M Journal of Engineering and Applied Sciences 3 (3): 221-224, 2008
We]l

EAL . AT ¥ [SSN: 1816-949X
Online © Medwell Journals, 2008

The Effect of Tensile Deformation on the Corrosion Behavior of 304 1.
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Abstract: Austenitic stainless steels are the most popular metallic materials because their relatively low coast,
ease of fabrication and reasconable corrosion resistance. The aim of the present research was to clarify the effect
of tensile deformation, at ambient temperature, on the corrosion behavior of 304 L stainless steel in 3.5% NaCl
solution. Electrochemical kinetic polarization techmque was used to investigate the corrosion behavior m NaCl
solution. The occurrence of pitting corrosion due to chloride 1on attack was also exammed by MEB. The
experimental results show that corrosion potential increased by increasing the amount of deformation. The
specimen deformed at 2.81% showed the best pitting potential or the best corrosion resistance. Increasing the
deformation to 10.90% affect negatively the pitting potential. Amrived to 16.36%, the resistance corrosion was

affected positively the corrosion resistance.
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INTRODUCTION

Stainless steels are used largely because of their very
good resistance to the uniform corrosion, due to the
presence of a passive film in surface, very thin and very
protective. Among these steels, the austemtic alloys
constitute a good compromise between good mechanical
properties and an excellent resistance to the corrosion.

The understanding of the phenomenon of pitting
corrosion is more complex what requires multidisciplinary
knowledge: mechanical, metallurgical and electrochemical
(Towie et al., 1981; Baroux, 1990; Salvago, 2002).

The electrochemical behavior of steel 304 L in 30g L™
of NaCl have been studied by many authors
(Burstein, 2004, Mudali, 2002; Hamdy, 2006), but little
that took in consideration the effect of cold working
by traction to pitting corrosion (Kain, 2004; Garcia,
2001).

This study deals with the modification of amount of
deformation by tensile and its effect on the corrosion
resistance in NaCl solution.

MATERIALS AND METHODS
The material used, in tlus research, was 304 L

stainless steel. Its chemical composition 1s given in the
Table 1.

Table 1: Chemnical composition of AISI 304 L
Element  Cr Ni Si Mn Mo C 3 p-value
wt.%. 18.78 8.80 045 134 0,27 0.06 0.008 0.01
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Fig. 1: Dimensions of the tensile specimen
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The material underwent umaxial tensile deformation
at ambient temperature. the dimension of test pieces are
275mm m length, 25 mm inwidth and 3 mm in thickness
as shown in Fig. 1. Tensile tests were carried out by
using ZWICK testing machine. The cross-head speed was
3 mm mn . Each test was controlled to stop at different
strokes m order to introduce different levels of
deformation into the samples: 2.18, 3.63, 10.90 and 16.36%
(Fig. 2), using the formula:
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1

A% : Amount of deformation
L; : Imtiallength
L; : Final length.
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Fig. 2: Curve of flactired sample and the samples warith
different levels of tensile deformation at ambiernt
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Fiz. 3: Microhardnes s meamremmernts

Surfare preparatione Lfter tensile deformabon, small
civmlar specirmens of 1.1 oot sudace along the loading
axial directon were mutbywrie cuthing fiom the contral
Zaaze part of samples for corrosion tests

Seres of specimers wem abraded to 1300 firnshes
with 510 gt papers, than theywrere polished to a numnor
surface, followed by degeasing in an acetone sohiton,
wrashed writh distilled water and dned i dry air.

Mirrohrdness neasurenents: The Fiz. 2 represents the
varation of the Wickers micohardness testwrith 5 7 1load
according to the defoemation The had mvess inmreases by

memwasing the amonrt of deformaton

Mimsirwiure: In conplenent of the deformation
mechamsm desatbed previously, mucwmshuchimes were
ohserved writh ophcal micros cope.

Tensile deforrmaton modified the textare of 304 L
stainless steel; it provwoked a change in the shape of the
Zrairs. We note that fragmentaton in stips and incells of
dislocation has the effect of to modifie the crpstalline
onentaton and makes disappear progmssively  the
mdividnal character of the zwivs (Fiz 41 Fimre d4a
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Fiz. 4: Microstmctare of 2041 stainless steel: [a) 2.18%
(L1353, (o) 10200, (d)- 16.385%

amd b showr the msterihe equiaved gram stuchie with
the prsence of small 1slards of femite. InFiz dcard b
the martersite formation in heavily defonned austernte
Zrairs was remarked.

Polarization  dests: The poterbodynamic tests of
specites were made ascan mte of 100 W nm *tin the
applied potential ange fom -045 Vg 40 0.9 Vg with
respect to B using EGG B3 zalvancs tatpoterbiostat.
The exposed miface area was 1.1 cm® ALl mvees wee

rontalised o lom?.
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RESULTS AND DISCUSSION

Electrochemical measurements have been used to
irrestigate the corrosion behaviour of AIZT 304 L m 3.5%
NaCl at ambient temperatre. The Fig 5 shows the
variation of current intensity according to the potential
Tothe first contact with the solution, the specim en knew
a fast dissolution and then it knew a light variation of the
current according to the time. The pitting corrosion
ocours beyond 0.34 W, when the passive film breakdown.

The typical potentiodymamic results obtained show
a wide passivity range characterised by a low passivity
current of the lowed amount of deformation equal to
2.18% (Fig. 5).

The passivity breakdown potential E, was evaluated
petforming clronoampermetric measuremernts at different
potertials in the range of E, singled out with the
potertiodynamic experiments Figure & shows that a
passivity  breakdown potential dd display  any
dependence on the amount of deform ation. The E, at
A% = 16 36 was slightly decreased.

But the repassivation potential dd not really
modified when the am ount of deform ation was increased
(Fig. 7).

Figure 8 shows a shape of pit on swwface of stainless
steel. An melusion of MnZ 1s showed in Fig. 9. Toits
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Fig 5: Polarization curves of 304L stainless steel in 3.5%
NaCl
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Fig. 6: Values of E, for the different amounts of
deformation

223

B 2507
:) 200.96
Fl m-
i_m- 13,44 140.12 2
100 -
ﬂ_
'] L] L] L] 1
21K .43 0.9 1636
Amonnt of deformation A%

Fig 7: W alues of repassivation potential for the different
am ounts of deformation

Fig 8: MEB image showing a pit on suface of 304L
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Fig 9. MEB image showing an inclusion of Mn3

neighbouthood, the passive laver is modified This
defect can play the role of a site of beginning of the pit on
the passive film of 304 L stairless steel (Towie et al,
19817,

CONCLUSION

Localized corrosionis a serious problem of stainle ss
steels when thev exposed to chlonde solution and tensile
deformed.

Tensle deformation has critical role onthe corrosion
resistance of 304L stainless steel.

At A% = A% = 1636 this resistance was positively
modified.
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The best pitting corrosion resistance was obtained at
2.18% amount of deformation.

The repassivation potential did display any
dependence on the amount of deformation.
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