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The effect of cysteine on the electrochemical and corrosion behaviour of aluminium in salt solution was investigated. For  this   purpose,  model  salt  solutions  containing  sodium  chloride  (3 wt %) and sodium chloride with cysteine, at the concentrations from 10-1 to  10-5 % (1:1), were prepared. 

The system was chosen to perform the corrosion processes which could take place in canned fish products where cysteine is one of the amino-acids containing sulphur in a molecular structure.

Electrochemical investigation was prepared using potentiostatic polarisation method. From the potentiostatic polarisation data, corrosion current (icorr), corrosion potential (Ecorr), and polarisation resistance (Rp)  were calculated. The inhibition efficiency () of added cysteine was also calculated.

Redox potential and pH of test solutions were also determined. 
EXPERIMENTAL

Potentiostatic polarisation (“Wenking LB 75 M” - Potentiostat, and Voltage Scan Generator - “Wenking VSG 83) data were obtained using the standard three - electrode system. The capacity of the polarisation cell used was 150 mL. Aluminium rod electrode (99.95 % purity) with an exposed area of 1 cm2 was used. The electrode was polished with emery paper and then washed in distilled water and degreased in ethyl alcohol (analytical grade) before use. The counter electrode was a 1.5 cm2 platinum sheet, and the reference electrode was a saturated calomel electrode.

pH (EA 940 “Orion” Expandable Analyser, electrode model 91-02) and redox potential (rH, EA 940 “Orion” Expandable Analyser, electrode model 96-78) values were determined for all investigated test solutions.

RESULTS  AND  DISCUSSION

Using the obtained data (Table I)  an attempt was made to find out which parameter (pH, rH, Rp, icorr., ) was correlated with the concentration of added cysteine.  Excellent correlation exist between icorr. and Rp (R2  = 79.7%), as well as between  icorr. and inhibition efficiency (R2  = 98.5%) of cysteine.

Table I. Correlation coefficient (r) between  physico-chemical and electrochemical values and the concentrations of  added cysteine into sodium chloride solution.


Cys.

  %
                      P A R A M E T E R S



physico–chemical 
               electrochemical 



pH
rH
   icorr 

(A cm-2
Ecorr.
  mV
    Rp 
   cm2
  (
  %


  0
5.8
24.25
5.80
-485
7.50 x 103



10-1
5.6
12.45
1.05
-510
1.90 x 105
81.9

3 %
10-2
4.3
10.59
1.07
-517
1.20 x 105
81.6

NaCl +
10-3
5.6
12.71
1.25
-567
2.10 x 105
78.4


10-4
5.5
19.44
1.35
-500
2.90 x 105
76.7


10-5
4.4
14.15
1.01
-540
1.30 x 105
82.3

           (1:1)                              
correlation coefficient (r) between:

r (icorr. / Rp)
0.8928357

r (Cys.conc. / pH)
-0.5423318

r (Cys.conc. / rH)
0.14029195

r (icorr. / ()
-0.9924622

The relationship between the corrosion current density and polarisation resistance vs. cysteine concentration addition into sodium chloride solutions (1:1) emphasises a polinomial function (Fig.1). 

From the obtained results, it is evident that cysteine is able to act as corrosion inhibitor for aluminium in sodium chloride solutions. This could be due to the fact that cysteine form weak complexes with various metal ions (1). Previous results also showed inhibition efficiency of cysteine on tinplate corrosion (2). At this point it will be of great interest to find out if this trend will continue at even higher concentration, taking  into  account  that  meat protein content  is between 15 and 24 % (3) and probably will affect corrosion process in canned meat (fish) products. The ongoing experiments include methionine inhibition efficiency on aluminium corrosion in salt solution.
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CONCLUSIONS

From the obtained results, it is evident that cysteine is able to act as corrosion inhibitor for aluminium in sodium chloride solutions. The highest inhibition efficiency (82.3 %) was obtained for the cysteine concentration in NaCl (1:1) at concentration of  10-5 %. The lowest values were obtained for the cysteine concentration of 10-4 % (76.7 %) and 10-3 % (78.4 %).
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Fig.1 Rp and icorr. values for the aluminium in Cys + NaCl solutions
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Fig.1. Rp and icorr. for the aluminium in Cys + NaCl solutions
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		Al elektroda				Cys :NaCl (1:1)

						Ecorr/mV		icorr/mAcm2		Rp /ohm cm2		pH		rH		n/%

		0.1% Cys+3% NaCl		0.1		-540		1.05E-03		1.90E+05		4.4		14.15		81.9

		0.01% Cys+3% NaCl		0.01		-500		1.07E-03		1.20E+05		5.5		19.44		81.6

		0.001% Cys+3% NaCl		0.001		-567		1.25E-03		2.10E+05		5.6		12.71		78.4

		0.0001% Cys+3% NaCl		0.0001		-517		1.35E-03		2.90E+05		4.3		10.59		76.7

		0.00001% Cys+3% NaCl		0.00001		-510		1.01E-03		1.30E+05		5.6		12.45		82.3

		3% NaCl						5.80E-03

		r/icorr/Cys%)		-0.3997669279

		r(icorr/Rp)		0.8928357138

		r(Cys%/pH)		-0.5423317715

		r(Cys%/rH)		0.1402919515

		r(icorr/iskor.)		-0.9987653854

		r(Cys%/iskor.)		-0.8926909966

						icorr/mAcm2		Rp /ohm cm2

				0.1		1.05E-03		1.90E+05

				0.01		1.07E-03		1.20E+05

				0.001		1.25E-03		2.10E+05

				0.0001		1.35E-03		2.90E+05

				0.00001		1.01E-03		1.30E+05

										n

				0.1		1.05E-03		1.90E+05		81.9

				0.01		1.07E-03		1.20E+05		81.6

				0.001		1.25E-03		2.10E+05		78.4

				0.0001		1.35E-03		2.90E+05		76.7

				0.00001		1.01E-03		1.30E+05		82.3
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