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ABSTRACT

The study has compared the effects of shielded metal arc welding process on some mechanical properties of duplex
stainless steel. The samples were welded and given post weld heat treatment which in lubricating and neem ails.
After the analyses, it was established that duplex stainless steel can be weld successfully using shielded metal arc.
Both engine oil and neem oil can serve as quenching medium for post welding heat treatment of duplex stainless
sted. It was also noted that the heat treatment improved some mechanical properties of the alloy after welding,
stress relief heat treatment gives better strength, compared to those that were quenched in lubricating oil and neem
oil but thereverseisthe case in terms of toughness.
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INTRODUCTION

Duplex stainless steels are two phase alloys basethe iron-chromium- nickel system. These alloysually
comprise of equal proportions of the body centarebic (BCC) ferrite and face centered cubic (FCG3tenite
phase in their microstructure and generally havedarbon content as well as additions of molybdenuitnogen,
tungsten, and copper. Typical chromium contentgedrom 20% to 30% by weight, nickel ranges from te?40%
by weight. [1]

Duplex stainless steels solidify as 100% ferritat, &bout half of the ferrite transforms to austemitring cooling
through temperatures above 1040°C. This behaviaci®mplished by increasing Cr and decreasing Niect as
compared to the austenitic grades. [1]

Duplex stainless steels are increasingly used raststal materials in building and architecture dese of their
exceptional mechanical properties. Their room tematpee yield strength in the solution annealed ¢@dis more

than twice that of standard austenitic stainlesslstnot alloyed with nitrogen. Over the last fegans, they have
started playing an increasingly important role fre tconstruction of bridges, wherever specific eminental

conditions combine with the need for high load-barcapability. Duplex stainless steels are mos#iected

because of their combination of high strength adosion resistance. Their full potential is usedbications where
the material comes into contact with salt watenvbere high concentrations of chlorides are presetite ambient
air or where de-icing salts are of a concern.
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Other researchers have carried out different ssudie different grades of duplex stainless steehabawski and
Krzysztofowicz[22] studied the influence of welditigermal cycles on corrosion resistance of duplainkess steel.
The susceptibility of heat affected zone (HAZ) ofptex stainless steel weldments to stress corragiacking was
investigated. Corrosion tests were performed with tise of slow strain rate test technique in bgilvigCl,
corrosive environment. Nowacki, and Rybicki [21]ponked on the corrosion resistance of SAW dupleinkss
steel Joints welded with high heat input. Their awas to find out if the welding heat input exceeditne
recommended value (2.5kJ/mm) will have any negativgact on the strength properties of the executeldled
joints as well as description of influence of treahinput of submerged arc welding of duplex staslsteel UNS
S31803 on welded joint microstructure, particulalyerage value of ferrite volume fraction, mechahproperties
and corrosion resistance. The exceeded heat inmed were 3.0kJ/mm,3.5kJ/MM,4.0kJ/mm, 4.5kJ/mm and
5.0kJ/mm. Their findings were based on the perfartests and their conclusion is that according k/ORules the
welding heat input exceeding the recommended valhass no negative impact on the strength propeties
corrosion resistance of the executed joints. It alsowed that submerged arc welding of duplex letssénsteel with
heat input from2.5kJ/mm up to 5.0kJ/mm has no megatfluence on the properties of the joints.

With all their afore-mentioned favorable propertigeey still fail mostly at the weld points whichrtbe as a result
of the welding process, process variables usedladavelding environmental contamination. Hences tieisearch
work is targeted to verify the effect of weldingopess and heat treatment on the mechanical prepertiduplex

stainless steels. The mechanical properties thratt@ambe investigated are; tensile strength, imgaeingth and

hardnessas we already know that the durability of a weld&dcture directly depends on the resulting meician
properties after welding. This work will also loal the effect of stress relief, quenching and hairde heat

treatment methods on the mechanical propertiesipled stainless steel.

MATERIALSAND METHODS

MATERIALS.

Duplex stainless steel was the major material dsedhis research work which was sourced locallypaiiding
materials market Jos, Nigeria, while its chemiaahposition (see table 2) was determined at NatidMehllurgical
Center Jos using the XFR test. Other materials Weat used are: lubricating oil 85W90, neem oigctbde
E308L-16 and Nertalic 50 wire electrode which highér nickel content than the base metal, and atcha

METHODOLOGY

2.2.1 PRE-WELDING SAMPLE PREPARATION.

The duplex stainless steel of 10mm diameter waimtwequal pieces (samples) of length 100.2mmsé#mples fro
welding were further cut into two equal parts ealshmfered to produce 30° half groove angle on aewith the
aid of a milling machine, leaving a root face of@neach. The butt joint welding method was impleragnas
illustrated in fig. 1
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Fig. 1joint preparation for V-groove welding [1]
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Samples were cleaned of dirt and oil and a grindivegghine was used to grind the surfaces of sangples to
welding in order to have smooth and uniform surgaaecording to Dauda [23].

2.2.2 Welding procedure.

The shield metal arc welding processes were useetlid over one hundred samples. They were laidncangle bar
with their beveled edges parallel and facing eatttero leaving a root face and root opening of 2mithvan

included angle of 60° then an arc was struck. Titst head was laid down at the root of the joinetsure equal
fusion in both rods, before the second bead wastte first bead was allow to cool down to abou@’Ta Any slag
noticed was removed before an additional bead aids The welding parameters are shown in tableh&. flumber
of passes used was two on each of the sampleetioad pass was to fill the grove and to producewarc.

Both welded samples were cleaned of dirt and dik §rinding machine was used to grind the surfatessamples
after welding in order to have smooth and unifornfaces.

Table 1: welding parameter

Electrodetype | Electrodediameter | polarity | Current | Voltage
E308L-16 3.2mm DCEP 60A 400V

2.2.3. Post-Welding Thermal Treatment.

Two post thermal heat treatments were adopted viz:
i) Stress relieve annealing

i) Hardening by quenching.

2.3.3.1 Stress-Relieve annealing

This treatment was done by heating the samples &orbient temperature up to 600°C, and then soakéuisa
temperature for 30 minutes. After which they weeenoved from the furnace and air cooled back to antbi
temperature.

2.2.3.2 Quenching and tempering.

Samples, that had been previously stress reliexgrd again heated to the temperature of 900°C améined at
this temperature for 30 minutes, they were thegldyiremoved and plunged into a can of engine oNeem oil at
room temperature. The guenched samples were tethplerely by reheating them to 300°C and alloweddak for
30 minutes, after which they were removed fromfthreace and allowed to cool to room temperaturaiin

2.2.4.Mechanical test procedure

2.2.4.1. Tensilestrength test.

Tensile strength indicates the ability of a composnaterial to withstand forces that pull it apastwell as the
capability of the material to stretch prior to tai#. Tensile tests were carried out using a HoalisiTensiometer,
with maximum load of 250KN. The standard samplesewmounted by their ends into the holding gripsthe

testing apparatus.

The machine is designed to elongate the sample@tsiant rate, and to measure the instantaneqlisé&poad and
the resulting elongations simultaneously usingxeresometer. Samples were prepared as shown 2 figcording
to BS18 standard.

Cross-sectional area A

‘ Radius '
Sy . - —— ) _-
- o )
Gauge length

F= applied load

_ Le
Minimum parallel length

Fig. 2 Standard samplefor tensiletest
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Proportional sample (BS18) are given by the retesiip

Lo=5.56VA. Since A=d*/4, thenVA=dVn/2=0.88d. Thus §=5.65X0.88d5d [24]

2.2.4.2.Charpy Impact Test

Charpy Impact tests were conducted in accordantle ASTM A370 “Standard Methods and Definitions for
Mechanical Testing of Steel Products”, and ASTM E2Zandard Method for Notched Bar Impact Testirig o

Metallic Materials”. The Charpy V-notch samples,edsin this evaluation, were machined according hte t
specification in ASTM E23 as shown in figure below.

20"
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t 107) eads
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Fig 3 standard samplefor charpy impact test

2.2.4.3. Hardness Test.

The hardness values of the samples were deterna@nearding to the provisions in ASTM E18-79 using th
Rockwell hardness tester with a 1.56mm steel lmalémter, minor load of 10Kg, and major load of 1§0&nhd
harness value of 56.4HRC as a standard block. Bdfa test, the mating surface of the indentemg®u rod and
the test samples were thoroughly cleaned by rengatia dirt, scratches and oil.

2.25Microstructural Analysis

2.2.5.1. Surface preparation

The surfaces of samples for metallographic exarnunaivere ground and polished. The grinding proosas

performed using silicon carbide papers of varyinigsgstarting with the coarsest grit size of 120b&quently grit
size of 240, 320, 400 and 600 were used. The grindias done wet with the aid of a lubricant. THaricant were
applied intermittently to prevent overheating af gample and to provide a rinsing action to flushyathe particles
being removed from the surface.

Polishing was carried out using a silicon abragiMerm of a very fine powder (1000 grit). The poavdvas applied
to a wet polishing wheel rotating in the clockwidieection. The samples were polished by rotatirgnthin the
direction opposite to the direction of rotationtbé wheel. This resulted into a shiny, scratch fedace ready for
etching and microscopy.

2.2.5.2. Etching

Etching was done to expose and make visible thega the samples structural characteristics utiiedifferent
conditions of heat treatment, as received and ddedeThe etching was done using 10cc of HCI, 3biOkland
100cc distilled water.

2.2.5.3. Scanning Electron Microscope Analysis

Samples after preparation (grinding, polishing &tching) were attached to multi-stub sample hoidih the use
of double sided conductive aluminum tape, aftercwhthey were mounted onto the sample chambergewhé
column was put at vacuum. After reaching the vacuarget, the electron gun was switched on whiclsg@dsn
accelerating voltage of 20kV and probe current2fA through the samples at a working distance.@iv and
6.0mm.

Micrographs of the Samples were taken at two diffeipositions viz; the fusion Zone (FZ) and thetleftected
Zone (HAZ). The scanning electron microscope (SEHWQO MA-10 manufactured by Carl, was used for the
analysis at Sheda Science and Technology ComplaxjaANigeria.

193
Pelagia Research Library



Ibrahim Tanimu et al Adv. Appl. Sci. Res., 2013, 4(5):190-201

2.3. SamplesLabeling
The samples after preparation were labeled aswsllmefore testing them; this is also referred tthandiscussion of

results.
Table2: SamplesLabeling

Sample B | Sample that was welded with SMAW method

Sample B | Sample that was welded with SMAW and Quenchedi&M oil (heat treated
Sample B | Sample was welded with SMAW and Quenched in Engilfeeat treated)
Sample B | Sample that was welded with SMAW and undergo StRedief heat treatment
Sample C | As received or Control

RESULTSAND DISCUSSION

3.1. Chemical Composition of Research Material
X-ray florescence test was used to determine theabchemical composition of the research mateTiable below
shows the results of XRF test carried out on thteria as received from the manufacturing company.

Table 3: Research Material Chemical Composition

Element C Si Mn P S Cr Ni Mo Al

%by wt | 0.02-0.05] 0.234 1.57 0.036 0.082 >9.96 ©6/60.342| 0.011
Element \ W Pb B Sn n As Bi Ca
%by wi 0.10¢ 0.03¢ | >0.00: | <0.000% | 0.01Z2 | 0.02¢ | <0.00! | 0.00¢ | 0.001*
Elemen Cu Ca Ti Nb Ce zr La Fe

%by wt 0.302 0.132 0.011 0.046 0.031 0.0015 0.00489.6

The results of the research material chemical caitipa as shown on table 3, prove that the matéiaktually a
duplex stainless steel. This is due to the presehbégh percentage composition of iron (Fe) askihee material,
chromium (Cr), Nickle (Ni) and manganese (Mn) agamalloying elements, low percentage of Carbon &89

other trace elements. This is in close agreemetit thie chemical composition of Duplex stainlesslstgade
(www.azom.com)

3.2. Scanning Electron Micrograph of the Samples
The micrographs of the samples, as taken by scgrh@ctron microscope, are presented in plates1-5;

EHT = 20.00 k¥ Signal A = VPSE G3 Date :14 May 2012 - EHT =20.00 kv Signal A =VPSE G3 Date :14 May 2012
WD = 9.0mm Mag= 1.03KX Time :12:13:00 WD = 9.0mm Mag= 1.03KX Time :12:19:17

(a) ‘ (b)
Fig.4 (@) Micrograph of the Fusion Zonefor Sample B (b) Micrograph of the Heat Affected Zone for Sample B
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EHT =20.00 kv Signal A= VPSE 33 Date :14 May 2012 - EHT=20.00 kv Signal A=VPSE G3 Date :14 May 2012
WD = 95mm Mag= 1.00KX Time :12:24:30 WD = 85mm Mag= 1.00KX Time :12:28:42

(@) (b)
Fig.5: (a) Micrograph of the Fusion Zonefor Sample B1(b) Micrograph of the Heat Affected Zonefor Sample B1

EHT=2000kV Signal A=VPSEGS  Date :14 May 2012 EE EHT =2000kY SignalA=VPSEGS  Date :14 May 2012
WD=100mm Mag= 100KX Time :1255.24 — WD =10.0mm Mag= 100KX Time :1258:39

@ (b)
Fig. 6: (a) Micrograph of the Fusion Zone for Sample B2 (b) Micrograph of the Heat Affected Zonefor Sample B2
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B3_FZ
EHT =20.00 kvV Signal A=VPSE G3 Date :14 May 2012 - EHT =20.00 kv Signal A = VPSE G3 Date 114 May 2012
WD =100mm Mag= 1.03KX Time :12:42:24 WD =10.0mm Mag= 103KX Time :12:51:51

(a@ (b)
Fig. 7: (a) Micrograph of the Fusion Zone for Sample B3 (b) Micrograph of the Heat Affected Zonefor Sample B3

EHT = 20.00kV Signal A =VPSE G3 Date :14 May 2012
WD = 9.5 mm Mag= 1.00KX Time :10:34:39

Fig. 8: Micrograph for Sample C

SEM was used to study the morphology of all thededl and as received samples. Fig. 8 shows the SEM
micrograph of as received sample. Fig. 4-7 shoe<StiM micrograph of the Welded and heat treategkemn

Morphological analysis using SEM clearly shows efiéince in the morphology of the heat affected zome the
fusion zone, showing the grains of the heat aftbeene to be coarser than that of the fusion zeee {ig. 4a and
4b). The microstructure clearly shows that therd & great influence of this change in morpholdgythe

properties of the welded samples.

The microstructure of the as received sample shafirse grain boundary and an indication of a bditending of
the parent material and the alloying elements fige®). From the SEM micrograph, there exist aajreariation in
morphology of the fusion zone and heat affectecezon same sample. This is due to the differend@éncooling
rate of the two zones. (Compare Plate 4a & b, %aefc).

Finally, the grains sizes of the heat affected Zonsamples B2 are shown to be finer as comparedhter samples
in the group. This is expected to give them bgiteperties in their group. The basic informationaited from the
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SEM micrograph is in agreement with observatiorisedh by other researchers [4-6, 27], while theti@iahip
between the microstructure and the properties ef developed composite agrees with conclusions bérot
researchers [7-10, 27]

3.3. Mechanical Properties of the Samples
3.3.1.Tensile Properties of the samples
The results of the tensile tests carried out orstmaples are recorded in table 4 and fig 4 and 7.

Table4: The Tensile Tests Resultsfor Samples

AreaA, = 7.85 X10° Gauge Length I, = 50mm
Sample Maximum Load | Tensile Strengthl Elongation| Strain

(KN) (MN/m2) (mm) (%)

B 66.6 848 19.65 39.3

B1 44 .4 566 31.75 45.3

B2 47.2 601 34.80 69.6

B3 52.2 665 18.10 36.2

C 79.€ 101C 35.0( 70

The comparison of the tensile strength of sampldstive as received one is shown in Figure 8.
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B. B, B2 B C
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Fig. 8: Tensile Strength for Group B as compared to Control C
The comparison of the percentage elongation (Stadithe samples with the as received one is shaviAigure 9.

The results of the tensile test carried out onstiraples, as recorded in the table 3 above showsctraying out of
post welding treatment increases the ductility leé samples, thereby making the materials to beh&ugnd
decrease their tensile strength. The results dsav ghat, treating the samples in engine oil aftetding highly
increases their ductility, making them to have kfgthelongation in their group. This can be assedi&b the fine
grain size as revealed by the micrograph, comparéubat of other samples in the group (see Pla&n8z3b)

The results also shows that samples that understesys relief treatment after welding had highasite strength,
next to those treated in engine oil, while thosatied in neem oil had the lowest in their grotipe results obtained
from the tensile test of the material are in agremvith those obtained by other researchers [112850]
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Fig. 9: Percentage Elongation for Group B as compared to Control
3.3.2. Impact Properties of the samples
The results of the impact test carried out on #maes are summarized in table 4.
Table 4: The Impact Tests Resultsfor Samples
Average Energy] Average Energy,
Sample (ft pound) Joules (J)
B 109.6¢ 148.7(
Bl 110.81 150.26
B2 115.06 156.02
B3 109.99 149.14
C 120.00 162.70
165
S 160
>
20
@ 155
c
(1T}
=)
s 150
o
£
145
140
B1 B, Bs B C
Sample

Fig. 10: Impact Energy for Group B ascompared to Control

Pelagia Research Library

198



Ibrahim Tanimu et al Adv. Appl. Sci. Res., 2013, 4(5):190-201

The comparison of the impact energy for group Bamwith the as received one is shown in Figure 10

The results of the impact test carried out on #eEes as recorded in Table 4 and as shown inOfighbws the
impact energy absorbed by B2 samples that werettesed in lubricating oil are close to that o ts received
sample which absorb 162.70J before it fails negtthose that were heat treated in neem oil.

Also, the results show that samples that are weld#dtbut heat treatment absorb less impact endrgg those
welded and heat treated. The variation in the imhpsst results is in agreement with variation daitkelongation
at failure during tensile test and the hardnessdasyout. The result obtained from this testisigreement with
those obtained by these researchers, [2, 25-26, 31]

3.3.3.Hardness Number for the samples
The results of the hardness test carried out osdhgples are summarized in table 5.

Table5: Har dness Number for the samples

Hardness value (HRA) Hardness value (HRA
Sample £z HAZ
B 52.3 61.3
B1 50 58.2
B2 46.9 58.3
B3 51.3 58.9
C 65.8

The comparison of the hardness number for grougnBptes with the as received one is shown in Figdre

Chart Title

mFz

B HAZ

Hardness Number (HRA)

Fig. 11: Hardness Number for Group B ascompared to Control C

The results obtained from the hardness test shawttie hardness numbers of the treated samplesr diitfm

those obtained from samples that are not treagguknding on the kind of treatment carried out amtl{see Fig.
11), those that were heat treated oil are softerpared to those that were not heat treated. Thenkas number
of samples that are treated in lubricating oild&/ér as compared to other treated samples in thepgfThis is
expected since the softer a material the higheatutgility thus its toughness. The result also iiepkthat treating
the welded samples in lubricating oil increasedr tthectility and decreases their hardness.

The variation in the hardness number of the samgdes agrees with observations made by other reseaf16-
19].
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CONCLUSION

From the analyses carried out on the samples andisbussions, following conclusions were drawn:

[1] The tensile test, impact test and the hardnessshests that welding has a negative effect on thehagical
properties of this alloy while the heat treatmenpioved some of the mechanical properties like ilitycand
impact energy.

[2] The duplex stainless steel can be welded succhssiihg shielded metal arc depending on the agfitio or
service life which the material will be subjected t

[3] Both engine oil and neem oil can serve as quenamiedium for post weld treatment of duplex stainkste®l.
But engine oil gives better results compared tomet in terms of toughness, elongation, and tensiitength.

[4] Tempering after quenching improved the mechaniczpgrties of the alloy.
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