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    = f2 (Logf)     B)       

**Diagrammes de Nyquist  .           
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4-1- :   

  
: 12 

 
3 

:   

    

  

  

  

  

4- 

 

1

 

2 

 

3       4

 

1

 

2 3 

 

:    4 

 

tolyl 1,2 dithiol 3 

 

thione        4 

 

phenyl 

 

1,2- dithiol 3 

 

thione  

             :A1                                                      : A2 

:   

  

                    

5-                                       2-   

(BIA) 5-methylbenzotriazole            2-mercaptobenzimidazole           

         :B1                                                        : B2   

  

  

  

4 -2 - 3  - :  

N

N

N

H

H3C
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4-2-1- :  

1 

 
2 3 

  
:          

R2 , R1 4 5 

.....  

crucifères  

3 

  

  ]35[.   

4-2-2- :  

 

3 

 

Field   ]35[.  

4-2-3- :  

3- 

 

 .  

3- :  

 

. 

  

  

 

. 

     

]35[.  

 

.       
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   4 2-4- :   

 *

.     

 *.        

 *

  

   .  

 *

 

.     

  * :  

-  )(.   

-  .     

-  )5 

 

 )4 

 

 (

 

1

 

2 3- 

 

( 

 

.      

-  

    

)4 

  

 )2 

 

 (

 

1

 

2 3 

 

( 

 

)( 

]35[.   

  

  

  

  

   

      

4 

 

3- 

 

) 

 

2- )MBI  ( (  

4-3-1- :   

 :  
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MBI   

.  

:  

:  

NH CS , 

 

)I1 (

)I2 :(  

  

 

crystallography

 

XPS  

 

IR  RMN )I1  (

   

]29- 23 [  

  

:  

 

/

 

pka=  10,4    ]31-33[  
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MBI   

   

~ 3 10-3 M 

  

~ 9 10-2 M KOH )0,1 M.(  

MBI Monoclinique  

  

P21/m.  

 

)Délocalisation (

 

]29[.  

4-3-2-:   

MBI  

   

.  

Yoshida 

 

:   

Ag+   Pt2+  ,  Pd2+ ,  Cu2+ ,   Cd2+,  Hg2+ ,  

]28,33[.   

MBI  

Kaushal et Turel    Au3+ 

  

1- 

 

]48[.  

  

4-3-3- MBI:  
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deux pics 

 
.  

Budnikov et al. ]50 [

)DMF et acetonitrile (

 
)pics 

deux (

 

)  + 

0,63Vacetonitrile 

 

+ 0,50VDMF  (

 

)M 0,1 ( Ag/Ag+.  

  

MBI 

 

 :

 

  

Perrin et Pagetti    ]32 [

  

:  
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)4-1 :(

 

MBI   ]32[  

4-3-4- MBI :  

MBI 

 :   

* :

   

MBI 

 

]60-64[.   

4-2-4- 

 

Modification d'électrodes:    

Electrodes modifiées   

   

MBI

 

]66 -

68[.  

Raj et Ohsaka)] (68 [

Acide urique     

Cinétique lente   .  

modifiees  )

 

MBI (

   

Electrocatalyse.      
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5-1- :  

 
 )12 

 
3 

 
 (

      
:  

S S

SH

R

+ 3 H2S

R

+ 6S

  

       )R ()H (A1 )CH3 (

A2.   

 )E.  K.  Field procédure ]  (1[

        

 .  

5-2-   : 

      

      

  

(%)  

 

  

 

  

  

(g/ ml)  

  

 

    

  99 115,2 ......    PROLABO

 

. 

 

  99 176 -178  .......    

 

  99  110,6 0,86 

 

0,87  )CCM (  BIOCHEM 

  99 153 0,86   ALfaAeSar

 

  90 177,1 0.867   FluKa

 

  99.9 68 0.66   PROLABO

 

 )1 :(  

5-3- :  
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:)VPRS ( 

.  

5-3-1-  )4- 12 

 
3  )  (A1: (  

5-3-1-1- :  

   

500 ml  :48 g  

  

ml140 

 

0,4 g 

 

. 

. 156° C  174   

.   

   

.                          

   

 )CCM  (

  

 .  

      

.                                    

5-3-1-2- :  

   

 )3:1( 

 )A1(.  

 )A1( 

.  

5-3-1-3- :  

 

  

    

° C 120  

 

75,31% 

5-3-2- )4 

 

- 

 

3 )  (A2:(  
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5-3-2-1- :  

  
500ml 

 
50g 160ml 

0,4g 

  
 .

21 186° C .  

 )CCM ( 

 .  

.  

5-3-2-2- :  

  

 )

A1(.      

5-3-2-3- :  

 

  

  

° C 115  

  

%51,8 
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:  

  
:  

     

20% 

   

4% 

B2 , B1 6%   . A2 , A1  

  

 .  

  

:  

 

  

     

)( 

 

: 

1- 

  

  

2- 

 

)zoomée ( 

 

. 

3- 

 

4- 

   

      5- 

    

 

  

6-1- 

    

6-1-1 - :  

6-1-1-1- 

 

 :  



 

60

20% 

 
 :  

P1 = 98%                               d1 = 1,84                      

  
:  

P1d1V1 = P2d2V2     (1-6 ) 

V2 = 1L           d2 = 1,394            P2 = 20%              

:   

  

) V1=126,64ml  (

 

- - 

.  

6-1-1-2-

  

:  

X52 

:  

  

)2 :(X52   

  

  

  

 

:                                                               

C Si Mn p S Cr Mo Ni AI 

0 ,1038 0 ,1261 0,971 <0,0021 0,0021 <0,0100 <0,005 <0 ,0050 0 ,0320 

Co Cu Nb Ti V W Sn Fe  

<0,0500 <0,0100 0,0419 0 ,0025 <0,005

 

<0 ,0500 <0,0050

 

<98,7  
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.  

6-1-1-3- 

 

 :  

      1-    0,1 mg   

      2- 

 

  50 ml  

      3- 

  

0,01mm  

      4-     

      5- 

 

:  

           300          600           1000          1200              1500     

      6- 

 

  

6-1-1-4-  

 

 :  

- 

     

.   

 

.  

- 

     

.  

- 

   

1m 

- 

    

L

  

D

 

H

    

S :               

..........( 2 -6 ) DHLHLDS 2  
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-  

   
) (

  
2m   

- 

 
:   

 

              ( 3 

 

6 ) 21 mmm

  

      .( 4 

 

6 ) 100
1

21

m

mm
P 

  

                         ( 5 

 

6 ) St

m
v

 

S  

 

t

     

an

mm
                  ..( 6

 

6 ) KvV

  

92,1123076K      

  

 )1 -3 (          

     

 

0,VV .  

:   

 

.  

  

  

6-1-1-5- :  

- 

  

  

- 

    

.  

  

6-1-2 - :  
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6-1-2-1- :  

 )( 

 
:  

  

  

6-1-2-2-  

 

:  

1- 

 

potentiostat PGP 201  

 

Voltamaster 1  

 

:  

   

tfE

   

Efi

 

  

 

 

 

EfLogi
     

2- : 

 

ml 500

    

 )

 (  

3- 

  

 :  

 

ET 

   

  

  

CE 1cm2 .  
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ER 

   
ECS  

4 

 
  

5- 

  
ml500  

6-1-2-3- 

 

: 

1- 

  

:   

  

)6-1 :(

 

   

Voltamaster1 

 

 )

 

 (: 

 

la chronopotentiometrie : tfE

    

 ) (

 

.  

 

la voltametrie  : Efi  

: mVmV 350550  

                     :        min30mV    
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.  

1-  .  

2- 

 
. 

6-1-2-4- :  

 

 ) ( )

 

(

    

 ) (

 

 )( .  

  

  

  

  

6-2- 

   

6-2-1-  :  

  

)3:(   

 

V0 = 39,785   

 

20% 

.  

R 

%  

V 

mm/an 

Vx106

 

mg/(mm)2h  

S  

mm)2(  

P 

%  

m 103

 

m2 

mg  

m1  

mg  

Ethanol  

%  

---  39,785   35,425  2032,48 0,182 72 39,4331 39,5051  0 

18,24 32,529  28,964 1256,73 0,178 36,4 20,4298  20,4662 4  

22,97 30,647 27,288 1245,98  0,167  34 20,2824  20,3164 6  

28,62 28,398 25,286 1245,73  0,156  31,5 20,1931  20,2246 10  

31,98 27,061 24,095 1245,05  0,149 30  20,1162  20,1462  15  

40,08 23,838 21,252  1237,57 0,131 26,3 20,0300  20,0563  20  

48,03 20,676 18,410 1227,57 0,114 22,6  19,7430  19,7656 30  
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)6 -2 :(  

  

6-2-2-  :  

     

 

 :

6% , 2%   :  

  

  

)6 -3 :(X52 20  %
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)6-4 :(X52 20  %

  

      

  

  
)4 :(  

 :

    

100.  

6-2-3- :     

  

ppm  
Ecorr  

mV 
Bc  

mV  
Ba  

mV 
icorr  

2
Acm

 

Vcorr 

mm/an 
Rp 

ohm.cm2 
R   
% 

0 - 473,6 - 111,0 98,6 2,9615 34,45 7,34 ------ 
2 - 478,8 - 341,9 119,4 2,5896 30,37 41,59 11,84 
6 - 475,1 - 109,8 104,3 2,5412 29,56 9,71 14,19  
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)6-5   :(

 

X52 

   

20%  
6-2-4-  :  

- 

%  10 % %30 ) %

 

(.   

- 

 

17 %

4 %21 %6  %

.  

- 

     

) (

.     

  .  
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- 

     
4  %

 
B2 , B1 6  %

 
A2 , A1.  

- 

  

.  

  

  

  

  

  

  

  

  

6-3- :    

 

:  

  

               

S S

SH

                                      

S S

SH

CH3

                                                                     

4- 

 

12 

 

3-          4

 

-12 - 3 

      

4 

 

tolyl 

1,2 dithiol 3 

 

thione                        4 

 

phenyl 

 

1,2- dithiol -3 

 

thione   

               A1  )                                             (( A2 )  
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N

N

N

H

H3C

                              
N

N

H

SH

                                                         

5-                                               2-   

(BIA) 5-methyl benzotriazole            2-mercaptobenzimidazole  (MBI)     

             ( B1 )                                            ( B2 )  

  

  

  

6-3-1-  

 

B1  

  6-3-1-1-   :   

B1  

 )4 ( %  

 :  

R

 

%

 

V

 

mm/an

 

Vx106  

  

S

 

mm)2(  

P

 

%  

m 103

 

m2 

mg

 

m1

 

mg  

B1 

(ppm)  

 ---

 

32,529

 

 ---   ---   ---   ---  ---  ---  0  

81,49

 

6,021  5,361

 

1921,1892

 

0,029

 

10,3

 

35,3637

 

35,3740

 

5  

94,23

 

1,876

 

1,670

 

1921,2718

 

0,009  03,2  35,2542

 

35,8274

 

10  

92,85

 

2,327

 

02,072

 

1930,7836

 

0,011

 

04,0

  

35,8197  35,8237

 

30  

95,82

 

1,359

 

1,21

 

1988,3674

 

0,006

 

02,4

 

37,2372

 

37,2396

 

40  

97,79

 

0,719

 

0,64

 

2034,5598

 

0,003  01,3

 

39,1594

 

39,1607  80 
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                )5( :B1                :

V0 =  32,529  B1  4  %

  

  
)6 -6 :(B1  

6-3-1-2-  :  

 

:   

             30 ppm           40ppm                      80 ppm      0ppm  

  

  

)6-7 :(

 

X5220%+  B1   
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)6-8 :(

 

X5220 %+ 

 

B1   

  
  

  

  

  )6-9 :( ) (

 

X5220% + 

 

B1   
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)6: ( B1  

  
  
  
  

5- 3- 1- 3- 

 

CfRP:  

  

ppm  
Ecorr  

mV 
Bc  

mV  
Ba  

mV 
icorr  

2
Acm

 

Vcorr 

mm/an

 

Rp 

Kohm.cm2 
R 
% 

0 - 473,6

 

- 111,0

 

98,6 2,9615 34,45 0,00734  ------ 
30  - 468,4

 

- 103,8

 

60,9 0,1336 11,19 0,106  67,52 
40 - 456,2

 

-117,9 73,4 0,0961 1,127 2,17 96,73 
80 - 452,2

 

- 146,0

 

93,3 0,0255 0,747 5,01  97,83 
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)6 - 10   :(X52 20 
%   

 

B1  
  

  

  

  

6- 3- 1- 4- :  
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 )6-11  :(B1   X52 

  

               

  

(20%)  
                                                                                        6 -3-1-5- 

 :  

 

B1 5mg/l 80 %

  

94% 10mg/l 

97% 80mg/l.  

     

) (

     

B1 

 

.   

  

B1 .  

6-3-2-  B2   

6-3-2-1-  :  

B2 

)4  ( %:  
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)7:( B2   

  

  

  

  

  

  

  

  

  

  

   

6-3-2-2- :  

  

: B2  

80 ppm             120ppm                160ppm                     

  

R 

%  

V 

mm/an 

Vx106  

  

S 

mm)2(  

P 

%  

m 103

 
m2 

mg 

m1 

mg  

B2 

(ppm) 

---  32,529 ---  ---  ---  ---  --- --- 0 

---  46,563 41,46 1990,0926 0,219 82,5 37,5542 37,6367 40  

---  36,803 32,77 2038,1632 0,171 66,8 39,0342 39,1010 80  

---  33,692 30,00 2000,7968 0,162 60,0  36,9006 36,9606 120  

09,20 29,537 26,30 1984,915 0,140 52,2 37,1554 37,2076 140  

18,66 26,460 23,56 2007,8436 0,123 47,3 38,2783 38,3256  160 
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)6-12 :(

 

X5220% + 

 

B2   

  

  

  

)6-13 :(

 

X5220% + 

  

B2  
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)6-14 :() (

 

X5220% + 

 

B2    

  

  

                                                                                                                                          

)8 : (

 

B2  

  

  

  

  

6-3-2-3- CfRP:  

  

  

ppm  
Ecorr  

mV 
Bc  

mV  
Ba  

mV 
icorr  

2
Acm

 

Vcorr 

mm/an 
Rp 

Kohm.cm2 
R 
% 

0 - 473,6 - 111,0 98,6 2,9615 34,45 0,00734 ------ 
80 - 462,9 - 112,5 113,3 2,9022 34,04 0,012 1,19 

120 - 456,4 - 105,4 111,9 2,7067 31,74 0,01737 7,85  
160 - 450,9 - 146,6 187,3 0,5267 27,58 0,02758 19,94  
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 )6 -15   :(X52 20 %  

                      

B2  

6-3-2-4- :  

  
  

 )6-16  :(

 

B2  X52 

  

              

 

( 20%)  
     

6-3-2-5- :   

- B2  

  

9,20   %

 

)160mg/l ()160g/M3   (



 

80

36,803 mm / an ) ( 

)80mg/l(32,529 mm/ an  .  

- 18,66%  

 
)160mg/l (

.  

- 

 

.  

- 

 

B2  

 

. 

- 

 

B2 . 

- 

  

B2 

. 

- " "

  

  

1M

   

99%

 

25mg/l ]48 [.  

  "

 

 "

1M 23% 

 

10-4M.  

  

  

6-3-3-  

  

A1   

6-3-3-1-   :  

A1 

 

6  % :  
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)9:( A1   

  

  

  

  
)6 -17 :(A1  

  

6-3-3-2-  :  

: 15 ppm              20 ppm              

  

R 

% 

V 

mm/an 

Vx106  

  

S 

mm)2(  

P 

%  

m 103

 
m2 

mg 

m1 

mg  

A1 

(ppm)  

---  30,647 ---  ---  ---  ---  --- --- 0  

--- 31,062 27,658  1272,7010 0,169 35,2 20,8312  20,8664 5 

24,38 23,176 20,636  1279,3178 0,126 26,4 20,9405 20,9669 10 

58,64 12,677 11,2870 1284,6718 0,069 14,5 21,0550 21,0695 15  

76,62 7,1650     6,380 1285,2928 0,039 8,20 21,0808 21,0890  20  
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)6-18 :(   X5220 %  +A1    

  

)6-19 :(    X52 20 %+ A1    
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)6-20 :(

 

) (  X5220 + % A1    

  

  

    

)10 ( :

 

A1  

  

    

  

  

  

6-3-3-3- CfRP:  

  

ppm  
Ecorr  

mV 
Bc  

mV  
Ba  

mV 
icorr  

2
Acm

 

Vcorr 

mm/an 
Rp 

Kohm.cm2 
R 
% 

0 - 473,6 - 111,0 98,6 2,9615 34,45 0,00734 ------ 
15 - 462,9 - 118,6 59,8 1,1585 13,59 0,0121 60,55 
20 - 458,1 - 101,3 42,7 0,5030 5,899 0,0254 82,88 
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 )6 -21   :(X52 20 %  

 

A1  

  

6-3-3-4- :  

  

)6-22 ( 

 

A1  X52 

  

( 20%)    

6-3-3-5-  :  

- )20mg/l (76,62% 

.  
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- A1 

 
.  

- A1 

    
]7 35 [  

-  

.  

- A1 

 

.  

- 

 

A1 

]35 [pH = 6.5 ]7[ 

  

  

  

  

  

  

  

  

  

  

  

6-3-4-  

  

A2  

6-3-4-1-  :   

A2 

6  % :  
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)11:( A2   

  

  

  

                    )6-23:( A2  

  

6-3-4-2-   :  

 :  

5 ppm          10 ppm          20 ppm              40 ppm        

R 

% 

V 

mm/an 

Vx106  

  

S 

mm)2(  

P 

%  

m 103

 
m2 

mg 

m1 

mg  

A2 

(PPM)  

---  30,647 ---  ---  ---  ---  --- --- 0  

35,06 19,901 17,720 1986,2770 0,081 30,20 37,3485 37,3837 5 

83,07 5,189 4,620  2013,6894 0,024 9,30 38,7647 38,7740 10 

95,18  1,476 1,314 1978,2208 0,007 2,60 36,7154 36,7180 02  

94,15 1,792 1,596 2005,0092 0,008 3,20 37,9861 37,9893 30 

97,22 0,852 0,759 1976,9754 0,004 1,50 36,6727 36,6742 40 
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)6-24 :(

  

XC5220% + A2    

  

  

  

)6-25:( 

 

XC5220% + A2    
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)6-26 :() (

 

XC5220% + A2       

)12(  :A2  

6-3-4-3- CfRP:  

  

 )6 -27  :(XC52 20 %                
A2   

6-3-4-3- :  

  

  

ppm  
Ecorr  

mV 
Bc  

mV  
Ba  

mV 
icorr  

2
Acm

 

Vcorr 

mm/an

 

Rp 

Kohm.cm2 
R 
% 

0 - 473,6

 

- 111,0

 

98,6 2,9615 34,45 0,00734  ------ 
10 - 473,8

 

- 114,4

 

52,7 0,1905 5,983 0,1212 82,63 
20 - 480,4

 

- 84,1 51,1 0,1026 1,504 0,16725 95,63 
40  - 476,3

 

- 86,5 61,8 0,6391 0,803 0,03349 97,67 
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 )6-28  :(

 

A2 

   

X52 

  

   ( 20%)   
                 

6-3-4-5-  :  

- 

 

A2 . 

                                                                         

- )10mg/l  (83,07%

)40mg/l ( 97 

. %  

- A1 A2  

)10mg/l (85,5 %  A2     60%  

A1 .  

- 

 

A2 .  

- 

 

A1A2 ].[   

  

6-4- 

   

   B2

 

B1 97,79%  

 

80mg/l 

  

A2  



 

90

 
97,22% 

 
40mg/l 

 
. 

A1 76,62% 

20mg/l .  

 

A2 , A1 

     

.  

  

(PPM) A1 A2 B1 B2  

10  24,38 83,07 94,23  ----  

15  58,64 * *  ----  

20  76,62 95,18 *   ----  

30  *  94,15 92,85  ----  

40  *  97,22 95,82  ----  

80  *  *  97,79 ---- 

140  *  *  *  9,20 

160  *  *  *  18,66 

 ----  :         : *   

 )13(:  (%)R   

  

  

   

. 

         

. 

B1 

   

A2 

 

  A1B2 

    

.   



 

91

 
             

       
(X52) 

  
20 % 

 
 .   

    

  

    

 

 

6% 

 

A2 , A1   4%

   

B2 ,  B1  

      

%  18,22

 

22,97% 

       

.   

B1 , A2 , A1 

 

B2 )2

  

(

14%

  

160mg/l

   

120mg/l

   

.   

   

B1 ) 5 

   

( 10mg/l  94,23 %   

 

A2 ,  A1  

  

24,38% 83,07 % 

.  

B1

   

 

  

.         

A2 , A1 A2  )4 

 

12 -3 

 

(

 

20mg/l95,18 % 

      

A1  )4 - 1

 

2 

 

3 

 

(76,62 %

.  
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A2 

  
A1 

   
40mg/l 

 
97,22 % 

   
A1 

 
20mg/l  

  
.  

 
A2 , A1, B1  

    

60 m l / 

l  

            

.  

        

.   

* 

              

.  
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Abstract: 

The present work deals with a study of inhibitor activity of four organonitrogen 

and sulfiric compounds against CX52 steel corrosion in a 20% concentrated acidic 

solution. These  compounds are : 

(1) 5 methylbenzotriazol (B1), (2) 2 

 

mercaptobenzimidazol (B2), (3) 4 

 

phenyl 

-1,2 dithiol -3 thione (A1), (4) 4 p.tolyl -1,2 dithiol -3 thione (A2). 

The procedure  has been carried out by dissolving compounds B1 and B2 in a 4% 

ethanol solution and compounds A1 and A2 in a 6% one without and then with the 

presence of inhibitor. Two methods have been adopted: the first is chemical and 

consists of the weight loss by immersing the steel sample in the solution where as 

the second is electrochemical and deals with plotting Taffel curves. 
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The obtained results revealed that the studied compounds exhibit different 

inhibition behaviours. Compound B1 displayed the best efficiency ( 94.23% ) 

corresponding to a 10 mg/l. compound A2, however, showed about the same 

protection 94,15% with 30 mg/l. 

Although, compound A1 has not excerded 76,62% with 20mg/l, compound B2 was 

the least inhibitive with no more than 19% with 160mg/l . 

The use of these compounds as inhibitors was confronted with a set of difficulties 

amongst which the concederable amounts of ethanol used  

        : 40 l/m3 for nitrogen compounds, and 60 l/m3 for sulfuric compounds, and 

hence , make them hughly expensive for use. 

Key words: corrosion, inhibition, carbon steel, ethanol. 

          

     

  


