n h i b i t i o n e f f i c i e n c y f o r a l l the 

i n h i b i t o r s was found to be greater than t h a t f o r the 

corresponding amines and s a l i c y l a l d e h y d e [ 5 ] . In the 

present i n v e s t i g a t i o n the i n f l u e n c e of an a n i l (SAMKJBT) 

synthesized i n the l a b o r a t o r y by condensing an 

aminobenzothiazole and s a l i c y l a l d e h y d e on the c o r r o s i o n of 

mild s t e e l i n 1 M HC1 and 0.5 M H2SO4 has been s t u d i e d . 
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The choice o f t h i s compound as an i n h i b i t o r i s based on 

two c o n s i d e r a t i o n s . F i r s t l y , i n a d d i t i o n t o the presence of 

a benzothiazole r i n g , the presence o f TT-bond o f an 

azomethine group and TP-electrons o f phenyl groups can induce 

g r e a t e r a d s o r p t i o n of the i n h i b i t o r molecules on the metal 

su r f a c e . Secondly, the presence of an -OH group can 

i n c r e a s e the s o l u b i l i t y o f the i n h i b i t o r i n the -test 

s o l u t i o n s , l e a d i n g t o a higher i n h i b i t i o n e f f i c i e n c y . 

2. EXPERIMENTAL 

2.1. M a t e r i a l s and Test S o l u t i o n s 

M i l d s t e e l (AISI 1079) s t r i p s o f s i z e 40 mm X 20 mm X 

0.25 mm having composition C ts 0.14% , Mn = 0.35% , S i = 

0.17% , S = 0.025% , P = 0.03% and remainder Fe , were used 

f o r weight l o s s measurements and hydrogen permeation 

s t u d i e s . 

For p o t e n t i o s t a t i c p o l a r i s a t i o n s t u d i e s m i l d s t e e l 
o 

s t r i p s o f the same composition with an exposed area o f 1 cm 

were used. The e l e c t r o d e s were p o l i s h e d s u c c e s s i v e l y with 

emery papers o f 1/0, 2/0, 3/0 and 4/0 grade and degreased 

with t r i c h l o r o e t h y l e n e . A.R. grade HC1 and H2SO4 (MERCK) 

were used f o r p r e p a r i n g s o l u t i o n s . Double d i s t i l l e d water 

was used t o prepare s o l u t i o n s o f 1 M HC1 and 

0.5 M H2SO4 f o r a l l the experiments. The i n h i b i t o r namely 

Z-salicylideneamino-6-methyl-benzothiazoIe, {a&BKBT) was 

synthesized i n the l a b o r a t o r y f o l l o w i n g the general 
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procedure reported elsewhere [6] and the s t r u c t u r e of the 

I n h i b i t o r i s given below: 

HO 

Structure oi 2 - S a U c y l l d « n » a m l n o - 6 - m « \ h y l -
b«nzothlazole 

Weight l o s s measurements were c a r r i e d out as described 

e a r l i e r [ 7 ] . The i n h i b i t i o n e f f i c i e n c y was c a l c u l a t e d from 

weight l o s s values obtained i n the presence and absence o f 

the i n h i b i t o r at the end of d e f i n i t e and known i n t e r v a l s o f 

time. P o t e n t i o s t a t i c p o l a r i s a t i o n studies were c a r r i e d out 

using EG A G PARC p o t e n t i o s t a t / g a l v a n o s t a t (model-173), 

u n i v e r s a l programmer (model-175) and with X-Y recorder 

(model RE 0089). Hydrogen permeation s t u d i e s were c a r r i e d 

out u s i n g an adaptation o f the modified Devanathan and 

Stachurski's two compartment c e l l as described elsewhere 

[8,9]. Charge t r a n s f e r r e s i s t a n c e (R t) and double l a y e r 

capacitance ( C^i) values were obtained from impedance 

measurements as desc r i b e d elsewhere [10]. A l l the 

experiments were c a r r i e d out a t constant temperature of 

35 ± 2 °C. A platinum f o i l of 3 cm x 3 cm and a 

saturated calomel e l e c t r o d e (SCE) were used as a u x i l i a r y 

and reference e l e c t r o d e s , r e s p e c t i v e l y . 

c 

3 RESULTS AND DISCUSSION 

3.1. Weight Loss Measurements 

Table 1 shows the values of i n h i b i t i o n e f f i c i e n c y 

obtained from weight l o s s measurements f o r d i f f e r e n t 

c oncentrations o f SAMEBT i n 1 M HC1 and 0.5 M H^S0 4. From 

the c a l c u l a t e d weight l o s s values the i n h i b i t i o n 

e f f i c i e n c y , P (%) , and surf a c e coverage, (0) o f each 

c o n c e n t r a t i o n were c a l c u l a t e d u s i n g the f o l l o w i n g equations: 

(WG - W) 
P (%) = X 100 (1) 

W0 

(WQ - W) 
0 = ( 2 ) 

Wo 

where W0 and W are the weight l o s s e s i n the absence and 

presence o f an i n h i b i t o r r e s p e c t i v e l y . 

TABLE 1 

I n h i b i t i o n e f f i c i e n c y f o r d i f f e r e n t c o n c e n t r a t i o n s o f SAMEBT 

f o r the c o r r o s i o n o f mi l d s t e e l i n 1 M HC1 and 0.5 M H2SO4 
from weight l o s s data 

Cone, o f SAMEBT/ppm I n h i b i t i o n e f f i c i e n c y / % Cone, o f SAMEBT/ppm 

1 M HU1 0.5 M H 2 S 0 4 

500 97.7 83.4 

400 95.6 80.0 

300 94.0 77.2 

200 91.0 74.0 

100 89.1 60.1 
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I t i s found from Table 1 t h a t i n h i b i t i o n e f f i c i e n c y 

i n c r e a s e s with i n c r e a s e i n the c o n c e n t r a t i o n o f SAMKBT i n 

t e s t s o l u t i o n s . In general, f o r the p i c k l i n g o f s t e e l , as 

pointed by Machu [11], sulphur c o n t a i n i n g compounds are 

p r e f e r r e d f o r H2SO4 s o l u t i o n and n i t r o g e n c o n t a i n i n g 

compounds f o r HC1 s o l u t i o n . Every and Riggs [12] repo r t e d 

t h a t o f t e n a mixture o f n i t r o g e n and sulphur compounds i s 

b e t t e r than e i t h e r type alone. SAMEBT co n t a i n s both 

n i t r o g e n and sulphur atoms. I t has e x h i b i t e d an e x c e l l e n t 

performance as an i n h i b i t o r on the c o r r o s i o n o f mil d s t e e l 

i n 1 M HC1 and 0.5 M H2SO4. I t i s a l s o found from the 

ta b l e t h a t SAMEBT behaves b e t t e r i n 1 M HC1 than 0.5 M H 2S0 4. 

The i n h i b i t i o n o f c o r r o s i o n o f m i l d s t e e l i n a c i d i c 

s o l u t i o n s can be a t t r i b u t e d t o the ad s o r p t i o n o f i n h i b i t o r 

molecules on the metal s u r f a c e . The i n h i b i t o r (SAMEBT) can 

be adsorbed on the metal su r f a c e due t o f o l l o w i n g 

i n t e r f a c i a l i n t e r a c t i o n s . ( i ) Lone p a i r o f e l e c t r o n s o f 

ni t r o g e n and sulphur atoms can i n t e r a c t with the p o s i t i v e l y 

charged metal s u r f a c e . In aqueous a c i d s o l u t i o n 

benzothiazoie can e x i s t as protonated s p e c i e s [13]. These 

protonated s p e c i e s can adsorb over n e g a t i v e l y charged 

metal s u r f a c e through e l e c t r o s t a t i c f o r c e . ( i i ) T T - e l e c t r o n s 

of benzothiazoie and benzene r i n g can a l s o i n t e r a c t with 

the p o s i t i v e l y charged metal s u r f a c e . 

A noteworthy f e a t u r e o f the i n v e s t i g a t i o n i s t h a t , 

i n h i b i t o r (SAMEBT) gi v e s b e t t e r performance i n 1 M HC1 than 

0.5 M H2SO4. T h i s can be explained by the f a c t t h a t 
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c h l o r i d e ions being l e s s hydrated than sulphate i o n s , are 

more s t r o n g l y adsorbed on the metal s u r f a c e , by c r e a t i n g , an 

excess negative charge towards the s o l u t i o n phase which 

favours s y n e r g i s t i c adsorption of i n h i b i t o r on the metal 

sur f a c e [14,15]. S i m i l a r s y n e r g i s t i c mechanism has been 

proposed by Granese e t a l . L16J to e x p l a i n the higher 

e f f i c i e n c y o f some n i t r o g e n c o n t a i n i n g h e t e r o c y c l i c s i n 

a c i d i c s o l u t i o n s . 

3.2 P o t e n t i o s t a t i c P o l a r i s a t i o n Studies 

P o L e n t i o s t a t i c anodic and cath o d i c p o l a r i s a t i o n scans 

were recorded i n 1 M HC1 and 0.5 M H 2S0 4 alone and i n the 

presence o f d i f f e r e n t concentrations o f SAMEBT. Various 

e l e c t r o c h e m i c a l parameters d e r i v e d from T a f e l p l o t s are 

given i n Tables 2 & 3. 

TABLE 2 

El e c t r o c h e m i c a l p o l a r i s a t i o n parameters f o r the c o r r o s i o n o f 

mild s t e e l i n 1 M HC1 c o n t a i n i n g d i f f e r e n t c o n c e n t r a t i o n s 

of SAMEBT 

I n h i b i t o r I C o r r / ^ c o r r / b c / *>a/ I n h i b i t i o n 
c o n c - / _ 2 _ i 1 e f f i c i e n c y / 
ppm (mA cm fi) (mV (SCE)) (mV dec x ) (mV dec 1 ) % 

BLANK 0.350 -576 
(HC1) 

500 0.012 -568 

400 0.015 -574 

300 0.020 -570 

110 55 

98 45 96.57 

98 48 95.71 

100 50 94.28 
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TABLE 3 

E l e c t r o c h e m i c a l p o l a r i s a t i o n parameters f o r the c o r r o s i o n 

of m i l d s t e e l i n 0.5 M H2SO4 c o n t a i n i n g d i f f e r e n t 

c oncentrations of SAMEBT 

I n h i b i t o r I C o r r / E c o r r / D c / b a / I n h i b i t i o n 
cone./ _„ _ 1 _T e f f i c i e n c y / 

ppm (mA cm £ ) (mV (SCE)) (mV dec x ) (mV dec x ) % 

BLANK 0.320 -581 100 50 
(H 2S0 4) 
500 0.020 -591 98 46 93.75 

400 0.020 -581 95 44 89.06 

300 0.070 -581 95 45 78.12 

I t i s seen from Tables 2 & 3, t h a t I C o r r values 

decrease s i g n i f i c a n t l y i n the presence o f SAMEBT. Th i s 

o b s e r v a t i o n i n d i c a t e s t h a t SAMEBT acts as an e f f e c t i v e 

i n h i b i t o r f o r the c o r r o s i o n of m i l d s t e e l i n both a c i d s . 

Both c a t h o d i c ( b c ) and anodic ( b a ) T a f e l s l opes are changed 

co n s i d e r a b l y i n the presence o f 300 ppm SAMEBT, but they 

remain a constant with increase i n the c o n c e n t r a t i o n of 

SAMEBT i n both a c i d i c s o l u t i o n s . These observations suggest 

t h a t the i n h i b i t i o n o f c o r r o s i o n of m i l d s t e e l i n the 

presence o f SAMEBT i n 1 M HC1 and 0.5 M H2SO4 i s under mixed 

c o n t r o l . An i n h i b i t o r o f t h i s type i n both media a c t s as a 

mixed type i n h i b i t o r . T h i s behaviour brings out the f a c t 

t h a t the i n h i b i t o r adsorbs by simply b l o c k i n g the a c t i v e 

s i t e s o f the s t e e l s u r f a c e . The mechanisms o£ both the 
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anodic and cathodic reactions are not a f f e c t e d . S i m i l a r 

behaviour has been observed during a c i d c o r r o s i o n of i r o n 

and s t e e l i n presence of a l i p h a t i c sulphides 117] and 

thiosemicarbazide [18J. 

3.3 Hydrogen Permeation Measurements 

The importance of the measurements of the hydrogen 

permeation current f o r the e v a l u a t i o n of i n h i b i t o r s with 

r e s p e c t to t h e i r a b i l i t y to prevent hydrogen entry i n t o the 

metal has already been reported [19]. Hydrogen permeation 

c u r r e n t vs. time curves f o r mild s t e e l i n 1 M HC1 and 

0.5 M H2SO4 alone and i n the presence of SAMEBT are shown 

i n tfig.l. 
301 ' " • . 

25 -
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The permeation c u r r e n t f o r HC1 i s almost twice than 

t h a t f o r H2SO4 s o l u t i o n s due t o the stronger a d s o r p t i o n o f 

c h l o r i d e ions on the metal su r f a c e . In the presence o f 

SAMEBT (300 ppm), the permeation c u r r e n t i s reduced 

c o n s i d e r a b l y i n both a c i d s . But the extent o f r e d u c t i o n 13 

co n s i d e r a b l y higher i n HC1 than i n H2SO4. These 

observations are i n keeping with the f a c t s observed f o r 

weight l o s s experiments. So, i n t h i s case a d e f i n i t e 

c o r r e l a t i o n i s observed between the i n h i b i t i o n e f f i c i e n c y 

and the amount o f hydrogen permeated through s t e e l . 

3.4 E l e c t r o c h e m i c a l Impedance Spectroscopy (EIS) 

Impedance diagrams obtained f o r the frequency range 

60 kHz t o 1 mHz range a t the open c i r c u i t p o t e n t i a l f o r miJd 

s t e e l i n both a c i d s are shown i n E i g s . 2 and 3. 

I t i s seen from these f i g u r e s t h a t impedance diagrams 

are not a p e r f e c t s e m i c i r c l e , and t h i s d i f f e r e n c e has been 

a t t r i b u t e d t o frequency d i s p e r s i o n [20,21]. The charge 

t r a n s f e r r e s i s t a n c e (R^) values are c a l c u l a t e d from the 

d i f f e r e n c e i n impedance a t lower and higher frequencies as 

suggested by Tsuru & Haruyama [22]. These values o f R^ have 

been s u b s t i t u t e d i n Stern-Geary equation t o o b t a i n the 

c o r r o s i o n c u r r e n t . To o b t a i n the double l a y e r capacitance 

( ) , the frequency a t which the imaginary component of 

impedance i s maximum (-24" m a x ) i s found. Values o f C<JI are 

found u s i n g the r e l a t i o n 
1 1 

C D | = x (3) 
2 TT I max I*t 

— I I 
2 0 40 60 80 100 120 140 160 180 

Z /ohm cm 2 

Impedance spectra for mild s t e e l i n 1 M HC1 
co n t a i n i n g SAMEBT 

a - 1 M HC1 b. 1 M HC1 + 300 ppm SAMEBT 
c 1 M HC1 + 400 ppm SAMEBT 
d. 1 M HC1 + 500 D p m SAMEBT 

0.5 M H2.S0^ c o n t a i n i n g SAMEBT 
c. 0.5 M H 2S0 4 + 400 ppm SAMEBT 

d. 0.5 M H 2S0 4 + 500 ppm SAMEBT 
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TABLE 4 

Impedance parameters f o r mild s t e e l i n 1 M HC1 and 

0.5 M H 2 S 0 4 c o n t a i n i n g d i f f e r e n t c o ncentrations o f SAMEBT 

Cone. 1 M HC1 0.5 M H 2 S 0 4 

o f  

SAMEBT/ R t/ I c o r r / C d l / R t/ I c o r r / u d l / 

ppm (ohm cm 2) (mA cm - 2) (uF cm" 2) (ohm cm 2) (mA cm - 2) (pF cm" ) 

BLANK 17 0 0 94 765 13.0 1. 11 366 

500 143 0 0 09 222 137.0 0. 11 185 

400 133 „0 0 10 280 105.0 0 13 200 

300 121 .0 0 11 343 84.0 0 16 255 

Table 4 gives values of R̂ ,, Icorv a l l d G d l f o r w i l d 

s t e e l i n 1 M HC1 and 0.5 M H 2S0 4, alone and i n the presence 

of d i f f e r e n t c o ncentrations o f SAMEBT. I t i s seen from t h i s 

Table t h a t I C O r r a n d c d l values are more f o r HOI than H 2S0 4. 

The presence of SAMEBT i s found to enhance the R t values 

from both a c i d s . but Cdl values are brought down 

con s i d e r a b l y i n both a c i d s , because o f i t s stro n g e r 

adsorption on the metal surface, which i n t u r n leads t o a 

decrease i n the values o f I C o r r -

3.5 Adsorption Isotherm 

The surface coverage (0) values have been obtained 

from weight l o s s measurements f o r various c o n c e n t r a t i o n s o f 

SAMEBT. I t was observed from Fig.4 t h a t a p l o t of 9 vs. 

l o g c gi v e s a s t r a i g h t l i n e i n both a c i d s o l u t i o n s 
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suggesting t h a t the adsorption of SAMEBT on mild 

s t e e l / a c i d i c s o l u t i o n i n t e r f a c e obeys Temkin's adsorption 

isotherm. . 
1 0 -

0 .7 L - l 1 1 1 L 1 
2.3 2 * 2.5 2 6 2 7 

• l o g c 

FIG. 4. Temkin's a d s o r p t i o n i s o t h e r m p l o t f o r m i l d s t e e l 
i n 1 M HC1 and 0.5 M ^ S O ^ c o n t a i n i n g SAMEBT 
a- 1 M HC1 b. 0.5 M H 2 S 0 4 

4 . CONCLUSIONS 

1. SAMEBT has been found to perform well as a c o r r o s i o n 

i n h i b i t o r i n s u l p h u r i c and h y d r o c h l o r i c a c i d s , but a b e t t e r 

performance i s n o t i c e d i n the case of h y d r o c h l o r i c a c i d . 

2. The mechanism f o r the i n h i b i t i o n of c o r r o s i o n o f mi l d 

s t e e l In the presence of SAMEBT In both 1 M HC1 and 

0.5 M H 2S0 4 i s under mixed c o n t r o l . 

3. The compound SAMEBT i n h i b i t s the c o r r o s i o n o f mild 

s t e e l i n a c i d i c s o l u t i o n s by a stronger adsorption o f 

i n h i b i t o r molecule on the a c t i v e s i t e s o f the s t e e l s u r f a c e 

through n i t r o g e n bonding e l e c t r o n s and e l e c t r o n s o f the 
I 

benzothiazole r i n g and -C = N- group. 

4. The compound SAMEBT brings down the permeation 

curr e n t c o n s i d e r a b l y i n both a c i d s . 
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5. The ad s o r p t i o n o f SAMEBT on the mi l d s t e e l s u r f a c e from 

both a c i d s obeys Temkin's adsorption isotherm. 
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