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Abstract: Dissimilar metal connections are prone to frequent failures. These
failures 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 creep at the interface. For the weld analyzed in this research, 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 materia,
after the applied welding process, can be in service without failures. It was
found that the corrosion of the weld analyzed in this research resulted from the
simultaneous activity of different types of corrosion. In this study, electroche-
mical techniques including polarization and metallographic analysis were used
to analyze the corrosion of a weld material of ferrite and austenitic stainless
steels. Based on surface, chemical and electrochemical analyses, it was con-
cluded that corrosion occurrence was the result of the simultaneous activity of
contact corrosion (ferrite and austenitic material conjuction), stress corrosion
(originating from deformed ferrite structure) and inter-granular corrosion (due
to chromium carbide precipitation). The value of corrosion potential of —-0.53 V
shows that this weld, after the thermal treatment, is not able to repassivate a
protective oxide film.

Keywords. welding; corrosion; stainless steel.

INTRODUCTION

The welding of dissimilar metals is a very challenging task due to differen-
ces in physical, mechanical and metallurgical properties of the parent metals. In
order to take full advantage of the properties of different metals, it is necessary to
achieve reliable welds between them. The growing availability of new materials
and the higher requirements being placed on materials creates a greater need for
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joints and welds of dissimilar metals. When welding ferrite stainless steels, the
problem of coarse grains in the weld zone and heat affected zone of fusion welds
are encountered with the consequence of low toughness and ductility due to the
absence of phase transformation during which grain refinement can occur.l
When welding austenitic stainless steels, susceptibility to hot cracking in the
weld metal and heat-affected zone is of major concern. This cracking occurs pri-
marily due to low-melting liquid phases that allow boundaries to separate under
thermal and shrinkage strains during weld solidification and cooling. Austenitic
stainless steel welds exhibit some degree of susceptibility to localized corrosion,
pitting and crevice corrosion, and in many cases, it is the limiting factor in stain-
less applications.2=0 It is generally accepted that delta ferrite when present in
small amounts in an austenite matrix is detrimental to pitting resistance as it pro-
vides favorable sites for pitting initiation in the weld metal. The corrosion prob-
lems commonly associated with welding of austenitic stainless steels are related
to both precipitation effects and chemical segregation. The microstructure of the
solidified fusion zone of aweld is always subject to segregation during solidifica-
tion. There are some differences in segregation for different solidification modes
of the weld metal. Welding of ferritic to austenitic stainless steelsis considered to
be a mgjor problem due to difference in coefficient of thermal expansion, which
may lead to crack formation at the interface, formation of hard zone close to the
weld interface, relatively soft regions adjacent to the hard zone; large hardness
difference between the hard and the soft zones and expected differencesin micro-
structure may lead to failuresin service. Solid state welding is a possible solution
to these problems.3 For the weld material analyzed in this research, it was shown
that detailed microstructural examination and electrochemical and corrosion mea-
surements can be used for the proper evaluation of the quality of the weld ma-
terial and for the prediction of whether or not the material after the applied weld-
ing process could be in service without failures.

EXPERIMENTAL
Materials and welding processes

The nomina chemical compositions of the stainless steel (STS) samples with ferrite and
austenite structure used for the welding process are given in Table .

TABLE I. Nominal chemical composition of used stainless steel materialsin mass %

STS Structure Cr C S Mn Ni
Ferrite (X6Cr17) 16.50 0.05 0.35 0.40 -
Austenite (X5CrNi18-10) 18.10 0.04-0.05 0.50 1.10-1.50 8.30-9.20

Welding of austenite and ferrite stainless steel was performed using cooled water and
round Cu-Cr electrodes with a contact surface of constant diameter of 1 mm. Welding was
performed by placing metal sheets (100 cm?) in the sample holder. Before welding, the plates
were clamped on each end to a heavy backing fixture to prevent deformation.
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Characterization techniques

Chemical analysis. Chemical analysis of the materials was performed by the X-Ray fluo-
rescent spectroscopy (X RF) technique using excitation sources of 109Cd and 241Am, according
to a modified EPA 6200 method.10 The quantitative chemical analysis of samples (dissolved
in an acidic solution) was performed by atomic absorption spectroscopy (AAS). All results are
shown as a mean value of three independent measurements, with a precision of £0.01 %.

Optical examinations. Optical examination of samples was realized using a NIKON DIC
microscope. The “Photoshop” computer program was used to analyzed the microstructure of the
pure and welded materials. Before optical examination, the welded material was treated for 72
h in a 3 % solution of NaCl, with the addition of HCI (pH 4). All samples were prepared
according to known metallographic procedures, which included mirror polishing and etching
in hydrofluoric acid.

Electrochemical corrosion measurements. Electrochemical techniques were applied in
order to define the corrosion behavior of al the investigated materials. A three-compartment
glass cell was used. Surface area (A) of the working electrodes of pure austenite and ferrite
stainless steel was 2 cm2. Working electrodes of welded stainless steels near the weld (A =
= 1 cm?) was prepared by cutting the austenite and ferrite samples near the weld from the
large size (100 cm?) welded samples. The reference electrode was saturated calomel (SCE, all
potentials are reffered to SCE), while the counter electrode was a platinum foil. A mild steel
sample was used for comparison.112 The experiments were performed in a3 % solution of NaCl,
with the addition of HCI, to adjust the pH to 4.00 at 25 °C. The corrosion current density was
estimated from the intercept of the cathodic slope of the polarization curve with the corrosion
potentias. For al eectrochemical experiments a potentiostat/gal vanostat PAR M273 was used.

RESULTS AND DISCUSSION
Chemical analysis

The XRF spectrum of the austenite and ferrite weld is shown in Fig. 1. XRF
Spectrum of this material showed the presence of Cr, Fe, Ni and Mo. As can be
seen, the amount of Fe was the highest, then Cr and Ni in small amounts, and
finaly traces of Mo and Cu in amountstypical for trace elements.

AAS Techniques and clasical gravimetric methods were used to determine
the chemical compositions of the used stainless steels. The obtained results are
givenin Tablell.

The results of the XRF and gravimetric analyses for the quantitative deter-
mination of the composition of the materials showed that the contents of Cr and
Mn were lower than expected, as well as the content of Si in the ferrite sample.
AAS Analysis indicated the presence of Ni (0.17 %) in the ferrite sample. The
content of carbon and organic impurities according to the AAS measurements
was high. The content of carbon was expected to be up to 0.05 %, but according
to the chemical analysis it was much higher. Higher contents of carbon and or-
ganic impurities, as well as the lower chromium content, were probably the main
reason for the appearance of corrosion, especialy in ferrite material, resulting
from chromium carbide precipitation during the welding.
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Fig. 1. XRF Spectrum of the austenite and ferrite weld.

TABLE II. Determined chemical composition of the used stainless steel materials in mass %

STS Structure Cr S Mn Ni C
Ferrite 155 <0.001 0.30 0.17 0.20-0.5
Austenite 17.8 0.40 1.10 8.00 0.20

Microstructural analysis

Microstructural analysis of ferrite stainless steel. The microstructure of ana-
lyzed ferrite stainless steel sample is shown in Fig. 2. The microstructure is not
homogenous at the intersection, as shown in the microphotographs of Fig. 3a
The structure consists of ferrite seeds and carbide particles. More than half of the
analyzed intersection consists of ferrite seeds, which are polygonal, uniform in
size, and have a small-seeded structure, as shown in Fig. 2a. The carbide par-
ticles, as shown in Fig. 2b, have a small-seeded structure, globular shape, and
were formed between the ferrite seeds.

Microstructural analysis of austenitic stainless steel. The microstructure of
the analyzed austenitic stainless steel sample is shown in Fig. 3. The microphoto-
graph at the intersection of this material shows its homogeneous structure, with
rough seeds. The size of austenitic seeds is mostly uniform, as shown in Fig. 3a,
but there are some very rough seeds, as shown in Fig. 3b.

Microstructural analysis of the weld. A microphotograph of the ferrite and
austenite stainless steel weld is shown in Fig. 4. The ferrite material is in the up-
per part and the austenitic material isin the lower part of the image.
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Fig. 3. Microphotographs of the austenitic stainless steel sample.
Magnification: a) 500x; b) 400x.

Fig. 4. Microphotograph of the weld sample.
Magnification: 500x.

The micrographs of the ferrite part of the analyzed weld sample reveaed the
existence of inter-granular corrosion, as shown in Fig. 5. This could be connected
with precipitation of chromium carbide during the thermal treatment.

When analyzing the microphotographs of the ferrite part near the weld, at a
lower magnification, some indications of stress corrosion could be observed, as
shown in Fig. 6a and 6b.
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Fig. 6. Microphotographs of ferrite part near the weld with indication of stress corrosion.
Magnification: 200x.

Electrochemical measurements

Electrochemical properties of basic materials. The polarization experiments
were performed in a solution simulating the aggressive solution in which the final
product could be used.13 The polarization curves of the ferrite and austenite
materials are shown in Fig. 7, together with that of amild steel sample, shown for
comparison.

Both analyzed samples of stainless steel were practicaly in the passive state
with corrosion potentials of approximately —0.2 V. The value obtained for the
mild steel in the same solution was —0.53 V, which could be used for compa-
rison. The estimated corrosion current density was 0.08 for austenite and 0.10 pA
cm2 the ferrite sample. In comparison, the corrosion current density for the mild
steel was 20 uA cm2.14

Corrosion resistance properties of the welded material. The polarization
curves for the ferrite and austenitic part of the weld sample are shown in Fig. 8.
The austenitic part of the analyzed weld sample remained practically unchanged
during welding, according to the metallographic analysis. Even the corrosion
potential was unchanged, as presented in Fig. 8. This part has some structural
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Fig. 7. Polarization curves of the analyzed materials before welding compared to
mild steel in 3 % NaCl solution at pH 4.00.
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Fig. 8. Polarization curves of the austenitic and ferrite part of the weld sample in 3 % NaCl
solution at pH 4.00.

changes which provoke an increase in the estimated corrosion current density. On
the other hand, the characteristics of the ferrite material were changed signifi-
cantly. The corrosion potential of —-0.53 V implies that this material after thermal

Available online at www.shd.org.rs/JSCS/

2011 Copyright (CC) SCS G)@@



1034 RAJAKOVIC-OGNJANOVIC and GRGUR

treatment did not show the ability to repassivate a protective oxide film. The esti-
mated corrosion current density was approximately 75 times higher. Thisimplies
that the basic ferrite material was degraded by uncontrolled thermal treatment during
the welding process, with the formation of a deformed ferrite structure. 15,16

CONCLUSIONS

Using the XRF and AAS analytical techniques, it was shown that austenite
and ferrite stainless steel had a different chemical composition than the nominal
composition. A smaller content of chromium and a higher content of carbon were
found than declared. Both materials exhibited relatively good corrosion resis-
tance before welding.

For the ferrite and austenite stainless steel weld analyzed in this study, it was
shown that detailed a microstructural examination and electrochemical corrosion
measurements could be used for a proper evaluation of the quality of the weld
material. With athorough analysis of the materials used for welds, a prediction of
whether the material could be in service without failures can be made.

The weld analyzed in this research showed a tendency towards contact cor-
rosion due to the inadequate welding processes. The corrosion was the result of
stress corrosion (from deformation of the basic ferrite structure), and inter-gra-
nular corrosion (from carbide precipitation and applied welding method). When
improved, the welding process could significantly prevent the appearance of cor-
rosion.

Acknowledgements. The support of the Research Fund of Serbia is gratefully acknow-
ledged.

U3BOJI
KOPO3UJA 3ABAPEHOI CIIOJA AYCTEHUTHOTI' 1 ®EPUTHOI" HEPBAJYREI YUEJIMKA

BJIAJIAHA H. PAJAKOBUB-OT bAHOBUR® u BPAHUMMUP H. IPT'YP?

! Hnciiuimiyiti 3a XuOpoiieXHUKY 1 600HO—eK0AOWKO UHNcerbepciliso, I pabesurcku gakyaitieiti, YHusep3uitieit y
Beozpady, Byaesap kpama Aaexcandpa 73, 11 000 Beozpad u’Kaitiedpa 3a pusuuxy xemujy u eaekimipoxemuy,
Texroaowko—meimianypuiku gaxyaitieit, YHusepauitiei y Beozpaoy, Kapuezujesa 4, 11 000 beaozpao

CriojeBH pa3nM4YMTHX MeTajla JOOMjeHHX 3aBapUBAam-EM CKIOHM Cy IPOINaJamy YIIaBHOM
yCJIeA MojaBe pa3IMuUTHX BHAOBA Koposuje. PH3NUKO—XEMHUjCKa, MEXaHHYKa CBOjCTBA, Ka0 U KO-
e(UIHjEHTH TOIUIOTHOT MIKpPEHka PA3NINYUTHX YerKa Hajuyemhu cy y3poK Mylama MaTepujana Ha
3aBapeHUM crojeBuMa. VcTpakuBama y OBOM pajy Cy MoKasaia ja ce HCIUTHBAbE KOpPO3Hje Ma-
TepHjaia MOXKe KOPUCTUTH 3a MPOLICHY KBaIUTETa CII0jeBa 3aBapeHHX Marepujajia. Pasinunte ana-
JIUTUYKE, MeTanorpadcke 1 elNeKTPOXEMHjCKE TEXHHKE U METO/IE aHAIN3E Cy MPUMEHCHE 3a UCIIU-
THBamke KOPO3Hje 3aBapeHor croja Hephajyhux yenuka ¢epuTHe M ayCTEHHTHE CTPYKType. YcTa-
HOBJBCHO je Jia JI0 [0jaBe KOpPO3Wje Ha 3aBAPECHOM CIIOjy MCIMTHUBAHHX MaTepHjajia IMPEeBacXOIHO
JI0JIa3¥ ycle/: KOHTAaKTHE KOpo3uje, HaroHCcke Kopo3uje (koja motude oj nedopmucane CTpyKType
¢epura) u meljykpucranae koposuje (OCiIeana U3y KUBama XpoM-Kapouaa) y GeputHoM ey
3aBapeHOr CII0ja.

(Mpumsbero 26. jyna, pesuaupano 25. neremopa 2010)
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