Proceedings of COBEM 2011 21* Brazilian Congress of Mechanical Engineering
Copyright © 2011 by ABCM October 24-28, 2011, Natal, RN, Brazil

SHIELDING GAS INFLUENCE ON THE DUCTILITY OF STABILZED
FERRITIC STAINLESS STEEL WELDS

Demostenes Ferreira Filho, demostenesferreira@furg.br

Ruham Pablo Reis, ruhamreis@furg.br
Federal University of Rio Grande-FURG, EE, AlfredocdHu475, CEP 96201-900, Rio Grande-RS, Brazil.

Valtair Antonio Ferrares, valtair f @mecanica.ufu.br
Federal University of Uberlandia-UFU, FEMEC, Cam@asita Monica, Bloco M, CEP 38400-902, Uberlandia-Bzil.

Abstract. Ferritic stainless steels are not characterizeddmypd weldability. Wires made of austenitic stasslsteels
are usually applied to join ferritic materials bacse of the good mechanical resistance, tenacitydardlity reached
by austenitic weld metal. However, novel ferritigisless steel wires, stabilized with Nb and Tiyéndeen developed
to tackle the target of matching the required mexdte properties and reducing the costs of ferrgtainless steel
welds. However, the characterization of these waescerning weldability aspects (operational andtatiergical)
has not been accomplished yet. Thus, the aim ®fatbik was to study the influence of the shieldjag composition
(pure argon and combined with,@r CO,) on the ductility loss in ferritic stainless stesites stabilized with Ti and
Nb. It was found that Nb promotes a better stadtilin than Ti does when increasing the gfaction in the shielding
gas.
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1. INTRODUCTION

The use of stainless steels has been nowadays psé@dekin a number of industry sectors. In the aotom
industry, for instance, in general, the parts ef éxhaustion system are composed of tubes andsb{atdmped metal
sheets) that usually are welded and have ferritimless steels as the main base material, ofted irsthe whole
system. According to Alves et al. (2002), the méarritic stainless steels used in the hot portidnaotomotive
exhaustion systems are the AISI 409 and 441. Orotther hand, in the cold portion, the AISI 409, 48%1 436 are
normally utilized.

Faria (2006) states that automotive exhaustioregystwent through a number of changes along th@@agears as
a consequence of more restrict pollution policiesds for longer durability and higher engine &fficy and reduction
in weight and costs.

Stainless steels used in the hot parts of autom@ihaustion systems, according to Sekita et @04® must be
refractory, have Niobium additions, contain highevels of Molybdenum and the their Silicon amouat ho be
optimized. The same authors also mention the irapo# of having a good formability in such hot parts

Renaudot et al. (2000) state that the welding dfitie stainless steels with filler metals also reagf ferritic
stainless steels minimizes the metallurgical disooity around the weld bead and promotes a beittetallurgical
compatibility between the base metal and moltenezdue to the small differences in microstructure #mermal
dilatation. The authors point out that the ER409Mlbr metal has been utilized since the 90’s foelding low-
Chromium ferritic stainless steels. Tests carriedl with this wire resulted in welds with good gedrjequality,
ductility and resistance to intergranular corrosion

Ferritic wires might contain different elements threir chemical composition such as Titanium, Niobiand
Aluminum, as a way to improve mechanical propersied resistance to corrosion of the weld jointsi bt al. (2003)
tested three types of non-commercial filler metalade of stabilized ferritic stainless steels tm algeld ferritic
stainless steels; one stabilized with Titanium, etebilized with Niobium and Aluminum and anothereowith
Niobium, Titanium and Aluminum. The authors verifi¢hat the presence of Aluminum, Titanium and Nioiviin
adequate fractions is able to produce molten zuiithsfine grains and, therefore, better mechanicaperties.

Madeira (2007) compared the results of the ER4230iti ER430LNb using Ar+2%02 as shielding gas. Heedt
a higher penetration if the ER430Ti is used. Thaktplace for the same welding setting (voltage witd feed rate) in
the power source and higher current levels werelatdor the same fusion rate compared to the oflirer. It was
concluded that this higher penetration is relatethé higher electrical resistivity of the ER4304iie in relation to that
one found in the ER430LNb wire. Electrical resigyiwalues were measured by Resende (2007) in gamtive
manner for the ER308LSi, ER430Ti and ER430LND ffilkeetals. He noticed that the first two wires hadistivity
values relatively similar. The third wire, howevlad lower resistivity levels. From the same refees a comparison
was made regarding the weld beads produced with3BR4and ER430LNDb. It was observed that the welddbe
appearance resulted from the ER430Ti utilizatiors wignificantly inferior (lower wetability and sugfieial quality).
This fact was mainly linked to the ER430 superficcaighness, which resulted in an irregular feeding
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In spite of the references presented above, tlsestlii lack of information concerning the weldétyilof ferritic
stainless steels. Thus, this work intends to stbhdyinfluence of some types of shielding gaseshenwelding process
of two bi-stabilized (by Titanium and Niobium) féit stainless steels using filler metals also mafiterritic stainless
steels. The resultant weld ductility was evaluatedugh a formability test for different shieldiggses and three filler
metals.

2. MATERIALSAND EXPERIMENTAL PROCEDURE
The material chose to work with was the AISI 441 ieing largely used in hot parts of automotive adtion
systems. This ferritic stainless steel has medilmo@ium percentage and it is bi-stabilized by Nimbiand Titanium.

The base material used in this work was donatedrbglorMittal and the company was responsible fer themical
composition analyses (Tab. (1)), which were cardetusing optical spectometry.

Table 1. Base material chemical composition (dada@ided by ArcelorMittal)

MB Cr C N Ti S Nb ATi AND
AlSl 441 18,010 0,014/ 0,009 0,130 0,001 0,560 0,080 0,490

By using the stabilization equations for a bi-diabd (by Niobium and Titanium) ferritic stainlesteel elaborated
by Fujimura; Tsuge (1999), presented by Eq. (1) Bqd(2), the stabilization level&Ti and ANb) were calculated.
The stabilization values were similar for both Nioh and Titanium.

ANb = [Nb]- (0,7x7,74[C]) @

ATi = [Ti]- 3,42[N]- (0,3x4[C]) 2
Two ferritic stainless steel filler metals with Infim in diameter were used; one stabilized by Titlam{ER430Ti)

and one stabilized by Niobium (ER430LNb). Both wikgere donated by ArcelorMittal, which was alsgpmssible for

the chemical composition analyses by humid techmidab. (2) presents the results of such analyses.

Table 2. Chemical composition of the filler wiresed (data provided by ArcelorMittal)

Element C N Cr Mn Nb Ni S S Ti
ER430Ti | 0,108| 0,014| 17,450 0,650| 0,001| 0,400 | 0,002| 1,040/ 0,350
ER430LNb | 0,027| 0,014| 17,660 | 0,425| 0,440| 0,440 | 0,004| 0,430| 0,004

By using the stabilization equations for the ER4i30ife, the Titanium gradient was found to be nagafATi = -
0,130), that is, in this wire there is no suffididimto be combined with all C and N present, mainlth all the C due to
its high percentage. On the other hand, the ER480h&H a positive Niobium gradientA({b = 0,123), that is, this
wire has more stabilizing elements than enoughréognt the formation of Chromium carbides or resiand/or avoid
the presence of interstitial elements in solid sofu (capable to form austenite at high temperajuré&hus, it is
possible to notice that the ER430LNDb filler metalsha superior stabilization in relation to the E®Hi3one. This
means that the ER430LNb is the most likely suitatite for situations with high presence of Carbod/ar Nitrogen.

Five commercial gases were donated by WhiteMasmims used throughout the tests to have similar tiondi
found in the automotive industry; Ar, Ar+2%0Ar+4%CQ, Ar+8%CGQG, and Ar+25%CGQ. A multi-process power
source was used and details of the experimentakpige can be found in Ferreira Filho et al. (2009)

The welding samples were taken from butt-weldedeplaPlates made of the same joint material weeel as
backing as seen in the illustration in Fig. (1).

S
el

Figure 1. Configuration of the welding samples
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The formability test was carried out on the weldefand root three times for each welding condiselected. This
test was based on the ABNT NBR 5902 (1980) stand&reterminacéo do indice de embutimento em chapas;de
pelo método Erichsen modificadeig. (2) presents a schematic representatioheottoss-section of the device used in
the Erichsen test. Although the equipment did raatehthe recommended dimensions for the standardttess used
anyway, as the main objective of the formabilitstteras to develop a comparison for the welding dant selected.

D
9807 N d

_— - 9807 N

e
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N

Figure 2. Cross-section of the device used fofdhmability test

Another important factor specified by the standast is that a 9.807 N must be applied on the pkddahe device
used for the formability test in this work has Bmits to fix the welding sample, a torque meter wilized in order to
check all the bolts and normalize the tests, astithted by Fig. (3). The torque applied to each Wwas calculated
based on the standard in a way the plates were timel@ressure specified.

Figure 3. Torque meter used to normalize the presspplied on the welding sample before the forfitgtiest

The welding samples had 100x100x2 mm with the vibeldd always in the center. The holes drilled onplages
had larger diameters than the fixing bolts to allemtralization of the weld bead in relation to pumch.

Vaseline was used to lubricate the plate/punchrfate as it produces a situation similar to polykghe.
According to Madeira (2007) and Yasuda et al. (398hen polyethylene or a similar lubricant is usélde
participation of the molten zone in the deformatwacess is more effective than using substankegliease.

By using the formability test, information of theeld joint ductility is collected. Amongst the metisoused to
measure this ductility, some can highlighted witth af Fig. (4); maximum force (MAX), maximum disglement
(DMAX) that the punch had until the force startsfédl and the energy needed to accomplish the tekich is
calculated by the area (A) below the force versgputisplacement curve. All these methods were irséds work.
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Figure 4. Force versus punch displacement curvthéoformability test and maximum force (MAX), menim

displacement (DMAX) and energy (A) parameters

3.RESULTS

Tab. 3 presents the mean values and the correspoetidard deviations for the maximum force, maxim
punch displacement and energy absorbed during dimability tests with the AISI 441 base metal anithwihe
ERA430Ti filler metal. Tab. 4 presents the formapilest results for the ER430LND filler metal.

Table 3. Mean values and the correspondent stamnldaidtions for the formability test parametershviiie AISI 441
base metal and ER430Ti filler metal

Disp. D
Shleldlng gas Side Fmax [N] D. Fuax 10-3 o E [J] D.E
[m] Disp.

Ar Face 48860 1764 15,6 0,6 371 44
Ar+4%CG0, Face 22019 1571 8,2 0,4 8l 10
Ar+8%CQ0, Face 6479 1909 3,5 0,9 1p 5
Ar+25%CG0O, Face 4676 1132 2,2 0,8 7 3

Fuax = mean maximum force; Disp. = punch displacemént;energy; D. = standard deviation

Fig. (5), Fig. (6) and Fig. (7) present graphiaufesfor the ER430Ti filler metal. As seen, all taetors analyzed
had similar tendencies as the shielding gas wasgelthand the weld beads had lower values thanabe fmetal for all
the cases, fact also observed by Hunter; EagarOjl&awhill; Bond (1976) and Redmond (1977). Theapeeters
analyzed fall as the carbon dioxide fraction préseithe shielding gas is decreased, that is, treeeefall in the weld
bead ductility. This was more evident for the dliied) gas containing 25% of carbon dioxide. As shibg Ferreira
Filho et al. (2009), if the carbon dioxide fractionthe shielding gas used with the ER430Ti filleetal is increased,
there is a micro-hardness increase, a grain sizeedse, an increase in the number of precipitatds far 25% of
carbon dioxide, formation of martensite. All thigeets justify the ductility fall tendency observidthe weld beads.
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Table 4. Mean values and the correspondent stamigaidtions for the formability test parametershvitie AISI 441
base metal and ER430LND filler metal

o . Disp- | p
Shielding gas Side | Fyax [N] | D. Fyax }%}3 Disp. E[J] D.E
Ar Face| 36063 | 6121| 11,71 1,5 181 55
Ar Root | 29688 6901 10,5 1,4 142 61
Ar+2%0, Face 36771 13241 12,5 2,9 244 106
Ar+2%0, Root | 23507 23616 8,6 6,9 158 235
Ar+4%C0; Face| 30202 16777 10,6 41 203 125
Ar+4%CGO, Root 32537 13936 11,3 3,8 207 141
Ar+8%CGO, Face 20191 9038 10,2 0,3 101 33
Ar+8%CGO, Root 20822 0 7,9 0 99 0
Ar+25%CG0, Face| 23390 2482 9,5 1,1 107 27
Ar+25%CG0, Root | 28135 7969 10,3 1, 130 54

Fuax = mean maximum force; Disp. = punch displacemEnt;energy; D. = standard deviation
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Figure 5. Maximum force applied by the punch indion of the shielding gas used with the AISI 44k metal and
ER430Ti filler metal
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Figure 6. Punch displacement in function of thekling gas used with the AISI 441 base metal and3BRi filler
metal
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Figure 7. Total energy absorbed during the fornitghti#st in function of the shielding gas used wih AISI 441 base
metal and ER430Ti filler metal

Fig. (8), Fig. (9) and Fig (10) present graphicutessfor the ER430LNDb filler metal. All the factoemalyzed had
similar tendencies as the shielding gas was chaageédn all cases the weld beads presented lovieevshan the base
metal. In agreement with the results presentedénelfa Filho et al. (2009), that show no significahanges in the
weld bead microstructure and micro-hardness forctivaditions used, neither the face nor the roahefweld beads
showed any major variation of the factors analyagedhe carbon dioxide fraction was increased irsthielding gas. In
this case, as showed in Tab. (1), the filler metal an adequate stabilization. Besides this fastelFa (2005), Guida
(2006) and Hiramatsu (2001) state that the presehbBobium can increase the formability of feristainless steels,
making the deformation of the weld sample easier.
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Figure 8. Maximum force applied by the punch indiion of the shielding gas used with the AISI 44kd& metal and
ER430LND filler metal

18
16
14
32 -
10

for—!

. —g=Face
—f—Raiz
= MB

O N B O 0
I L

Punch displacement [mm|

Ars2%0, Ar  Ared%CO, Ar+8%CO, Ar+25%CO,

Shielding Gas

Figure 9. Punch displacement in function of thekshing gas used with the AISI 441 base metal and3PRND filler
metal
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Figure 10. Total energy absorbed during the forfitgliést in function of the shielding gas usedhiite AISI 441
base metal and ER430LND filler metal
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Fig. 11 presents the visual aspect of the cracksiroed during the formability test carried out metroot of
welding samples produced with the UNS43932 basalnaetd Ar as shielding gas for both the ER430Ti dail
ER430LNb (b) filler metals. As seen, the cracksktptace parallel to the welding direction at thdodmed portion
produced by the punch. On the other hand, for thkel Wweads produced with 25% of carbon dioxide ftheture took
place transversally to the welding direction, dssttated by Fig. (12). Madeira (2007) also notidmxth forms of
fracture in his tests and states that transversaks help during the formability test measuremeatshey ensure that
the ductility assessment is being carried outlierwelded region.

Figure 11. Visual aspect of the cracks occurreéhduthe formability test carried out in the rootvedélding samples
produced with the UNS43932 base metal and Ar addhg gas for both the ER430Ti (a) and ER430LNp (b
filler metals

Figure 12. Visual aspect of a crack occurred dutiiregformability test carried out in the root ofvald bead produced
with the UNS43932 base metal, Ar+25%CH3 shielding gas and the ER430Ti filler metal

4. CONCLUSIONS
Taking into account the results discussed aboeegcdinclusions can be summarized as:

» The weld beads produced with the ER430Ti filler aheresented a ductility fall (measured by the falitity
test) as the carbon dioxide fraction in the shigdjas was increased;

* In contrast, the weld beads produced with the ERNRCfiller metal did not show any significant chanm
their ductility (measured by the formability testgardless of the shielding gas and base met&ladtil
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