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Appendix B: Summary of tensile strength 
 

 

Welding techniques

Test Temperature 

(℃) Specimen Fracture location 

RT AW 550 31 IN 800HT HAZ

RT AW subsize 562 22 BM

RT PWHT 549 32 IN 800HT HAZ

RT PWHT subsize 592 21 WFZ

RT AW 546 25 IN 800HT HAZ

RT AW subsize 565 22 WFZ

RT PWHT 576 27 BM

RT PWHT subsize 549 15 WFZ

Autogenous TIG RT AW 460 34 WFZ

RT AW 546 33 BM

RT AW subsize 561 15 IN 800HT HAZ

RT PWHT 576 27 WFZ

RT PWHT subsize 540 20 WFZ

RT AW 538 40 BM

RT AW subsize 609 30 IN 800HT HAZ

RT PWHT 525 37 IN 800HT HAZ

RT PWHT subsize 620 33 IN 800HT HAZ

RT AW 570 35 BM

RT AW subsize 583 33 WFZ

RT PWHT 650 31 BM

RT PWHT subsize 587 29 WFZ

RT AW 554 28 BM

RT AW subsize 510 21 IN 800HT HAZ

RT PWHT 564 27 BM

RT PWHT subsize 679 24 IN 800HT HAZ

RT AW 532 40 BM

RT AW subsize 550 57 WFZ

RT PWHT 544 32 BM

RT PWHT subsize 584 33 WFZ

RT AW 439 22 BM

RT AW subsize 397 24 WFZ

HT 650℃ 134 25 P91 BM

HT 550℃ 287 37 BM

RT AW 585 38 BM

RT AW subsize 706 36 WFZ

HT 650℃ 178 27 P91 BM

HT 550℃ 306 48 BMATIG

SMAW ENiCrCoMo-1 

(Electrode 11)

M-TIG  

AWSER90S–B9

(P91) 

M-TIG ERNiCr-3 

(INCONEL 82)

M-TIG  ERNiCrMo-3 

(INCONEL 625)

M-TIG ERNiCrCoMo-1 

(INCONEL 617)

M-TIG Buttering 

layers

Ultimate tensile 

strength (MPa)

Percentage 

Elongation (%)

EBW

LBW
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Appendix C: Summary of microhardness and Charpy impact toughness 

 

  

 
 

 
 



 157 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 



 158 

References 
 
 

 
Abbasi, S., Esmailian, M., Ahangarani, S., 2018. Investigation of the Microstructure, Micro-Texture and 

Mechanical Properties of a HSLA Steel, Hot-Rolled and Quenched at Different Cooling Rates. 
Metallogr. Microstruct. Anal. 7, 596–607. https://doi.org/10.1007/S13632-018-0475-9/FIGURES/11 

Abd El-Rahman Abd El-Salam, M., El-Mahallawi, I., El-Koussy, M.R., 2013. Influence of heat input and 
post-weld heat treatment on boiler steel P91 (9Cr-1Mo-V-Nb) weld joints: Part 2 - Mechanical 
properties. Int. Heat Treat. Surf. Eng. 7, 32–37. https://doi.org/10.1179/1749514813Z.00000000051 

Ahmad, H.W., Chaudry, U.M., Tariq, M.R., Shoukat, A.A., Bae, D.H., 2020. Assessment of fatigue and 
electrochemical corrosion characteristics of dissimilar materials weld between alloy 617 and 12 Cr 
steel. J. Manuf. Process. 53, 275–282. https://doi.org/10.1016/j.jmapro.2020.02.038 

Ahmadi, E., Ebrahimi, A.R., 2015. Welding of 316L Austenitic Stainless Steel with Activated Tungsten Inert 
Gas Process. J. Mater. Eng. Perform. 24, 1065–1071. https://doi.org/10.1007/s11665-014-1336-6 

Akbari-Garakani, M., Mehdizadeh, M., 2011. Effect of long-term service exposure on microstructure and 
mechanical properties of Alloy 617. Mater. Des. 32, 2695–2700. 
https://doi.org/10.1016/j.matdes.2011.01.017 

Akram, J., Kalvala, P.R., Chalavadi, P., Misra, M., 2018. Dissimilar Metal Weld Joints of P91/Ni Alloy: 
Microstructural Characterization of HAZ of P91 and Stress Analysis at the Weld Interfaces. J. Mater. 
Eng. Perform. 27, 4115–4128. https://doi.org/10.1007/s11665-018-3502-8 

Akram, J., Kalvala, P.R., Misra, M., Charit, I., 2017. Creep behavior of dissimilar metal weld joints between 
P91 and AISI 304. Mater. Sci. Eng. A 688, 396–406. https://doi.org/10.1016/j.msea.2017.02.026 

Anand, K., Arun Kumar, S., Tamilmannan, K., Sathiya, P., Arivazhagan, B., 2016. Metallurgical 
characterizations and mechanical properties on friction welding of Incoloy 800H joints. J. Mater. Res. 
31, 2173–2185. https://doi.org/10.1557/jmr.2016.161 

Anderson, P.C.J., Wiktorowicz, R., 1996. Improving productivity with A-TIG welding. Weld. Met. Fabr. 64, 
108–109. 

Arivazhagan, B., Prabhu, R., Albert, S.K., Kamaraj, M., Sundaresan, S., 2009. Microstructure and Mechanical 
Properties of 9Cr-1Mo Steel Weld Fusion Zones as a Function of Weld Metal Composition. J. Mater. 
Eng. Perform. 2009 188 18, 999–1004. https://doi.org/10.1007/S11665-008-9349-7 

Arivazhagan, B., Vasudevan, M., 2014. A comparative study on the effect of GTAW processes on the 
microstructure and mechanical properties of P91 steel weld joints. J. Manuf. Process. 16, 305–311. 
https://doi.org/10.1016/j.jmapro.2014.01.003 

Arivazhagan, B., Vasudevan, M., 2013. A Study of Microstructure and Mechanical Properties of Grade 91 
Steel A-TIG Weld Joint. J. Mater. Eng. Perform. 22, 3708–3716. https://doi.org/10.1007/s11665-013-
0694-9 

ASME Section VIII Division 1, 2019. ASME Boilers and Pressure Vessel Code. ASME Sect. VIII Div. 1 717. 
ASTM, 2014. A370: Standard Test Methods and Definitions for Mechanical Testing of Steel Products. ASTM 

Int. 1–50. https://doi.org/10.1520/A0370-20 
ASTM A335 / A335M - 21 Standard Specification for Seamless Ferritic Alloy-Steel Pipe for High-

Temperature Service, 2003. 
ASTM B409, 2011. Standard Specification for Nickel-Iron-Chromium Alloy Plate , Sheet , and Strip 06, 1–5. 

https://doi.org/10.1520/B0409-06R16.2 
ASTM E 23-12c, 2012. Standard test methods for notched bar impact testing of metallic materials. Standards 

1–25. https://doi.org/10.1520/E0023-23A. 
ASTM E8, 2010. ASTM E8/E8M standard test methods for tension testing of metallic materials 1. Annu. B. 

ASTM Stand. 4 1–27. https://doi.org/10.1520/E0008 
Awale, D.D., Ballal, A.R., Thawre, M.M., 2020. Dissimilar weld joints of P91 and 316LN for power plants 

Applications-A review. Mater. Today Proc. 28, 2505–2510. 
https://doi.org/10.1016/j.matpr.2020.05.003 

BAL, K.S., MAJUMDAR, J.D., CHOUDHURY, A.R., 2018. Elemental micro-segregation characteristic of 
fiber laser welded Hastelloy C-276 sheet. Trans. Nonferrous Met. Soc. China 28, 2236–2247. 
https://doi.org/10.1016/S1003-6326(18)64868-X 

Barnes, I., 2018. HELE perspectives for selected Asian countries. 
Benghalia, G., Wood, J., 2016. Material and residual stress considerations associated with the autofrettage 

of weld clad components. Int. J. Press. Vessel. Pip. 139–140, 146–158. 
https://doi.org/10.1016/j.ijpvp.2016.02.003 



 159 

Bhaduri, A.K., Srinivasan, G., Gill, T.P.S., Mannan, S.L., 1995. Effect of aging on the microstructure and 
tensile properties of an alloy 800/9Cr-1Mo steel joint. Int. J. Press. Vessel. Pip. 61, 25–33. 
https://doi.org/10.1016/0308-0161(94)P3696-J 

Bhoskar, A., Kalyankar, V., Deshmukh, D., 2023. Metallurgical characterisation of multi-track Stellite 6 
coating on SS316L substrate. Can. Metall. Q. 62, 665–677. 
https://doi.org/10.1080/00084433.2022.2149009 

Bonner, N.W., Smith, D.J., 1994. Measurement of residual stresses in a thick section steel weld, in: Unknown. 
pp. 259–274. 

Carlone, P., Astarita, A., 2019. Dissimilar metal welding. Metals (Basel). 9, 10–13. 
https://doi.org/10.3390/met9111206 

Caron, J.L., Sowards, J.W., 2014. Weldability of Nickel-Base Alloys. Compr. Mater. Process. 6, 151–179. 
https://doi.org/10.1016/B978-0-08-096532-1.00615-4 

Carroll, L., Cabet, C., Wright, R., 2010. The Role of Environment on High Temperature Creep-Fatigue 
Behavior of Alloy 617, in: ASME 2010 Pressure Vessels and Piping Conference: Volume 6, Parts A and 
B. ASMEDC, pp. 907–916. https://doi.org/10.1115/PVP2010-26126 

Chakraborty, G., Rejeesh, R., Ramana, O.V., Albert, S.K., 2020. Evaluation of hydrogen-assisted cracking 
susceptibility in modified 9cr-1mo steel welds. Weld. World 64, 115–122. 
https://doi.org/10.1007/s40194-019-00812-2 

Chapter 1: Weld Solidification, 1997. 
Chen, J., Salvati, E., Uzun, F., Papadaki, C., Wang, Z., Everaerts, J., Korsunsky, A.M., 2020. An experimental 

and numerical analysis of residual stresses in a TIG weldment of a single crystal nickel-base 
superalloy. J. Manuf. Process. 53, 190–200. https://doi.org/10.1016/j.jmapro.2020.02.007 

Chen, L., Yamashita, K., 2012. Effects of PWHT Temperature on Mechanical Properties of High-Cr Ferritic 
Heat-Resistant Steel Weld Metals. Weld. World 56, 81–91. https://doi.org/10.1007/BF03321150 

Chern, T.-S., Tseng, K.-H., Tsai, H.-L., 2011. Study of the characteristics of duplex stainless steel activated 
tungsten inert gas welds. Mater. Des. 32, 255–263. https://doi.org/10.1016/j.matdes.2010.05.056 

Chern, T.S., Tseng, K.H., Tsai, H.L., 2011. Study of the characteristics of duplex stainless steel activated 
tungsten inert gas welds. Mater. Des. 32, 255–263. https://doi.org/10.1016/j.matdes.2010.05.056 

Choi, K.J., Kim, T., Yoo, S.C., Kim, S., Lee, J.H., Kim, J.H., 2016. Fusion boundary precipitation in thermally 
aged dissimilar metal welds studied by atom probe tomography and nanoindentation. J. Nucl. Mater. 
471, 8–16. https://doi.org/10.1016/j.jnucmat.2015.12.047 

Chuvas, T.C., Garcia, P.S.P., Pardal, J.M., Fonseca, M.D.P.C., 2015. Influence of heat treatment in residual 
stresses generated in P91 steel-pipe weld. Mater. Res. 18, 614–621. https://doi.org/10.1590/1516-
1439.006315 

Dak, G., Pandey, C., 2021. Experimental investigation on microstructure, mechanical properties, and 
residual stresses of dissimilar welded joint of martensitic P92 and AISI 304L austenitic stainless steel. 
Int. J. Press. Vessel. Pip. 194, 104536. 

Dak, G., Pandey, C., 2020. A critical review on dissimilar welds joint between martensitic and austenitic 
steel for power plant application. J. Manuf. Process. 58, 377–406. 
https://doi.org/10.1016/j.jmapro.2020.08.019 

Das, C.R., Bhaduri, A.K., Srinivasan, G., Shankar, V., Mathew, S., 2009. Selection of filler wire for and effect 
of auto tempering on the mechanical properties of dissimilar metal joint between 403 and 304L(N) 
stainless steels. J. Mater. Process. Technol. 209, 1428–1435. 
https://doi.org/10.1016/j.jmatprotec.2008.03.053 

David, S.A., Siefert, J.A., Feng, Z., 2013. Welding and weldability of candidate ferritic alloys for future 
advanced ultrasupercritical fossil power plants. Sci. Technol. Weld. Join. 18, 631–651. 
https://doi.org/10.1179/1362171813Y.0000000152 

Dawson KE, 2012. Dissimilar metal welds. Univeristy of Liverpool. 
Dehmolaei, R., Shamanian, M., Kermanpur, A., 2009. Microstructural changes and mechanical properties 

of Incoloy 800 after 15 years service. Mater. Charact. 60, 246–250. 
https://doi.org/10.1016/j.matchar.2008.08.012 

Delany, F., Lucas, W., Thomas, W., Howse, D., Abson, D., Mulligan, S., Bird, C., 2005. Advanced joining 
processes for repair in nuclear power plants. Int. Forum Weld. Technol. Energy Eng. 

Deng, D., Murakawa, H., 2006. Numerical simulation of temperature field and residual stress in multi-pass 
welds in stainless steel pipe and comparison with experimental measurements. Comput. Mater. Sci. 
37, 269–277. https://doi.org/10.1016/j.commatsci.2005.07.007 

Dhandha, K.H., Badheka, V.J., 2015. Effect of activating fluxes on weld bead morphology of P91 steel bead-
on-plate welds by flux assisted tungsten inert gas welding process. J. Manuf. Process. 17, 48–57. 
https://doi.org/10.1016/j.jmapro.2014.10.004 



 160 

Dhara, L.N., Biswas, P., 2024. Influence of Induction Preheating and Post Weld Heat Treatment for 
Reducing Delta Ferrite Content and Improving Mechanical Properties of Induction Assisted Gas 
Metal Arc Welding of Modified 9Cr-1MoV Steel. J. Mater. Eng. Perform. 
https://doi.org/10.1007/s11665-024-09161-8 

Divya, M., Das, C.R.R., Albert, S.K.K., Goyal, S., Ganesh, P., Kaul, R., Swaminathan, J., Murty, B.S.S., 
Kukreja, L.M.M., Bhaduri, A.K.K., 2014. Influence of welding process on Type IV cracking behavior 
of P91 steel. Mater. Sci. Eng. A 613, 148–158. https://doi.org/10.1016/j.msea.2014.06.089 

DuPont E., 2014. Supercritical unit experience with grade T23 evaporator tube failures. Adv. Mater. 
Technol. Foss. Power Plants Proc. from Seventh Int. Conf. HawaiiASM 525–536. 

DuPont, J.N., 2012. Microstructural evolution and high temperature failure of ferritic to austenitic dissimilar 
welds. Int. Mater. Rev. 57, 208–234. https://doi.org/10.1179/1743280412Y.0000000006 

DuPont, J.N., 2009. WELDING METALLURGY AND WELDABILITY OF NICKEL-BASE ALLOYS. 
Hoboken, NJ. 

DuPont, J.N., Babu, S.S., Feng, Z., 2018. Development of Novel Functionally Graded Transition Joints for 
Improving the Creep Strength of Dissimilar Metal Welds in Nuclear Applications 96. 

Fei, Z., Pan, Z., Cuiuri, D., Li, H., Huang, W., Peng, Z., 2020. Effect of post-weld heat treatment on 
microstructure and mechanical properties of deep penetration autogenous TIG-welded dissimilar 
joint between creep strength enhanced ferritic steel and austenitic stainless steel. Int. J. Adv. Manuf. 
Technol. 108, 3207–3229. https://doi.org/10.1007/s00170-020-05605-2 

Fenn, R., Jordan, M.F., 1982. Microstructure of weld heat-affected zone of 12Cr–Mo steel. Met. Technol. 9, 
327–337. https://doi.org/10.1179/030716982803285701 

From Special Metals. [WWW Document], 2004. URL https://www.specialmetals.com/ 
Fuchs, R., Heuser, H., Hahn, B., 2010. Welding of dissimilar materials. Mater. High Temp. 27, 183–190. 

https://doi.org/10.3184/096034010X12813771363483 
G.Sasikala, M.D.Mathew, K.BhanuSankaraRao, S.L.Mannan, Etal., 1999. . J.Nucl.Mater. 273, 257–264. 
Galler, J.P., Dupont, J.N., Siefert, J.A., 2016. Influence of alloy type, peak temperature and constraint on 

residual stress evolution in Satoh test. Sci. Technol. Weld. Join. 21, 106–113. 
https://doi.org/10.1179/1362171815Y.0000000071 

Ganesh, K.C., Balasubramanian, K.R., Vasudevan, M., Vasantharaja, P., Chandrasekhar, N., 2016. Effect of 
Multipass TIG and Activated TIG Welding Process on the Thermo-Mechanical Behavior of 316LN 
Stainless Steel Weld Joints. Metall. Mater. Trans. B 47, 1347–1362. https://doi.org/10.1007/s11663-
016-0600-6 

Garcia, J.H.N., Santos, N.F. dos, Esteves, L., Campos, W.R. da C., Rabelo, E.G., 2019. Corrosion Behavior of 
316L and Alloy 182 Dissimilar Weld Joint with Post-Weld Heat Treatment. Matéria (Rio Janeiro) 24. 
https://doi.org/10.1590/s1517-707620190003.0787 

Ghosh, M., Santosh, R., Das, S.K., Das, G., Mahato, B., Korody, J., Kumar, S., Singh, P.K., 2015. Effect of 
Structural Heterogeneity on In Situ Deformation of Dissimilar Weld Between Ferritic and Austenitic 
Steel. Metall. Mater. Trans. A 46, 3555–3568. https://doi.org/10.1007/s11661-015-2930-4 

Górka, J., Jamrozik, W., Wyględacz, B., Kiel-Jamrozik, M., Ferreira, B.G., 2024. Virtual Sensor for On-Line 
Hardness Assessment in TIG Welding of Inconel 600 Alloy Thin Plates. Sensors 24, 3569. 
https://doi.org/10.3390/s24113569 

Guo, X., He, P., Xu, K., Lv, X.C., Zhang, J.B., Gu, Y., 2022. Microstructure investigation on the fusion zone 
of steel/nickel-alloy dissimilar weld joint for nozzle buttering in nuclear power industry. Weld. World 
66, 187–194. https://doi.org/10.1007/s40194-021-01199-9 

Hagihara, K., Nakano, T., Umakoshi, Y., 2003. Plastic deformation behaviour in Ni3Ti single crystals with 
D024 structure. Acta Mater. 51, 2623–2637. https://doi.org/10.1016/S1359-6454(03)00060-0 

Hänninen, H., Aaltonen, P., Brederholm, A., Ehrnsteń, U., Gripenberg, H., Toivonen, A., Pitkan̈en, J., 
Virkkunen, I., 2006. Dissimilar metal weld joints and their performance in nuclear power plant and 
oil refinery conditions. VTT Tied. - Valt. Tek. Tutkimusk. 3–208. 

Hasegawa, M., 2014. Ellingham Diagram. Treatise Process Metall. 1, 507–516. 
https://doi.org/10.1016/B978-0-08-096986-2.00032-1 

Heiple, C.R., 1982. Mechanism for minor element effect on GTA fusion zone geometry. Weld. J. 61. 
Hilkes, J., Gross, V., 2013. Welding CrMo steels for power generation and petrochemical applications-past, 

present and future. Bull. Inst. Weld. 57, 11–22. 
Hou, J.S., Guo, J.T., Zhou, L.Z., Ye, H.Q., 2006. Sigma phase formation and its effect on mechanical 

properties in the corrosion-resistant superalloy K44. International Journal of Materials Research 97, 
174–181. https://doi.org/doi:10.3139/ijmr-2006-0031 

Hsieh, C.-C., Wu, W., 2012. Overview of Intermetallic Sigma () Phase Precipitation in Stainless Steels. ISRN 
Metall. 2012, 1–16. https://doi.org/10.5402/2012/732471 



 161 

Hu, Y.L., Lin, X., Yu, X.B., Xu, J.J., Lei, M., Huang, W.D., 2017. Effect of Ti addition on cracking and 
microhardness of Inconel 625 during the laser solid forming processing. J. Alloys Compd. 711, 267–
277. https://doi.org/10.1016/J.JALLCOM.2017.03.355 

Huang, M.L., Wang, L., 1998. Carbon migration in 5Cr-0.5Mo/21Cr-12Ni dissimilar metal welds. Metall. 
Mater. Trans. A 29, 3037–3046. https://doi.org/10.1007/s11661-998-0211-1 

Hwang, J.H., Lee, J.H., Ahmad, H.W., Ha, S.W., Bae, D.H., Kebede, H.Y., 2018. Assessing Corrosion Fatigue 
Characteristics of Dissimilar Material Weld between Alloy617 and 12Cr Steel Using Buttering Welding 
Technique. Metals (Basel). 8, 826. https://doi.org/10.3390/met8100826 

Isik, M.I., Kostka, A., Eggeler, G., 2014. On the nucleation of Laves phase particles during high-temperature 
exposure and creep of tempered martensite ferritic steels. Acta Mater. 81, 230–240. 
https://doi.org/10.1016/j.actamat.2014.08.008 

J.W. Baek; S.W. Nam, B.O. Kong, S.H.R., 2005. No Title. Key Eng.Mater. 463, 297–300. 
Jabar, S., Siefert, J.A., Strangwood, M., West, G.D., 2021. The Effect of Micro-Segregation on the 

Quantification of Microstructural Parameters in Grade 91 Steel. Metall. Mater. Trans. A 52, 426–437. 
https://doi.org/10.1007/s11661-020-06062-y 

Jayakrishnan, J.S., Chakravarthy, C.P., 2017. Flux bounded tungsten inert gas welding for enhanced weld 
performance—A review. J. Manuf. Process. https://doi.org/10.1016/j.jmapro.2017.05.023 

Jayakrishnan, S., Chakravarthy, P., 2017. Flux bounded tungsten inert gas welding for enhanced weld 
performance — A review. J. Manuf. Process. 28, 116–130. 
https://doi.org/10.1016/j.jmapro.2017.05.023 

Jayakrishnan, S., Chakravarthy, P., Muhammed Rijas, A., 2017. Effect of Flux Gap and Particle Size on the 
Depth of Penetration in FBTIG Welding of Aluminium. Trans. Indian Inst. Met. 70, 1329–1335. 
https://doi.org/10.1007/s12666-016-0929-1 

Jones WKC, A.P., 1977. The role of phase transform- ations in the development of residual welding stresses. 
Joseph, A., Rai, S.K., Jayakumar, T., Murugan, N., 2005. Evaluation of residual stresses in dissimilar weld 

joints. Int. J. Press. Vessel. Pip. 82, 700–705. https://doi.org/10.1016/j.ijpvp.2005.03.006 
Kalyankar, V., Bhoskar, A., Deshmukh, D., Patil, S., 2022. On the performance of metallurgical behaviour 

of Stellite 6 cladding deposited on SS316L substrate with PTAW process. Can. Metall. Q. 61, 130–144. 
https://doi.org/10.1080/00084433.2022.2031681 

Khaimovich, A., Shishkovsky, I., Erisov, Y., Agapovichev, A., Smelov, V., Razzhivin, V., 2022. Research on 
Cracked Conditions in Nickel Chrome Alloy Ni50Cr33W4.5Mo2.8TiAlNb, Obtained by Direct Laser 
Deposition. Metals (Basel). 12, 1902. https://doi.org/10.3390/met12111902 

Kimura, K., Sawada, K., Kushima, H., Toda, Y., 2009. Microstructural stability and long term creep strength 
of grade 91 steel. Energy Mater. 4, 176–183. https://doi.org/10.1179/174892312X13269692038897 

Koehler, W., 2004. Analyse des Einflusses der Schneidenform auf den Hochleistungsbohrprozess. Vulkan-
Verlag GmbH. 

Kou, S., 2003. Welding metallurgy. New Jersey, USA 431, 223–225. 
Kulkarni, A., Dwivedi, D.K., Vasudevan, M., 2021. A Functionally Graded Joint between P91 Steel and AISI 

316L SS. Weld. J. 269-s-280-s. 
Kulkarni, A., Dwivedi, D.K., Vasudevan, M., 2020. Microstructure and mechanical properties of A-TIG 

welded AISI 316L SS-Alloy 800 dissimilar metal joint. Mater. Sci. Eng. A 790, 139685. 
https://doi.org/10.1016/j.msea.2020.139685 

Kulkarni, A., Dwivedi, D.K., Vasudevan, M., 2019a. Dissimilar metal welding of P91 steel-AISI 316L SS with 
Incoloy 800 and Inconel 600 interlayers by using activated TIG welding process and its effect on the 
microstructure and mechanical properties. J. Mater. Process. Technol. 274, 116280. 
https://doi.org/10.1016/j.jmatprotec.2019.116280 

Kulkarni, A., Dwivedi, D.K., Vasudevan, M., 2019b. Effect of oxide fluxes on activated TIG welding of AISI 
316L austenitic stainless steel. Mater. Today Proc. 18, 4695–4702. 
https://doi.org/10.1016/j.matpr.2019.07.455 

Kumar, A., Pandey, C., 2022. Autogenous laser-welded dissimilar joint of ferritic/martensitic P92 steel and 
Inconel 617 alloy: mechanism, microstructure, and mechanical properties. Arch. Civ. Mech. Eng. 22, 
39. https://doi.org/10.1007/s43452-021-00365-6 

Kumar, A., Sirohi, S., Singh, M., Fydrych, D., Pandey, C., 2024. Microstructure and mechanical properties 
of a dissimilar metal welded joint of Inconel 617 and P92 steel with Inconel 82 buttering layer for 
AUSC boiler application. Int. J. Press. Vessel. Pip. 209, 105196. 
https://doi.org/10.1016/j.ijpvp.2024.105196 

Kumar K., V., Ramanaiah, N., Bhargava Rama Mohan Rao, N., 2021. Analysis of Mechanical, 
Microstructural Properties and Weld Morphology of A-TIG Welded AH-36 Marine-Grade Steels with 
Oxide and Duplex Flux Coating. Int. J. Automot. Mech. Eng. 18, 9101–9112. 



 162 

https://doi.org/10.15282/ijame.18.3.2021.22.0699 
Kumar, R., Varma, A., Kumar, Y.R., Neelakantan, S., Jain, J., 2022. Enhancement of mechanical properties 

through modified post-weld heat treatment processes of T91 and Super304H dissimilar welded joint. 
J. Manuf. Process. 78, 59–70. https://doi.org/10.1016/j.jmapro.2022.04.008 

Kumar, S., Yadav, V., Sharma, S., Pandey, C., Goyal, A., Kumar, P., 2021. Role of dissimilar Ni-based 
ERNiCrMo-3 filler on the microstructure, mechanical properties and weld induced residual stresses 
of the ferritic/martensitic P91 steel welds joint. Int. J. Press. Vessel. Pip. 193. 
https://doi.org/10.1016/j.ijpvp.2021.104443 

Kumar, S.A., Sathiya, P., 2015. Experimental Investigation of the A-TIG Welding Process of Incoloy 800H. 
Mater. Manuf. Process. 30, 1154–1159. https://doi.org/10.1080/10426914.2015.1019092 

Lakshmanan, V., Sathiya, P., Arivazhagan, B., 2019. Mechanical properties characterisation of dissimilar 
joint of high-temperature materials using Thermo-Calc Classic (TCC) diagram analysis. Mater. High 
Temp. 36, 195–211. https://doi.org/10.1080/09603409.2018.1503442 

Leconte, S., Paillard, P., Chapelle, P., Henrion, G., Saindrenan, J., 2006. Effect of oxide fluxes on activation 
mechanisms of tungsten inert gas process. Sci. Technol. Weld. Join. 11, 389–397. 
https://doi.org/10.1179/174329306X129544 

Leconte, S, Paillard, P., Saindrenan, J., 2006. Effect of fluxes containing oxides on tungsten inert gas welding 
process. Sci. Technol. Weld. Join. 11, 43–47. 

Li, Q., Wang, X., Zou, Z., Wu, J., 2007. Effect of activating flux on arc shape and arc voltage in tungsten inert 
gas welding. Trans. Nonferrous Met. Soc. China 17, 486–490. https://doi.org/10.1016/S1003-
6326(07)60120-4 

Li, S., Hu, L., Dai, P., Bi, T., Deng, D., 2021. Influence of the groove shape on welding residual stresses in 
P92/SUS304 dissimilar metal butt-welded joints. J. Manuf. Process. 66, 376–386. 
https://doi.org/10.1016/j.jmapro.2021.04.030 

Lippold, J.C., 1984. An Investigation of Weld Cracking in Alloy 800 Hot cracking susceptibility is associated 
with heat-to-heat variations in silicon and titanium. 

Lippold, J.C., Kiser, S.D., DuPont, J.N., 2011. Welding metallurgy and weldability of nickel-base alloys. John 
Wiley & Sons. 

Liu, F.C., Nelson, T.W., McCracken, S.L., 2019. Effect of Post-weld Heat Treatment on Microstructure and 
Mechanical Properties of Dissimilar Metal Weld Used in Power Plants. Metall. Mater. Trans. A 50, 
2826–2834. https://doi.org/10.1007/s11661-019-05223-y 

Liu, G., Xu, Y.-L., Yang, C.-X., Xiao, X.-S., Chen, X.-M., Zhang, X.-K., Meng, X.-J., 2015. Effects of Alloy 
Elements on Oxidation Resistance and Stress-Rupture Property of P92 Steel. Acta Metall. Sin. (English 
Lett. 28, 129–138. https://doi.org/10.1007/s40195-014-0172-x 

Liu, X., Fan, J., Song, Y., Zhang, P., Chen, F., Yuan, R., Wang, J., Tang, B., Kou, H., Li, J., 2022. High-
temperature tensile and creep behaviour of Inconel 625 superalloy sheet and its associated 
deformation-failure micromechanisms. Mater. Sci. Eng. A 829, 142152. 
https://doi.org/10.1016/J.MSEA.2021.142152 

Liu, X., Lu, F., Yang, R., Wang, P., Xu, X., Huo, X., 2015. Investigation on Mechanical Properties of 
9%Cr/CrMoV Dissimilar Steels Welded Joint. J. Mater. Eng. Perform. 24, 1434–1440. 
https://doi.org/10.1007/s11665-015-1428-y 

Liu, X.Y., Fujita, T., 1989. Effect of chromium content on creep rupture properties of a high chromium ferritic 
heat resisting steel. ISIJ Int. 29, 680–686. https://doi.org/10.2355/isijinternational.29.680 

Lolla, T., Siefert, J., Babu, S.S., Gandy, D., 2014. Delamination failures of Stellite hardfacing in power plants: 
a microstructural characterisation study. Sci. Technol. Weld. Join. 19, 476–486. 
https://doi.org/10.1179/1362171814Y.0000000213 

Lu, S., Fujii, H., Sugiyama, H., Nogi, K., 2003. Mechanism and optimization of oxide fluxes for deep 
penetration in gas tungsten arc welding. Metall. Mater. Trans. A 34, 1901–1907. 

Lundin, C D; Khan, K K; Yang, D., 1990. Effect of carbon migration in Cr-Mo weldments on metallurgical 
structure and mechanical properties. Recent trends Weld. Sci. Technol. ASM Int. 35, 457–468. 

M.D.Mathew, S.Latha, K.BhanuSankaraRao, Etal., 2007. M.D.Mathew,S.Latha,K.BhanuSankaraRao,etal.,. 
Mater.Sci.Eng. A456, 28–34. 

M.P.Mishra, H.U.Borgstedt, M.D.Mathew, S.L.Mannan, P.Rodriguez, Etal., 1997. 
M.P.Mishra,H.U.Borgstedt,M.D.Mathew,S.L.Mannan,P.Rodriguez,etal.,.(). Int.J.Press.VesselsPip 72, 
111–118. 

Maduraimuthu, V., Vasudevan, M., Muthupandi, V., Bhaduri, A.K., Jayakumar, T., 2012. Effect of Activated 
Flux on the Microstructure, Mechanical Properties, and Residual Stresses of Modified 9Cr-1Mo Steel 
Weld Joints. Metall. Mater. Trans. B 43, 123–132. https://doi.org/10.1007/s11663-011-9568-4 

Mannan, S.L., Mathew, M.D., 1996. . Bull.Mater.Sci. 985–1007. 



 163 

Mayr, P., Cerjak, H., 2010. The impact of welding on the creep properties of advanced 9-12 % Cr steels. 
Trans. Indian Inst. Met. 9, 131–136. https://doi.org/10.1007/s12666-010-0018-9 

Mayr, P., Palmer, T.A., Elmer, J.W., Specht, E.D., Allen, S.M., 2010. Formation of Delta Ferrite in 9 Wt Pct 
Cr Steel Investigated by In-Situ X-Ray Diffraction Using Synchrotron Radiation. Metall. Mater. Trans. 
A 41, 2462–2465. https://doi.org/10.1007/s11661-010-0371-7 

Mayr, P., Schlacher, C., Siefert, J.A., Parker, J.D., 2019. Microstructural features, mechanical properties and 
high temperature failures of ferritic to ferritic dissimilar welds. Int. Mater. Rev. 64, 1–26. 
https://doi.org/10.1080/09506608.2017.1410943 

Mills, K.C., Keene, B.J., 1990. Factors affecting variable weld penetration. Int. Mater. Rev. 35, 185–216. 
https://doi.org/10.1179/095066090790323966 

Ministry of Environment Forest and Climate Change, 2021. National Action Plan on Climate Change 
(NAPCC) [WWW Document]. Minist. Inf. Broadcast. Gov. India. URL 
https://static.pib.gov.in/WriteReadData/specificdocs/documents/2021/dec/doc202112101.pdf 
(accessed 9.29.24). 

Mittal, R., Sidhu, B.S., 2015. Microstructures and mechanical properties of dissimilar T91/347H steel 
weldments. J. Mater. Process. Technol. 220, 76–86. https://doi.org/10.1016/j.jmatprotec.2015.01.008 

Modenesi, P.J., Colen Neto, P., Roberto Apolinário, E., Batista Dias, K., 2015. Effect of flux density and the 
presence of additives in ATIG welding of austenitic stainless steel. Weld. Int. 29, 425–432. 
https://doi.org/10.1080/09507116.2014.932982 

Mondal, B., Gao, M., Palmer, T.A., DebRoy, T., 2022. Solidification cracking of a nickel alloy during high-
power keyhole mode laser welding. J. Mater. Process. Technol. 305, 117576. 
https://doi.org/10.1016/j.jmatprotec.2022.117576 

Murugan, S., Rai, S.K., Kumar, P.., Jayakumar, T., Raj, B., Bose, M.S.., 2001. Temperature distribution and 
residual stresses due to multipass welding in type 304 stainless steel and low carbon steel weld pads. 
Int. J. Press. Vessel. Pip. 78, 307–317. https://doi.org/10.1016/S0308-0161(01)00047-3 

Nagaraju, S., Vasantharaja, P., Chandrasekhar, N., Vasudevan, M., Jayakumar, T., 2014. Optimization of A-
TIG welding process parameters for 9Cr–1Mo steel using response surface methodology and genetic 
algorithm, in: International Welding Congress. pp. 457–463. 

Nelson, T.W., Lippold, J.C., Mills, M.J., 1998. Investigation of boundaries and structures in dissimilar metal 
welds. Sci. Technol. Weld. Join. 3, 249–255. https://doi.org/10.1179/stw.1998.3.5.249 

Niagaj, J., 2006. Use of A-TIG method for welding of titanium, nickel, their alloys and austenitic steels. 
Weld. Int. 20, 516–520. https://doi.org/10.1533/wint.2006.3621 

Niagaj, J., 2003. The use of activating fluxes for the welding of high-alloy steels by A-TIG method. Weld. 
Int. 17, 257–261. https://doi.org/10.1533/wint.2003.3110 

Nimko, M.O., Skulskyi, V.Y., Ivanenko, T.V., 2023. Materials and technological approaches to welding of 
combined joints between martensitic and austenitic steels used in power machine building (Review). 
Pat. Weld. J. 2023, 11–20. https://doi.org/10.37434/tpwj2023.04.02 

Olden, V., Kvaale, P.E., Simensen, P.A., Aaldstedt, S., Solberg, J.K., 2003. The Effect of PWHT on the 
Material Properties and Micro Structure in Inconel 625 and Inconel 725 Buttered Joints, in: Volume 3: 
Materials Technology; Ocean Engineering; Polar and Arctic Sciences and Technology; Workshops. 
ASMEDC, pp. 109–115. https://doi.org/10.1115/OMAE2003-37196 

Paddea, S., Francis, J.A., Paradowska, A.M., Bouchard, P.J., Shibli, I.A., 2012. Residual stress distributions 
in a P91 steel-pipe girth weld before and after post weld heat treatment. Mater. Sci. Eng. A 534, 663–
672. https://doi.org/10.1016/J.MSEA.2011.12.024 

Palanisamy, A., Jeyaprakash, N., Sivabharathi, V., Sivasankaran, S., 2021. Influence of heat treatment on the 
mechanical and tribological properties of Incoloy 800H Superalloy. Arch. Civ. Mech. Eng. 21, 10. 
https://doi.org/10.1007/s43452-020-00171-6 

Palanivel, R., Dinaharan, I., Laubscher, R.F., Alarifi, I.M., 2021. Effect of Nd:YAG laser welding on 
microstructure and mechanical properties of Incoloy alloy 800. Opt. Laser Technol. 140, 107039. 
https://doi.org/10.1016/j.optlastec.2021.107039 

Pandey, C., 2020. Mechanical and metallurgical characterization of dissimilar P92/SS304 L welded joints 
under varying heat treatment regimes. Met. Mater Trans A 51, 2126–2142. 
https://doi.org/10.1007/s11661-020-05660-0 

Pandey, C., Mahapatra, M.M., 2016. Effect of Heat Treatment on Microstructure and Hot Impact Toughness 
of Various Zones of P91 Welded Pipes. J. Mater. Eng. Perform. 25, 2195–2210. 

Pandey, C., Mahapatra, M.M., Kumar, P., 2019a. Characterisation of dissimilar P91 and P92 steel welds 
joint. Mater. High Temp. 36, 275–284. https://doi.org/10.1080/09603409.2018.1537168 

Pandey, C., Mahapatra, M.M., Kumar, P., Daniel, F., Adhithan, B., 2019b. Softening mechanism of P91 steel 
weldments using heat treatments. Arch. Civ. Mech. Eng. 19, 297–310. 



 164 

https://doi.org/10.1016/j.acme.2018.10.005 
Pandey, C., Mahapatra, M.M., Kumar, P., Giri, A., 2017. Microstructure characterization and charpy 

toughness of P91 weldment for as-welded, post-weld heat treatment and normalizing &amp; 
tempering heat treatment. Met. Mater. Int. 23, 900–914. https://doi.org/10.1007/s12540-017-6850-2 

Pandey, C., Mahapatra, M.M., Kumar, P., Kumar, S., Sirohi, S., 2019c. Effect of post weld heat treatments 
on microstructure evolution and type IV cracking behavior of the P91 steel welds joint. J. Mater. 
Process. Technol. 266, 140–154. https://doi.org/10.1016/J.JMATPROTEC.2018.10.024 

Pandey, C., Mahapatra, M.M., Kumar, P., Saini, N., 2018a. Homogenization of P91 weldments using varying 
normalizing and tempering treatment. Mater. Sci. Eng. A 710, 86–101. 
https://doi.org/10.1016/j.msea.2017.10.086 

Pandey, C., Mahapatra, M.M., Kumar, P., Saini, N., 2018b. Dissimilar joining of CFEF steels using 
autogenous tungsten-inert gas welding and gas tungsten arc welding and their effect on δ-ferrite 
evolution and mechanical properties. J. Manuf. Process. 31, 247–259. 
https://doi.org/10.1016/j.jmapro.2017.11.020 

Pandey, C., Mahapatra, M.M., Kumar, P., Saini, N., 2018c. Some studies on P91 steel and their weldments. 
J Alloy. Compd 743, 332–364. https://doi.org/10.1016/j.jallcom.2018.01.120 

Pandey, C., Mahapatra, M.M., Kumar, P., Saini, N., Thakre, J.G., Vidyarthy, R.S., Narang, H.K., 2018d. A 
brief study on δ-ferrite evolution in dissimilar P91 and P92 steel weld joint and their effect on 
mechanical properties. Arch. Civ. Mech. Eng. 18, 713–722. 
https://doi.org/10.1016/j.acme.2017.12.002 

Pandey, C., Mohan Mahapatra, M., Kumar, P., Mulik, R.S., Saini, N., Gopal Thakre, J., 2018e. Effect of 
welding process and PWHT on δ-ferrite evolution in dissimilar P91 and P92 steel joint. Mater. Today 
Proc. https://doi.org/10.1016/j.matpr.2018.04.115 

Pandey, C., Mohan Mahapatra, M., Kumar, P., Thakre, J.G., Saini, N., 2019d. Role of evolving microstructure 
on the mechanical behaviour of P92 steel welded joint in as-welded and post weld heat treated state. 
J. Mater. Process. Technol. 263, 241–255. https://doi.org/10.1016/j.jmatprotec.2018.08.032 

Pandya, D., Badgujar, A., Ghetiya, N., 2021. A novel perception toward welding of stainless steel by 
activated TIG welding: a review. Mater. Manuf. Process. 36, 877–903. 
https://doi.org/10.1080/10426914.2020.1854467 

Park, J.-S., Kim, J.-M., Sohn, G.-H., Kim, Y.-H., 2008. An Analysis of Residual Stress Improvement for a 
Dissimilar Metal Nozzle-to-Pipe Weld by Using the Heat Sink Method, in: Volume 6: Materials and 
Fabrication, Parts A and B. ASMEDC, pp. 585–589. https://doi.org/10.1115/PVP2008-61684 

Paskell, T., Lundin, C., Castner, H., 1997. GTAW flux increases weld joint penetration. Weld. J. 76, 57–62. 
Pauly, V., Kern, J., Clark, M., Grierson, D.S., Sridharan, K., 2021. Wear Performance of incoloy 800HT and 

inconel 617 in various surface conditions for high-temperature gas-cooled reactor components. Tribol. 
Int. 154, 106715. https://doi.org/10.1016/j.triboint.2020.106715 

Pavan, A.R., Sakthivel, T., Arivazhagan, B., Vasudevan, M., Vaishnavi Krupa, B.R., 2023. Microstructures 
and Creep Properties of Type 316LN Stainless Steel Weld Joints. Metall. Mater. Trans. A 54, 4868–
4890. https://doi.org/10.1007/s11661-023-07208-4 

Pavan, A.H. V, Vikrant, K.S.N., Ravibharath, R., Singh, K., 2015. Development and evaluation of SUS 304H–
IN 617 welds for advanced ultra supercritical boiler applications. Mater Sci Eng A 642. 
https://doi.org/10.1016/j.msea.2015.06.065 

Race, J.M., 1992. Carbon Diffusion Across Dissimilar Steel Welds 1–366. 
Radhakrishnan, B., Thompson, R.G., 1991. A phase diagram approach to study liquation cracking in alloy 

718. Metall. Trans. A 22, 887–902. https://doi.org/10.1007/BF02658999 
Rai, R.K., Sahu, J.K., Paulose, N., Fernando, D.C., 2021. Tensile deformation micro-mechanisms of a 

polycrystalline nickel base superalloy: From jerky flow to softening. Mater. Sci. Eng. A 807, 140905. 
https://doi.org/10.1016/j.msea.2021.140905 

Rakoczy, Ł., Rutkowski, B., Grudzié N-Rakoczy, M., Cygan, R., Ratuszek, W., Zielí Nska-Lipiec, A., 2020. 
materials Analysis of γ Precipitates, Carbides and Nano-Borides in Heat-Treated Ni-Based Superalloy 
Using SEM, STEM-EDX, and HRSTEM. https://doi.org/10.3390/ma13194452 

Ramirez-Soto, J.C., Pérez-Quiroz, J.T., Salgado-López, J.M., Martinez-Madrid, M., Pérez-López, T., Rendón-
Belmonte, M., Alvarez-Alfaro, E., 2019. Electrochemical behavior of dissimilar welded joints between 
ASTM A615 and AISI 304 with and without buttering using Inconel 182. Rev. Alconpat 9, 167–184. 

Ranjbar, K., Dehmolaei, R., Amra, M., Keivanrad, I., 2018. Microstructure and properties of a dissimilar 
weld between alloy 617 and A387 steel using different filler metals. Weld World 62, 1121–1136. 
https://doi.org/10.1007/s40194-018-0610-x 

Rathod, D., Aravindan, S., Singh, P.K., Pandey, S., 2014. Metallurgical Characterization and Diffusion 
Studies of Successively Buttered Deposit of Ni–Fe Alloy and Inconel on SA508 Ferritic Steel. ISIJ Int. 



 165 

54, 1866–1875. https://doi.org/10.2355/isijinternational.54.1866 
Rathod, D.W., Pandey, S., Aravindan, S., Singh, P.K., 2017a. Metallurgical Behaviour and Carbon Diffusion 

in Buttering Deposits Prepared With and Without Buffer Layers. Acta Metall. Sin. (English Lett. 30, 
120–132. https://doi.org/10.1007/s40195-016-0487-x 

Rathod, D.W., Pandey, S., Aravindan, S., Singh, P.K., 2016. Diffusion Control and Metallurgical Behavior of 
Successive Buttering on SA508 Steel Using Ni–Fe Alloy and Inconel 182. Metallogr. Microstruct. Anal. 
5, 450–460. https://doi.org/10.1007/s13632-016-0311-z 

Rathod, D.W., Singh, R.K.R., Pandey, S., Aravindan, S., Singh, P.K., 2017b. Influence of graded compositions 
and carbon diffusivities in buttering on structural integrity of dissimilar metal welds. Mater. Sci. Eng. 
A 702, 289–300. https://doi.org/10.1016/j.msea.2017.07.036 

Rodrigues, A., Loureiro, A., Castanhola Batista, A., 2006. Effect of activating fluxes on bead geometry and 
on microstructure of a-TIG welds. Weld. Res. Abroad 52, 48–58. 

Rowcliffe, A.F., Mansur, L.K., Hoelzer, D.T., Nanstad, R.K., 2009. Perspectives on radiation effects in nickel-
base alloys for applications in advanced reactors. J. Nucl. Mater. 392, 341–352. 
https://doi.org/10.1016/j.jnucmat.2009.03.023 

Rückert, G., Perry, N., Sire, S., Marya, S., 2014. Enhanced weld penetrations in GTA welding with activating 
fluxes case studies: Plain carbon & stainless steels, titanium and aluminum. Mater. Sci. Forum 783–
786, 2804–2809. https://doi.org/10.4028/www.scientific.net/MSF.783-786.2804 

Saito, K., Aoki, M., Kondo, H., Ikeda, N., 1987. Influence of Boron Content on Hot Cracking Sensitivity of 
Weld Heat Affected Zone in Incoloy 800. Trans. Iron Steel Inst. Japan 27, 664–672. 
https://doi.org/10.2355/isijinternational1966.27.664 

Sajuri, Z., Mohamad Selamat, N.F., Baghdadi, A.H., Rajabi, A., Omar, M.Z., Kokabi, A.H., Syarif, J., 2020. 
Cold-Rolling Strain Hardening Effect on the Microstructure, Serration-Flow Behaviour and 
Dislocation Density of Friction Stir Welded AA5083. Metals (Basel). 10, 70. 
https://doi.org/10.3390/met10010070 

Sakthivel, T., Syamala Rao, P., Parida, P.K.K., Vasudevan, M., 2022. Transition of creep damage region in 
P91-Alloy800-SS316LN dissimilar metals weld joint. Mater. Lett. 306, 130915. 
https://doi.org/10.1016/j.matlet.2021.130915 

Sakthivel, T., Vasudevan, M., Laha, K., Parameswaran, P., Chandravathi, K.S.S., Mathew, M.D.D., Bhaduri, 
A.K.K., 2011. Comparison of creep rupture behaviour of type 316L(N) austenitic stainless steel joints 
welded by TIG and activated TIG welding processes. Mater. Sci. Eng. A 528, 6971–6980. 
https://doi.org/10.1016/j.msea.2011.05.052 

Sancho, R., Segurado, J., Erice, B., Pérez-Martín, M.-J., Gálvez, F., 2020. Crystal-Plasticity-Finite-Element 
Modeling of the Quasi-Static and Dynamic Response of a Directionally Solidified Nickel-Base 
Superalloy. Materials (Basel). 13, 2990. https://doi.org/10.3390/ma13132990 

Santella, M.L., Swindeman, R.W., Reed, R.W., Tanzosh, J.M., 2010. Martensite transformation, 
microsegregation, and creep strength of 9Cr-1Mo-V steel weld metal. ORNL. 

Santella1, M.L., Swindeman1, R.W., Reed1, R.W., Tanzosh2, J.M., Santella, M.L., Swindeman, R.W., Reed, 
R.W., Tanzosh, J.M., 2002. Martensite transformation, microsegregation, and creep strength of 9 Cr-1 
Mo-V steel weld metal. ASM Proc. Int. Conf. Trends Weld. Res. 713–718. 

Saravanan, K., Chakravadhanula, V.S.K., Manwatkar, S.K., Narayana Murty, S.V.S., Ramesh Narayanan, 
P., 2020. Dynamic Strain Aging and Embrittlement Behavior of IN718 During High-Temperature 
Deformation. Metall. Mater. Trans. A 51, 5691–5703. https://doi.org/10.1007/s11661-020-05970-3 

Sarwar, M., bin Abd Majid, M.A., 2015. Weld Hardness Study of P91 Welded Pipes with Post Weld Heat 
Treatment for Elevated Temperature Application in Power Plants. Adv. Mater. Res. 1115, 503–508. 
https://doi.org/10.4028/www.scientific.net/AMR.1115.503 

Sayiram, G., Arivazhagan, N., 2015. Microstructural characterization of dissimilar welds between Incoloy 
800H and 321 Austenitic Stainless Steel. Mater. Charact. 102, 180–188. 
https://doi.org/10.1016/j.matchar.2015.03.006 

Sayyar, N., Shamanian, M., Niroumand, B., Kangazian, J., Szpunar, J.A., 2020. EBSD observations of 
microstructural features and mechanical assessment of INCOLOY 825 alloy/AISI 321 stainless steel 
dissimilar welds. J. Manuf. Process. 60, 86–95. https://doi.org/10.1016/j.jmapro.2020.10.042 

Schaeffler, A.L., 1949. Constitution diagram for stainless steel weld metal. Met. Prog. 56, 680. 
Schäfer, L., 1998. Influence of delta ferrite and dendritic carbides on the impact and tensile properties of a 

martensitic chromium steel. J. Nucl. Mater. 258–263, 1336–1339. https://doi.org/10.1016/S0022-
3115(98)00200-1 

Shah Hosseini, H., Shamanian, M., Kermanpur, A., 2011. Characterization of microstructures and 
mechanical properties of Inconel 617/310 stainless steel dissimilar welds. Mater. Charact. 62, 425–431. 
https://doi.org/10.1016/j.matchar.2011.02.003 



 166 

Shamanian, M., Mirzaei, A., Kangazian, J., Szpunar, J.A., 2020. Characterization and mechanical behavior 
of AISI 316L/Incoloy 825 dissimilar welds processed by friction stir welding. J. Manuf. Process. 55, 
66–77. https://doi.org/10.1016/j.jmapro.2020.03.045 

Shanmugarajan, B., Padmanabham, G., Kumar, H., Albert, S.K., Bhaduri, A.K., 2011. Autogenous laser 
welding investigations on modified 9Cr–1Mo (P91) steel. Sci Technol Weld Join 16. 
https://doi.org/10.1179/1362171811Y.0000000035 

Shariatpanahi, A.M., Farhangi, H., 2009. Microstructure and Mechanical Properties of Dissimilar Ferritic 
and Austenitic Steel Joints with an Intermediate Inconel-182 Buttering Layer. Adv. Mater. Res. 83–86, 
449–456. https://doi.org/10.4028/www.scientific.net/AMR.83-86.449 

Sharma, P., Dwivedi, D.K., 2021. Study on Flux assisted-Tungsten inert gas welding of bimetallic P92 
martensitic steel-304H austenitic stainless steel using SiO2–TiO2 binary flux. Int. J. Press. Vessel. Pip. 
192, 104423. https://doi.org/10.1016/j.ijpvp.2021.104423 

Sharma, P., Dwivedi, D.K., 2019. A-TIG welding of dissimilar P92 steel and 304H austenitic stainless steel: 
mechanisms, microstructure and mechanical properties. J Manuf Process 44, 166–178. 
https://doi.org/10.1016/j.jmapro.2019.06.003 

Shibli, A., 2017. Aberrant P91 and its inspection, monitoring and life assessment. Mater. High Temp. 34, 
442–447. https://doi.org/10.1080/09603409.2017.1381499 

Shin, K.Y., Lee, J.W., Han, J.M., Lee, K.W., Kong, B.O., Hong, H.U., 2018. Transition of creep damage region 
in dissimilar welds between Inconel 740H Ni-based superalloy and P92 ferritic/martensitic steel. 
Mater Charact 139, 144–152. https://doi.org/10.1016/j.matchar.2018.02.039 

Siefert JA; Parker JD, 2013. Well-Engineered weld repair of grade 91 steel. Proc. to EPRI Int. Conf. Weld. 
Repair Technol. Power Plants, Naples, FL. 

Silva, A.N., Costa, E.C., Almeida, J.G. de, Maciel, T.M., Cavalcante, D.G. de L., Passos, T.A. dos, 2022. Effect 
of Hydrogen on the Mechanical Properties of ASTM A182 F22 and ASTM A36 Steels Welded Joint 
Using Inconel 625 as Filler and Buttering Metal. Mater. Res. 25. https://doi.org/10.1590/1980-5373-
mr-2021-0339 

Sims, C.T., Stoloff, N.S., Hagel, W.C., 1987. superalloys II. Wiley New York. 
Singh, A.K., Dey, V., Rai, R.N., 2017. Techniques to improveweld penetration in TIG welding (A review). 

Mater. Today Proc. 4, 1252–1259. https://doi.org/10.1016/j.matpr.2017.01.145 
Singh, P., Arora, N., 2022. Improving mechanical properties of P91 and IN617 dissimilar weld joints for 

advanced ultra super critical power plants by buttering technique. Mater. Lett. 327, 133084. 
https://doi.org/10.1016/j.matlet.2022.133084 

Sire, S., Marya, S., 2001. New perspectives in TIG welding of aluminium through flux application FBTIG 
process. 

Sireesha, M., Albert, S.K., Sundaresan, S., 2005. Influence of High-Temperature Exposure on the 
Microstructure and Mechanical Properties of Dissimilar Metal Welds between Modified 9Cr-1Mo 
Steel and Alloy 800. 

Sireesha, M., Albert, S.K., Sundaresan, S., 2001. Microstructure and Mechanical Properties of Weld Fusion 
Zones in Modified 9Cr-1Mo Steel. J. Mater. Eng. Perform. 10, 320–330. 
https://doi.org/10.1361/105994901770345033 

Sireesha, M., Shankar, V., Albert, S.K., Sundaresan, S., 2000. Microstructural features of dissimilar welds 
between 316LN austenitic stainless steel and alloy 800. Mater. Sci. Eng. A 292, 74–82. 
https://doi.org/10.1016/S0921-5093(00)00969-2 

Sirohi, S., Pandey, C., Goyal, A., 2021. Role of the Ni-based filler (IN625) and heat-treatment on the 
mechanical performance of the GTA welded dissimilar joint of P91 and SS304H steel. J. Manuf. 
Process. 65, 174–189. 

Sirohi, S., Pandey, C., Goyal, A., 2020. Characterization of structure-property relationship of martensitic P91 
and high alloy ferritic austenitic F69 steel. Int. J. Press. Vessel. Pip. 188, 104179. 
https://doi.org/10.1016/j.ijpvp.2020.104179 

Sivakumar, J., Vasudevan, M., Korra, N.N., 2020. Systematic Welding Process Parameter Optimization in 
Activated Tungsten Inert Gas (A-TIG) Welding of Inconel 625. Trans. Indian Inst. Met. 73, 1–15. 
https://doi.org/10.1007/s12666-020-01876-1 

Skouras, A., Paradowska, A., Peel, M.J., Flewitt, P.E.J., Pavier, M.J., 2013. Residual stress measurements in 
a ferritic steel/In625 superalloy dissimilar metal weldment using neutron diffraction and deep-hole 
drilling. Int. J. Press. Vessel. Pip. 101, 143–153. https://doi.org/10.1016/J.IJPVP.2012.11.002 

Soysal, T., Kou, S., Tat, D., Pasang, T., 2016. Macrosegregation in dissimilar-metal fusion welding. Acta 
Mater 110, 149–160. https://doi.org/10.1016/j.actamat.2016.03.004 

Sridhar, S.P., Kumar, S.A., Sathiya, P., 2016. A-Tig Welding Process of Incoloy 800H. 
https://doi.org/10.1515/adms 



 167 

Sudha, C., Paul, V.T., Terrance, A.L.E., Saroja, S., Vijayalakshmi, M., 2006. Microstructure and 
microchemistry of hard zone in dissimilar weldments of Cr-Mo steels. Weld. J. (Miami, Fla) 85. 

Sujai, S., Devendranath Ramkumar, K., 2020. Microstructure and properties of nano-SiO2 activated flux 
TIG (A-TIG) welding of Incoloy 925 joints. J. Manuf. Process. 58, 998–1018. 
https://doi.org/10.1016/j.jmapro.2020.08.061 

Suman, S., Biswas, P., 2020. Comparative study on SAW welding induced distortion and residual stresses 
of CSEF steel considering solid state phase transformation and preheating. J. Manuf. Process. 51, 19–
30. https://doi.org/10.1016/j.jmapro.2020.01.012 

Taheri, N., Naffakh-Moosavy, H., Ghaini, F.M., 2017. A new procedure for refurbishment of power plant 
Superalloy 617 by pulsed Nd:YAG laser process. Opt Laser Technol 91, 71–79. 
https://doi.org/10.1016/j.optlastec.2016.12.013 

Tan, L., Rakotojaona, L., Allen, T.R., Nanstad, R.K., Busby, J.T., 2011. Microstructure optimization of 
austenitic Alloy 800H (Fe–21Cr–32Ni). Mater. Sci. Eng. A 528, 2755–2761. 
https://doi.org/10.1016/j.msea.2010.12.052 

Tanigawa, H., Shiba, K., Sakasegawa, H., Hirose, T., Jitsukawa, S., 2011. Technical issues related to the 
development of reduced-activation ferritic/martensitic steels as structural materials for a fusion 
blanket system. Fusion Eng. Des. 86, 2549–2552. https://doi.org/10.1016/j.fusengdes.2011.04.047 

Taraphdar, P.K., Mahapatra, M.M., Pradhan, A.K., Singh, P.K., Sharma, K., Kumar, S., 2021. Effects of 
groove configuration and buttering layer on the through-thickness residual stress distribution in 
dissimilar welds. Int. J. Press. Vessel. Pip. 192, 104392. https://doi.org/10.1016/j.ijpvp.2021.104392 

Tathgir, S., Bhattacharya, A., 2016. Activated-TIG Welding of Different Steels: Influence of Various Flux and 
Shielding Gas. Mater. Manuf. Process. 31, 335–342. https://doi.org/10.1080/10426914.2015.1037914 

Tathgir, S., Bhattacharya, A., Bera, T.K., 2015. Influence of Current and Shielding Gas in TiO 2 Flux 
Activated TIG Welding on Different Graded Steels. Mater. Manuf. Process. 30, 1115–1123. 
https://doi.org/10.1080/10426914.2014.973591 

Thakare, J.G., Pandey, C., Mahapatra, M.M., Mulik, R.S., 2019. An assessment for mechanical and 
microstructure behavior of dissimilar material welded joint between nuclear grade martensitic P91 
and austenitic SS304 L steel. J. Manuf. Process. 48, 249–259. 
https://doi.org/10.1016/j.jmapro.2019.10.002 

The British Standards Institution, 2018. BS EN ISO 15653:2018 Metallic materials : method of test for the 
determination of quasistatic fracture toughness of welds. 

Thomas Paul, V., Karthikeyan, T., Dasgupta, A., Sudha, C., Hajra, R.N., Albert, S.K., Saroja, S., Jayakumar, 
T., 2016. Microstructural Variations Across a Dissimilar 316L Austenitic: 9Cr Reduced Activation 
Ferritic Martensitic Steel Weld Joint. Metall. Mater. Trans. A 47, 1153–1168. 
https://doi.org/10.1007/s11661-015-3281-x 

Tigga, S.S., Verma, D.K., Panneerselvam, K., 2020. Microstructure & mechanical properties of dissimilar 
material joints between T91 martensitic & S304H austenitic steels using different filler wires. Mater. 
Today Proc. https://doi.org/10.1016/j.matpr.2020.03.055 

Timoshenko, S.P., Goodier, J.N., 1951. Theory of elasticity. 
Tomków, J., Sobota, K., Krajewski, S., 2020. Influence of tack welds distribution and welding sequence on 

the angular distortion of tig welded joint. Facta Univ. Ser. Mech. Eng. 18, 611–621. 
https://doi.org/10.22190/FUME200520044T 

Tomota, Y., Daikuhara, S., Nagayama, S., Sugawara, M., Ozawa, N., Adachi, Y., Harjo, S., Hattori, S., 2014. 
Stress Corrosion Cracking Behavior at Inconel and Low Alloy Steel Weld Interfaces. Metall. Mater. 
Trans. A 45, 6103–6117. https://doi.org/10.1007/s11661-014-2560-2 

Tseng, K.-H., Hsu, C.-Y., 2011. Performance of activated TIG process in austenitic stainless steel welds. J. 
Mater. Process. Technol. 211, 503–512. https://doi.org/10.1016/j.jmatprotec.2010.11.003 

TWI, 2017. What is the difference between heat input and arc energy ? [WWW Document]. URL 
https://www.twi-global.com/technical-knowledge/faqs/faq-what-is-the-difference-between-heat-
input-and-arc-energy (accessed 9.30.24). 

Uzun, F., Korsunsky, A.M., 2019. On the analysis of post weld heat treatment residual stress relaxation in 
Inconel alloy 740H by combining the principles of artificial intelligence with the eigenstrain theory. 
Mater. Sci. Eng. A 752, 180–191. https://doi.org/10.1016/j.msea.2019.03.009 

Vaillant, J.C., Vandenberghe, B., Hahn, B., Heuser, H., Jochum, C., 2008. T/P23, 24, 911 and 92: New grades 
for advanced coal-fired power plants-Properties and experience. Int. J. Press. Vessel. Pip. 85, 38–46. 
https://doi.org/10.1016/j.ijpvp.2007.06.011 

Vashishtha, H., Taiwade, R. V., Sharma, S., Patil, A.P., 2017. Effect of welding processes on microstructural 
and mechanical properties of dissimilar weldments between conventional austenitic and high 
nitrogen austenitic stainless steels. J. Manuf. Process. 25, 49–59. 



 168 

https://doi.org/10.1016/j.jmapro.2016.10.008 
Vasudevan, M., 2017. Effect of A-TIG Welding Process on the Weld Attributes of Type 304LN and 316LN 

Stainless Steels. J. Mater. Eng. Perform. 26, 1325–1336. https://doi.org/10.1007/s11665-017-2517-x 
Vellaichamy, L., Gerard, P.B.T., Paulraj, S., 2018. Mechanical and Metallurgical Characterization of Laser 

Welding on P91 Ferritic Steel and Incoloy 800HT Dissimilar Joints. Mater. Res. 21. 
https://doi.org/10.1590/1980-5373-mr-2017-0911 

Venkatesan, G., Muthupandi, V., Justine, J., 2017. Activated TIG welding of AISI 304L using mono- and tri-
component fluxes. Int. J. Adv. Manuf. Technol. 93, 329–336. https://doi.org/10.1007/s00170-016-
9002-9 

Vidyarthy, R.S., Dwivedi, D.K., 2018. Microstructural and mechanical properties assessment of the P91 A-
TIG weld joints. J. Manuf. Process. 31, 523–535. https://doi.org/10.1016/j.jmapro.2017.12.012 

Vidyarthy, R.S., Dwivedi, D.K., 2016. Activating flux tungsten inert gas welding for enhanced weld 
penetration. J. Manuf. Process. 22, 211–228. https://doi.org/10.1016/j.jmapro.2016.03.012 

Vidyarthy, R.S., Dwivedi, D.K., Vasudevan, M., 2017. Influence of M-TIG and A-TIG Welding Process on 
Microstructure and Mechanical Behavior of 409 Ferritic Stainless Steel. J. Mater. Eng. Perform. 26, 
1391–1403. https://doi.org/10.1007/s11665-017-2538-5 

Vimalan, G., Ravichandran, G., Muthupandi, V., 2017. Phase Transformation Behaviour in P91 During Post 
Weld Heat Treatment: A Gleeble Study. Trans. Indian Inst. Met. 70, 875–885. 
https://doi.org/10.1007/s12666-017-1075-0 

Vishwakarma, K.R., Richards, N.L., Chaturvedi, M.C., 2005. Haz microfissuring in EB welded allvac 718 
plusTM alloy. Proc. Int. Symp. Superalloys Var. Deriv. 637–647. 
https://doi.org/10.7449/2005/superalloys_2005_637_647 

Vora, J.J., Badheka, V.J., 2016. Improved Penetration with the Use of Oxide Fluxes in Activated TIG Welding 
of Low Activation Ferritic/Martensitic Steel. Trans. Indian Inst. Met. 69, 1755–1764. 
https://doi.org/10.1007/s12666-016-0835-6 

Vora, J.J., Badheka, V.J., 2015. Experimental investigation on mechanism and weld morphology of activated 
TIG welded bead-on-plate weldments of reduced activation ferritic/martensitic steel using oxide 
fluxes. J. Manuf. Process. 20, 224–233. https://doi.org/10.1016/j.jmapro.2015.07.006 

Wang, J., Kusumoto, K., Nezu, K., 2004. Investigation into micro-tungsten inert gas arc behaviour and weld 
formation. Sci. Technol. Weld. Join. 9, 90–94. https://doi.org/10.1179/136217104225017198 

Wang, S.-G., Dong, G.-P., Ma, Q.-H., 2009. Welding of Duplex Stainless Steel Composite Plate: Influence on 
Microstructural Development. Mater. Manuf. Process. 24, 1383–1388. 
https://doi.org/10.1080/10426910902997456 

Wang, Y., Kannan, R., Li, L., 2016. Identification and characterization of intercritical heat-affected zone in 
as-welded Grade 91 weldment. Metall. Mater. Trans. A 47, 5680–5684. 
https://doi.org/10.1007/s11661-016-3736-8 

Wang, Y., Shao, C., Fan, M., Ma, N., Lu, F., 2021. Effect of solidified grain boundary on interfacial creep 
failure behavior for steel/nickel dissimilar metal welded joint. Mater. Sci. Eng. A 803, 140482. 
https://doi.org/10.1016/j.msea.2020.140482 

Wright, J.K.K., Carroll, L.J.J., Cabet, C., Lillo, T.M.M., Benz, J.K.K., Simpson, J.A.A., Lloyd, W.R.R., 
Chapman, J.A.A., Wright, R.N.N., 2012. Characterization of elevated temperature properties of heat 
exchanger and steam generator alloys. Nucl. Eng. Des. 251, 252–260. 
https://doi.org/10.1016/j.nucengdes.2011.10.034 

Xing, X., Di, X., Wang, B., 2014. The effect of post-weld heat treatment temperature on the microstructure 
of Inconel 625 deposited metal. J. Alloys Compd. 593, 110–116. 
https://doi.org/10.1016/j.jallcom.2013.12.224 

Xu, L.Y., Zhu, P., Jing, H.Y., Guo, K., Zhong, S.X., Han, Y.D., 2013. Failure analysis of Incoloy 800HT pipe 
at high temperature. Eng. Fail. Anal. 31, 375–386. https://doi.org/10.1016/j.engfailanal.2013.01.013 

Xu, Y.L., Dong, Z.B., Wei, Y.H., Yang, C.L., 2007. Marangoni convection and weld shape variation in A-TIG 
welding process. Theor. Appl. Fract. Mech. 48, 178–186. https://doi.org/10.1016/j.tafmec.2007.05.004 

Yanagida, N., Saito, K., 2013. Creep Property Evaluation for Stress Mitigation Simulation in Post Weld Heat 
Treatment, in: Volume 6B: Materials and Fabrication. American Society of Mechanical Engineers. 
https://doi.org/10.1115/PVP2013-97554 

Yang, C., Lin, S., Liu, F.Y., Wu, L., Zhang, Q.T., 2003. Research on the mechanism of penetration increase 
by flux in A-TIG welding. J. Mater. Sci. Technol. 19, 225–227. 

Yang, J., Liu, X., Song, M., He, L., Bankson, S., Hamilton, M., Prorok, B., Lou, X., 2022. Sensitization, 
desensitization, and carbide evolution of Alloy 800H made by laser powder bed fusion. Addit. Manuf. 
50, 102547. https://doi.org/10.1016/j.addma.2021.102547 

Yang, J., Wang, L., 2018. Optimizing the Local Strength Mismatch of a Dissimilar Metal Welded Joint in a 



 169 

Nuclear Power Plant. https://doi.org/10.3390/met8070494 
Yin, Q., Chen, G., Cao, H., Teng, X., Wei, S., Zhang, B., Leng, X., 2022. Microstructural analysis and 

mechanical property optimization for TP347HFG steel/6082 aluminum alloy electron beam welded 
joint. Vacuum 203, 111259. https://doi.org/10.1016/j.vacuum.2022.111259 

Yoshino, M., Mishima, Y., Toda, Y., Kushima, H., Sawada, K., Kimura, K., 2005. Phase Equilibrium between 
Austenite and MX Carbonitride in a 9Cr-1Mo-V-Nb Steel. ISIJ Int. 45, 107–115. 
https://doi.org/10.2355/isijinternational.45.107 

You, Y.Y., Shiue, R.K., Shiue, R.H., Chen, C., 2001. The study of carbon migration in dissimilar welding of 
the modified 9Cr-1Mo steel. J. Mater. Sci. Lett. 20, 1429–1432. 
https://doi.org/10.1023/A:1011616232396 

Zhang, H., Gu, D., Ma, C., Guo, M., Yang, J., Zhang, Han, Chen, H., Li, C., Svynarenko, K., Kosiba, K., 2021. 
Understanding tensile and creep properties of WC reinforced nickel-based composites fabricated by 
selective laser melting. Mater. Sci. Eng. A 802, 140431. https://doi.org/10.1016/j.msea.2020.140431 

Zhang, Y., 2009. Changes in microstructure and mechanical properties of P91 weld metal during creep. 
Zhang, Y., Cai, Z., Li, X., Huo, X., Fan, M., Li, K., Pan, J., 2021. Investigation on solidification and phase 

transformation of heterogenous interface structure in dissimilar metal weld between high Cr heat-
resistant steel and nickel-based alloy 617. J. Manuf. Process. 62, 257–261. 
https://doi.org/10.1016/J.JMAPRO.2020.11.039 

Zhang, Y., Li, K., Cai, Z., Pan, J., 2019. Materials Science & Engineering A Creep rupture properties of 
dissimilar metal weld between Inconel 617B and modified 9 % Cr martensitic steel. Mater. Sci. Eng. A 
764, 138185. https://doi.org/10.1016/j.msea.2019.138185 

Zhang, Z., Liu, L., Sun, H., Wang, L., 2008. AC TIG welding with single-component oxide activating flux 
for AZ31B magnesium alloys. J. Mater. Sci. 43, 1382–1388. https://doi.org/10.1007/s10853-007-2299-
x 

Zhou, W., Zhu, G., Wang, R., Yang, C., Tian, Y., Zhang, L., Dong, A., Wang, D., Shu, D., Sun, B., 2020. 
Inhibition of cracking by grain boundary modification in a non-weldable nickel-based superalloy 
processed by laser powder bed fusion. Mater. Sci. Eng. A 791, 139745. 
https://doi.org/10.1016/j.msea.2020.139745 

 
 

… 


