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Appendix 1 

 
 
 
Table A1: Effect of interaction of coating constituents on the various properties  

Type of 
effect 

Term D ΔW  ∆H TC TD SH As θ γ Wa 

Individual CaO - + + - + + + + + - 

 CaF2 - + + - - + + - + + 

 SiO2 - + + - - + - - + + 

 Al2O3 - + + - - + + - + + 

Binary CaO.CaF2 + - - + 0 - - - + + 

 CaO.SiO2 + - - + 0 - + + + + 

 CaO.Al2O3 + - - + 0 - + + + + 

 CaF2.SiO2 0 + - + + - + + - - 

 CaF2.Al2O3 + - - + + - - + - - 

 SiO2.Al2O3 + - - + + - - + - - 

Ternary CaO.CaF2.SiO2 0 0 0 - 0 + 0 0 0 0 

 CaO.CaF2.Al2O3 - 0 + + 0 - 0 0 0 0 

 CaO.SiO2.Al2O3 - 0 + - 0 - 0 0 0 0 

 CaF2.SiO2.Al2O3 0 0 0 - - + 0 0 0 0 

 CaO.Al2O3.(CaO-Al2O3) - 0 0 0 0 0 0 0 0 0 

 CaF2.Al2O3.( CaF2-Al2O3) 0 0 + 0 0 0 0 0 0 0 

 
Table A2: Effect of interaction of coating constituents on weld bead chemistry and 
microhardness 

Type of 
effect 

Term 
%C %Si %Mn %Cr %Mo Hv 

Individual CaO + + - - - + 

 CaF2 - - - - - + 

 SiO2 + + - + + + 

 Al2O3 - + - - - + 

Binary CaO.CaF2 0 0 + + + - 

 CaO.SiO2 0 0 - - + - 

 CaO.Al2O3 0 0 + + + - 

 CaF2.SiO2 0 0 + 0 - - 

 CaF2.Al2O3 + 0 + + + - 

 SiO2.Al2O3 0 0 + - - - 

Ternary CaO.CaF2.SiO2 0 0 0 0 0 + 

 CaO.CaF2.Al2O3 0 0 0 0 0 + 

 CaO.SiO2.Al2O3 0 0 0 0 0 + 

 CaF2.SiO2.Al2O3 0 0 0 0 0 - 

Note: ‘+’ = Increasing; ‘-‘= Decreasing 

 
 
 
 
 
 



 
 

 98 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 



 
 

 99 

 
References 

 

 

Appala, N. A., Kumaresh, B.P., Manikandan, M., Arivarasu, M., Devendranath, R. K., & 
Arivazhagan, N., (2014). Hot Corrosion Studies on Welded dissimilar Boiler steel in Power plant 
environment under cyclic condition. Int. J. ChemTech. Res., vol. 6: 1325-1334. 

Arivazhagan, N., Singh, S., Prakash, S., & Reddy, M. (2009), Hot corrosion studies on dissimilar 
friction welded low alloy steel and austenitic stainless steel under chlorine containing salt 
deposits under cyclic conditions. Corros. Eng. Sci. Technol. vol. 44: 369-380.  

Arivazhagan, N., Senthilkumar, S., Narayan., S., Ramkumar K. D., Surendra, S., & Prakash, S. 
(2012), Hot Corrosion Behavior of Friction Welded AISI 4140 and AISI 304 in K2SO4–60% NaCl 
Mixture. J. Mater. Sci. Technol., vol. 28: 895–904. 

Avery, R. E. (1991). Pay attention to dissimilar-metal welds-Guidelines for welding dissimilar 
metals. Nickel Development Institute - NiDI Reprint Series, (14 018), 1-6. 

Bhaduri, A. K., Venkadesan, S., Rodriguez, P., & Mukunda, P. G. (1994). Transition metal joints 
for steam generators-An overview. Int. J. Pres. Ves. Pip., vol. 58(3): 251–265. 

Bhandari, D., Chhibber, R., Arora, N., & Mehta, R. (2016a). Investigation of TiO2-SiO2-CaO-CaF2 
based electrode coatings on weld metal chemistry and mechanical behaviour of bimetallic 
welds. J. Manuf. Process., vol. 23: 61–74. 

Bhandari, D., Chhibber, R., Arora, N., & Mehta, R. (2016b). Investigations on weld metal 
chemistry and mechanical behaviour of bimetallic welds using CaO–CaF2–SiO2–Ni based 
electrode coatings. P I. Mech. Eng. L-J. Mat., vol. 233(4): 563–579. 

Brentrup, G. J., & DuPont, J. N. (2013). Fabrication and characterization of graded transition 
joints for welding dissimilar alloys. Weld. J., vol. 92(3): 72–79. 

Burck, P. A., Indacochea, J. E., & Olson, D. L. (1990). Effects of welding flux additions on 4340 
steel weld metal composition. Weld. Res. Supp., 115s-124s. 

Castillo, D.E., Montgomery, D.C., & McCrville, D. R., (1996), Modified desirability functions for 
multiple response optimization. J. Qual. Technol. vol. 28: 337–45. 

Cerjak, H. (2008). The role of welding in the power generation industry. Weld. World, vol. 52: 17–
27. 

Chai, C. S., & Eagar, T. W. (1982). Slag metal reactions in binary CaF2-metal oxide welding 
fluxes. Weld. Res. Supp., 229s–232s. 

Chen, J. H., & Kang, L. (1989). Investigation of the kinetic process of metal-oxygen reaction 
during shielded metal arc welding. Weld. Res. Supp., 245s-252s. 

Chetal, S. C., Jayakumar, T., & Bhaduri, A. K. (2015). Materials research and opportunities in 
thermal (coal-based) power sector including advanced ultra super critical power plants. Proc 
Indian Natl Sci Acad. vol. 81(4): 739–754. 

Chhibber, R., Arora, N., Gupta, S. R., & Dutta, B. K. (2006). Use of bimetallic welds in nuclear 
reactors: Associated problems and structural integrity assessment issues. P. I. Mech. Eng. C-J. 
Mech. Eng., vol. 220(8): 1121–1133.  

Chicardi, E., Córdoba, J. M., & Gotor, F. J. (2016). Kinetics of high-temperature oxidation of 
(Ti,Ta)(C,N)-based cermets. Corros. Sci., vol. 102: 168–177. 

Cornell, J. A. , (2011), The Use of Independent Variables. Wiley & Sons. Available form: 10.1002/ 
9781118204221.ch3. 



 
 

 100 

Cruz-Crespo, A., Fuentes, R. F., & Scotti, A. (2010). The influence of calcite, fluorite, and rutile 
on the fusion-related behavior of metal cored Coated electrodes for hardfacing. J. Mater. Eng. 
Perform., vol. 19(5): 685–692. 

David, S. A., Siefert, J. A., & Feng, Z. (2013). Welding and weldability of candidate ferritic alloys 
for future advanced ultrasupercritical fossil power plants. Sci. Tech. Weld. Join., vol. 18(8): 631–
651. 

Davis, M. L. E., & Bailey, N. (1991). Evidence from Inclusion Chemistry of Element Transfer 
during Submerged Arc Welding. Weld. Res. Supp., 57s–67s. 

Derringer, G., Suich, R., (1980) Simultaneous optimization ofseveral response variables. J. Qual. 
Technol. vol. 12(9): 214–219. 

DuPont, J. N. (2012). Microstructural evolution and high temperature failure of ferritic to 
austenitic dissimilar welds. Int. Mater. Rev., vol. 57(4): 208–234.  

Eagar, T. W. (1978). Sources of Weld Metal Oxygen Contamination During Submerged Arc 
Welding. Weld. Res. Supp., 76s–80s. 

Eriksson, G., & Pelton, D., (1993), Critical Evaluation and Optimization of the Thermodynamic 
Properties and Phase Diagrams of the CaO-AI2O3, AI203-SiO2, and CaO-AI203-SiO2 Systems. 
Metall. Mater. Trans. B, 24: 807-816. 

Farias, J. P., Quites, A. M., & Surian, E. S. (1997). The effect of magnesium content on the arc 
stability of SMAW E7016-C2L/8016-C2 covered electrodes. Weld. Res. Supp., 245s-250s. 

Fox, A. G., Eakes, M. W., & Franke, G. L. (1996). The effect of small changes in flux basicity on 
the acicular ferrite content and mechanical properties of submerged arc weld metal of navy HY-
100 steel. Weld. Res. Supp. 330s-342s. 

Fuchs, R., Heuser, H., & Hahn, B. (2010). Welding of dissimilar materials. Mater. High. Temp., 
vol. 27(3): 183–190. 

Garai, M., Sasmal, N., Molla, A.R., & Karmakar B., (2015), Structural effects of Zn+2/Mg+2 ratios 
on crystallization characteristics and microstructure of fluorophlogopite mica-containing glass 
ceramics, Solid State Science. vol. 44: 10-21. 

Ghosh, D., & Mitra, S.K. (2014), High-Temperature Corrosion Behavior in Different Regions of 9 
Cr-1 Mo Steel Weldment in SO2 +O2 atmosphere. J. Mater. Eng. Perform. vol. 23: 1703-1710. 

Ghosh, D., & Mitra, S.K. (2015), High-Temperature Corrosion Behavior in Different Regions of 
2.25 Cr-1 Mo Steel in SO2 +O2 atmosphere. J. Mater. Eng. Perform. vol. 25: 421-430. 

Grabke, H. J., Reese, E., & Spiegel, M. (1995). The effects of chlorides, hydrogen chloride, and 
sulfur dioxide in the oxidation of steels below deposits. Corros. Sci., vol. 37: 1023–1043.  

Hajiannia, I., Shamanian, M., & Kasiri, M. (2013). Microstructure and mechanical properties of 
AISI 347 stainless steel/A335 low alloy steel dissimilar joint produced by gas tungsten arc 
welding. Mater. Des., vol. 50: 566–573. 

Hanninen, H., Aaltonen, P., Brederholm, A., Ehrnsteń, U., Gripenberg, H., Toivonen, A., … 
Virkkunen, I. (2006). Dissimilar metal weld joints and their performance in nuclear power plant 
and oil refinery conditions. VTT Tiedotteita - Valtion Teknillinen Tutkimuskeskus Report, (2347), 3–
208. 

Harington, J., (1965), The desirability function. Ind. Qual. Control. vol. 21: 494–502. 

Henderson, C. (2015). Coal fired power plant Efficiency Improvement in India. IEA Clean Coal 
Centre Report: 1–28. 

Jindal, S., Chhibber, R., & Mehta, N. P. (2013a). Effect of flux constituents and basicity index on 
mechanical properties and microstructural evolution of submerged arc welded high strength 
low alloy steel. Mater. Sci. Forum., vol. 738–739, 242–246. 



 
 

 101 

Jindal, S., Chhibber, R., & Mehta, N. P. (2013b). Investigation on flux design for submerged arc 
welding of high-strength low-alloy steel. P. I. Mech. Eng. B-J. Eng. Manuf. , vol. 227(3): 383–395. 

Jindal, S., Chhibber, R., & Mehta, N. P. (2014). Modeling flux chemistry for submerged arc 
weldments of high-strength low-alloy steel. P. I. Mech. Eng. B-J. Eng. Manuf. , vol. 228(10): 1259–
1272.  

Joseph, A., Rai, S. K., Jayakumar, T., & Murugan, N. (2005). Evaluation of residual stresses in 
dissimilar weld joints. Int. J. Press. Ves. Pip., vol. 82(9): 700–705. 

Joshi, R., Chhibber, R., (2017), High temperature wettability studies for the development of 
unmatched glass-metal joints in solar receiver tube. Renewable Energy. vol. 119: 282–289. 

Jung, E.J., Kim, W., Sohn, I., & Min, D.J., (2010), A study on the interfacial tension between solid 
iron and CaO–SiO2–MO system. J Mater Sci., 45: 2023–2029. 

Kalisz, D. (2013). Influence of casting mold slag on the progress of casting process. Arch. Metall. 
Mater., vol. 58(1): 35–41.  

Kanjilal, P., Pal, T. K., & Majumdar, S. K. (2006). Combined effect of flux and welding 
parameters on chemical composition and mechanical properties of submerged arc weld metal. J. 
Mater. Process. Tech., vol. 171: 223–231.  

Karthick, K., Malarvizhi, S., Balasubramanian, V., Krishnan, S. A., Sasikala, G., & Albert, S. K. 
(2018). Tensile and impact toughness properties of various regions of dissimilar joints of nuclear 
grade steels. Nucl. Eng. Technol., vol. 50: 116–125.  

Kashchenko, D. A., Brusnitsyn, Yu. D., Baranov, A.V., Russo, V. L. and Karpov, I. G., (2017). 
Development of electrodes for welding transmission pipelines and marine equipment made of 
high-strength low-alloy cold-resistant steels. Weld. Int., vol. 31: 938-944.  

Kaur, G., Kumar, M., Arora, A., Pandey, O.P., & Singh, K. (2011), Influence of Y2O3 on structural 
and optical properties of SiO2–BaO–ZnO–xB2O3–(10−x) Y2O3 glasses and glass ceramics. J. Non. 
Cryst. Solids. vol. 357: 858-863. 

Kerstan, M., Muller, M., & Russel, C., (2011), Binary, ternary and quaternary silicates of CaO, 
BaO and ZnO in high thermal expansion seals for solid oxide fuel cells studied by high-
temperature X-ray diffraction (HT-XRD). Mater. Res. Bulletin. vol. 46: 2456-2463. 

Khan, W. N., Chhibber, R. (2020a). Experimental investigations on red ochre for application in 
welding consumable development. Proc. Inst. Mech. Eng. Pt. L J. Mater. Des. Appl. Vol. 234(8): 
1063-1070. 

Khan, W. N., Chhibber, R. (2020b). Weld Metal Chemistry of Mineral Waste Added SiO2–CaO–
CaF2–TiO2 Electrode Coatings for Offshore Welds. J. Press. Vessel Technol. Trans. ASME, vol 
142(3): 031505-1 - 031505-12.  

Khan, W. N., Chhibber, R. (2021). Investigations on effect of CaO-CaF2-TiO2-SiO2 based 
electrode coating constituents and their interactions on weld chemistry. Ceram. Int., vol. 47(9): 
12483-12493. 

Khanna, A. S., Rodriguez, P., & Gnanamoorthy, J. B. (1986). Oxidation kinetics, breakaway 
oxidation, and inversion phenomenon in 9Cr-1Mo steels. Oxid. Metal., vol. 26: 171–200.  

Kim, J. B., Lee, T. H., & Sohn, I. (2018). Effect of Compositional Variation in TiO2 -Based Flux-
Cored Arc Welding Fluxes on the Thermo-physical Properties and Mechanical Behavior of a 
Weld Zone. Metall. Mater. Trans. A, vol. 49(7): 2705–2720. 

King, J. F., Sullivan, M. D., & Slaughter, G. M. (1977). Development of an Improved Stainless 
Steel To Ferritic Steel Transition Joint. Weld. Res. Supp., 354s–358s. 

Kingery, W.D., & Humenic, M. (1953), Surface tension at elevated temperatures. I. Furnace and 
method for use of the sessile drop method; surface tension of silicon, iron and nickel. J. Phys. 



 
 

 102 

Chem., vol. 57: 359–363. 

Kulkarni, A., Dwivedi, D. K., & Vasudevan, M. (2018). Study of mechanism, microstructure and 
mechanical properties of activated flux TIG welded P91 Steel-P22 steel dissimilar metal joint. 
Mater. Sci. Eng. A, vol. 731: 309–323.  

Kumar, R., Tewari, V. K., Prakash, S. (2007). Studies on Hot Corrosion of the 2.25 Cr-1Mo Boiler 
Tube Steel and Its Weldments in the Molten Salt Na2SO4-60 pct V2O5 Environment. Metall. Mater. 
Trans. A, vol. 38: 54-57. 

Kumar, R., Tewari, V. K., Prakash, S. (2009). Studies on Hot Corrosion of the Microstructurally 
Different Regions of 2.25Cr-1Mo (T22) Boiler Tube Tube Steel Weldment. J. Mater. Eng. Perform. 
vol. 18: 959-965. 

Kumar, R., Tewari, V. K., Prakash, S. (2016). Oxidation Studies on Base Metal, Weld Metal and 
HAZ Regions of TIG Weldment in 2.25 Cr–1Mo (T22) Boiler Tube Steel Under Cyclic 
Conditions. Oxid. Metal. vol. 86: 89-98. 

Lancaster, J. F., (1980), Metallurgy of Welding, Alden Press Ltd, London, pp. 25–50; 6th, ed., 
Woodhead Publication. 

Lau, T., Weatherly, G. C., & McLean, A. (1986). Gas/Metal/Slag reactions in submerged arc 
welding using CaO-Al2O3 based fluxes. Weld. Res. Supp., 31s–38s. 

Laverde, D., Gómez-Acebo, T., & Castro, F. (2004). Continuous and cyclic oxidation of T91 
ferritic steel under steam. Corros. Sci., vol. 46: 613–631.  

Liraz, A., Bamberger, M. (2020). Development of coated electrodes for welding of Super Duplex 
steel. Heliyon, vol. 6(1): 1-11. 

Lundin, C. D. (1982). Dissimilar Metal Welds-Transition Joints Literature. Weld. Res. Supp., 58s–
63s. 

Mahajan, S., & Chhibber, R. (2019a). Hot corrosion studies of boiler steels exposed to different 
molten salt mixtures at 950 °C. Eng. Fail. Ana., vol. 99: 210–224.  

Mahajan, S., & Chhibber, R. (2019b). Hot Corrosion Study of 9Cr–1Mo Boiler Steel Exposed to 
Different Molten Salt Mixtures. Trans. Indian Inst. Metal. vol. 72 (9): 2329-2348. 

Mercado, A. M. P., López-Hirata, V. M., & Saucedo Muñoz, M. L. (2005). Influence of the 
chemical composition of flux on the microstructure and tensile properties of submerged-arc 
welds. J. Mater. Proces. Technol. vol. 169: 346–351. 

Maruyama, T., (2003), Arc welding technology for dissimilar joints. Weld. Int. vol. 17: 276-281. 

Mayr, P., Schlacher, C., Siefert, J. A., & Parker, J. D. (2018). Microstructural features, mechanical 
properties and high temperature failures of ferritic to ferritic dissimilar welds. Int. Mater. Rev., 
vol. 64(1): 1–26.    

McLean, R. A., & Anderson, V. L. (1966). Extreme Vertices Design of Mixture Experiments. 
Technometrics, vol. 8(3): 447–454. 

Mills, K. C. (2011). The Estimation Of Slag Properties. Southern African Pyrometallurgy 2011 Short 
course presented, 1–56.  

Mitra, U., Chai, C. S., & Eagar, T. W. (1984). Slag Metal Reactions During Submerged Arc 
Welding of alloy steels. Metall. Mater. Trans. A, vol., 15A: 217-227. 

Mitra, U., & Eagar, T. W. (1991a). Slag-Metal Reactions during Welding: Part II. Metall. Mater. 
Trans. B, vol. 22(B): 73–81. 

Mitra, U., & Eagar, T. W. (1991b). Slag-metal reactions during welding: Part III. Verification of 
the Theory. Metall. Mater. Trans. B, vol., 22(B), 83–100. 

Mittal, R., & Sidhu, B. S. (2015a). Microstructures and mechanical properties of dissimilar 



 
 

 103 

T91/347H steel weldments. J. Mater. Process. Technol. vol. 220: 76–86. 

Mittal, R., & Sidhu, B. S. (2015b). Oil-Ash Corrosion Resistance of Dissimilar T22/T91 Welded 
Joint of Super Heater Tubes. J. Mater. Eng. Perform. vol. 24: 670–682.  

Mohanty, B. P., & Shores, D. A. (2004). Role of chlorides in hot corrosion of a cast Fe-Cr-Ni alloy. 
Part I: Experimental studies. Corro. Sci., vol. 46: 2893–2907.  

Moteshakker, A., Danaee, I., Moeinifar, S., & Ashrafi, A. (2016). Hardness and tensile properties 
of dissimilar welds joints between SAF 2205 and AISI 316L. Sci. Technol. Weld. Join., vol. 21(1): 1–
10. 

Mvola, B., Kah, P., & Martikainen, J. (2014). Dissimilar ferrous metal welding using advanced 
gas metal arc welding processes. Rev. Adv. Mater. Sci., vol. 38(2): 125–137. 

Natalie, C. A., & Olson, D. L. (1986). Physical and chemical behavior of welding fluxes. Annu. 
Rev. Mater. Sci. vol. 16: 389–413. 

Niagaj, J. (2002). An assessment of arc stability during welding with basic shielded electrodes. 
Weld. Int., vol. 16(8): 593–598. 

Nicol, K. (2013). Status of advanced ultra-supercritical pulverised coal technology.  IEA Clean 
Coal Centre Report. CCC/229: 1-57. 

Nicol, K. (2014). High temperature steels in pulverised coal technology High temperature steels 
in pulverised coal technology. IEA Clean Coal Centre Report. CCC/234: 1-70. 

Nielsen, H. P., Frandsen, F. J., Dam-Johansen, K., & Baxter, L. L. (2000). Implications of chlorine-
associated corrosion on the operation of biomass-fired boilers. Prog. Energy Combus. Sci., vol. 26: 
283–298. 

North, T. H., Bell, H. B., Nowicki, A., & Craig, I. (1978). Slag/Metal Interaction, Oxygen and 
Toughness in Submerged Arc Welding. Weld. Res. Supp., 63s–75s.  

Olson, D., & Frost, R. (1998). The effect of welding consumables on arc welding process control 
and weld metal structure and properties. United States Army Research Office Report. 1-29. 

Osio A. S., Liu, S., Olson, D. S. & Ibarra, S.,(1995). Designing Shielded Metal Arc Consumables 
for Underwater Wet Welding in Offshore Applications. J. Offshore Mech. Arct. vol. 117(3): 212-
220. 

Palm, J. H. (1972). How Fluxes Determine the Metallurgical Properties of Submerged Arc Welds. 
Weld. Res. Supp., 358s–360s. 

Pandey, N.D., Bharti, A., & Gupta S.R., (1994), Effect of submerged arc welding parameters and 
fluxes on element transfer behaviour and weld-metal chemistry, J. Mater. Process. Technol. vol. 
40: 195- 211. 

Parmar, R. S. (2015), Welding Processes and Technology (Third edition). Khanna Publishers, 
ISBN No. 81-7409-126-2.  

Patchett, B. M. (1974). Some Influences of Slag Composition on Heat Transfer and Arc Stability. 
Weld. Res. Supp., 203s–210s. 

Patel, N. S., Pavlík, V., & Boča, M. (2017). High-Temperature Corrosion Behavior of Superalloys 
in Molten Salts–A Review. Crit. Rev. Solid State, vol. 42: 83–97.  

Petetskii, V. N. (1995). Effect of the physical properties of slag on its formation when welding 
with a seamless flux‐cored wire. Weld. Int., vol. 9(7): 573–575.  

Polar, A., Indacochea, J., & Blander, M. (1991). Fundamentals of the chemical behavior of select 
welding fluxes. Weld. Res. Supp., 15s-19s. 

Qin, R., & He, G. (2013). Mass transfer of nickel-base alloy covered electrode during shielded 
metal arc welding. Metall. Mater. Trans. A, vol. 44(3): 1475–1484. 



 
 

 104 

Rada, S., Culea, M., & Culea, E. (2008). Structure of TeO2·B2O3 glasses inferred from infrared 
spectroscopy and DFT calculations. J. N-Cryst. Solid., vol. 354: 5491–5495.  

Rapp, R. A. (1987). Chemistry and electrochemistry of hot corrosion of metals. Mater. Sci. Eng., 
vol. 87: 319–327. 

Rapp, R. A. (1990). Hot corrosion of materials. Pure & Appl. Chem., vol. 62(1): 113-122. 

Rapp, R. A. (2002). Hot corrosion of materials: A fluxing mechanism? Corros. Sci., vol. 44: 209-
221.  

Rathod, D. W., Pandey, S., Singh, P. K., & Prasad, R. (2015). Experimental analysis of dissimilar 
metal weld joint: Ferritic to austenitic stainless steel. Mater. Sci. Eng. A, vol. 639: 259–268.  

Rathod, D. W., Pandey, S., Aravindan, S., & Singh, P. K. (2016a). Diffusion Control and 
Metallurgical Behavior of Successive Buttering on SA508 Steel Using Ni–Fe Alloy and Inconel 
182. Metallogr. Microstruct. Anal., vol. 5: 450–460. 

Rathod, D. W., Pandey, S., Singh, P. K., & Prasad, R. (2016b). Mechanical Properties Variations 
and Comparative Analysis of Dissimilar Metal Pipe Welds in Pressure Vessel System of Nuclear 
Plants. J. Press. Vess.-Technol.-ASME. vol. 138: 011403(1–9).  

Rissone, N.M.R, Farias, J.P., Bott, S., & Surian E. R. (2002). ANSI/AWS A5. 1-91 E6013 Rutile 
Electrodes: The Effect of Calcite. Weld. Res. Supp.113s–124s. 

Rowe, M. D., Nelson, T. W., & Lippold, J. C. (1999). Hydrogen-induced cracking along the 
fusion boundary of dissimilar metal welds. Weld. Res. Supp., 31s–37s. 

Sham, K., Liu, S. (2014), Flux ­ Coating Development for SMAW Consumable Electrode of High 
­ Nickel Alloys. Weld. J., vol. 93: 271s–281s. 

Sharma, L., & Chhibber, R. (2018). Design and development of submerged arc welding fluxes 
using TiO2-SiO2-CaO and SiO2-CaO-Al2O 3 flux system. P. I. Mech. Eng. E-J. Pro. Eng., vol. 233(4): 
739–762.  

Sharma, M., & Rahul, A. M. (2017). Evaluation of Hardness of Bimetallic Weld joint between SA-
508Gr3 and SS-304L. Int. Res. J. Eng. Technol., vol. 4(2): 1762–1769.  

Shigeta, H., & Kazumi, O., (1989), The Densities and the Surface Tensions of Fluoride Melts. ISIJ 
Int. vol. 29: 477-485.  

Singh, H., Puri, D., & Prakash, S. (2007). An overview of Na2SO4 AND/OR V2O5 induced hot 
corrosion of Fe- and Ni-Based superalloys. Rev. Adv. Mater. Sci. vol. 16: 27–50. 

Sireesha, M., Albert, S. K., Shankar, V., & Sundaresan, S. (2000). Comparative evaluation of 
welding consumables for dissimilar welds between 316LN austenitic stainless steel and Alloy 
800. J. Nucl. Mater., vol. 279(1): 65–76.  

Sireesha, M., Albert, S. K., & Sundaresan, S. (2002). Thermal cycling of transition joints between 
modified 9Cr-1Mo steel and Alloy 800 for steam generator application. Int. J. Press. Ves. Pip., vol. 
79: 819–827. 

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, vol. 
292: 74–82. 

Skrifvars, B. J., Backman, R., Hupa, M., Salmenoja, K., & Vakkilainen, E. (2008). Corrosion of 
superheater steel materials under alkali salt deposits Part 1: The effect of salt deposit 
composition and temperature. Corros. Sci., vol. 50: 1274–1282. 

Skrifvars, B. J., Westén-Karlsson, M., Hupa, M., & Salmenoja, K. (2010). Corrosion of super-
heater steel materials under alkali salt deposits. Part 2: SEM analyses of different steel materials. 
Corros. Sci., vol. 52: 1011–1019.  



 
 

 105 

Slaughter, G. M. (1962). The welding of ferritic steels to austenitic stainless steels. Oak Ridge 
National Laboratory: A Report, 1-89. 

Sorrentino, S. (2017). Welding technologies for ultra-supercritical power plant materials. In 
Materials for Ultra-Supercritical and Advanced Ultra-Supercritical Power Plants: A Report, 247-319. 
(http://dx.doi.org/10.1016/B978-0-08-100552-1.00009-9)  

Srinivasan, G., Dey, H. C., Ganesan, V., Bhaduri, A. K., Albert, S. K., & Laha, K. (2016). Choice of 
welding consumable and procedure qualification for welding of 304HCu austenitic stainless 
steel boiler tubes for Indian Advanced Ultra Super Critical power plant. Weld. World, vol. 60: 
1029–1036.  

Suban, M., & Tušek, J. (2003). Methods for the determination of arc stability. J. Mater. Process. 
Technol., vol. 143–144: 430–437.  

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. 71s-80s. 

Sudha, C., Terrance, A. L. E., Albert, S. K., & Vijayalakshmi, M. (2002). Systematic study of 
formation of soft and hard zones in the dissimilar weldments of Cr-Mo steels. J. Nucl. Mater., 
vol. 302: 193-205.  

Sultan, A. R., & Kumar, V. S. (2016). Dissimilar Header Welding of Grade 22 to Grade 91 with 9018 
B3 Electrode with Preheat and Post Weld Heat Treatment. Int. J. Innov. Res. Sci. Eng. Technol. vol. 5: 
8579–8583.  

Sultan, A. R., Ravibharath, R., Narayanasamy, R. (2017). Study of Dissimilar Header Welding 
Between 2.25Cr–1Mo Steel and 9Cr–1Mo Steel with 9018 B9 Electrode Under Various 
Conditions of Post Weld Heat Treatment. Trans. Indian Inst. Metal., vol. 70(8): 2079–2092. 

Tammasophon, N., & Homhrajai, W., Lothongkum, G. (2011). Effect of Postweld Heat 
Treatment on Microstructures and Hardness of TIG Weldment between P22 and P91 Steels with 
Inconel 625 Filler Metal. J. Metal. Mater. Mineral., vol. 21(1): 93–99. 

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. vol. 48: 249–259.  

Toshiharu, M. (2003). Arc Welding Technology for Dissimilar Joints. Weld. Int., vol. 17(4): 276–
281.  

Tuliani, S. S., Boniszewski, T., and Eaton, N. F. (1969). Notch toughness of commercial 
submerged-arc weld metal. Welding & Metal Fab. vol. 8: 327-339. 

Wang, H., & He, G. (2016a). Influence of flux composition on the performance of a nickel-based 
alloy covered electrode for 9% Ni steel welding. Weld. J., vol. 95, 467s-478s. 

Wang, H., Qin, R., & He, G. (2016b). SiO2 and CaF2 Behavior During Shielded Metal Arc 
Welding and Their Effect on Slag Detachability of the CaO-CaF2-SiO2 Type ENiCrFe-7-Covered 
Electrode. Metall. Mater. Trans. A: vol. 47(A): 4530–4542.  

Wang, W., & Liu, S. (2002). Alloying and microstructural management in developing SMAW 
electrodes for HSLA-100 steel. Weld. Res. Supp. 132s-145s. 

www.iea.org/data-and-statistics 

www.npp.gov.in/publishedReports 

Yanhui, L., Xuewei, L. V., Chenguang, B., & Bin, Y. U., (2014), Surface Tension of the Molten 
Blast Furnace Slag Bearing TiO2: Measurement and Evaluation. ISIJ Int., vol. 54(10): 2154–2161. 

You, Y. Y., Shiue, R. K., (2001), The study of carbon migration in dissimilar welding of the 
modified 9Cr-1Mo 9Cr-1Mo steel. J. Mater. Sci. Letters, vol. 20: 1429-1432. 
 



 
 

 106 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

 
 
 



 
 

 107 

 
List of Publications 

 
 

 

1. S. Mahajan, R. Chhibber: 2020, Investigations on CaO-CaF2-SiO2-Al2O3 flux system-based 

SMAW electrodes for P22/P91 dissimilar welds. Proc. Inst. Mech. Eng. Pt. L J. Mater. Des. 

Appl.  234(10): 1313-1324.  

2. S. Mahajan, R. Chhibber: 2020, Elevated Temperature molten salt corrosion study of SS304L 

austenitic boiler steel. Sadhana-Acad. P. Eng. S. 45, 199.  

3. S. Mahajan, R. Chhibber: 2020, Investigations on dissimilar welding of P91/SS304L using 

Nickel-based electrodes, Materials and Manufacturing Processes, 35 (9): 1010-1023. 

4. S. Mahajan, R. Chhibber: 2020, High-Temperature Wettability Investigations on Laboratory-

Developed CaO-CaF2-SiO2 -Al2O3 Flux System-Based Welding Electrode Coatings for 

Power Plant Applications, Silicon, 12, 2741–2753. 

5. S. Mahajan, R. Chhibber: 2019, Investigation on slags of CaO-CaF2-SiO2-Al2O3 based 

Electrode Coatings developed for Power Plant Welds, Ceramics International, 46(7): 8774-

8786. 

6. S. Mahajan, R. Chhibber: 2019, Design and development of CaO–SiO2–CaF2 and CaO-SiO2–

Al2O3 based electrode coatings to weld low alloy ferritic steels for power plant applications, 

Ceramics International, 45(18(A)): 24154-24167. 

7. S. Mahajan, R. Chhibber: 2019, Hot Corrosion Study of 9Cr–1Mo Boiler Steel Exposed to 

Different Molten Salt Mixtures, Transactions of the Indian Institute of Metals, 72(9): 2329-

2348. 

8. S. Mahajan, R. Chhibber: 2019, Design and Development of Shielded Metal Arc Welding 

(SMAW) Electrode Coatings Using a CaO-CaF2-SiO2 and CaO-SiO2-Al2O3 Flux System, JOM, 

71(7): 2435-2444. 

9. S. Mahajan, R. Chhibber: 2019, Hot corrosion studies of boiler steels exposed to different 

molten salt mixtures at 950°C, Engineering Failure Analysis, 99: 210-224. 

10. S. Mahajan, S. Sharna, D. Goyal, R. Chhibber: 2021; Effect of shot peening on the high 

temperature molten salt corrosion resistance of P91 boiler steel. Mater. Today. 41(4): 801-804. 

[7th International Conference on Advancement and Futuristic Trends in Mechanical and 

Materials Engineering [AFTMME 2019] At: Indian Institute of Technology Ropar, Punjab, 

India.] 

 
 


