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ABSTRACT :The weld should have a corrosion / oxidation resistance equal to the least resistant base metal
being joined. It is fortunate that in most all instances the weld will be of a higher alloy content (better corrosion
and oxidation resistance) than the least resistant base metal being joined.

In this researchpaper , the microstructure and corrosion behvior in an aggressive media namely NaCl 3% of
austenite stainless steels308L(308L SS). Weld metal on carbon steel in the as weld condition and some specimens
were aged at 550° C for different times, 50,500 and 1000hr were studied.It was shown that corrosion
measurements can be used for a proper evaluation of the quality of weld material and for the prediction of whether
or not the suitable material. In this study, electrochemical techniques anodic polarization and metallographic
analysis were used to study the corrosion of a weld material of austenitic stainless steels 308L.Based on surface
and electrochemical analyses, it was show that that corrosion occurrence was the result of the simultaneous
activity of corrosion in ferrite and austenitematerial ,
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l. INTRODUCTION

The microstructures of austenitic stainless steels havebeen the object of considerable renewed interest
withinthe last few years because the mechanical properties andcorrosion behavierof this alloy are basically
determinedby the complicated as welding microstructures[1-3]. Thecomplex structures result from not only the
solidificationbehaviour but the subsequent solid state transformationwhich are controlled by composition and
coolingrates.A welding process and procedure capable of producing welds of low dilution is beneficial. This is
consistently obtainablewith SMAW (stick welding)[4-7]

When adissimilar metals welding(DMW) is in an environment where the liquid can be an electrolyte, the
weld metal should be cathodic to more corrosion resistant than both base metals. If the weld is anodic (less
corrosion resistant), it can suffer accelerated galvanic corrosion due to area effects[8].Austeniticstainless steel
welds exhibit some degree of susceptibility to localized corrosion,pitting and crevice corrosion, and in many cases,
it is the limiting factor in stainlessapplications[9-12].

The connections dissimilar metals are prone to frequent failures. These problems are attributed to the
difference in the mechanical properties across the weld, the coefficients of thermal expansion of the two types of
steels and the resulting at the interface[13].I1t must be consider the specific application as corrosion effects might
have little significance in some applications while strength differences may be of far greater importance[14]. A
welding process and procedure capable of producing welds of low dilution is beneficial. A common example
would be welds between carbon steel and (308L SS) with an austeniticsstructure.Stainless steels are used
extensively in the nuclear, battery, agricultural, automotive, and defense industries because of their excellent
strength, oxidation characteristics and acceptable corrosion resistance[15,16]
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In this paper, the effect of the aggressive medium, 3% NaCl on the corrosion behavier of this layer of
stainless steel 308L deposited on carbon steel was examined, by conducting metal corrosion tests, microscopic
structure and measuring the hardness values of these layers deposited on carbon steel was also studied.

1. MATERIALS AND METHODS
2.1The Materials and Surface Preparation
The typeof electrodesE-308L of class AWS (American Welding Society) was used in the welding
experiments,with diameter ¢ =4 mm. The chemical composition of theplates and electrodeusedare shown in
Table(1).
Electrode typeAWS E 308L welding process with SMAW with onepass. The welding current
is120~140A.Polarity DCEP andwelding voltage is 60 V.

Table (1)the chemical composition of the plates and electrodes
Carbon steel (CS

2.2 Metallographic

The microstruructure examination for the weld (308L) and carbon steel for as weld conditions and after
aging were examined. The specimens were prepared by grinding under water on rotating disc, using abrasive
paper with grades ranging from 180 to 2000. Then polished to mirrored surface by using diamond paste with
grades 3 and 1 micron. Specimens were rinsed with alcohol and dried with hot air. The optical microscope (OM)
was used for microstructural examination.

2.3 Microhardness

A Vickers microhardness testing machine whith300g and the indentation time was 30 second was used
to measure at least seven microhardness values on the three region WM ,HAZ and CS and then takes the
meanvaluse,as weld and after aging conditions.

2.4 Electrochemical Corrosion

The electrochemical corrosion behavior of as-weld, and after heat treatment for 50 hr, 500 hr and 1000
hr at 550 °C conditions, the samples was studied by applying the Potentiodynamic polarization technique using a
potentiostat interfaced to a computer and a three-electrode cell with the working electrode of exposed area 100
mm?, a saturated calomel reference electrode (SCE), carbon electrode as counter electrode. The testing media was
3% NaCl prepared from duple distilled water and reagent grade salt. The surface area of 308L St.St is equal to
(carbon steel) CS area which is immersion in the test solution; the rest of CS was covered with plastic tap.

1. RESULTS AND DISCUSSION

3.1 Microstructure and Solidification of Material

The base metal microstructure differedfrom the microstructure of the weld metal Figure(1). For
commercial 300-series stainlesssteels the weld metal solidification mode can bedetermined from the Creg/Nieg
ratio. For 308Laustenite stainless steel a (Table 1) Cre/Nieg = 1.92, according to Schaeffler
diagram[17,18],solidification mode FA(1.48 < Creq/Nieg< 1.95). The solidificationbehaviour of stainless steel weld
metal canbe classified into four solidification modes (A, AF, FA,and F) according to its general microstructure
anddelta ferrite morphology. In the case of A mode, theweld metal completely solidifies to austenite. In AF mode,
austenite is the leading phase and delta ferrite, if any, solidifies intergranularly from the rest melt. On the other
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hand, in FA mode welds delta ferrite is the leading phase and austenite solidifies from the rest melt. At lower
temperature the majority of ferrite is transformed to austenite by an equiaxial or acicular mechanism, depending
on the supercooling of delta ferrite. In F mode, the weld metal solidifies completely to delta ferrite, and austenite
is precipitated from the solid ferrite at lower temperatures[19-21]

The delta ferrite content in the weld metal plays an important role in determining the fabrication and
service performance of the welded structures. The ferrite morphology will depend on the weld section viewed.
David[22]observed four distinct types of ferrite morphology in AlISI 308 stainless steel with a delta ferrite content
from 9 to 15 %: vermicular, lacy, acicular and globular. Variations in ferrite morphology are related to the weld
metal composition, ferrite content, and ferrite distribution as a result of thermal cycling during subsequent weld
passes.

The microstructure of stainless steels 308Lweld metaldeposited on carbon steel in the as weld condition
and agedspecimens at times 50,500 and 1000 hr at 550°Care shown in Figure(1)

For stainless steel, chromium and molybdenum carbides precipitate along the grain boundaries during
aging. As the carbides grow, carbon diffuses faster than chromium from the matrix to the grain boundaries. In
doing so, chromium in the vicinity of the grain boundaries is drawn to form carbides. The phenomenon is
commonly referred to as sensitization of stainless steel. Since chromium is one of the major elements providing
resistance to corrosion, the depleted regions will be susceptible to corrosion attack.
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3.2 Microhardness

The mean valuesof seven microhardness measurement on the three region WM (308LSS) ,HAZ and
CS was taken before and after aging at 550° C as show in Figure(2). The microhardness values after aging were
negligibly lower than microhardness values for as weld of WM and CS, the microhardness values of the weld
metal were higher than CS . The remarkably higher hardness values for the weld metal could be accounted for its
chromium content of about 19.0 wt.% which was higherthan in the CS.This is in agreement with the resultsof
Ohkubo et al. [23] investigated the effectof alloying elements on the mechanical properties ofaustenitic stainless
steel. Increased weld metal hardnesscould also be due to the heat input from welding,melting and solidification
of the area.
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Figure(2)The effect of aging time on microhardness measurement on the three region WM(308LSS)

3.3 Ferrite Number

,HAZ and CS.

The Schaeffler diagram[24] Figure (3),DeLong diagram[25] and the WRC-1992 diagram[26] can be used
to predict weld metal and transition region microstructure during dissimilar metal welding of stainless steels.

Table (2)show the FN of weldment 308L by using the three diagrams.

The delta ferrite contentdecreased with the increasing aging temperature[19].

Table(2)show the FN of weldment 308L by using the three diagrams

o ) Cr, Ni Equivalent | gy
Constitution Diagram Creq and Nieg 308L 308L
Shaefflerdiagram[24] Creq =Cr+Mo+1.5 Si Creq.=20.2 20
Figure (3) Nieg= Ni+30C+0.5Mn Ni eq=10.49
DeLong diagram Creq =Cr+Mo+1.5 Si Creq=20.2 16
[25] Nieg= Ni+30C+30N+0.5Mn Ni eq=10.49
WRC 1992 Cre =Cr+Mo Creq=20.2 18
[26] Nieg=Ni+35C+20N+ 0.25 Cu Ni eq=10.105
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Figure (3) Schaeffler diagram [24]

By using Schaeffler diagram, wecan be followed in predicting the first-pass weld microstructure for use
308L SS filler metalsare used.

Figure (3) shows that the tie-line between the filler metal composition (308LSS )point 1 and the base
metal point 2that ferrite will be present 20%, unlessdilution 50% point 3 by the base metals is extremely high, in
which case, fuel martensite, not ferrite. Tie-line can also be used to predict the microstructure in the transition
region at the fusion boundary. All these microstructures can be expected in a narrow region between the base
metal HAZ and the fully mixed weld metal.

3.4 Corrosion Behaviorof the Welded Material

The corrosion current density lcorr and corrosion potential Ecor austenite stainless steels 308L, which were
determined by potentiodynamic technique are shown in Table (3).

From these data, one may generally evaluate the corrosion behavior of austenite stainless steels308L at different
aging conditions.

Table( 3 )Corrosion potential Ecorr and corrosion current density lcorrfor austenite stainless steels308L

Aging condition Ecorr (MV) leorr(AlCM?)
As weld -504 2.1E-3
50hr -566 2.4E-3
500hr -453 17.21E-6
1000hr -550 1.42E-6

The variation of corrosioncurrant with increasing aging times shown inFigure (4). From the curve it is
clear that the corrosion currantincreased on aging time 50hr and then decreased .Themaximum corrosion currant

was recordedfor aging at 50hr .This impliesthat the welding austentic material was affected by aging time [27-
28].
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Figure(4) Effect of aging time on corrosion rate of 308L SS aged at 550 C

Effect of aging time on corrosion potential of 308L stainless steel specimens aged at 550C is illustrated
in Figure(5),an increase in potential in the moreactive direction occurred after 50 hr of aging, but the rate
ofincrease was much faster at 475mV. The most negative valuesof potential were found to occur upon aging for
50 hr. The maximum value at 500 hr ,the potential then graduallydecreased.
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Figure(5) Effect of aging time on corrosion potential of 308L SS aged at 550° C.

Potentiodynamic polarization curves for specimens (308LSS. and CS) for as weld condition and
specimens aged at times 500 and 1000 hr at 550 °C in 3% NaCl solution with neutral pH are shown in Figures (6-
8).

In Figure (6) for as weld specimen the corrosion current density lcoris 2.1E-3 Alcm?,the current density
increases moderately till -400 mV, after that the current density increases abruptly till the end of the run,which
may be due to pits formation .
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Figure (6) Potentiodynamic polarization curves of specimen (308L SS and CS) for as weld condition

Potentiodynamic polarization curves shows that the current density increases with increasing the
appliedPotential till reaches almost constant value. This can interpreted to the changes on the surface of the alloy.

Figure (7) shows the anodic polarization curve for specimen (308L SS and CS) aged for 500 hr at 550
°C, the corrosion current density leor is 17.21E-6A/cm?, the current density increases moderately till -350 mV in
this case the current density increases steadily with content rate to the end of the experiment.
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Figure (7) Anodic polarization curve in 3%NacCl solution of sample (308L SS and CS)
agingfor 500 hr at 550°C
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Figure (8) Anodic polarization curve in 3%NaCl solution of sample (308L SS and CS) aging for 1000 hr
at 550°C

Figure (8) shows the anodic polarization curve for specimen (308L SS and CS) aged for 1000 hr. at
550°C,the corrosion current density leor is 1.42E-3A/cm? the current density increases moderately till -400 mVin
this case the current density rapidly increases after corrosion pontional.
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The above results show that the corrosion performance of 308L stainless steel is highly dependent on
aging temperature550°C and time through the formation of reversed austenite, ferrite and molybdenum and
chromium carbides.

The loss in corrosion resistancein stainless steelshas been explained by the well known ‘chromium
depletiontheory’. For 308L stainless steel, chromium and molybdenumcarbides precipitate along the grain
boundaries duringaging. As the carbides grow, carbon diffuses faster thanchromium from the matrix to the grain
boundaries. Indoing so, chromium in the vicinity of the grain boundaries isdrawn to form carbides, resulting in
chromium depletedzones . The phenomenon is commonlyreferred to as sensitisation of stainless steel. Since
chromiumis one of the major elements providing resistance tocorrosion, the depleted regions will be susceptible
tocorrosion attack. However, if the agingtime is prolonged,the sensitisation effect will eventually disappear as a
resultof chromium diffusion back from the matrix into thedepleted zone, a phenomenon known as healing. The
speedof sensitisation in stainless steels containing martensite isgenerally much more rapid, because the carbides
formquickly within the martensitic laths and along the lathboundaries. aging of the chromium depleted zone in
thesesteels also occurs more rapidly and is attributed to the fasterchromium diffusion in bcc martensite than in fcc
austenite [29].This can therefore explain the corrosionbehavoirof specimens aged at 550°C, so the change in
corrosion rate at 550 °C with the changing of time can be due to highvolume fraction of reversed austenite[30]and
decreased delta ferrite content with the increasing annealing temperature.[19]

V. CONCLUSIONS
The influence of morphology and corrosion behavior in 3% NaCl concentration, SS 308L thin films deposited on
carbon steel were studied,the following conclusions can be adupted:
1.Schaeffler diagram the weld microstructure for use 308L SS fillers metals can be expected use 308L SS fillers
metals can be expected. Close to the fusion boundary, the SS clad region consisted of a narrow zone of fine
dendrites of ferrite and austenite.
2.Anodic polarization curves of specimens (308L SS and CS) for as weld condition and aging times 50,500 and
1000 hr at 550 °C in 3% NaCl solution with neutral pH were studdied. The major corrosion type that has been
observed for all samples was localized corrosion .
3.The corrosion current density (lcorr) Of the different conditions of the 308LSS varied in a very wide range from
is 2.4E-3A/cm?to 17.2 E-6A/cm?and the highest corrosion current density (lcorr) is for as weld condition. By
Schaeffler diagram the weld microstructure for use 308L SS fillers metals can be expected. Close to the fusion
boundary, the SS clad region consisted of a narrow zone of fine dendrites of ferrite and austenite.
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