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In the present study, the weldability and micragtice of dissimilar
welds of AISI 347 austenitic stainless steel to MSA335 low alloy
steel was investigated. For this purpose, gas temgsrc welding
process and two filler metals including ERNICr-21&R309L were
used. After welding, the microstructure of the efiéint zones of each
joint, including weld metals, heat affected zon@&ZH{Heat Affected
Zong, interface and unmixed zones (UMUpmixed Zone)was
evaluated by using optical microscopy. The scannahgctron
microscopy (SEMYcanning Electron Microscopyequipped with
energy disperse spectrometry (EESHrgy Dispersive Spectroscdpy
was used to investigate the precipitates, in d@@redict the micro
structure of weld metal and transmission zone s$sidfilar joints. In
ERNICr-3 weld metal, the solidification was observas the
completely austenitic and equiaxed denddgegritd which contains
the precipitates of carbide complex, as well asbim segregation
happened in the inter dendrite zones. 309L weldimets observed
as the primary ferrite with austenitic matrix anetnostructure was
seen as skeletal ferrite morphology. The epitagjawth was
observed in the interface between 347 austendiolsss steel and
two filler metals and a narrow zone was observeth@interface
between A335 low alloy steel and filler metals; emwer, coarse
grains appeared in HAZ zone of both weld metalsallj, it can be
denoted that for the joints between the AISI 343tenitic stainless
steel and A335 low alloy steel, the ERNICr-3 filleaterial provides
the optimum qualities.

1. Introduction

Stainless steels are ferrous alloys containinggat |

corrosion resistance to water environments and
high temperatures [1]. This alloy has good
resistance to intergranulamgergranular Corrosign

10 to 12 percent chromium. 347 austenitic stainlesscorrosion in many corrosive environments [2, 3].
steel is one of the most common types of steel use€hromium-molybdenum low alloy steels are
in industries, especially in oil and gas industry, other types of steel which are resistant to
refinery and electric power stations because of its
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Table 1. Nominal chemical composition of materials used (Wt%

Fe Nb Ag Cu Ti Si  Mn Mo Ni Cr C Element
BAL - 0.16 0.08 - 1.0 03 05 - 112 0.1 A335
BAL 055 0.12 0.35 0.01 10 20 0.37 10.65 17.36 0.08 AISI 347
BAL - - 005 - 051 18 004 139 237 0.02 ER309L

3 3 3 012 .05 0.75 0.5 3 BAL 16 0.1 ERNICr-3

70° stainless steel and A335 low alloy steel pipes.
¥ u The aim of this study is to investigate the
~ i’ i 1 8m mechanical properties and microstructure of
. Y different welding zones in order to find the best
2mm filler metal with the proper engineering
properties for these dissimilar joints.

3mm. | ——

2. Experimental
The base metals used in this study were A335 low
alloy steel and 347 austenitic stainless steebkpipe

erosion and corrosion. These steels are mostl which were under rolled and solution annealed
: . ' o yconditions, respectively [6]. The pipes were 8 mm
used in producing gearwheels, steam utilities

petroleum and power stations [1] Dissimilar’thiCk and 200 mm in outer diameter. Two filler
joint of 347 austenitic stainless steel and A335 metals, ER309L and ERNICr-3, were used to join

low allov steel bines has been widely emplove dthe base metals [7]. The nominal chemical
iow atoy PIPES widely empioy compositions of the base and filler metals are
in the oil and gas industry especially in heat

exchanaers. In dissimilar welding. one of the given in table 1. Wires 2.4 mm in diameter were
most irﬁ or"[ant concerns is the gs'election of aused for root pass and hot and cover passes.

P . Before welding, the pipes were prepared to make
proper filler material. In recent years, some

studies on the evaluation of dissimilar welding asingle V groove butt configuration. Fig 1 shows

of stainless steel and low alloy steel have beenthe pipe connection. The welding was done by
conducted y gas tungsten arc welding process with Direct-
u ) Current Electrode Negative (GTAW-DCEN) and

Arlvazhagarmivazhagah, et al._ [4] studied the argon gas shield of 99.99% purity. The inter-pass
effect of heat input on the microstructure and .
temperature was selected 160in order to

mechanical properties of welding sections of minimize the tension of the weld metal

304 austenitic stainless steel and 4140 low aIonSoli dification. The heat input was calculated b
steel by gas tungsten arc welding (GTAW). The he followi ' tion: P y
results showed that high heat input enhanced thd"® (_) owing equalon.

micro-segregation of alloy elements and created H. _”'I'V_/S =06 _[1] )
a non-chromium zone in the grain boundaries; The welding parameters and the heat input in

therefore, the mechanical properties of the joints®ach welding pass are given in tableT¥o
deteriorated. specimens with proper size were prepared by

Klueh(Klueh)[5] investigated the failure of a 9rinding using 80 to 2000 grits silicon carbide
transferred joint between 2.25 Cr-1Mo steel and Paper, followed by final polishing with 0/&m
32laustenitic stainless steel which was made byalumina powders. The specimens were etched
using Ni-based Inconel 182 filler metal. It was for 15 seconds using Nital solution (2% nitrate
illustrated that after heating this joint in high acid in alcohol) to show the structure of low
temperatures for 10 to 15 years, the heat-affectecdlloy steel; also, they were etched by Marbel
zone contained large ferrite  grains; Solution (10 gr of CuSO+ 50cc HCI + 50cc
Consequently' Cracking happened in th|s Zone_HQO) to find the microstructure of austenitic
However, no systematic work has been stainless steel weld metal. The specimens were

conducted on the joint between 347 austeniticelecroetched by a solution (60 ml water and 40

Fig. 1. The pipe connection.
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Table 2. Specifications of gas tungsten arc welding.
Welding Parameters

HeatInput Welding Volt Amper .

(kJmm'l) Speed (mm'Js) V) (A) Pass No. Filler Metal
0.981 1.1 12 150 1
0.840 1.0 10 140 2
0.709 1.1 11 130 3 ER309L
0.720 1.1 12 110 4
0.818 1.1 10 150 1
0.840 1.0 10 140 2 .
0.840 1.0 10 140 3 ERNICr3
0.715 1.2 11 130 4
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Fig. 2. Microstructure of base materials (a) low-alloy &#&835, (b) aUsténitic stainless steel 347.

ml nitrate acid), with 5 volts for 10 seconds; as granular structure of ERNICr-3 weld metal which
a result, the microstructure of nickel-based is related to the root pass is shown in Fig 4. The
weld metal was found. The microstructure of weld metal ERNICr-3 contains about 67 wt. %
different weld areas was examined by (CK40M nickel and its solidification is fully austenitiélso,
Olympus) optical microscope at different a two-phase structure, which contains dendrite and
magnifications. A scanning electron microscope interdendrite zones, can be observed. This weld
(Zeiss) equipped with chemical analysis was metal contains 3% Nb which can stabilize austenite

used to study the microstructure. at high temperatures and also increase the
solidification temperature range [1]. The scanning
3. Results and Discussion electron microscopy was used for more precise

Fig 2(a) shows the microstructure of A335 examination of weld microstructure. Small white
chromium-molybdenum low alloy steel in precipitates which were sometimes segregated
which ferrite grains (1m) with dark pearlite ~ clearly from the field were observed in the
grains (14pm ) can be observed [9]. The interdendritic region. Fig 5 (a) shows the SEM
microstructure of 347 austenitic stainless steelMicrographs of ERNiCr-3 weld metal, Fig 5 (b)
contains an austenitic field with equiaxed displays the precipitates of ERNICr-3 weld metal,
grains (75um) as shown in Fig 2(b). The @nd Fig 6 shows the EDS results analysis of the
microstructure of 309L austenitic stainless steelPrecipitates. These precipitates do not have
weld metal (which was related to the root pass)Cerain geometric forms, and their lengths are

is shown in Fig 3(a) and (b). The solidification @out 2 microns. They are enriched with Nb and
of 309L as a primary ferrited((Delta Ferritd are formed as NbC carbides. Also, there is some

exhibited a skeletal ferrite morphology and 1! In the EDS results analysis [1, 1IThe
solidification of FA type [3]. The ferrite equivalent chromium and nickel were calculated

content of the root pass of 309L filler metal BY Schaefflergchaeffief equations. Table 3
was about 5.7% (by a ferritescope). The shows the calculated amounts for equivalent



|. Hajiannia et al, Journal of Advanced Materials and Processing, Vol.1, No. 4, 2013, 33-40 36

— "~ - e - -\‘;-7‘ e
a o T Al NS,

3 L e
ﬁ,‘-’,’:)‘\ . 4/. /‘4_&"' .".\".‘_.'-c.;
7 .,.},,\/(_;‘[, A

3 - \"b o |
7 (%3 / :v// L R
F 74 W gereace
R

A o S o PO TN - &S
& '5’}'%"” R SR e i .,"T* §
,'_0 &-4 ‘mﬁkeleml fer1'ile!'~ ‘_ A ‘? -

& ar ety

Fig. 3. Microstructure of weld metals ER309L, (a) optioatroscopy (b) SEM.

high, ferrite is more likely to be formed. There
is a restriction in grain growth and also
minimum susceptibility to HAZ liquation
cracking possibility due to the ferrite produced
in the HAZ grain boundaries [11].The
interface between A335 low alloy steel base
metal and 309L weld metal is presented in Fig
9(a) and (b). The figure shows that the grain
growth has occurred in the HAZ of low alloy
steel which is planar. Moreover, in the
transformation zone, melt boundary changes
impressively in a very short distance (about 1
mm). There is a carbon migration from HAZ to

AR S

Fig. 4. Microstructure of weld metaERNiCr-3.

chromium and nickel [17]. Based on Fig 7, in . .
the Schaeffler diagram, A335 low alloy steel the melt zone during the welding because of the

and 347 austenitic stainless steel base metalgh"’.mge n the chemical composition of A335
are shown by square sign, ER309L filler metal which contains more carbqn (Quintuple) than
by circle sign and ERNICr-3 by triangle sign. 309L weld .metal [_13].The Interface between

In 309L point toward the base metal, the weld 347 austenitic stainless steel base metal and

metal is approximately in a place where the ERNICr-3 weld_ metal 1S shown_ in Fig 10(a)
second contact line cuts the Iso-ferrite line and (b). A continuous interface is observed all

which contains 5% ferrite. The studies showed V€' the weld boundary which is of planar

that the control of weld metal ferrite content is ][nodtg Anf l#:mg(ed zon(ta Icz;t)n be seen in ? Sf”,'[ﬁ”
important to predict cracking in several passes:),rz; lon to 't'e ta§e| me at tle%ause a p;alr Oh' r?
of the weld. ERNICr-3 weld metal has a austeniic stainiess steel base metal, whic

is beside the melting pool, melts and then re-
solidifies without dilution with the weld metal

[14, 15]. Therefore, this zone has chemical
composition of base metal, the unmixed zone is
revealed in EDS result analysis, and the

complete austenitic solidification because of
the presence of nickel which is an austenitic
promoter element. The austenite percent
alterations of root pass for both used filler

metals are  shown 'in table 4 using a chemical composition of this zone is similar to
ferritescope. As it is observed, these results " )
P 347 austenitic stainless steel [11, 16]. The

correspond to the results in Schaeffler diagram.:

The interface between 347 austenitic stainless'merf"’lce between A335 low alloy steel base

steel and 309L weld metal is displayed in Fig 8. m_etal and ERNICr-3 weld_me_tal is displayed_ in
The morphology of delta ferﬁtey which gis Fig 11(a) and (b). In this figure, the grains

solidified as a skeleton form is clearly observed growth in HAZ of A335 low alloy steel as We."
in the image. Ferrite is formed in the grain as the planar mode can be seen. The partially

boundaries [10]. When the Creq/ Nieq ratio is melting zone and the unmixed zone do not have
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Fig. 6. EDS of deposits between dendritic of wel&ig. 7. Schaeffler Graph for both 309L and ERNICr-3
metalERNICr-3. filler metals.
Table 3. The calculated values of grNieq base and filler metals.
Creqg/ Nieq values calculated
Cred Nigq Nigg Creq Type
1.39 14.05 19.52 AlSI 347
0.99 3.15 3.12 ASTM A335
1.59 15.40 24.50 ER-309L
0.27 71.50 19.75 ER-NiCr-3
Table 4. Percentage changes of austenite for both weét fitletals.
Percent of error Percentage of austenite Filler metal
0.1 99.7 ERNiICr-3
1 94.5 ER309L

much width in this part of the joint [9RAs it austenite freezing and the weld metal 309L has a
was observed, we can gain a sound joint withfreezing in the form of primary ferrite. In additio
suitable microstructure and properties for enlarging of the grains happened in HAZ of the
welding the two dissimilar steels discussed in thistwo weld metals which contained bigger grains
study with the two suggested filler metals and by on the side of 347 stainless steel. In the
following the  above-mentioned  welding interface of the ERNICr-3 weld metal and both
parameters. Also, it was found that the weld metalbase metals, planer growth was observed in the
ERNICr-3 has a microstructure with primary interface of 309L weld metal and A335 base
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Fig. 10. Interfaces between the ERNiCr-3 weld metal an@#ess base metal (a) optical microscopy (b) SEM

metal, planer growth was observed. With stainless steel electrode. As it was mentioned
regard to similar studies, a study conducted bybefore, in this study too, the thin martensite
Omar, et al. can be mentioned. They weldedlayer was seen in the low alloy steel side and
carbon steel to austenite stainless steel with twoafter welding with 309L filler metal, and this

weld metals 309 and Inconel 182 [18]. The layer was removed by using ER309 Weld
results of their study showed that by using the metal. The proof of this claim was confirmed

nickel-based filler metal with pre-heat and by conduction micro hardness measuring in
controlling inter pass temperature we can Vickers [18]. On the other hand, because
remove the thin martensite layer which is investigating the mechanical and corrosion
produced in the interface of carbon steel andproperties of this dissimilar joint is of great

the weld metal because of austenite 309importance in industry, in the rest of this study,
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Fig. 11. Interfaces between the ERNiCr-3 weld metal and\B@5 base metal (a) optical microscopy SEM.

and in another article, the mechanical andHHAZ grain boundaries. An unmixed zone can
corrosion properties of this dissimilar joint be seen in interface between 347 austenitic
have been studied. The results of investigatingstainless steel base metal and ERNICr-3 weld
the mechanical properties show tension metal.

strength and better resistance impact in low4. There is a carbon migration from HAZ to the
temperatures for ERNICr-3 weld metal which melt zone in the interface between A335 low
supports the study conducted by ShahHosseinalloy steel and 309L filler metal. The interface
and Naffakh [1, 11]. Also, ERNICr-3 weld between A335 low alloy steel base metal and
metal has better resistance to pitting corrosionERNICr-3 weld metal is displayed partially
then; this improvement in resistance to pitting melting zone and the unmixed zone do not have
corrosion is due to alloy elements like a lot of much width in this part of the joint.

Nickel, chrome and molybdenum [8, 12].

Finally, it can be denoted that for the joints
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