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Abstract: Bimetallic weld techniques have progressed a great deal in the last decade. In this work, the effect of the filler metal
composition on microstructure and mechanical behavior of dissimilar HSLA-X70/304L stainless steels weld joint is investigated. The
dissimilar weld joints are fabricated using austenitic, duplex and low Carbone filler metal. The mechanical behavior is investigated through
microhardness, charpy impact and tensile test.

The results show that, the weld metal composition has a great influence on mechanical properties and microstructure of weldments, in
particular the grain size and phases nature, changes with filler metal composition. In addition presence of martensitic slats in the FZ when
using the low Carbone filler metal, detailed microstructure examination is carried out and related to the mechanical behavior of the
dissimilar joints.
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Nomenclature: HAZ: heat affected zone, I: average intensity (A), FZ: fusion zone, MV: medium voltage (V), TIG: tungsten inert gas,
D: Argon flowrate (I/min), @ : electrode diameter(mm), K: Charpy impact energy (J), V: weld speed (mm/min)

HV0.2: Microhardness (load of 0.2 kg), o, (MPa): maximum stress, &, (%): maximum strain, S: Sample (S3: third sample)

Table 1: Chemical composition of base materials

Elément(%) C Si Mn P S Al Cu
X70 0.08 0.7 2.39 0.01 0.001 0.06 0.01
304L 007 075 1.85 0045 0.03 - - Based on partial plates of base materials, TIG welding was
Elément(%) Cr Mo \Y; Nb Ti N Ni carried with three filler metal, namely, austenitic stainless steel 308,
X70 0.04 0.1 0.05 0.4 0.09 - 0.02 (Sample 1:S1), duplex stainless steel 2209 (S2), low Carbon E7018
304L 185 B, B, 0.08 - 0.08 i (S3), and the fourth sample (S3) isintended to cover welding

- process without filler metal.
1. Introduction _ o _ _
) o Filler metal selection is based on the homogeneity of chemical
High strength low alloys (HSLA) and Austenitic stainless steels  composition with each base metal: for X70 we take and for E7018
have been used widely by the fabrication industry owing to their we take 304L.

high resistance to corrosion combined to excellent mechanical

properties. Some of the typical applications of these steel include In order to maintain similar welding parameters conditions, the
their use as pipelines, oil refining, pressure vessels, chemical and ~ Weld cou- pon dimensions were fixed at 100 mm X 60m X 2mm
process industries ....etc. (Fig. 1) and the electrodes diameter fixed at 1.5 mm.
Homogeneous weld applications require the use of filler metal v
which contains the same chemical composition with base metal 8s304L
in order to get more mechanical resistance of welded material, this
resistance depending on a number of factors like mechanical
properties, wear and friction characteristic... ... etc. In this regards
There are numerous investigations on the characterization austenitic
or HSLA steel using arc welding regardless of any assembly 1
between them [1, 2]; however, there are little data on the evaluation . — s
of mechanical properties to weld together HSLA/Stainless steel. Fig.1. Plates of Sample number two (S2)
At present, some Studies have been conducted on welding of Our welding has one pass based on TIG welding with to avoid

stainless steel with HSLA steel, almost all common fusion welding  cracking, supercooling and excessive penetration. Before welding,
techniques can be used to weld duplex stainless steel through  Pairs of plate were welded together (edge to edge) width-wise at
selecting appropriate welding parameters, corrosion resistance... or  each filler metal (Fig. 2).
residual stresses condition, in this study we interest to filler metal . . . L .
selection. Chemical composition of filler metal is given in Table 2. The
welding is carried out with fixed parameters (Table 3).
Filler metal composition has a great influence on the solder

properties. Mechanical properties and toughness of weldment  1able 2: Chemical composition of filler materials

depend of microstructure of weld metal and heat affected zone. Elément . .
) ] %) C Si Mn Cr Ni Mo
The welding process used was Tungsten arc welding (TIG).
These were chosen because each process is one of the most E308L 0.19 0.46 1.72 20.80 10.10
commonly used welding techniques in industry. E2209 0.03 0.46 0.9 225 93 28
E7018 0.12 0.80 0.90 - - 0.5

2. Experimental Procedure

Bases material used in present work is austenitic (304L) and  Table 3: Welding parameters

ferrite-perlitic (X70) steels. Their chemical composition and ] MV Vv ) Temps D
mechanical properties are given in Table 1. The steel is welded by (A) V) (mm/min) (mm) (s) (L /min)
semi-automatic tungsten arc welding (TIG), According to moved

table in order to set welding speed. 72 11.68 2.515 15 53 8
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The tensile specimens were tested on a servo hydraulically
controlled digital tensile testing machine. Three specimens per each
filler metal were machined out from the weld plate. Each tensile
specimen size was prepared in accordance with ASTM EO08
standards [5] as illustrated schematically in Figure 2.

The Charpy test was performed according to standard test
methods for notch bar impact testing of metallic materials [6]. The
total length of the specimen is 55mm and the rectangular cross-
section area is 5Smmx2mm. Specimen has a V-shaped notch with a
flank angle of 45° and depth of 2mm (Fig. 3) in the HAZ and FZ.

Fig.2 Specifications of Charpy and tensile specimens [6-8].

3. Metallography

For the observation of microstructural changes that take place
during welding, corresponding to each filler metal; specimens were
taken from the welded plates. The microstructures of the joints were
captured with the help of optical microscopy. Standard polishing
procedures were used for microstructural observations, Glycerine
reactif was used with the conditions (20ml of nitric acid, 30 ml HCI
acid and 30ml of glycerol) for 3min.

Table 4: Morphology of solders
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These micrographs show that the weldments are free from
welding defects like lack of penetration, undercut, cracks...etc.

=

Fig.4 Optical microstructure of the two materials (in the left HSLA-X70,
304L SS in the right)

Micrograph of X70 base metal describes polygonal ferrite—
pearlite containing about 70% ferrite, while the microstructure of
304L consists of polycrystal of single-phase which consists of
equiaxed austenitic grains with an average diameter of 17um.

Table.5: Micrographs of weldments

Fz HAZ

S1

S2

Fig.3 Attacked samples
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Polished samples were scanned on the optical microscope along
the weldments zones of the fusion zone and the HAZ, and at a few
places microphotographs were taken in the middle of fusion line
(Fig.3). As a result, this study has many microstructures of
dissimilar joints in accordance with various mechanical properties.

The microstructure of the (HAZ-X70) undergoes a decrease in
grain size when it becomes close to the base metal, the latter is
characterized by a ferritic-pearlitic structure with large ferrite
content. it's also distinguished by the presence of acicular ferrite and
the formation of martensitic slats, this presence is even greater in S4
with carbides formation in fusion line.

Microstructure of duplex fusion zone revealed that the principal
constituents are austenite and columnar ferrite with fine
intermetallic  precipitation in  ferritic phases. Moreover,
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Microstructure evaluation of austenitic fusion zone reveals
essentially a dendritic ferrite in austenitic matrix. With regard to the
fourth sample, With regard to the fourth sample, fusion zone
presents a continuous casting structure.

5. Mechanical behavior

Microhardness

BM-304L FZ BM-X70
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—a— 52 (E2209)
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Fig.5 Microhardness profiles

The microhardness measurements are schematized relative to
solder center of the four samples. For the S1 and S3, there was an
increase in the microhardness of both the fusion lines and heat
affected zones (HAZ). These higher microhardness values in fusion
line are related to the higher Carbon content of 304L and X70 base
materials (Table 2), which produced a large amount of Carbide
precipitation.

In S4 fusion zone, Microhardness values is severly disrupted,
this can be explained by the presence of ferrite plates and martensite
lattices in this area.

As regards the austenitic HAZ of samples, Austenite grain
growth increased from small ratio in S2, and S3 to big ratio in S4,
this phenomenon can be explained by cooling rate and solubility
modes of filler metals in 304L SS (Table 5).

The fuzion zone of S2 is characterized by balanced level of
microhardness. Otherwise, In the other samples, microhardness is
characterized by high level values.

A brittle microstructure was formed in FZ-S4, which contains
primarily large ferritic plates (about 27um) surrounded by lamellar
martensite. This can be explained by the strong instability in
microhardness values with the presence of intermetalic inclusions
which were found in fusion zone (dark spots in FZ-S4, Table.5).

In fusion line of 304L SS, there is a similar properties of
microhardness of duplex filler metal and austenitic filler metal, this
is due to the presence of same nature of phases which formed
during TIG welding, these phases consist principally of delta ferrite
and Secondary austenite. The inclusions also were found on fusion
line of 304L SS.

Tensile test

The tensile strength of joints has been evaluated. In each sample
three specimens were tested, the tensile strength and their
elongation are mentioned in Table 6.
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Fig.6 Broken specimens

The Ultimate strength and elongation of S1, S2, S3 and S4
specimen are shown in Table 2. therefore, the tensile properties
change significantly with the filler metal nature, which can be
attributed on one hand by the Difference between the four
microstructures of fusion zones, and on the other hand by the
joining zone, which is influenced, primarily by connection zone
(FZ/HAZ), and in secondary consideration: by austenitic grain
growth (in HAZ-304L) and ferritic grain growth (in HAZ-X70).

Among the different testes, a duplex filler metal clearly gives a
better combination of strength, ductility compared to the other filler
metals (Table.6).

Table.6: Tensile properties of the weld joints

Sample S1 S2 S3 S4
O (MPa) 522.40 642.02 671.77 487.13

€ (%) 15.1 14.8 11.8 9.3
Location of

fracture MB(X70)  MB(X70)  BM (304L)  BM(X70)

: o _iL__!‘__.\.._
um D96 %600 100 um

Fig.7 SEM fractographs (X70 in the right)

Examination of the fracture surfaces of the broken mechanical
test specimens showed that Transgranular brittle failure and
intergranular ductile failure occur in 304L-S3 specimen, which
contains Clefts and river forms, with the presence of several crack
arrest lines.

The fracture surface in X70 base metal indicated a ductile
failure with granular aspect, which is consistent with significant
ravelling of material. Therefore, ductile cleavage indicates that
cracks growth phases were relatively slow compared to S3
specimen.
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Charpy impact
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Fig.8 Measurements of Charpy Impact

The impact tests presented in figure 6 indicated that the
combination of impact resistance (K) in second sample (S2) is
better than the other samples. However the lower energy was found
in S4 fusion zone. Furthermore, it is also apparent that
homogeneous bimetallic joints have excellent impact properties
(low Carbone fusion zone with X70 base materials and stainless
fusion zones with 304L base material) compared to the
heterogeneous joints.

6. Conclusion
Based on the results obtained, it was possible to conclude that:

Duplex filler have a good weldability with 304L SS/ HSLA-
X70 dissimilar joints compared to austenitic low Carbone filler
metal by medium energies of TIG process.

This study investigates the effects of filler metal composition on
304L SS/ HSLA dissimilar welds and the formation of
microstructures at various weld zones of different filler metal
composition, Variation in morphology of microstructures across the
fusion zone and heat affected zone is evident within solder.
Microhardness profiles charpy test tensile test are made and linked
with the formation of the microstructures in different weld zones.

As regards the mechanical behavior, At Samples welded by
filler metals, there was an increase in the hardness of both the FZ
and the HAZ with the best characteristic given by duplex filler
metal. This filler metal combines between improvement in
maximum tensile and amelioration of impact resistance.

In welded sample without filler metal, we find a significant
decrease in mechanical properties. That phenomenon can be
explained mainly by existence of ferrite slabs and martensite lattices
in fusion zone.

To understand more realistically the application of dissimilar
weld joints in industry, electrochemical tests will be very important
to evaluate the resistance of weldment against corrosion
degradations.
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