
T. Congresso da Sociedade
Brasileira de Geofísica

1st Congress of the Brazilian
Geophysical Society

Rio de Janeiio
20 a 24 de novembro de 1989

Centro de Convenções do Holel Glória

SBGf
Divisão Centro-Sul

o
PETROBRAS



THE STRUCTURE AND CORROSION BEHAVIOR OF ELECTRON BEAM TREATED
AUSTENITIC STAINLESS STEELS.

Lalgudi V.Ramanathan.

Instituto de Pesquisas Energéticas e Nucleares, CP.11049, Cidade Universitária,
05508 São Paulo, Brazil.

ABSTRACT

The influence of electron beam surface melting of austenitic AISI 304 stainless
steel on its microstructure and anodic potentiostatic behavior in 1N sulphuric
acid at 25 C has been studied. Delta ferrite formed in the surface melted layer
and was found to vary with electron beam current and stainless steel plate
thickness. The structure and anodic behavior of AISI 304 specimens convention-
ally heat treated to provoke ferrite formation were also studied. The length
of the active region in the anodic potentiostatic curves for both the surface
melted and heat treated specimens decreased with increasing ferrite in the
austenitic steel. Overall, surface melting using high energy sources has been
found to significantly improve the aqueous corrosion resistance of austenitic
stainless steels by provoking the formation of duplex microstruetures.
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INTRODUCTION

Austenitic-ferritic stainless steels combine the good properties of the
austenitic phase with those of the ferritic phase. Besides having improved
mechanical properties in terms of strength and toughness along with good
weldability and workability, duplex steels also have good stress corrosion
resistance and intergranular resistance.(1-5) Most of the data reported
about duplex steels were obtained from work carried out with steels contain-
ing 30-50 volume percent ferrite. (6) In recent years, a considerable
amount of attention has been directed to improving surface properties of
stainless steels. One of the processes used is surface melting with the
aid of high energy sources. McCafferty has reported about the applications
of laser treatments to austenitic and ferritic steels, and about consequent
improvements in the electrochemical' response in acidic media as well as
reductions in pitting corrosion susceptibility. (7) Work related to the use
of electron beams to carryout surface melting of austenitic stainless steels
have also been reported by Mignone et al. (8). They reported the presence
of retained ferrite in the intercelular regions and improvements in the
anodic polarization behavior.

An investigation was undertaken to study the influence of delta ferrite
induced in the austenitic stainless steels by various means on the general
and localized corrosion behavior. Part of this investigation has been
carried out to extend the work of other researchers on the influence of
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electron beam surface melting of austenitic stainless steel on their
aqueous corrosion behavior. In this paper the effect of heat treatment
•s well as changes in the electron beam processing conditions on the
•icrostructure and aqueous corrosion behavior of comercial AISI 304
has been reported.

EXPERIMENTAL PROCEDURE

The surfaces of commercial grade AISI 304 stainless steel plates 3mm,6mm,
and 12mm thick were melted in a Leybold Hereaus electron beam welding
machine. The beam current and the beam scanning mode were varied as shown
in Table I. The specimen shift rate was however maintained constant at
15 cm/min. The melted and cooled specimen surface presented very low
surface roughness for the TF scanning mode at low beam current values.
The surface was undulated or terraced at higher current values for both
types of scanning modes. The surface melted layer (SML) thickness was
found to vary primarily with the electron beam current.

Table I. Specimen identification, depending on electron beam
melting conditions.

PLATE
THICKNESS

3mm

omm

12mm

ELECTRON BEAM
SCANNING MODE

Circular
(CR)

To & Fro
(TF)

Circular
(CR)

To & Fro
(TF)

Circular
(CR)

To & Fro
(TF)

ELECTRON BEAM CURRENT (mA)

15

3CR15

" 3TF15

12CR15

12TFJ5

25

6CR25

6TF25

12CR25

12TF25

35

3CR35

3TF35

12CR35

12TF35

45

3CR45

3TF45

6CR45

6TF45

12CR45

12TF45

The AISI 304 specimens were also conventionally heat treated at 1300, 1350
and 1400 C in argon atmosphere and quenched. Metallographic preparation of
the heat treated specimens and of sections through the SML were carried
out following standard techniques. An electrolytic oxalic acid etch was
used. X-ray diffraction analysis of specimens with the SML as well as those
heat treated were carried out using a Cr target in a Rigaku Denki X-ray
diffractometer.

Anodic potentiostatic polarization of the surface melted and heat treated
specimens were carried out in IN H^SO^ at 25 C. Specimens ground to 600 mesh



were immersed in the degassed electrolyte and cathodically polarized
at -600 mV vs SCE to reduce any remnant oxide. They were then potentio-
statically polarized at 50mV intervals upto 1200 raV. A PAR Corrosion
Measurement System was used in conjunction with a standard electrochemical
cell and a Pt counter electrode. After polarization, the specimen was
removed, ground to 600 mesh and again potentiostatically polarized.

RESULTS AND DISCUSSION

X-RAY DIFFRACTION AND OPTICAL MICROSCOPIC DATA.

The x-ray diffraction analysis data of the conventionally heat treated
specimens revealed in the specimen heat treated at 1300 C the presence of
the austenite phase only. However, specimens heat treated at 1350 and
1400 C revealed increasing ferrite content with temperature. X-ray diff-
raction data of the SML in the different specimens revealed the presence
of both, the austenite and the delta-ferrite phase. Although quantitative
determination of the phases was not possible because of texture effects,
it could be observed that with increasing plate thickness and beam
current, the amount of &-ferrite in the SML increased. X-ray analysis
at different points accross the SML section in 12CR45 revealed a small
but perceptible increase in the ferrite content.

Figure 1 reveals the microstructures of the specimens heat treated at
1300, 1350 and 1400 C. The microstrueture obtained upon quenching from
1400 C is typically duplex and ferrite can be seen in an austenitic
matrix. Quenching from 1350 and 1300 C resulted in lesser amounts of
ferrite as shown in figures la and Jb. The sectional microstructures of
SML in 3CR15 and 3 CR45 are shown in figure 2. At lew beam currents, a
banded structure as shown in figure 2a is noted. An increase in the
beam current from 15 to 45 mA brings about not only an increase in the
SML thickness but also a change in the microstructure as shown in
figure 2b, wherein ferrite is retained in the interdendritic areas.
Some precipitated carbides can also be observed in figure 2a. A change
in the scanning mode from CR to TF does not significantly influence the
structure of the SML. In some specimens the scanning mode was found
to influence weld metal morphology and thereby ferrite distribution.
The micro structure of SML sections in 6mm and 12mm plates revealed
similar characteristics. The quantity of interdendritic ferrite in the
12mm specimens however were found to be higher as shown in figure 3.
The increase in the delta ferrite content with increasing plate
thickness can be attributed to higher cooling rate in the thicker
plates.

ELECTROCHEMICAL MEASUREMENTS

The potentiostatic polarization curves of the heat treated specimens in
IN H SO, are shown in figure 4. It can be observed that curves 1,2 and
3 of''specimens heat treated at 1300, 1350 and 1400 C respectively display
anodic passovation behavior. Curve 1 revealed a kink and a peak where as
curves 2 and 3 revealed 2 peaks, at approximately -25OmV and at approxi-
mately -lOOmV, corresponding to the ferrite and austenite phases



Figure 1. Optical micrographs of

AISI 304 heat treated at (a) 1300 C,

(b) 1350 C and (c) 1400 C,followed

by quenching.

Figure 2. Optical micrographs of SML section through specimen

(a) 3CR15 and (b) 3CR45 , near SML/parent metal interface.
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Figure 3. Optical aicrosraph

near SML/parent aetal interface

in specimen 12TF45.

U 1000
to

£ 500

UJ

- 500

CURRENT DENSITY (>JLAcm2)

Figure 4. Anodic potentiostatic polarization curves in IN H.SO, at 25 C

of 304 stainless steel specimens heat treated at (1) 1300 C,

(2) 1350 C and (3) 1400 C.
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Figure 5. Anodic potentiostatic polarization curves in IN P.SO, at 25 C.

Curves 1 * 2 - specimen 3TF15 before and after grinding,

Curves 3 & 4 - specimen 3TF35 before and after grinding.
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Figure 6. Anodic potentiostatic polarization curves in IN H-SO, at 25 C.

Curves 142- specimen 12CR3S before and after grinding, curves

344- specimen 12CR15 before and after grinding.



respectively. The influence of other minor phases such as f , M_,C,
and impurities in the steel on the polarization behavior permits only
qualitative comparisons between the curves. It can be observed that with
increasing heat treatment temperature, the critical current density and
the passivation current density decreased. This is due to the higher
ferrite contents in the specimens heat treated at the higher temperatures.
Mignone et.al. reported similar findings for-heat treated specimens.

The anodic polarization curves of specimens 3TF15 and 3TF35 are shown in
figure 5. Curve 1 corresponding to the first polarization of specimen
3TF15 reveals an i . peak at -2S0mV due to the S-ferrite in the
SNL. Curve 2 obtained after grinding and repolarizing the same specimen
demonstrates shifts in the i . and i to much higher values corres-
ponding to a surface predominantly ausfenitic and containing little or
no delta-ferrite. Curves 3 and 4 of specimen 3TF35 reveal a similar
behavior. Comparison of curves 1 and 3 in figure 5 shows that an increase
in the electron beam current brings about a decrease in the i . and
i values, due mainly to increase in the S-ferrite content.

Observations similar to those made from figure 5 could be made from
polarization curves of SML specimens from plates 6mm and 12mm thick,
(figure 6.).

Summarizing, it can be stated that the presence of delta ferrite brought
about by surface melting decreases the length of the active region of the
anodic polarization curve. The critical current density and the passivation
current density( proportional to the £-ferrite content) decrease with
increasing cooling rate from the surface melting temperature. Thus surface
melting of austenitic stainless steels using high energy beam sources
has been found to increase the aqueous corrosion resistance by bringing
about the formation of a duplex microstructure.

CONCLUSIONS

1. Electron beam surface melting of AISI 304 brings about the formation
of delta ferrite in the surface melted layer.

2. Heat treatment of AISI 304 at 1400 C for 4 hours followed by quenching
brings about formation of ferrite in the austenitic matrix. Heat treat-
ment at lower temperatures,(1350 and 1300 C) results in formation of
some or no ferrite in the austenitic matrix.

3. Increase in the electron beam current and plate thickness increases
the ferrite content in the surface melted layer.

4. The anodic polarization curves of the heat treated specimens reveals
a significant reduction in the length of the active region, in i
and in i with increasing heat treatment temperature. The decrease1

in i 'f^is attributed to increase in the ferrite content.
5. The anodic polarization curves of specimens with SML vsried as a

function of delta ferrite content. Increasing electron beam current
»ud plate thickness resulted in decreasing lengths of the active
region of the curves.

6. Surface melting of austenitic stainless steels using electron beam
sources results in a significant increase in the corrosion resistance,
and is due to the modification of the surface microstructure.
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