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INTRODUCTION  

Heat treatment operation is a process involving 

heating at a specific rate and soaking at specific 

temperature for predetermine period of time. 

Objective of this mechanism is to obtain desired 

micro structure and hence some predetermined 

mechanical, thermal, electrical properties
 [1-5]

. Heat 

treatment is widely used method to achieve desired 

properties in various metals and alloys. Steel is 

widely undergone heat treatment process to obtain 

or to change mechanical properties as per 

application requirement. Different microstructures 

and properties can be observed in steel during heat 

treatment process. Phase transformation takes 

place during heating and cooling, which results in 

change of microstructure in a solid state.  

In heat treatment, overall thermal energy 

participates and modifies only structure. There are 

other heat treatment processes such as Thermo 

mechanical treatments, which modify component 

shape and structure, and thermo chemical 

treatments which modify surface chemistry and 

structure
 [6, 7]

.  

Welding is process directly linked to various 

applications of steel alloy. Whenever two metal or 

alloy specimens are welded Stress introduced in the 

welded part due to rapid melting and cooling of 

metal or alloy. This internal stress affects the 

mechanical properties of the metal or alloy. Most of 

time there is loss of strength of specimen. Welded 

specimen is more prone to fracture at value smaller 

than as expected from properties of material
 [8-12]

. 

All this is due to stress introduced in the welded 

specimen. Post weld heat treatment is a process 

that can solve this problem. Post weld heat 

treatment results in improved mechanical 

properties as reported by many researchers. Here in 

post weld heat treatment process suitable welding 
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ABSTRACT 

In this paper we have analysed the effect of post weld heat treatment on mechanical 

properties of welded steel alloy specimen. Two specimens one of austenitic Stainless 

Steel and second one is Low Alloy Steel (similar to AISI 8740) were welded using gas 

tungsten arc welding (GTAW). Specimen was then subjected to heat treatment 

process in electrical Full-Muffle furnace. Welding parameters and heat treatment 

temperature, soaking time were selected as per phase diagram of specimen 

material. Welded specimen was then tested for mechanical properties before and 

after heat treatment. Analysis shows that post weld heat treatment have makeable` 

effect on mechanical properties, especially on tensile strength of welded specimen. 

Improvement in strength after heat treatment confirms that stress relieving 

objective is achieved. Microstructure examination confirms formation of martensite 

along with other phases.  
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process is utilised to weld two metals or alloys. 

Welded part is then subjected to heat treatment at 

some predetermined temperature and soaking for a 

specified period. All parameters are fixed as per 

material phase diagram
 [13-20]

. 

In this paper two different steel alloys were selected 

to study effect of heat treatment on welded joint or 

we can say on properties of welded sample. Gas arc 

welding was used. Main objective is to achieve 

stress relive, which is confirmed by observing 

change in mechanical properties after PWHT
 [21-25]

. 

 

MATERIALS & METHODS 

(i). Materials: 

      Austenitic stainless steel & Low alloy steel 

(similar to AISI 8740) plates of 12 mm was used 

in present   study (From En Kay suppliers). The 

chemical compositions and mechanical 

properties of two alloys are given in Table 1 & 

Table 2.  

(ii). Methods: 

Sample preparation (for welding) & process 

parameters: Single V-groove butt joints were 

prepared by welding two alloy specimens by using 

gas tungsten arc welding (GTAW) process. Length 

and width of each weld pad was 500 and 250 mm 

respectively.  

Post weld heat treatment:- To study effect of Post-

weld heat treatment samples (Total five samples 

were prepared) prepared with desired dimensions 

as mentioned above were subjected to heat 

treatment with Electrical Full-Muffle furnace at the 

predetermined temperature range as per sample 

material phase diagram. These samples were then 

soaked and air cooled at room temperature. 

 Parameters Involved: 

Furnace 

Temperature 

550
0
C to 580

0
C 

Furnace Wall 

material 

Stainless steel 

Insulation material Glass  wool 

Heating Elements- Nycrome 8020 

Walls Filler 

Material- 

Ceramic Fiber 

Cycle Time 1 hrs 

Soaking Time 45 Minutes 

 

Sample preparation for Microstructure 

examination: All sample after heat treatment were 

cut (at weld joints) and polished with diamond 

polishing machine using alumina abrasive and 

different grades of emery papers. After this they are 

subjected to etching with Nital reagent to expose 

the microstructure of specimen. Microstructure 

analysis was then performed with optical 

microscope to study effect of post weld heat 

treatment on the welding interface and overall weld 

sample. 

Residual Stress measurement:-  

There are many methods such as Weld Strength 

measurement, X-Ray diffraction per ASTM E915-83, 

High Speed Hole Drilling with strain gauges per 

ASTM E837-85, Barkhousen Noise Analysis method 

for making any kind of determination that stresses 

have been reduced
[3,4,5,10]

. In the present work tests 

to confirm the stress relieve in specimen is to 

measure the strength of the weld joint using 

Universal Testing Machine after stress relieve heat 

treatment and hardness after heat treatment .  

 

 

RESULTS & DISCUSSIONS 

(1) Strength Measurement: 

 As per theory of welding, various stresses 

introduced in the sample after welding. This is a 

mechanical stress which introduced in the sample, 

because of rapid melting of material and 

solidification of weld joint.  Stress in the weld joint, 

decreases the strength of bonding between two 

alloys (Austenitic Stainless Steel and Low Alloy Steel) 

and also a surface under residual stress cannot 

sustain additional stress during service life. After 

Heat Treatment, stress relieves results in the 

enhanced strength of weld joint
 [1-5]

. In present work 

five samples were prepared and average of all 

results were considered for analysis. 

     Stress Type          = Tensile Stress 

    Initial Gauge Length                  =   40mm 

    Peak Load                                         = 187.12 KN 

   Maximum Cross Head Travel           = 20.7mm 
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   Tensile Strength (Before HT) = 570.66 N/mm
2   

   Load at Break                            = 180.60 KN 

   Required Break Load After stress relieve = 90 KN 

(mini.) 

 (2) Hardness Measurement: -  

Five samples were prepared for hardness testing. 

Hardness test was performed before and after heat 

treatment. Rockwell hardness Tester in HRC mode is 

used for hardness measurement with a load of 150 

Kg.                              

Indenter Used                = Diamond Cone 

Load Applied               = 150 Kg 

Hardness before heat treatment     = 50 HRC 

Results shows increase in hardness with PWHT that 

is related to the phase change in the alloy with 

formation of martensite (it contributes to hardness 

of material). Percentage of carbon in the iron alloy is 

another factor that decides, how much of 

improvement will be there in hardness after heat 

treatment
 [3, 18]

. The plot below shows formation of 

phase with percentage of carbon & variation in 

Hardness of material. 

 (3) Microstructure Analysis:- 

  The investigated material is a weld specimen of 

Austenitic Stainless Steel and Low Alloy Steel. 

Specimen for microstructure examination was 

prepared by cutting a weld sample (before and after 

HT) in the smallest cross-section to examine the 

material microstructure. Sample shows a normalized 

microstructure (Before HT, figure 2). MnS elliptic 

inclusions surrounded by a short alumina layer are 

present. Examination of the microstructure (After 

HT) along the cross-section of a specimen shows a 

martensitic microstructure. Specimen shows a 

mixture of martensite and ferrite until 2.5mm in 

depth.  In core the initial microstructure made of 

ferrite and pearlite is not affected by the heat 

treatment. Phase transformation in steel during 

Heat Treatment is related to the diffusion of 

interstitial carbon.  Also the amount of martensite 

that forms is a function of the temperature to which 

the austenite is cooled and not a function of time
 [1-6, 

18]
.     

                       

Table 1: Chemical compositions of alloys used. 

Elements Austenitic 

Stainless Steel (in 

Wt %) 

Low Alloy Steel 

 (in Wt %) 

C 0.032 0.38/0.43 

Si 0.486 0.10/0.35 

S 0.009 0.040(max.) 

P 0.026 0.025(max.) 

Mn 1.055 0.70/1.00 

Ni 10.594 o.40/0.70 

Cr 16.213 0.40/0.60 

Mo 2.081 0.20/0.30 

V 0.092 ------- 

Cu 0.552 ------- 

W 0.09 ------- 

As 0.086 ------- 
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Sn 0.017 ------- 

Co 0.205 ------- 

Al 0.017 0.032(max.) 

Pb 0.019 ------- 

Ca 0.0002 ------- 

Zn 0.0002 ------- 

Fe Balance* Balance* 

(*Reference to the ‘balance’ of a composition does not guarantee this is exclusively of the element mentioned 

but that it predominates and others are present only in minimal quantities.) 

Table 2: Mechanical properties of alloys used. 

Mechanical 

Property 

Tensile Strength 

(MPa) 

Yield Stress 

0.2 % 

(MPa) 

Elongation 

( % ) 

Hardness 

(HRC) 

Low Alloy Steel 850/1000 680(mini.) 12 B30 

 

Austenitic Stainless 

Steel 

621 290 55( % in 2’’) B80 

 

Table 3: Welding Parameters involved. 

S.No. Process Name Frequency/Value/Type 

1 Welding position Flat 

2 Welding speed (mm/min) 180 mm 

3 Welding Amperes (Amps) 80-100 

4 Arc voltage (volts) 20 

5 Preheat temperature (K) 410 

6 Filler Rod Size 1.6mm 

7 Electrode diameter (mm) 1 mm, 

0.04 inches 

8 Gas used Argon 

 

Table 4:- Tensile Strength test data (PWHT samples). 

Specimen Maximum Load 

(KN) 

Load at break 

(KN) 

Percentage Elongation (%) 

& Reduction in Area (mm) 

Tensile Strength 

(N/mm
2
) 

S1 165.32 164.32 Negligible 651.03 

S2 163.72 147.73 - 649.73 

S3 144.08 144.08 - 567.39 

S4 154.47 154.47 - 650.15 

S5 155.67 155.47 - 649.89 
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Table 5 Hardness data (PWHT samples). 

COMPONENT LOAD APPLIED 

(Kg) 

TOUCH POINT 

HARDNESS 

(HRC) 

HARDNESS 

(HRC) 

H1 150 256 53 

H2 150 255 52 

H3 150 256 53 

H4 150 256 53 

H5 150 255 52 

Touch point hardness- it refers to hardness when indenter just touches the surface of specimen, before actually 

pressing it
[3]

. 

 
Figure 1: Phase diagram of steel show variation of hardness with % carbon & phase formed. 

 

 
Figure 2: Microstructure of welded sample before heat treatment. 
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Figure 3: Microstructure of welded sample after heat treatment. 

Conclusion: PWHT treatment results in increase in 

strength of welded joint, thus stress relieving 

objective is achieved. Increase in hardness confirms 

formation of hard phase i.e. martensite, that is also 

confirmed by microstructure examination. PWHT at 

about 550
0
c for 45 minutes is sufficient to retain the 

mechanical properties. Improvement in hardness is 

not much as expected from PWHT,  but tensile 

strength have excellent jump after PWHT. This is 

because in case of dissimilar alloys having different 

coefficients of thermal expansion, phase change & 

hence improvement in hardness is small. Overall 

PWHT treatment is a excellent tool for improvement 

in properties of welded materials, but the properties 

of welded materials plays a important role in 

achieving objectives of Post Weld Heat Treatment. 

Acknowledgement: After all mighty God, I want to 

thanks Mr Amit Sharma (Assistant Professor) & Mr 

Anurag dhiman and all other staff members of 

department of mechanical engineering, Arni 

University for their help during my thesis work. 

References  

[1]. M. Milad, N. Zreiba, The effect of cold work 

on structure and properties of AISI 304 

stainless steel, Journal of Materials 

Processing Technology 203 (2008) 80-85. 

[2]. D. Jandova, J. Rehor, Z. Novy, Deformation 

processes in austenitic stainless steel, 

Proceedings of the 9th International 

Scientific Conference “Achievements in 

Mechanical and Materials Engineering” 

AMME’2000, Gliwice-Sopot, 2000, 254-258.  

[3]. Amit Sharma*, Himanshu Tripathi, Jatinder 

Kumar Analysis Of Change In Mechanical 

Properties Of Low Alloy Steel (Similar To 

Aisi 8740) Friction Welded With Inconel 718 

(Austenitic Nickelchromium Based 

Superalloy) After Heat Treatment, 

IJAET/Vol. IV/ Issue I/Jan.-March., 2013/54-

57,. 

[4]. G. Mrówka-Nowotnik, J. Sieniawski, 

Influence of heat treatment on the 

micrustructure and mechanical properties 

of 6005 and 6082 aluminium alloys, Journal 

of Materials Processing Technology 162-

163 (2005) 367-372. 

[5]. A.G. Merzhanov, journal of Materials 

Processing technology 56(1996) 222-241. 

[6]. Rapid Stress Relief and Tempering: Process 

description by Mario GRENIER and Roger 

GINGRAS. 

[7]. V. Toshkov, R. Russev, T. Madjarov, On low 

temperature ion nitriding of austenitic 

stainless steel AISI 316,  Journal of 

Achievements in Materials and 

Manufacturing Engineering 25 (2007) 71-

74. 

[8]. Smith DJ, Garwood SJ. Influence of 

postweld heat treatment on the variation 

of residual  stresses in 50 mm  Thick welded 

ferritic steel plates. Int J Press Vess Pip 

1993;51:241e56 

[9]. Agarwal RL. Welding engineering: a 

textbook for engineering students. 4 ed. 

Delhi: Kanaa Publishers; 1992. 

[10]. Honeycomb RKW and Bhadeshia HKDH. 

Steels: microstructure and properties, 

metals  and materials series. 2 ed. London: 

Edward Arnold; 1995. 

[11]. Llewellyn DT. Steels metallurgy and 

application. Oxford: Heinnemann-

Butterwirths; 1992. 



 

International Journal of Engineering Research-Online  

A Peer Reviewed International Journal   
Email:editorijoer@gmail.com http://www.ijoer.in 

Vol.4., Issue.3., 2016 
(May-June) 

 

399 ANIL SHARMA, AMIT SHARMA, ANURAG DHIMAN 

 

[12]. 12.Willian FS. Principle of materials science 

and engineering. 2 ed. New York: McGraw-

Hill  Publishing Company; 1990. p. 534-535. 

[13]. A.K.Bhaduri, “Metallurgical studies for the 

development, characterization and 

evaluation  of an improved transition 

meatal joint for steam generators”, 

Ph.D.Thesis, Ind. Inst.Technol. Kharagpur 

(1990) . 

[14]. Bailey N. “Review of metallurgical problems 

in dissimilar metal welding” , In . Proc. 

Welding Inst .Conf. Welding Dissimilar 

Metals, ed. N.Bailey, Cambridge, 1986, 

pp.1-6. 

[15]. Adnan, Calik. Effect of Cooling rate on 

Hardness and Microstructure of AISI 1020, 

AISI 1040 and AISI 1060 Steels. Int J of 

Physics Sciences, vol. 4(9), pp. 514 – 518, 

2009.  

[16]. S.Z. Qamar. Effect of Heat Treatment on 

Mechanical properties of H11 tool steel. J 

Achiv Mat and Manufact Eng, vol. 35(2), pp. 

115 – 120, 2009.  

[17]. G.E. Totten (ed). Steel Heat Treatment 

Handbook. vol. 1. Metallurgy and 

Technologies, vol. 2, Equipment and 

Process Design, 2
nd 

edition. CRC Press, Boca 

Raton, 2007.  

[18]. ASTM International, ASTM Handbook, vol. 

4, Heat Treating, American Society for 

Metals park, Ohio, 1991.  

[19]. Analysis of residual stress relief 

mechanisms in post-weld heat treatment 

Pingsha Dong*, Shaopin Song, Jinmiao 

Zhang, International Journal of Pressure 

Vessels and Piping 122 (2014) 6e14, 

http://dx.doi.org/10.1016/j.ijpvp.2014.06.0

02 

[20]. The Effect of Weld Geometry and Post-

Weld Heat Treatment on the Corrosion 

Behaviour of Austenitic  Stainless Steel 

Immersed in 1.0 M NaCl Solution,  Oladele 

Isiaka Oluwole, Joseph Ajibade 

Omotoyinbo,  Akinwekomi Akeem 

Damilola*,  Materials Research. 2010; 

13(1): 21-24. 

[21]. Elmer J.W., Olson D.L., and Matlock D.K., 

“The thermal expansion characteristics of 

stainless steel weld metal” Weld J., 

61(1982) 293s-301s. 

[22]. A.K.Bhaduri, “Metallurgical studies for the 

development, characterization and 

evaluation of an improved transition 

meatal joint for steam generators”, 

Ph.D.Thesis, Ind. Inst.Technol. Kharagpur 

(1990) . 

[23]. Bailey N. “Review of metallurgical problems 

in dissimilar metal welding” , In . Proc. 

Welding Inst .Conf. Welding Dissimilar 

Metals, ed. N.Bailey, Cambridge, 1986, 

pp.1-6. 

[24]. Effect of Heat Treatment on Mechanical 

Properties and Microstructure of NST 37-2 

Steel, D. A. Fadare, T. G. Fadara and O. Y. 

Akanbi, Journal of Minerals & Materials 

Characterization & Engineering, Vol. 10, 

No.3, pp.299-308, 2011. 

[25]. Mechanical Properties of Austenitic 

Stainless Steel Made by Additive 

Manufacturing,  William E. Luecke and John 

A. Slotwinski, Volume 119 (2014) 

http://dx.doi.org/10.6028/jres.119.015 

Journal of Research of the National 

Institute of Standards and Technology. 

 


