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Abstract: Understanding the performance of welded joint ahhiemperature corrosive environment has
become an objective of scientific investigationemty. This work encompasses the investigationsezhout

on the Gas tungsten arc welded AISI 4140 and A i@ air-oxidation, molten salt environment of N&y-
60%V,0s and,S0O,-60% NaCl at 650 °C under cyclic condition are de&sed. The resulting oxide scales in the
weldment have been characterized systematicalhygusirface analytical techniques. From the resflthe
experiments, it is observed that the scale thickoeslow alloy steel side was found to be highecaspared

to stainless steel side. Furthermore, weld interfaas been found to be more susceptible to degwadhan
base metals due to inter diffusion of element a&cthe interface and the formation of intermetatbienpound.
The influences of air oxidation and molten saltissruments on the hot corrosion behavior of the weldt
have been discussed in this paper.
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1. Introduction

Dissimilar metals are widely used in critical higlrvice temperature applications. Hence studies on
their weldments have gained importance in recesit gzenerally, combination of low alloy steel angtanitic
stainless steel weldments are extensively useddiber tubing application at elevated temperatiresause of
its relatively low cost, good weldability and cremgistance [1, 2]. In power plant engineering igpfibns it is
necessary to join low alloyed ferritic steels tatenitic chromium-nickel-molybdenum stainless steBlimary
boilers and heat exchangers operate at high temopesawith corrosive environmental conditions thatke
low-alloy steels and austenitic stainless steeds#st choice [3].Primary boilers and heat exchangeerate at
high temperatures with corrosive environmental domas that make low-alloy steels and austenitairséss
steels the best choice [4]. The role played byrits [5], which enter through ingressed air inrin&
atmospheres, is also important in deciding theekegf corrosion. The role of NaCl in hot corrosiiynNgSO,
has been discussed in detail [6, 7]. In this aatithe effect of air as well as mixture of J8&,-60%V,0s and
K,SOi-60% NaCl on hot corrosion behaviour of GTA weldd&| 304 and AISI 4140 specimens are studied.
Studies by the authors involving detailed metaitaband mechanical properties of GTA welded sample
published elsewhere [4].
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2. Experimentation

Materials conforming to the AISI standards are pred and their chemical composition is shown in
Table.l A Standard "V” Groove butt joint of dissimilar AI$4340 and AISI 304 plates is prepared,
Autogeneous full penetration welding is carried ontthe dissimilar joints with Gas tungsten Arcldirg
process . The process parameters for the GTAW wealdmples is shown in the Table.2. A Macrostrecair
the dissimilar butt joint is examined and the jainfound to have a sound weld without any weldedef Fig.1.

To facilitate the hot corrosion tests, three sasiple cut into rectangular pieces (20 x 15 x 5 mith)
weld zone in the middle of the specimens and mipaished. To remove the moisture from the sarapié
also for the salt to adhere to the surface unifprimé sample is preheated to 250 °C. Immediatetpating of
uniform thickness with 3-5 mg/cm2 of salt mixturasaapplied on the preheated sample. On these sgesiim
cyclic studies were performed in the air as welhadten salt (Ng50,-60%V,05 and KSO,-60% NaCl) for
exactly 50 cycles and the duration of each cycferid h 20 mins in which heating is for one hou6%0 °C in
a silicon carbide tube furnace followed by 20 mufi€ooling at room temperature. During the corrogdiests,
the weight change measurements were taken at thef@ach cycle. The spalled scale was also retaineng
the measurement of the weight change to deterrhiméatal rate of corrosion. The samples afterasion
tests are subjected to characterization studiesguSEM/EDAX, XRD and EPMA for surface and cross-
sectional analysis of the scale.

Table.1 Chemical composition of AISI 304 and AISI 4140

Parent Metal C Cr Mn Ni Si Mo Fe
AISI| 304 0.06 18.4 1.38 8.17 0.32 Balance
AlSI| 4140 0.40 1.1 0.75 0.31 0.28 Balance

Table.2 GTA welding parameters

Type of Weld Welding parameter Value
Current (DCSP) (Amp) 300
Voltage (volt) 23

GTA Welding Argon Flow rate (Ipm) 14

Torch traveling Speed (cm/ sec) 0.2

. - T

AISI 304

Figure.l Macro structure of GTA welded AISI 4140 and Al®M3dissimilar metals

3. Results and Discussions

Metals and alloys undergo oxidation when exposedletated temperatures in air which may be may be
protective or non-protective.Whereas the metalsoggg in molten salt environmeobuld accelerate the
corrosion rate due to combined form of oxidatiohloddation and sulphidation. The macrographs fot h
corroded samples dictate that the weld interfacease prone to hot corrosion (Fig 2.). Fig 3 showesplot of
weight gain per unit area vs function of time (n@mbf cycles). These figures indicate that the Weigin
kinetics under air oxidation shows a steady-stat@ilic rate law, whereas the molten salt enviemnis a
multi stage weight-gain growth rate.The parabobterconstants Kp for wledment after exposed in air
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oxidation, NaSO,-60% \,0s and K.SO,-60% NaCl were 2.96, 7.72 and 37.85 x10 1% s ™) respectively.

It is noted that, the hot corrosion in molten gitZironment was observed to be more extensive. dWere
higher corrosion rate is observed during initialifsoof study and is mainly attributed to the ramiggen pick
up by diffusion of oxygen through the molten salfdr and is found to be identical to the resuloreed by
Sidhu and Prakash [8], Tiwari and Prakash [9] duthreir hot corrosion studies. As revealed by XRifferent
phases of various reaction products were formetherweldments after corrosion cycles. Air oxidatairc50
°C, FeOs; has been predominated with small amount of MGrNiO and FeNi. Hot corrosion under molten
salt environment at 650 °C shows thaj@eand CyO; as the predominant phases and MNigr (Cr, Fe)Os,
FeNi and FeS are observed with low intensity. Magsearchers have pointed out that the formaticodium
chromate (NgCrO,) could result from oxy-chloridation even the temgtare is lower than the melting point of
salt deposits [10-12]. As NarO, is formed, the salt will wet the specimen surfadgéch eventually leads to a
mechanism of hot corrosion dominated by molten aadt is further validated by XRD analysis (Fig e
analysis of the scale shows predominanOgevith low intensities of GOs, NaCrO,, SG; and MoQ. This is
in confirmation with past studies on the hot cowosstudies in molten salt environment on boildretisteel
[13].

SEM/EDAX analysis of the corroded sample showsOEF @ the scales of weldment after the corrosione&ycl
signifies non-protective conditions in air-oxidatjidNgSO;-60%V,0s and KS0O,-60% NacCl at 650 °C (Fig 5-
7). Corrosion morphology of the weldment exposeH2$04-60% NaCl shows that the weld interface isemo
prone to formation of fragile scale than base rsetdlhis implies that NaCl plays a vital role int flvorrosion
[14-16]. It is observed that, the corrosion rateKhbSO,-60% NaCl environment is higher in magnitude as
compared to N&0O,-60%V,05 and air oxidation environments.

Figure. 2 Macrographs dissimilar TIG Welded AlISI 4140 an&ih304
subjected to cyclic hot corrosion at 650 °C. (i) éxidation, (i) NaSQO, + V205
(60%) and (iii) KSO;-60% NaCl after 50 cycles.

30
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Figure. 3 Plots of cumulative weight gain (mg/cm2)
as a function of time (number of cycles).
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Figure. 4 X-Ray diffraction patterns for hot corroded dis#ar
TIG weldment of AISI 4140 and AISI 304 exposed iin BaS0O,
+ V,05 (60%) and K2SO4 + NaCl (60%) at 650° C for 50legc
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Figure5. SEM/EDAX shows the GTAW
weldment of AISI 4140 and AISI 304 exposed
in air at 650° C after 50 cycles.
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Figure6. SEM/EDAX shows the GTAW weldment
AISI 4140 and AISI 304 exposed inBO, + NaCl
(60%) at 650° C after 50 cycles
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Figure 7. SEM/EDAX shows the GTAW weldment
of AISI 4140 and AISI 304 exposed in }, + V,0s5
(60%)at 650°C after 50 cycles.

4.Conclusions

The conclusions from the present study containirgdment of AISI 304 and AISI 4140 dissimilar metals
obtained by Gas Tungsten ARC welding. All the weddibs was critically examined for cyclic hot cormsi
studies in molten salt environment of Na2SO4 + VZ6B%) and K2S0O4 + NaCl (60%) and air oxidationeTh
salient conclusions from the present study are enated below:

(@) From SEM/EDAX analysis on the dissimilar weldmehts observed that chromium and nickel diffuse
towards AISI 4140 from the AISI 304 and diffusiohimn from AISI 4140 side towards AISI 304.

(b) A distinct weld region with enrichment of chromiumickel, iron and carbon is prominent the weld
zone.
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(c)

(d)

(€)

(f)

(@)

(h)

The corrosion rates for the investigated GTA weldéssimilar metals based on the overall weight
gains after 50 cycles hot corrosion studies irttal environments could be arranged in the following
order: K,SO, + NaCl (60%) > NgBO, + V,05 (60%)

There is noticeable weight gain in the in dissimikeldment. This may be attributed to the galvanic
type of attack arising out of heterogeneity in cosifion — weld interface material, HAZ and the base
materials.

Rate of oxidation was observed to be high in theyeaycles of the study in all the investigated
environments, which may be attributed to the fhat during transient period of oxidation, the sgale
formed may be providing protection to the underneagtals.

Dissimilar weldment suffered accelerated hot caoorosn the chloride + sulfate mixed molten salt
environment in the form of intense spalling andtgring of its scale.

The cracking of oxide scale on the weldment as rebsein the present study might be attributed to
different composition of base metals, weld metal$ axide formed.

The scale on HAZ of 4140 is thicker and prone tllsg which may be attributed to the iron oxidized
in preference of Cr in the alloy 4140 where Cr eofttis less and the part of this Cr is present as
carbide. This amount of Cr is not sufficient forrfang a protective layer of gb; on the surface.

The higher content of F€&; and Cg O; on scale over weld zone may be due to enrichnfethiszone
with Fe and Cr as indicated by EPMA.
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