
TECHNICAL PAPER

The effect of purge gas condition on the amount of ferrite in tubular
AISI 304 stainless steel during welding

Laécio G. Galdino1,4 • Samuel F. Rodrigues2 • Clodualdo Aranas Jr.3 • Gedeon S. Reis2 • Valtair A. Ferraresi4

Received: 22 March 2018 / Accepted: 26 June 2018 / Published online: 14 July 2018
� The Brazilian Society of Mechanical Sciences and Engineering 2018

Abstract
The primary objective of the present work is to evaluate the influence of various commercial gases on the microstructure of

tubular AISI 304 austenitic stainless during welding. This was carried out using CO2, Ar, N2, Ar ? 25%CO2 and

Ar ? 2%O2 gases, which are common inert gases or mixture specified in numerous technical standards associated with

welding. These five gases were evaluated using flow rate range of 6–18 L/min. Different welding speeds, wire feed speeds,

shield gases (Ar ? 2% O2), distance nozzle contact pieces, voltages and currents were employed to validate the present

observations. The microstructures of the samples were evaluated along the cross section of the face of the weld using

optical microscopy. The samples were further analyzed by means of magnetic testing, which could provide information

related to the evolution of ferrite. The estimated phase fractions were then compared to the predictions provided by the

Welding Research Council (WRC-92) diagram. The optical microscopy images showed small microstructural variations

between the samples with different gas purge conditions, even when using the maximum gas flow rate. However, these

observations were inconsistent with the magnetic response of the material, which provided significant differences in the

phase fractions between the face and the root of the weld. The discrepancies between these two methods were analyzed to

evaluate the phases and consistently track the phase fractions after welding.
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1 Introduction

Optimization of industrial processes is one of the key

factors in maintaining and improving the quality of

numerous industry products. In metallic materials, there is

a constant search for improvement in its mechanical

properties and corrosion resistance [1]. This is also similar

in the field of welding of metals [2–6]. The behavior of

materials during welding can be significantly affected by

modifications in the fabrication processes. However, these

changes can result in sudden fluctuation in the cost and

quality, which identifies the competitiveness of the prod-

uct. In this line of thought, it is the objective of the present

study to evaluate the properties and behavior of the face

and root of a weld while protected with various gas purging

conditions. This work will benefit the continuously

increasing demand of these types of studies in the welding

industry in the past several years [2, 3].

During welding of stainless steel tubular components, it

is a common practice to use gas purging to protect the weld

during melting and solidification processes [3, 6]. The

presence of gas minimizes the high-temperature reaction of

the weld with air and other atmospheric impurities, which

affects the quality of the weld. Moreover, formation of

phases such as d-ferrite and its morphology must be con-

trolled, depending on the application of stainless steels

[7, 8]. Note that the properties of the tubular pipe, with
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special attention to the weld, are dependent on the type of

gas, the location of the gas outlet, the size of exhaust

system and gas pressure since these parameters affect the

effectivity of gas purging [9]. The root of the weld is a

critical part of the tubular joint due to various reactions

when heat is applied during welding [10]. For instance,

Wang et al. [11] demonstrated the effects of different

processing parameters on the microstructural growth

kinetics in a stainless steel weld, which could alter its

mechanical properties. Other studies focused on finding

cheaper alternative protective gas such as nitrogen, which

can also be mixed with argon, helium and hydrogen. These

gas mixtures are proven to effectively protect and improve

the properties of materials as shown by Westin et al. [12].

In their work, they demonstrated that small additions of gas

mixtures can effectively suppress oxidation in steels and

can affect the precipitation of Cr2N in the weld. These

precipitates are known to increase the corrosion resistance

of steels. Therefore, the optimization of gas purging con-

dition during welding can be an effective tool to improve

the corrosion properties of the weld [13, 14].

The primary objective of this work is to evaluate the

effect of purging gas condition on the amount of ferrite in

austenitic stainless steel pipes by using various gases and

gas mixtures during welding. This was obtained using

microstructural analysis, magnetic response measurement

of the samples using ferritescope and evaluation of Weld-

ing Research Council (WRC-92) diagram [15]. The present

results are expected to maximize the mechanical and

physical properties of the pipe joints during welding.

2 Experimental procedures

2.1 Materials

The test tubes (TT), which act as a base metal (BM), were

made of AISI 304 austenitic stainless steel. The tubes have

diameters and wall thicknesses of 60 and 2.77 mm,

respectively. The electrode wire (EW) is made of ER

208LSi alloy and has a diameter of 1.2 mm. The chemical

compositions of BM and EW are listed in Table 1.

A commercial mixture of Ar ? 2%O2 was used as a

protective gas atmosphere with a constant flow rate of

15 L/min. For gas purging, different gases such as CO2, Ar,

N2, Ar ? 25%CO2 and Ar ? 2%O2 were employed with

flow rates of 6, 12 and 18 L/min. Variation in the type of

gas was employed to determine the reaction of the

microstructure upon application of each type of gas. The

flow rate was monitored by using a digital flow meter

incorporated into the purge system device.

2.2 Welding device and gas purging system

The welding of the test tubes was restricted to position 1G,

with the torch remained fixed and vertically aligned to the

welded joint. The tube can freely rotate by means of

equipment developed for such purpose (Fig. 1). In the

injection of the gas purge to the system, a device was

developed that could be coupled to the rotation system of

the test tubes, so as to comply with the procedures defined

in AWS D10.4 [16]. The procedure for purge cycle consists

of pre-purge cycle, which is performed by purging out the

ambient air and by maintaining an adequate flow of gas to

protect the joint and other parts of the components that

have to be welded (Fig. 1a–e). The element (e) in Fig. 1

highlights the diffuser device for the gas purging developed

technically according to the characteristics of the equip-

ment and test tubes involved. This aimed to keep the purge

gas directly in the root throughout the welding.

The test tubes (TT) were made from two symmetrical

tubes, as shown in Fig. 2, with a bevel angle of 45�, width
of 35 mm and nose height of 0.5 mm. In order to avoid

overlapping effects of the injected gases, purge exhaust

holes were included at the end of the TT, equidistant with

respect to the weld. Modifications in the manufacturing

conditions of TT were made to avoid overpressure effects,

Table 1 Nominal chemical composition of the AISI 304 austenitic

stainless steel tube (BM) and ER 308LSi electrode wire (AE)

Materials Chemical elements and limit concentration (%)

C Mn Si Cr Ni Cu Mo N

BM 0.048 1.19 0.370 18 8 0.1207 0.083 –

EW 0.024 1.8 0.9 20 10.5 – 0.028 0.05

Fig. 1 Device for fixing and rotating the test tubes: a conical disks for
securing tubular parts with central hole for fixing device, b aluminum

tank with mercury connected to the earth cable, c electric motor with

transmission for system rotation, d motor control potentiometer,

e detachment from diffuse device to the purge
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in accordance with the quality maintenance practices rec-

ommended by Fletcher [2] and Ma et al. [9] for welds in

systems with purge system.

2.3 Welding parameters

The welds were made by gas metal arc welding (GMAW)

using STT� technology and automatic feeder. The torch

used in all tests had water cooling with maximum current

capacity of up to 450 A during welding. Using the program

126 for stainless steel welding, the electronic source itself

was limited to the settings of the base current—Bc, peak

current—Pc, feed rate—Fr, ‘‘tail-out’’, pre-flow time and

post-flow time.

A robotic mechanical arm performed the positioning and

adjustment of the torch in relation to the welded joint to

ensure the reproducibility of dimensional variables (i.e., 1G

position) [17] that could influence the welding process.

The parameters applied in the definite tests were: base

current—Bc = 160 A; peak current—Pc = 300 A; elec-

trode wire feed velocity—Fr = 4.54 m/min; distance con-

tact part nozzle—DCPN = 12 mm; and tangential welding

velocity—Twv = 50.1 cm/min.

2.4 Metallography and magnetic testing

The metallographic analysis of selected samples was con-

ducted according to the procedure defined in the ASM

International Handbook [18] and ASTM-E407-07 standard

[19]. The samples were cut, mounted and polished, fol-

lowed by etching using Villela’s reagent to reveal the

microstructure. The microstructural observation of fusion

zone (FZ) with various purging conditions was made using

a light microscope with magnifications from 200 9 to

1000 9. The area of interest for this analysis is highlighted

in Fig. 3.

The analysis of ferrite content was performed by means

of a portable ferritescope. The procedures adopted for this

work are described in Fig. 4. The schematic diagram of the

magnetic measurement method performed on the face and

root of the weld is shown in Fig. 4a. On the other hand, the

magnetic measurements in the cross section of the weld are

displayed in Fig. 4b. Note that the microstructures were

analyzed in the cross section of the weld. Both measure-

ments were performed perpendicular to the area of interest.

3 Results and discussion

3.1 Analysis of WRC diagram

By using the WRC diagram, the amount of phases in the

welded joint can be easily predicted which can provide

preliminary data for analysis. Once the dilution data were

obtained by means of macrographs of samples, A, B and C

as shown in Fig. 4b, the data of Table 2 are organized.

According to the WRC diagram (Fig. 5), the Fusion

Zone (FZ) even with a variation around 4% will not have a

great difference in terms of its microstructure. Basically, it

will be composed of ferrite ? austenite with a quantity of

ferrite around 6%.

The dilution data associated with each test condition are

shown in Fig. 6. The average variation indicated a possible

drop for the less oxidizing purge gases or mixtures. The

most oxidizing mixture (TT14 to TT16) with Ar ? 2% of

Fig. 2 a A diagram of the test

tube with dimensions (TT) and

b the location of the exhaust

holes

Fig. 3 Schematic diagram of the area of interest in the

fusion zone (FZ)
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O2 developed higher levels of dilution as the flow rate was

increased.

3.2 Metallographic analysis

The metallographic evaluation by means of optical

microscopy was conducted using magnifications of 50 9

and 1000 9. In the search for the largest possible devia-

tion, the purge conditions were taken where the flow rate

was maintained at 18 L/min and these were compared to

the reference condition without purge gas at the root.

Figure 7 shows microstructures with a magnification of

50 9. In this magnification, it is possible to observe the

transversal behavior in a still macroscale aspect of the

molten zone. In the upper part of the cord, the same gas

condition was maintained by using as protection gas

Ar ? 2%O2. It can be seen that along the edges of the

molten zone, a practically homogeneous aspect of the dark

regions, which characterizes the ferrite shafts, is visible.

This was analyzed in larger magnifications below.

Figure 8 represents the reference condition, which cor-

responds to the retained sample of TT1 without application

of purge gas. Due to the position of the regions selected for

microanalyses, only very slight distortion due to the loca-

tion at the edge of the sample is very common. However, it

can be clearly observed that, in the TT1 sample, the

1000 9 magnifications show little difference between the

microstructures formed in the FZ.

The microstructures formed at the upper edge of the

welded bead in the FZ of TT1 (Fig. 8) basically consist of

austenite with ferrite shafts distributed in a spine and/or

laminar form. In the root, the microstructure is similar,

without different microstructural formations. The mor-

phological orientation of the ferrite shafts on the lateral

images of both the upper and lower root regions follows the

columnar formation behavior, typical for the welded joint

zones even in this cut position of the sample, which is most

likely aligned in the direction of heat extraction. In the

center of the optical images, between the upper and root

edge, the cross sectional position of the samples reveals the

interlacing region of the columnar grains from the sides.

There are no significant expansions or dimensional reduc-

tions highlighting large differences between the upper and

lower edges in the root, or any indications of a possible

enlargement or reduction of the austenitic field.

In Fig. 9, the micrograph of the sample transverse to the

CO2-purged string at a flow rate of 18 L/min is shown. The

Fig. 4 Schematic diagram for

the analysis of ferrite content in

the: a cord surfaces (face and

root) and b cross section of the

weld

Table 2 WRC correlations based on the values of Table 1 and dilu-

tion (d)

Correlations MB EW

Niequivalent = Ni ? 35C ? 20N ? 0.25 Cu = 9.71 12.34

Crequivalent = %Cr ? %Mo ? 0.7 9 % Nb = 18.08 20.03

Dilution (d) based on the sections: A, B and C

Samples A B C Average SD

TT1—no purge gas 32.00 29.90 32.98 31.63 1.57

TT2—CO2 at 6 L/min 29.31 30.59 30.92 30.27 0.85

TT3—CO2 at 12 L/min 31.4 31.99 37.13 33.51 3.15

TT4—CO2 at 18 L/min 29.52 25.84 31.93 29.10 3.07

TT5—Ar at 6 L/min 34.61 32.32 32.86 33.26 1.20

TT6—Ar at 12 L/min 32.58 35.36 30.88 32.94 2.26

TT7—Ar at 18 L/min 34.14 30.35 31.71 32.07 1.92

TT8—N2 at 6 L/min 31.87 30.52 31.33 31.24 0.68

TT9—N2 at 12 L/min 30.52 32.42 31.58 31.51 0.95

TT10—N2 at 18 L/min 28.3 28.96 27.69 28.32 0.64

TT11—Ar ? 25%CO2 at

6 L/min

27.78 29.96 31.59 29.78 1.91

TT12—Ar ? 25%CO2 at

12 L/min

29.42 30.45 28.63 29.50 0.91

TT13—Ar ? 25%CO2 at

18 L/min

31.69 26.81 28.89 29.13 2.45

TT14—Ar ? 2%O2 at 6 L/

min

29.58 26.45 31.60 29.21 2.59

TT15—Ar ? 2%O2 at

12 L/min

32.58 31.57 34.81 32.99 1.66

TT16—Ar ? 2%O2 at

18 L/min

33.36 34.11 34.18 33.88 0.45

TT test tube
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presence of ferrite shafts is distributed in a very homoge-

neous manner, both at the upper border of the FZ and at the

root. Similar to the reference condition, without the gas

purging, it is not possible to distinguish significant changes

in the austenitic and ferritic phases either within the regions

of this same sample or by comparing with the reference

condition TT1. Even the presence of carbon during gas

purging (in the form of carbon dioxide), which can con-

tribute strongly to the austenite formation [20], did not

produce observable changes in the microstructure.

In Fig. 10, the micrograph of the FZ purged with the

inert gas argon is shown. The microstructural behavior of

this analyzed sample did not present distinct modifications

in relation to the other cases. In the images of the upper

border of the FZ compared to the edge of the root, the

behavior of the austenitic phase remained homogeneous

and distributed similarl to the previous conditions

analyzed.

The images of Fig. 11 are associated with samples

purged with nitrogen. This chemical element, when added

to the shielding gas in the welding process, allows high

influence on the austenitic field expansion. However, even

at a flow rate of 18 L/min as applied to the test condition

defined as TT10, it did not present distinguishable expan-

sions in the cutting section of the sample analyzed metal-

lographically. However, the average values of ferrite,

analyzed in this test tube by the magnetic field test, showed

Fig. 5 Representation in the

WRC-92 diagram: base metal,

electrode wire-EW (308LSi)

and FZ region as dilutions

Fig. 6 Behavior of the dilution

between the purging conditions
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Fig. 7 Cross section metallographs of the test tubes: TT1—no purge

gas; TT4—CO2 at 18 L/min; TT7—Ar at 18 L/min; TT10—N2 at

18 L/min; TT13—Ar ? 25%CO2 at 18 L/min; and TT16—

Ar ? 2%O2 at 18 L/min; highlighting the top and the root of the

cord with 9 50 magnification
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that even though the flow rate varied in 6, 12 and 18 L/min,

it remained practically the same.

The application of gas purging using a mixture con-

taining 25% CO2 and 75% argon, see Fig. 12, with a higher

flow rate of 18 L/min, also did not bring different varia-

tions in the type or behavior of the microstructures in the

metallographic images of this weld sample.

Finally, a gas purge at the root employing Ar ? 2% O2

gas mixture at the same flow rate of 18 L/min was applied.

The metallographic result is showed in Fig. 13.

As can be seen in Fig. 13, similar to the images of the

samples under the previous conditions, no new or signifi-

cant changes were detected metallographically. It is pos-

sible that the differentiated changes in the dilution behavior

(due to the shape of the welded joint) contribute to the

changes in the ferrite content, which will be further ana-

lyzed by means of the magnetic testing in the next section

below.

From the comparisons between the micrographs of all

the purging conditions used here, it is observed that the

formation of spiral and lace ferrite has similar proportions.

Fig. 8 Micrographs of the edges

in the FZ with a magnification

of 9 1000: TT1—without

application of purging gas

Fig. 9 Micrographs with

9 1000 magnification: TT4—

purge with CO2 at 18 L/min
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As shown by Inoue et al. [21], it is difficult to establish a

comparative pattern between the phases of these ferritic

microstructures.

The austenitic microstructure also did not present sig-

nificant visual alterations that justified a more detailed

dimensional analysis. The testing conditions imposed here

displayed a homogeneous distribution of microstructure.

3.3 Analysis of the ferrite by magnetic test

The ferrite content was measured using a ferritescope at the

face of the weld bead, root surface and along the vertical-

transverse profile. Note that the magnetic response of the

material can accurately characterize the behavior of the

ferritic phase.

The mean values and standard deviations of the ferrite

content are listed in Table 3. According to the analysis

scheme presented in Fig. 4a, the values listed in Table 3

Fig. 10 Micrographs with a

magnification of 9 1000:

TT7—purged with Ar at 18 L/

min

Fig. 11 Micrographs with

magnification of 9 1000:

TT10—purged with N2 at 18 L/

min

376 Page 8 of 15 Journal of the Brazilian Society of Mechanical Sciences and Engineering (2018) 40:376

123



are collected in the face of the cord and the root, with eight

measurements in every test condition.

In Fig. 14, it is possible to visualize the behavior of the

ferrite content in the face of the cord and root developed in

the melted zone of various TTs. It can be observed that

there is a more distinct variation in terms of mean values of

ferrite content between the samples with different gas

purging conditions. Such behavior is not evident in the

metallographic investigation.

In the graphs of Fig. 15, the analysis of ferrite contents

using different purge gases is presented. However, in order

to better evaluate the behavior toward the formation of the

ferrite in the FZ region, the values measured in the central

position of the samples A, B and C (sectioned in the

transverse-vertical position of the cord) are considered, as

shown earlier in Fig. 4b.

The ferrite content in the samples with different gas

purging conditions is within the expected range of values

based on the analysis of the WRC-92 diagram in Sect. 3.1.

This is clearly seen in Fig. 15. Note that these plots are

separated according to gas purging conditions. Practically,

all the conditions presented a discrepancy when evaluating

the mean value of ferrite content, and more specifically, a

difference in ferrite content was observed between the root

Fig. 12 Micrographs with

9 1000 magnification: TT13—

purged with Ar ? 25%CO2 at

18 L/min

Fig. 13 Micrographs with

magnification of 9 1000:

TT16—purged with Ar ? 2%

O2 at 18 L/min
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and the face of the cord. This observation is more obvious

in the gas or mixtures of a more reactive chemical. How-

ever, within the evaluation of the respective deviant pat-

terns, all samples showed similar profiles.

Concerning the interference in the formation of the

ferritic phase, the data in Fig. 15 indicate that the simple

use of the gas in the purging system minimized their

degradation, specifically when the samples are compared to

the condition without gas purging. This effect was most

evident when the purge flow rate was increased, except for

the N2 gas.

An unusual phenomenon in the data of Fig. 15 is evident

due to the higher ferrite profile analyzed in the center of the

cords of the different samples tested. In order to better

understand this behavior, TT4 samples (with CO2-based

purge at the maximum test flow, 18 L/min) were taken and

a more detailed cross-vertical profile analysis was per-

formed in the central line (Fig. 4b). The result of this

analysis is shown in Table 4. The respective graph of these

values reveals the profile of the ferrite content (Fig. 16)

reaching a maximum peak close to the center of the cord.

Figure 16 illustrates the dependence of the ferrite con-

tent along the vertical center line in the FZ. The mea-

surements were performed on the surfaces of the samples

shown in Fig. 4b and are depicted in Table 4. The column

with mean values is the result of the measurements of the

sample cuts A, B and C according to the analyzed TT.

In Fig. 16, it is possible to clearly understand the vari-

ation in ferrite content observed as compared to the pre-

dictions of WRC-92 diagram. The oxidation of the

chemical elements in the melting pool may be one of the

main reasons for this behavior. In the melting pool, the

thermal effects from the electric arc create more favorable

conditions to the gas protection of the torch, resulting in

greater level of interaction with the chemical elements that

will solidify in the proximities of the face of the cord.

Researchers such as Inoue et al. [21], Liao et al. [22] and

Filho et al. [23] have found in their studies that the gas

mixture Ar ? 2% CO2, when used as protection in the

torch, can interfere with the chromium composition of the

sample and reduce the ferrite content. However, in the root,

given the lower thermal level and physical–chemical

effects of solidification and cooling of the FZ, due to the

welding conditions and materials used, the deleterious

effects on the level of the ferrite content were lower than

those on the face.

4 Conclusion

Based on the present work, the following can be concluded:

1. The influence of different gas purging conditions on

the microstructure of AISI 304 stainless steel joints

Table 3 Data measured by magnetic test (ferrite content—%)

Samples Positions of measures in the FZ

Weld face Center between face and root (cross section) Root surface

Average SD Average SD Average SD

MB 0.90 0.12 1.73 0.21 0.52 0.08

TT1—no purge gas 5.19 0.38 7.24 0.28 5.53 0.22

TT2—CO2 at 6 L/min 5.32 0.41 7.70 0.37 5.73 0.40

TT3—CO2 at 12 L/min 5.14 0.31 7.36 0.05 5.26 0.30

TT4—CO2 at 18 L/min 5.18 0.29 7.49 0.15 6.21 0.45

TT5—Ar at 6 L/min 5.21 0.38 7.41 0.16 5.88 0.32

TT6—Ar at 12 L/min 5.27 0.35 7.53 0.10 5.73 0.58

TT7—Ar at 18 L/min 5.04 0.37 7.05 0.18 6.09 0.48

TT8—N2 at 6 L/min 5.00 0.32 7.39 0.22 5.58 0.32

TT9—N2 at 12 L/min 5.03 0.26 7.41 0.12 5.31 0.36

TT10—N2 at 18 L/min 5.10 0.31 7.13 0.10 5.34 0.40

TT11—Ar ? 25%CO2 at 6 L/min 4.98 0.27 7.14 0.05 5.63 0.56

TT12—Ar ? 25%CO2 at 12 L/min 5.45 0.38 7.33 0.14 6.24 0.46

TT13—Ar ? 25%CO2 at 18 L/min 5.51 0.35 7.64 0.18 6.48 0.22

TT14—Ar ? 2%O2 at 6 L/min 5.02 0.33 7.36 0.18 5.55 0.41

TT15—Ar ? 2%O2 at 12 L/min 5.15 0.22 7.43 0.23 6.08 0.43

TT16—Ar ? 2%O2 at 18 L/min 5.13 0.22 7.69 0.06 5.96 0.26

MB base metal, TT test tube
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during pipe welding was evaluated. Although the

optical microstructures did not provide visual varia-

tions in ferrite content, the magnetic testing by means

of ferritescope was able to accurately detect the

differences in ferrite content of samples with different

gas purging conditions.

2. The variation in dilution between different gas purging

conditions provided a lower level of change when

compared to the effect of additional protective gas

Ar ? 2%O2 in the torch.

3. The use of shielding gas in the torch (Ar ? 2%O2)

reduces the levels of ferritic phase formation in the

face of the weld. The gas purging using different gases

such as CO2, air and N2 or mixtures such as

Ar ? 25%CO2 and Ar ? 2%O2, even those with

alpha elements, will not expand the ferrite content in

the root of the weld. This will not also maintain the

ferrite content across the center of the cord.

4. The use of the above-mentioned purge gases can

minimize the degradation of materials compared to

welding without gas purging. This effect was more

Fig. 14 Behavior of ferrite

content in the fusion zone (FZ):

face and root of the strands
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Fig. 15 Ferrite content by purge

condition and FZ measurements

in the condition: face–center–

root
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Fig. 15 continued

Table 4 Ferrite content (%)

evaluated in the center line in

the FZ (root–face)

Cross-vertical positioning (face against root) Medium values

Purge (CO2 at 18 L/min)

SD

1st measure (edge–face) 4.43 0.49

2nd 6.10 0.36

3rd 7.17 0.21

4th 7.50 0.10

5th 7.67 0.15

6th 7.70 0.17

7th 7.60 0.10

8th 7.47 0.06

9th 7.27 0.21

10th measure (edge–root) 6.37 0.32

SD Standard deviation
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significant as the flow rate was increased, with the

exception of the N2 gas.
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