
Study the effect of SenSitization in GtaW WeldinG of 
StainleSS Steel

RupindeR Singh1 and naRindeR Singh2

1Dept. of Production Engineering, GNDEC Ludhiana (India). Email: rupindersingh78@yahoo.com
2Dept. of Mech. Engineering, Punjabi University, Patiala (India). narinder3k@gmail.com

Abstract: Stainless steels are used extensively for gas turbine, steam turbine parts, oil and gas compressor 
parts that have severe corrosion problems. The purpose of this research work is to find the best settings of input 
parameters (namely current, gas flow rate, preheat and post heat substrate temperature) for minimal sensitization 
of ‘422 stainless steel’ in gas tungsten arc welding (GTAW). In the present work eight levels of current (50 Amp,60 
Amp,70 Amp,80 Amp,90 Amp,100, 110 Amp, and 120 Amp), three levels of gas flow rate (10 L/min, 15 L/min, and 
20 L/min), and two levels of pre/post heat substrate temperature (250°C and 550°C ) have been used. The results of 
the study suggests that better mechanical properties are attained at 100Amp current, 20L/min gas flow rate, and 
550°C pre/post heat substrate temperature. Experiment results have been counter verified with microstructure 
analysis, which show least effect of sensitization.
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figure1: Mechanism of sensitization (Kaur, 2007)

vicinity of the grain boundaries. This phenomenon 
is called sensitization (Pujar, 2005). The main 
carbide phase is M23C6, where the ‘M’ stands for a 
mixture of metal atoms including iron, molybdenum, 
chromium and manganese, depending on the steel 
composition and heat-treatment. These carbides 
require long-range diffusion in order to precipitate 
and hence can be avoided by rapid cooling from the 
solution-treatment temperature. When sensitized 
S.S is exposed to corrosive environment, chromium 
depleted zones preferentially dissolve leading to IGC 
(Inter-granular corrosion). The solubility of carbon in 
austenite is about 0.006% at ambient temperature. 
However S.S generally contain about 0.05% carbon. 
Since chromium has high affinity for carbon, there 

introduction1. 

Stainless steels (S.S) are considered to have, very 
good resistance to general and localized corrosion 
due to their chromium content (around 13%) (Dhami 
et. al., 2007). The property of corrosion resistance 
constitutes the main criterion for selecting stainless 
steel grades for service in the chemical, nuclear, 
steam gas turbine, high heat components, and 
aerospace industries although their mechanical 
properties are relatively modest (Singh and Singh, 
2008). However, this resistance can degrade 
when structural components manufactured from 
these steels are used in a chemically aggressive 
environment especially when service involves 
exposure to high temperatures (Jain et. al., 
2008). This exposure gives rise to precipitation of 
chromium carbides producing chromium depletion 
at grain boundaries that brings the inter-granular 
corrosion (IGC) or sensitization of these materials 
(Sahlaoui, 2004). Figure1 shows the mechanism of 
sensitization.

When S.S are extensively heated or slowly cooled 
in the temperature range of 1123K to 700K, chromium 
rich carbides precipitate along the grain boundaries 
leading to subsequent chromium depletion in the
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is always strong tendency for carbide formation. 
During the normal cooling rates encountered during 
fabrication of stainless steel, chromium carbides 
can be precipitated, making the steel susceptible 
to IGC and IGSCC (inter-granular stress corrosion 
cracking)( Nishimura and Maeda,2003). Figure2 
shows the sensitization of S.S during welding.

figure 2: Sensitization of S.S during welding (Jain, 2008)

Sensitization is the formation of chromium 
carbides in the heat-affected zone (HAZ), the area 
directly adjacent to the weld. The heat-affected zone 
has been heated to just below its melting temperature 
followed by rapid cooling. These metals are the iron, 
chromium, nickel, molybdenum and manganese 
atoms. The carbon atoms occupy the small spaces 
between the metal atoms called interstitial spaces. 
In the temperature range of 700K–1123K, the carbon 
atoms actually move through the metal matrix and 
combine with the chromium atoms to form chromium 
carbide (Cr23C6). The degree of sensitization can 
be greatly influenced by several parameters such 
as chemical composition, cold work, grain size, 
microstructure and heating/cooling rate. GTAW 
has become a popular choice of welding processes, 
when high quality, precision welding is required. In 
GTAW, an arc is formed between a non-consumable 
tungsten electrode and the metal being welded (Jain, 
2008). Gas is fed through the torch to shield the 
electrode and molten weld pool. If filler wire is used, 
it is added to the weld pool separately; it is in the 
form of either bare rods or coiled wire for automatic 
welding. Stainless steels are always welded in the 
DCEN (Direct current electrode negative) or DCSP 
(Direct current straight polarity) mode [10-11]. In 
this condition the electrons struck the work piece. 
The inert gas flow protects the zone from ambient 
air, enables a very stable arc to be maintained (Singh 

and Singh, 2008). Figure 3 shows the schematic of 
GTAW set up.

figure 3: Schematic of GtaW setup (dadfar and fathi, 
2006)

The literature review reveals that many 
researchers have worked upon different aspects of 
sensitization in austenitic stainless steel during 
GATW, but hitherto very less work has been 
reported on sensitization of stainless steel ‘type 
422’. During the welding of stainless steel ‘type 
422’, sensitization occurred in the welded material 
mainly due to temperature and time of exposure for 
particular temperature range. The work has been 
limited to Stainless Steel (422) material of 6mm 
thickness, while welding in the flat position using 
GTAW welding. Conventional welding procedure 
was used to see the sensitization based upon physical 
and mechanical properties like hardness, tensile 
strength and percentage elongation during welding. 
The main objectives of this study are:

 ∑ To understand phenomenon of sensitization 
in GATW of stainless steel ‘type 422’.

 ∑ To find the best setting of input parameters 
(current, gas flow rate, and pre-post heat 
temperature) for controlling sensitization 
in GATW of (422) stainless steel.

experiMentation2. 

Experimentation was performed to control 
sensitization during welding by using conventional 
welding procedures. Martensitic S.S (422) of 
thickness 6mm having length and width of 180mm 
and 50mm respectively was selected for fabricating 
the specimens to carry out present investigation. 
Table 1 shows the chemical composition of material.

table 1 
chemical composition of martensitic S.S (422)

Element C Cr Ni Mo Mn Si P S

Wt% 0.2-
0.25

11-13 1.25-
2.5

0.75-
1.25

1 0.75 0.025 0.025

Following procedure has been adopted for 
experimentation.



Study the Effect of Sensitization in GTAW Welding of Stainless Steel  113

 1. Cut the plates according to required 
dimensions.

 2. Double V groove of 30 degree and root face 
of 2.0 mm was provided on both edges of 
specimen.

 3. Final experiments were performed at 
different values of current, shielding gas 
flow rate, and pre-post heating temperatures 
on the basis of conventional GATW.

After sample preparation, mechanical test and 
microstructure analysis were performed to determine 
the mechanical properties and microstructure of 
specimens. Table 2 shows list of Input and Output 
parameters for final experimentation.

table 2 
list of input/ output parameters

Input parameters Output parameters

1. Welding Current
 ∑ 50 amp
 ∑ 60 amp
 ∑ 70 amp
 ∑ 80 amp
 ∑ 90 amp
 ∑ 100 amp
 ∑ 110 amp
 ∑ 120 amp
2. Shieldindg Gas Flow
 ∑ 10 Lit/min.
 ∑ 15 Lit/min.
 ∑ 20 Lit/min.
3. Preheat and Post heat 
 substrate temperature:
 ∑ 250 °C
 ∑ 550 °C

Sensitization based upon
microstructure and mechanical
properties like:
 ∑ Ultimate tensile strength
 ∑ Percentage of Elongation
 ∑ Hardness
 ∑ Micro structure

Based upon input parameters as shown in Table 2, 
control log for experimentation has been developed 
(Ref. Table 3 and 4).

table 3 
Sample no. for input parameters at 550°c pre/post heat 

substrate temperature

Gas flow rate/
current

50
amp

60
amp

60
amp

80
amp

90
amp

100
amp

110
amp

120
amp

10 L/min 1 2 3 4 5 6 7 8

15 L/min 9 10 11 12 13 14 15 16

20 L/min 17 18 19 20 21 22 23 24

reSultS and diScuSSion3. 
The ultimate tensile strength, percentage elongation, 
hardness and micro structure analysis was carried 
out to understand the effect of input parameters 
on mechanical and metallurgical properties of the

table 4 
Sample no. for input parameters at 250°c pre/post heat 

substrate temperature

Gas flow
rate/current

50
amp

60
amp

60
amp

80
amp

90
amp

100
amp

110
amp

120
amp

10 L/min 25 26 27 28 29 30 31 32

15 L/min 33 34 35 36 37 38 39 40

20 L/min 41 42 43 44 45 46 47 48

samples (refer Aneex. 1-3). Further based upon 
observations (in Annex. 1-3) photomicrographs of 
samples with better mechanical properties were 
taken. Figure 5-9 shows photomicrographs of some 
of the samples which are showing better results as 
regards to mechanical properties are concerned.

figure 5: photomicrograph 
of sample no. 2 

figure 6: photomicrograph 
of sample no. 6

figure 7: photomicrograph 
of sample no. 22

figure 8: photomicrograph 
of sample no. 23

figure 9: photomicrograph of sample no. 40

Microstructure of the specimens was examined 
at 500x magnifications, which shows the detail of 
weld metal and HAZ. As observed from Figures 
5-9, microstructure of the samples shows little or no 
formation of chromium carbide at grain boundaries 
of HAZ. This supports the claim that no sensitization 
has occurred at this input parameter settings.

concluSionS4. 
Based upon the present experimental study, 
following conclusions have been drawn:
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 1. Conventional mode of GTAW results into 
sound welding joints with no noticeable 
effect of sensitization, for selected work 
piece thickness.

 2. Better mechanical properties were obtained 
using 100 Amp current, 20 L/min gas flow 
rate, and 550°C pre/post heating substrate 
temperature.

 3. The selected procedure results in 47.5% 
improvement in ultimate tensile strength, 
75% improvement in hardness at welding 
section, 55.5% improvement at the start of 
HAZ, 70.9% at the end of HAZ, and 84.6% 
improvement in percentage elongation.
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