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Regression equations for electrode coating properties.

Enthalpy (AH) = - 9521.9998 CaO - 1.49621 x 105 CaF - 1.56028 TiO, - 2.04702 SiO, + 5898.45582
CaO.CaF, + 5881.32119 CaO.TiO, + 0.22212 CaO. SiO, + 8551.42489 CaF,.TiO, + 10177.64001
CaF,.Si0, - 227.63392 CaO.CaF,.TiO; - 206.72584 CaF,.Ti0,.5i0, + 39.08316 Ca0.SiO, (CaO -
Si0,) - 118.79306 CaF».SIO; (CaF - SiO) (A1)

Weight Loss (AW) = - 16.65314 CaO - 15.27025 CaF, - 19.551 TiO, + 121.76639 SiO, + 1.0474
CaO.CaF, + 1.08929 CaO.TiO, - 2.11269 CaO.SiO, + 1.21176 CaF>.TiO, - 3.8628 CaF».SiO; -
2.54676 Ti02.5i0, - 0.053509 CaO.CaF5.TiO, + 0.056358 CaO.CaF,.5i0, + 0.027196 CaO.TiO,.SiO;
+0.067243 CaF5.Ti0».5i0, (A2)

Density (p) = - 0.45323 CaO - 0.30242 CaF - 7.90995 x 10-3 TiO + 0.011693 SiO: + 0.023061
CaO.CaF; + 0.012321 CaO.TiO; + 0.030548 Ca0.SiO; + 3.66047 x 103 CaF.TiO; + 6.26017 x 103
CaF2.5i0; - 0.026395 Ti01.510; - 4.28377 x 10+ CaO.CaF2.TiO; - 1.2139 x 10 CaO.CaF,.SiO; -
7.84805 x 10> Ca0.TiO2.5i0; + 1.16853 x 10-3 CaF>.TiO,.5i0; (A3)

Conductivity (C) = 0.24251 CaO + 0.91207 CaF. + 0.80424 TiO, - 1.39687 SiO. - 0.027655
CaO.CaF; - 0.025563 CaO.TiO; + 0.049441 CaO.SiO; - 0.051677 CaF».TiO2 + 0.019250 CaF,.5iO» +
4.59608 x 102 TiO2.5i02 + 1.3182 x 103 CaO.CaF..TiO; - 1.1868 x 10 CaO.CaF».5i0; - 6.52596 x
104 CaO.TiO2.510; + 7.34283 x 104 CaF>.TiO,.5i0; (A4)

Diffusivity (D) = - 0.075722 CaO + 0.58821 CaF. + 0.29142 TiO, - 2.88523 SiO, - 0.015329
CaO.CaF, - 7.20227 x 102 CaO.TiO, + 0.089024 CaO.SiO: - 0.033612 CaF..TiO, + 0.042418
CaF2.510, + 0.057494 TiO..5i0, + 9.76046 x 10+ CaO.CaF,.TiO, - 1.4204 x 103 CaO.CaF..5i0;
+1.77628 x 103 Ca0O.Ti02.510; + 2.03225 x 104 CaF,.Ti02.510; (A5)

Specific Heat (S) = 1.15957 CaO + 1.45556 CaF. + 1.69540 TiO, + 5.04638 SiO, - 0.052764
Ca0O.CaF; - 0.061713 CaO.TiO - 0.13434 CaO.SiO; - 0.068162 CaF,. TiO, - 0.099968 CaF».Si0O; -
0.16404 TiO,.510; + 1.34202 x 10-3 CaO.CaF2.TiO, + 1.37168 x 10-3 CaO.CaF2.5i0, + 3.32928 x 103
Ca0.TiO.510; + 1.84925 x 105 CaF».TiO2.510> (A6)

Contact Angle (6): - 2.80525 CaO + 32.7706 CaF, + 8.50672 TiO, + 79.97459 SiO, - 0.47219
CaO.CaF, + 0.26386 CaO.TiO, + 0.88374 CaO.SiO, - 0.94544 CaF,.TiO, - 1.02778 CaF».SiO, -
1.69629 TiO,.5i0, (A7)

Surface Tension (Y): 6.94345 CaO + 3.19079 CaF» + 4.92612 TiO, + 2.31423 SiO. + 0.022059
Ca0O.CaF, +8.987 x 103 CaO.TiO, + 0.018488 CaO.5iO, - 1.64642 x 103 CaF..TiO> + 0.012599
CaF.510; + 5.00587x10- TiO2.510> (A8)

Adhesion Energy (E): -0.19505 CaO - 2.58255 CaF, - 1.00651 TiO. + 6.83859 SiO. + 0.076739
Ca0O.CaF> + 0.030243 CaO.TiOs - 0.21749 Ca0.5i0, + 0.11924 CaF,.TiO, - 0.078130 CaF».SiO; -
0.16784 TiO2.SiO; - 3.31264 x 103 CaO.CaF..TiO; + 2.80356 x 103 CaO.CaF2.5i0, + 5.56461 x 103
Ca0.TiO,.510; - 1.19079 x 104 CaF2.Ti0,.510, (A9)

Spread Area (A): - 84472.00847 CaO - 2.02356 x 105 CaF> - 1.21698 x 105 TiO» + 42847.344 SiO, +
6919.96026 CaO.CaF; + 4726.59687 CaO.TiO; - 797.62891 CaO.SiO, + 8548.13105 CaF..TiOz +
4107.62192 CaF».Si0O; - 639.92675 Ti0,.5i0; - 219.309 CaO.CaF,.TiO; - 58.57996 CaO.CaF..5iO, +
68.17981 CaO.Ti02.5i0; + 72.15007 CaF2.Ti0,.5i0; (A10)
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Regression equations for multi pass bead on plate properties and chemistry.

Carbon = 0.048790 CaO + 0.031345 CaF, + 0.046573 TiO, - 0.081129 SiO, + 2.15253 x 103
Cao.CaF; - 2.50381 x 10 CaO.TiO: - 1.37341 x 104 Ca0.5i0: - 2.0357 x 103 CaF.TiOz + 4.32129 x
1038 CaF2.5i0; + 8.31993 x 104 TiO2.Si0, + 8.30835 x 105 CaO.CaF..TiO, - 4.92397 x 10°
Ca0.CaF».Si0O; + 4.25254 x 105 Ca0.Ti0,.510; - 9.00782 x 105 CaF,.TiO2.510 (A11)

Silicon = - 0.081193 CaO - 0.40238 CaF, + 0.11487 TiO, + 0.41202 SiO, + 0.013077 Cao.CaF, -
1.75488 x 103 Ca0.TiO; - 6.2524 x 103 CaO.5i0; + 6.07966 x 103 CaF,.TiO, + 0.022316 CaF,.5i0; -
0.027703 TiO2.SiO; - 1.66096 x 10+ Ca0.CaF,.5i0; + 7.04938 x 104 CaO.Ti0,.5i0, + 1.2345 x 10
CaF,.Ti0,.5i0, (A12)

Manganese = - 0.23010 CaO - 1.89948 CaF. - 2.03505 TiOz + 3.56636 SiO> + 0.044581 Cao.CaF, +
0.054137 Cao.TiO, - 0.14789 Cao.SiO. + 0.12332 CaF,.TiO> - 0.070059 CaF,..S5iO: + 0.026261
TiO2.Si0, - 2.70301 x 103 CaO.CaF..TiO; - 4.6246 x 103 CaO.CaF.SiO, + 1.27013 x 107
Ca0.TiO,.5i0; - 3.08232 x 103 CaF,.TiO2.5i0, (A13)

Chromium = 3.34875 CaO - 16.74579 CaF, - 19.67206 TiO, + 60.03133 SiO, + 0.29309 CaO. CaF, +
0.41741 CaO.TiO, - 2.44522 Ca0.Si0; + 1.29316 CaF».TiO, - 1.10464 CaF,.SiO; - 0.1829 TiO,.SiO;
- 0.028677 CaO.CaF,.TiO, + 0.062915 CaO.CaF»5i0, + 0.031517 CaO.TiO,.SiO; - 0.036530
CaF,.Ti02.Si0, (A14)

Ni = 0.10662 CaO + 0.1096 CaF> + 0.15104 TiO, + 0.12951 SiO» (A15)

Phosphorus = 4.776x102 CaO + 5.0404x102 CaF, + 6.7292x102 TiO, + 2.0132x102 SiO, -
2.25865x10 CaO.CaF; - 2.8062x103 CaO.TiO: - 1.68777x10-3 CaO.Si0; - 2.93818x10-3 CaF, TiO; +
1.19007x10° CaF. SiO; - 3.0113x102 TiO2.S5i0, + 8.35508x105 CaO.CaF..TiO, - 3.31891x10-
CaO.CaFo.. S5i0; + 9.36057x10-> CaO.Ti0,.510; + 55.533x10-¢ CaF.. TiO,.510, (Ale6)

Sulphur = -2.2728x102 CaO + 3.9221x102 CaF - 2.9862x102 TiO> - 11.152x10-2 SiO> - 1.62756x10-3
CaO.CaF; - 1.33216x10° Ca0.5iO: + 2.0344x10- CaO. SiO; - 1.94009x10- CaF,. TiO + 1.8939x10-3
CaF,.TiO; + 2.62018x10 TiO,2.510; + 6.18178x10° CaO.CaF..TiO, - 2.17948x10-> CaO.CaF,.TiO; -
4.68718x10-> CaO.TiO,.5i0; - 3.71471x10> CaF».TiO2.5i0> (A17)

Molybdenum = 5.9822x102 CaO - 31.528x102 CaF, - 22.917x102 TiO, + 79.772 x 102 SiO, +
5.5944x103 CaO.CaF, + 3.83804x10- CaO.TiO2 - 34.929x10- CaO.SiO;, + 18.635x10-% CaF,TiOz -
7.59546x103 TiO2.510> - 6.17789x102 TiO..S5i0, + 7.30371x10+4 CaO.CaF..S5iO0, + 6.098x10+4
Ca0.Ti02.510; - 3.86329x104 CaO.CaF,. TiOz - 5.89011x10+ CaF,.TiO2.510, (A18)

Microhardness = - 14.28461 CaO + 1.34428 CaF» - 9.86833 TiO, + 115.52904 SiO, + 0.49961 CaO.

CaF; - 0.68365 CaO.TiO, - 0.80883 CaO.SiO, + 0.38182 CaF».TiO; + 2.02614 CaF,SiO, + 2.46587
Ti0,.5i0; (A19)

114



References

Abbasi M., Nelson T.W., Sorensen C.D., Wei L. (2012), An approach to prior austenite
reconstruction. Mater. Charact. 66:1-8.

Adumene, S., Khan, F., Adedigba, S. (2020), Operational safety assessment of offshore pipeline
with multiple MIC defects, Comp. & Chem. Eng. 138.

Angelini E., Benedetti B.D., Rosalbino F. (2004), Microstructural evolution and localized
corrosion resistance of an aged super duplex stainless steel, Corros. Sci. 46(6):1351-1367.

API (2012). API Specification 5L, 45th Edition. API Publishing Services, Washington DC.
API,(2005). API 1104: Standard for Welding Pipelings and Related Facilities, Twentieth. Ed.
American Petroleum Institute, USA.

Armas I.A. (2008), Duplex Stainless Steels: Brief History and Some Recent Alloys, Recent Patents
on Mechanical Engineering 1:51-57.

ASTM G1: Standard practice for preparing, cleaning and evaluating corrosion test specimen
Atia L., Bamberger M. (2020), Development of coated electrodes for welding super duplex steel,
Hel. 6:02907.

Avila J.A., Rodriguez ]. , Mei P.R., Ramirez A.J. (2016), Microstructure and fracture toughness of
multipass friction stir welded joints of API-5L-X80 steel plates. Mat. Sci. Eng. A. 673: 257-265.
Avila J.A., Ruchert C.O.F.T., Mei P.R., Marinho R.R., Paes M.T.P., Ramirez A.]. (2015), Fracture
toughness assessment at different temperatures and regions within a friction stirred API 5L X80
steel welded plates. Eng. Frac. Mech. 147:176-186.

Avrami M. (1939), Kinetics of phase change I: General theory. ]J. Chem. Phys. 7(12):1103-1112.
Avrami M. (1940), Kinetics of phase change. II Transformation-time relations for random
distribution of nuclei. . J. Chem. Phys. 8(2):212-224.

Avrami M. (1941), Granulation, phase change, and microstructure kinetics of phase change. III
J. Chem. Phys. 9(2):177-184.

Bediako E., & Amorin R. (2010), Effects of drilling fluid exposure to oil and gas workers
presented with major areas of exposure and exposure indicators, Res. J. Appl. Sci. Eng. Technol.,
2 (8): 710-719.

Bensaid N., Benlamnouar M.F., Boutagane A. (2014), Microstructure and mechanical properties
of dissimilar GTA weld between 2205 duplex stainless steel and API X-70 HSLA, International
Conference on Physics of Advanced Materials (ICPAM-10), Romania.

Bergstrom, D.S., (2007), Benchmarking of Duplex Stainless Steels versus Conventional Stainless
Steel Grades, Proc. 7th Duplex Int. Conf. & Expo, Grado, Italy.

Bergstrom, O., Kangas, P., Klockars, M., Chai, G.: US20046749697B2 (2004). US Patent

Bhandari D., Chhibber R., Arora N. (2012), Effect of electrode coatings on diffusible hydrogen
content, hardness and microstructures of the ferritic heat affected zones in bimetallic welds.
Adv. Mat. Res. 383: 4697-4701.

Bhandari D., Chhibber R., Arora N., Mehta R. (2016a), Investigation of TiO2-5i02 -CaO-CaF2
based electrode coatings on weld metal chemistry and mechanical behavior of bimetallic welds.
J. Manuf. Process. 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-CaF,-SiO,-Ni based electrode
coatings. Proc. IMechE Part L: J. Mat. Des. App. 233(4), 563-579.

Bressan ].D., Daros D.P., Sokolowski A., Mesquita R.A., Barbosa C.A. (2008), Influence of
hardness on the wear resistance of 17-4 PH stainless steel evaluated by pin on disc testing, . Mat.
Process. Technol. 205:353-359.

Calliari I., Zanesco M., Ramous E. (2006), Influence of isothermal aging on secondary phases
precipitation and toughness of a duplex stainless steel SAF 2205. J. Mat. Sci. 41:7643-7649.
Charles J. (1991), Superduplex stainless steels: Structure and properties. Proc. Duplex Stainless
Steels 91. Les Editions de Physique, France, 3.

115



Chen X., Qiao G., Han X., Wang X., Xiao F., Liao B. (2014), Effects of Mo, Cr and Nb on
microstructure and mechanical properties of heat affected zone for Nb bearing X80 pipeline
steels. Mater. Des. 53: 888-901.

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

Chhibber R., Arora N., Gupta S.R., Dutta B.K. (2006), Use of bimetallic welds in nuclear reactors:
associated problems and structural integrity issues, Proc. IMechE Part C: J. Mech. Eng. Sci. 220:
1121-1133.

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., 19(5):685-692.

D1141-98(2013) “Standard Practice for the preparation of substitute ocean water”, ASTM
International, West Conshohocken, PA.

Das A. K. (2010), The Present and the Future of Line Pipe Steels for Petroleum Industry, Mat.
Manuf. Process. 25:14-19.

Datta S., Bandyopadhyay A., Pal P.K. (2008), Solving multi criteria optimization problem in
submerged arc welding consuming a mixture of fresh flux and fused slag, Int. ]. Adv. Manuf.
Technol. 35:935-942.

Deringer G.C. and Suich R. (1980), Simultaneous Optimization of Several Response Variables, J.
Qual. Technol., 12: 214-219.

Delong W.T. (1974) Ferrite in austenitic stainless steel weld metal. Weld. ]J. 53(7):273-86.
El-Reedy, M., A. (2012), Offshore Structures.

Escriba D.M., Materna E., Plaut R.L., Padilha A.F. (2009), Chi-phase precipitation in a duplex
stainless steel. Mat. Charac. 60(11):1214-1219.

Escriba D.M., Morris EM., Plaut R.L., Padilha A.F. (2009), Chi phase precipitation in a duplex
stainless steel. Mat. Charac. 60:1214-1219.

Fargas G., Mestra A., Mateo A. (2013), Effect of sigma phase on wear behavior of a super duplex
stainless steel, Wear 303:584-590.

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.

Fonseca G.S., Oliveira P.M., Diniz M.G., Bubnoff D.V., Castro J.A. (2017), Sigma phase in super
duplex stainless steel: Formation, kinetics and microstructural path. Mat. Res. 20(1): 249-255.

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

GAO 17-639: https:/ /www.gao.gov/assets/690/686390.pdf

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, Sol. Stat. Sci. 44:10-21.

Garai M., Sasmal N., Molla A.R., Singh S.P., Tarafder A. Karmakar B. (2014), Effect of
nucleating agents on crystallization and microstructure of fluorophlogopite mica-containing
glass ceramics, J. Mat. Sci. 49(4):1612-1623.

Garg J., Singh K. (2016), Slag recycling in submerged arc welding and its effect on the quality of
stainless steel claddings, Mat. Des. 108:689-698.

Ghosh S., (2015), Types of offshore structures, Learn Ship Design.

Gooch T.G. (1996), Corrosion behaviour of welded stainless steel. Weld. J. 75(5):135s-154s.

Gook S, Gumenyuk A., Rethmeier M. (2014), Hybrid laser arc welding of X80 and X120 steel
Grade, Sci. Technol. Weld. Join. 19: 15-24.

Graf, M. K., Hillenbrand H. G., Heckman C. J.,, Niederhoff K. A. (2004). High-strength large
pipe for long-distance high pressure gas pipelines. Int. J. Offshore Polar Eng.14: 69-74.
Guiraldenq P., Duparc O.H. (2017), The genesis of the schaeffler diagram in the history of
stainless steel. Metall. Res. Technol. 114:613.

Gunn R.N,, (1997), Duplex Stainless Steels, Woodhead Publishing.

116



Hajiannia I., Shamanian M., Kasiri M. (2013), The weldability evaluation of dissimilar welds of
AISI 347 stainless steel to ASTM A335 low alloy steel by gas tungesten arc welding, J. Adv.
Mater. Process. 1(4):33-40.

Hamilton ]J.D. (2009). Causes and Consequences of the Oil Shock of 2007-08, Brookings Papers
on Economic Activity.

Hashemi S. H., & Mohammadyani D., (2012). Characterization of weldments hardness, impact
energy and microstructure in API X65 steel. Int. J. Press. Vessel Pip., 98: 8-15.

Hillenbrand H. G., Liessem A., Biermann K., Heckmann C. J., Schwinn V. (2004). Development
of grade X120 pipe materials for high pressure gas transportation lines. Proc. 4th Int. Conf. on
Pipeline technology, Belgium, Scientific Surveys Ltd., 1-10

Hosseini V. A., Hurtig K., Karlsson L. (2020), Bead by bead study of a multipass shielded metal
arc-welded super-duplex stainless steel, Weld. World. 64: 283-299.

Hosseini V.A., Hurtig K., Eyzop D., Ostberg A., Janiak P., Karlsson L. (2019), Ferrite content
measurement in super duplex stainless steel welds. Weld. World. 63:551-563.

Hosseini V.A., Karlsson L., Wessman S., Fuertes N. (2018), Effect of Sigma Phase Morphology on
the Degradation of Properties in a Super Duplex Stainless Steel, Mat. 11: 933-952.

Howse D. S., Scudamore R. J., Booth G. S. (2005), The evolution of Yb fibre laser/MAG hybrid
processing for welding of pipelines. Proc. 15th Int. Offshore and Polar Engineering Conf., Seoul,
Korea, 90-97.

Hsieh R.I., Liou H.Y., Pan Y.T. (2001), Effects of cooling time and alloying elements on the
microstructure of the gleeble-simulated heat-affected zone of 22% Cr duplex stainless Steels. ]
Mater. Eng. Perform. 10(5):526-536.

https:/ /www.nap.edu/openbook/25032/xhtml/images/img-223-1.jpg

Huda N., Gianetto J., Ding Y., Lazor R., Gerlich P.A. (2019a), Investigation of local tensile
strength and ductility properties of an X100 submerged arc seam weld, mater. Sci. Eng. A.
768:138475.

Huda N. (2019b), Effect of Martensite-Austenite (MA) on Mechanical Properties of X80 Linepipe
Steel. UWSpace. http:/ /hdl.handle.net/10012/14328.

Huda N., Wang Y., Li L., Gerlich P.A. (2019¢), Effect of martensite-austenite (MA) distribution
on mechanical properties of inter-critical Reheated Coarse Grain heat affected zone in X80
linepipe steel. Mater. Sci. Eng. A. 765: 138301.

Hureau, G., & Serbutoviez, S. (2019). E&P investments. Drilling activities and markets,
geophysics and offshore constructions-A technical report by IFPEN.

Inoue H. & Koseki T. (2007), Clarification of solidification behaviors in austenitic stainless steels
based on welding process. Nippon Steel Technical Report.

Isern N.L., Luque H.L,, Jiménez LL., Biezma M.V. (2016), Identification of sigma and chi phases
in duplex stainless steels. Mat. Charac. 112: 20-29.

Ito Y., Bessyo K. (1968), Weldability formula of high strength steels related to heat affected zone
cracking. J. Jap. Weld. Soc. 37:938.

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.

Jindal S., Chhibber R., Mehta N.P. (2013b), Investigation on flux design for submerged arc
welding of high-strength low-alloy steel. Proc. Inst. Mech. Eng. B: J. Eng. Manuf. 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. Proc. Inst. Mech. Eng. B: J. Eng. Manuf. 228(10):
1259-1272.

Johnson W.A., Mehl R.F. (1939), Reaction kinetics in processes of nucleation and growth. Tran.
Amer. Inst. Min. Metal. Eng. 135:416-441.

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

117



Kang Y. Lee ], Morita K. (2014), Thermal conductivity of molten slags: A review of
measurement techniques and discussion based on microstructural analysis, ISI] International,
54(9):2008-2016.

Kannan T., Murugan N. (2006), Effect of flux cored arc welding process parameters on duplex
stainless steel clad quality. J. Mater. Process. Technol. 176:230-239.

Kappes M.A. (2011), Evaluation of thiosulfate as a substitute for hydrogen sulfide in sour
corrosion fatigue studies, Doctoral Thesis (2011), Department of Materials Science and
Engineering, The Ohio State University, USA

Karlsson L. (2012), Welding duplex stainless steels — a review of current recommendations.
Weld. World. 56:65-76.

Kaur G., Kumar M., Arora A., Pandey O.P., Singh K. (2011), Influence of Y205 on structural and
optical properties of SiO,-BaO-ZnO-xB.0s3-(10-x) Y20s glasses and glass ceramics, J. Non Cryst.
S01.357:857-863.

Kellai, Lounis A., Kahla S., Idir B. (2018), Effect of root pass filler metal on microstructure and
mechanical properties of multi pass welding of duplex stainless steel. Int. ] of Adv. Manuf. Tech.
95: 3215-3225.

Kirschner ] M.W., Stein G. (1996), High nitrogen containing nickel free stainless steels for
medical applications, ISIJ Intern. 36: 893-900

Knegtering B. & Pasman H.J. (2009), Safety of the process industries in the 21st century: a
changing need of process safety management for a changing industry, J. Loss Prev. Process Ind.,
22 (2): 162-168.

Kolmogorov A.N. (1937), On the Statistical Theory of Crystallization of Metals. Izv. Akad. Nauk
SSSR, Ser. Mat. 3: pp. 355-359.

Kotecki D. (1986), Ferrite control in duplex stainless steel weld metal. Weld. J. 65(10):273-278.
Kotecki D.J., Siewert T.A. (1992), WRC-1992 constitution diagram for stainless steel weld metals:
A modification of the WRC-1988 diagram, Weld. Res. Supp., 370:171-178.

Kumar A., Fairchild D.P., Anderson T.D., Jin HW., Ayer R., Macia M.L. (2010), Research
Progress on Friction Stir Welding of Pipeline Steels, in: International Pipeline Conference 2010.
Kumar N., Arora N., Goel S.K. (2020), Effect of base metal solution annealing on mechanical and
metallurgical properties of GMA welded nitronic steel, Mat. Sci. Eng. A, 771, 138542.
Labanowski J. (2007), Stress corrosion cracking susceptibility of dissimilar stainless steel welded
joints, J. Achiev. Mater. Manuf. Eng. 20:255-258.

Larrosa N.O., Akid R., Ainsworth R.A. (2018), Corrosion Fatigue: a review of damage tolerance
models. Int. Mater. Rev. 63(5): 238-280.

Lathabai S. (2011), Joining of aluminium and its alloys, Fundamentals of Aluminium
Metallurgy, Woodhead Publishing

Lee D.H., Jeong L]., Kim K.J. (2018), A desirability function method for optimizing mean and
variability of multiple responses using a posterior preference articulation approach, Qual.
Reliab. Eng.Intl. 1-17

Liao J. (2001), Nitride precipitation in weld HAZs of a duplex stainless steel. ISI] Int 41(5):460-
467.

Lipp W., & Shafer S., (2013), The future of corrosion resistant steels and alloys in the o0il and gas
industry, Stainless Steel World, June 2013.

Lippold J.C., Kotecki D.J. (2005), Welding metallurgy and weldability of stainless steels. 1st edn.
Wiley Interscience Publication, New Jersey, USA.

Liu, C., & Bhole, S. D. (2013), Challenges and developments in pipeline weldability and
mechanical properties. Sci. Technol. of Weld. Join. 18(2): 169-181.

Lu X.C, Li S, Jiang X. (2001), Effect of o phase in stainless steels on corrosive wear behavior in
sulfuric acid. Wear 251:1234-1238.

Luo J., Dong Y., Li L., Wang X. (2014), Microstructure of 2205 duplex stainless steel joint in
submerged arc welding by post weld heat treatment. J. Manuf. Process. 16:144-148.

118



Mahajan S., Chhibber R. (2020), Design and development of CaO-5iO,-CaF; and CaO-SiO>-
AlOs based electrode coatings to weld low alloy ferritic steels for power plant applications.
Ceram. Intl. 45(18): 24154-24167.

Mallick P.K., (2010), Materials, design and manufacturing for lightweight vehicles, Woodhead
Publishing.

Material Exapnsion Coefficients, Laser & Optics use manual, 2002, 17-1:17-12.

Mathias L.L.S., Sarzosa, D.F.B., Ruggieri, C., (2013). “Effects of specimen geometry and loading
mode on crack growth resistance curves of a high-strength pipeline girth weld”, Intl. J. Press.
Vessel. Pip.112:106-119.

Mearns, K., Hope, L. (2005), Health and well-being in the offshore environment: the
management of personal health. Health & Safety Executive.

Mendoza B.I., Maldonado Z.C. Albiter H.A., Robles P.E. (2010), Dissimilar welding of
superduplex stainless steel/HSLA steel for offshore applications joined by GTAW, Eng. 2: 520-
528.

Meng H., Hu X., Neville A. (2007), A systematic erosion-corrosion study of two stainless steels
in marine conditions via experimental design, Wear 263:355-362.

Mercado A. M. P, Lépez V. M., Muioz, M. L.S. (2005), Influence of the chemical composition of
flux on the microstructure and tensile properties of submerged-arc welds. J. Mater. Process.
Technol. 169(3): 346-351.

Messer B., Oprea V. (2007), Wright A. Duplex stainless steel welding: best practices. Stainless
Steel World. 53-63.

Mills K.C., Yuan L., Jones R.T. (2011), Estimating the physical properties of slags, J. South. Afric.
Inst. Min. Metall. 11:649-658.

Mills, K.C., Yuan, L., Jones R.T. (2011), Estimating the physical properties of slags. J. S. Afr. Inst.
Min. Metall., Johannesburg. 11:649-658.

Mintz B. & Campbell P. (1989), Growth of grain boundary carbides in C-Mn steels, Mat. Sci.
Technol. 5:155-161.

Mintz B., Tajik S., Vipond R. (1994), Influence of microalloying additions on thickness of grain
boundary carbides in ferrite-pearlite steels, Mat. Sci. Technol. 10: 89-96.

Miranda R., Quintino L., Williams S. Yapp D. (2010), Welding with high power fiber laser
API5L-X100 pipeline steel’, Mater. Sci. Forum. 636: 592-596.

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

Mitra U., Chai C. S., Eagar, T. W. (1984), Slag metal reactions during submerged arc welding of
alloy steels. Metall. Mater. Trans. A. 15:217-227.

Mitra, U., & Eagar, T. W. (1991b). Slag-metal reactions during welding: Part III. Verification of
the Theory. Metall. Mater. Trans. B, 22(1), 83-100.

Moghaddama B.T., Hamedanya A.M., Jessica Taylora, Mehmanparasta A., Brennan F., Mair C.,
Nikbinc D.K. (2020), Structural integrity assessment of floating offshore wind turbine support
structures, Ocean Eng. 208:107487.

Moore P. L., Howse D. S., Wallach E. R. (2004), Microstructures and properties of laser/arc
hybrid welds and autogenous laser welds in pipeline steels’, Sci. Technol. Weld. Join. 9(4):314-
322.

Morrison, W. B. (2000), Overview of microalloying in steel: The Use of Vanadium in Steel-
Proceedings of the Vanitec Symposium, Guilin, China.

Murugan S., Kumar P., Raj B. (1998), Temperature distribution during multipass welding of
plates. Int J. Press. Vessel. Pip. 75(12):891-905.

Musa M. H. A, Maleque M. A., Ali M. Y., Hasan M. H. (2015), Fracture Behavior Issues in HSLA
Pipeline Steels - A Review. Adv. Mater. Res. 115: 207-212.

Mvola B., Kah P., Martikainen J., Suoranta R. (2016), Dissimilar welded joints operating in sub-
zero temperature environment, Int. J. Adv. Manuf. Technol. 87:3619-3635.

Nara, Y., Kyogoku, T., Yamara, T., Takeuchi, I. (1981), Proc. Steels for Line pipe and pipe line
fittings, London, The Met. Soc. TWI, 1.

119



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

Nelson T.W., Lippold J.C., Mills M.]. (1999), Nature and evolution of the fusion boundary in
ferritic-austenitic dissimilar weld metals, Part 1- Nucleation and growth. Weld. Res. Supp. 329s-
337s.

Newman M, Sandvivk and the history of duplex, 2019.

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

Nicholson G., Helle Y., Minimum facilities platform provides alternative for marginal field
developments, Offshore West Africa Conference & Exhibition, 2013, Ghana.

Niewielski G., Radwanski K., Kuc D. (2007) The impact of deformation on structural changes of
the duplex steel. J. Achiev. Mater. Manuf. Eng 23: 31-34.

Nilsson J.O., Kangas P., Karlsson T., Wilson A. (2000), Mechanical properties, microstructural
stability and kinetics of o phase formation in 29Cr-6Ni- 2Mo-0,38N superduplex stainless steel.
Metall. Mater. Trans. A. 31A:35-45.

Nishimoto K., Saida K., Katsuyama O. (2006), Prediction of sigma phase precipitation in super
duplex stainless steel weldments. Weld. World 50:13-28.

Norsok Standard M601-94. Welding and inspection of piping. Lysaker, Norway: Standards
Norway, 2004.

Nowacki ]J. (2009), Ferritic-austenitic steel and its weldability in large size constructions. ]
Achiev. Mater. Manuf. Eng. 32(2):115-141.

Nowacki J., Rybicki P. (2005), The influence of welding heat input on submerged arc welded
duplex steel joints imperfections. J. Mater. Process. Technol. 2005;164: 1082-1088.

Nowacki J., Rybicki, P. (2006), Influence of heat input on corrosion resistance of SAW welded
duplex joints,. . Achiev. Mater. Manuf. Eng. 17:113-116.

Ocean Explorer data, (2005).

Oil States Industries, Inc, 2008. "Types of Offshore Oil and Gas Structures". courtesy of Oil States
Industries with license to NOAA Ocean Explorer: Expedition to the Deep Slope. National
Oceanic and Atmospheric Administration.

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. 117(3): 212-220.
Pandey C., Saini N., Mahapatra M.M., Kumar P. ( 2017), Study of the fracture surface
morphology of impact and tensile tested cast and forged (C&F) Grade 91 steel at room
temperature for different heat regimes. Eng. Fail. Anal. 71:131-147.

Pardal J.M., Tavares S.S.M., Fonseca M.P.C., Souza J.A., Vieira L.M., Abreu H.F.G. (2010),
Deleterious Phases precipitation on super duplex stainless steel UNS S32750: Characterization
by Light Optical and Scanning Electron Microscopy, Mat. Res. 13(3): 401-407.

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

Pohl M., Padilha A.F., Fossmark O. (1990), Duplexstdhlen mit 4758- Versprodund,
Materialkundlich-Technische Reihe, 9 (Geftige und Bruch), Gebriider Borntraeger:305-314.

Pohl M., Storz O., Glogowski T. (2007), Effect of intermetallic precipitation on the properties of
duplex stainless steel, Mat. Charac. 58: 65-71.

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

Potgieter ].H. (1992), Influence of sigma phase on general and pitting corrosion resistance of SAF
2205 duplex stainless steel. Br. Corros. J. 27(3):219.

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.

120


http://oceanexplorer.noaa.gov/explorations/06mexico/background/oil/media/types_600.html

Rai R., De A., Bhadeshia H.K.D.H., DebRoy T. (2011), Review: friction stir welding tools. Sci.
Technol. Weld. Join. 16(4):325-42.

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

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

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. 639, 259-268.

Rathod D.W., Sharma SK., Pandey S. (2019), Hot cracking susceptibility: An effect of
solidification mode of SS consumables during bimetallic welds. Optimization Methods in
Engineering-Proceeding of CPIE 2019, Lecture notes on Multidisciplinary Industrial
Engineering, 537-547.

Reick W., Pohl M., Padilha A.F. (1990a), Three types of embrittlement in ferritic-austenitic
duplex stainless steels, Metal. Int. 3: 46-50.

Reick W., Pohl M., Padilha A.F. (1990b), Steel heat treatment, metallurgy and technologies,
Metal. Int. 3:46-50.

Reick W., Pohl M., Padilha A.F. (1998), Recrystallization transformation combined reactions
during annealing of a cold rolled ferritic-austenitic duplex stainless steel, The Iron & Steel Inst.
Japan 38:567-571.

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

Rohith K., Shreyas S., Appaiah K.B.V., Sheshank R.V, .Ganesha B.B, Vinod B. (2019), Recent
Material Advancement for Marine Application, Materials Today: Proceedings 18, 4854-4859.
Ronevich J.A., Somerday B.P., Feng Z. (2017), Hydrogen assisted fatigue crack growth of friction
stir welded X52 steel pipe. Int. ]. Hydog. Energy. 42:4259-4268.

Rosso M., Peter 1., Suani D. (2013), About heat treatment and properties of Duplex Stainless
Steels, J. Achiev. Mat. Manuf. Eng. 59(1).

Roy R., & Osborn E. F. (1955). Phase equilibria in the system CaO -TiO2,-5i02. J. Am. Ceram.
Soc. vol. 38(5): 158-171.

Santos T.F., Hermenegildo T.F., Afonso C.R.M., Marinho R.R., Paes M.T.P., Ramirez A. J. (2010),
Fracture toughness of ISO 3183-80M (API 5L X80) steel friction stir welds, Eng. Fract. Mech. 77
2937-2945.

Sham K., Liu S. (2014), Flux Coating Development for SMAW Consumable Electrode of High
Nickel Alloys. Weld. Res. Supp., 71s-81s.

Sharma, L., Chhibber, R. (2019), Design and Development of Submerged Arc Welding Slags
Using CaO-5iO,-CaF; and CaO-5i0,-Al,O; System. Silicon 11:2763-2773.

Sharma, L., Chhibber, R. (2020), Design and development of submerged arc welding flux Using
CaO-5i0,-CaF; and CaO-5i0,-Al0O; System. Ceram. Intl. 46(2): 1419-1432.

Sharma S.K., Maheshwari S. (2017), A review on welding of high strength oil and gas pipeline
steels, J. Nat. Gas Sci. Eng. 38:203-217.

Shockley J.M., Horton D.J., Wahl K.J. (2017), Effect of aging of 2507 super duplex stainless steel
on sliding tribocorrosion in chloride solution, Wear 380: 251-259.

Singh D.K., Sharma V., Basu R., Eskandari M. (2019), Understanding the effect of weld
parameters on the microstructures and mechanical properties in dissimilar steel welds, Proc.
Manuf. 35:986-991.

Singh K., Pandey S. (2009), Recycling of slag to act as a flux in submerged arc welding, Res.
Cons. Recyc. 53:553-558.

Smith P., (2007), The Fundamental s of Piping Design, Gulf Publishing Company, Texas.
Sowards J.W., Herold T.G., McColskey ].D., Pereira V.F., Ramirez A.]. (2015), Characterization of
mechanical properties, fatigue-crack propagation, and residual stresses in a micro alloyed
pipeline-steel friction-stir weld. Mater. Des. 88: 632-642.

121



Sowmya T., Sankaranarayanan S.R. (2004), Spectroscopic analysis of slags-preliminary
observations, VII International Conference on molten slags, fluxes and salts, The South African
Institute of Mining and Metallurgy. 693-698.

Steuwer S.J., Barnes J., Altenkirch R., Johnson, P., Withers J. (2012), Friction stir welding of
HSLA-65 steel: part II. The influence of weld speed and tool material on the residual stress
distribution and tool wear, Metall. Mater. Trans. A 43A:2356-2365.

Suban M., & Tusek ]. (2003), Methods for the determination of arc stability. J. Mater. Process.
Technol. 143: 430-437.

Swuste P., Theunissen J., Schmitz P., Reniers G., Blokland P. (2016), Process safety indicators: a
review of literature, J. Loss Prev. Process Ind., 40: 162-173.

Taban E., Kaluc E., Aykan T.S. (2014), Effect of purging gas on the properties of 304H GTA
welds. Weld. Res. 93:124-130.

Tan H., Jiang Y., Deng B., Sun T., Xu ]., Li]J. (2009), Effect of annealing temperature on the
pitting corrosion resistance of super duplex stainless steel UNS S32750. Mater. Charact. 60: 1049-
1054.

Tang K.H.D., Dawal S.Z.M., Olugu E.U. (2018), A review of the offshore oil and gas safety
indices. Safety Sci. 109: 344-352.

Tao R.L., Liu J., Fan G.W., Chang X. (2015), The study on welding HAZ microstructure of SAF
2507 duplex stainless steel by simulation tests. Mat. Sci. For.. Trans Tech Publ, pp 277-280
Tejedor T.A., Singh R., Pilidis P. (2013), Maintenance and repair of gas turbine components,
Modern Gas Turbine Systems, High Efficiency, Low Emission, Fuel Flexible Power Generation,
565-634.

Thakare J.G., Pandey C., Mahapatra M.M., Mulik R.S. (2019), An assessment for mechanical and
microstructure behavior of dissimilar material welded joints between nuclear grade martensitic
P91 and austenitic SS304L steel. J. Manuf. Proc. 48: 249-259.

Theodoro M.C., Pereira V.F.,, Mei P.R., Ramirez A.J. (2015), Dissimilar friction stir welding
between UNS 531603 austenitic stainless steel and UNS S32750 super duplex stainless steel.
Metall. Mater. Trans. B. 46:1440-1447.

Topolska S., Labanowski J. (2009), Effect of microstructure on impact toughness of duplex and
superduplex stainless steels, J. Achiev. Mater. Manuf. Eng 36: 142-149.

Trench CJ. & Kiefner J.F., (2001), Oil Pipeline Characteristics and Risk Factors; Illustrations from
the Decade of Construction.

TWI-MMAW https:/ /www.twi-global.com/ technical-knowledge /job-knowledge/ the-manual-
metal-arc-process-mma-welding-002

TWI-What is the difference between heat input and arc energy? https://www.twi-
global.com/ technical-knowledge/faqs/faq-what-is-the-difference-between-heat-input-and-arc-
energy

Ume, K,, Seki, N., Naganawa, Y., Hyodo, T., Satoh, K., & Kuriki, Y. (1986). Influence of thermal
history on corrosion resistance of duplex stainless steel linepipe. United States: National
Association of Corrosion Engineers.

Verma J., Taiwade R.V. (2017), Effect of welding processes and conditions on the microstructure,
mechanical properties and corrosion resistance of duplex stainless steel weldments — A review.
J. Manuf. Process. 25:134-152.

Verma J., Taiwade R.V., Khatirkar R.K., Kumar A. (2016), A comparative study on mechanical
prperties of dissimilar welds of 2205 austeno-ferritic and 316L austenitic stainless steel. Mater.
Trans. 57(4):494-500.

Villanueva D.ML.E., Junior F.C.P., Plaut R.L., Padilha A.F. (2006), Comparative study on sigma
phase precipitation of three types of stainless steels: austenitic, superferritic and duplex. Mat.
Sci. Technol. 22(9):1098-1104.

Vollertsen F., Grunenwald S., Rethmeier M. (2010), Welding thick steel plates with fibre lasers
and GMAW. Weld. World. 54:62-70.

Wahid A., Olson D.L., Matlock D.K. (1993), Corrosion of weldments; ASM handbook, ASM
International, 6: 1065-69.

122



Wang H.S. (2005), Effect of welding variables on cooling rate and pitting corrosion resistance in
super duplex stainless weldments. Mater Trans 46(3):593-601.

Wang J.Q., Atrens A., Cousens D. R., Kinaev N. (1999), Microstructure of X52 and X65 pipeline
steels, J. Mat. Sci. 34: 1721 - 1728.

Wang X., Zhang L., Kuang X., Lu M. (2009), Microstrcture and galvanic corrosion of dissimilar
weldment between Duplex Stainless Steel UNS 31803 and X80 Steel, Proceedings of the ASME
2009:28th International Conference on Ocean, Offshore and Arctic Engineering OMAE 2009.
Wessman S., Pettersson R., Hertzman S. (2010), On phase equilibria in duplex stainless steels,
Steel Res. Int. 81: 337-346.

Wessman S., Selleby M. (2014), Evaluation of austenite reformation in duplex stainless steel
weld metal using computational thermodynamics. Weld. World. 58: 217-224.

Wessman S., Wilson A., Hertzman S., Pettersson R. (2013), An experimental and theoretical
evaluation of microstructure coarsening in duplex stainless steels, Steel Res. Int. 84: 1126-1137.
Westin E.M., Hertzman S. (2014), Element distribution in lean duplex stainless steel welds.
Weld. World. 58(2):143-160

Williams J. G., Killmore C. R., Barbaro F. J., Piper J., Fletcher L. (1996), High strength ERW
linepipe manufacture in Australia. Mater. Forum. 20: 13-28.

Young J., Field D., Nelson T.W. (2013), Material flow during friction stir welding of HSLA 65
steel, Metall. Mater. Trans. A. 44: 3167-3175.

123



List of Publications
Waris Nawaz Khan, Rahul Chhibber. (2020), Effect of intermetallic/secondary phases on
wear behavior of super duplex stainless steel in dry and wet medium. Tribology
Transactions. 63(3):403-414.
Waris Nawaz Khan, Rahul Chhibber. (2020), Physicochemical and thermo physical
characterization of CaO-CaF>-SiO; and CaO-TiO>-SiO; based electrode coating powders
for offshore welds, Ceramics International. 2020, 46:8601-8614.
Waris Nawaz Khan, Rahul Chhibber. (2020), Weld metal chemistry of mineral waste
added SiO»-CaO-CaF>-TiO: electrode coatings for offshore welds, J. Pressure Vessel
Technology: Transaction of the ASME. 142:031505-1:031505-12.
Waris Nawaz Khan, Jagdeesh Kumar, Rahul Chhibber. (2020), High temperature
wettability study of mineral waste added SiO»-CaO-CaF,-TiO; electrode coatings for
offshore welds. Proc. IMechE. Part L: ]. Material Design and Application. 234(4), 622-636.
Waris Nawaz Khan, Rahul Chhibber. (2020), Experimental investigation on red ochre for
application in welding consumable development, Proc. IMechE. Part L: J. Material
Design and Application. 234(8):1063-1070.
Waris Nawaz Khan, Rahul Chhibber. (2021), Characterization of CaO-CaF>-TiO»-
SiO; based welding slags for physicochemical and thermophysical properties. Silicon,
13(5):1575-1589.
Waris Nawaz Khan, Rahul Chhibber. (2021), Effect of Filler metal on solidification,
microstructure and mechanical properties of dissimilar super duplex stainless and
pipeline steel GTA Weld. Material Science & Engineering A, 803:140476.
Waris Nawaz Khan, Sumit Mahajan, Rahul Chhibber. (2021), Investigation on reformed
austenite in the weld microstructure of dissimilar super duplex/pipeline steel weld.
Materials Letters, 285:1291009.
Waris Nawaz Khan, Rahul Chhibber. (2021), Investigations on effect of CaO-CaF>-TiO.-
SiO, based electrode coating constituents and their interactions on weld chemistry.
Ceramics International. 47(9):12483-12493.
Waris Nawaz Khan, Rahul Chhibber. (2021), Experimental investigations on dissimilar
weld between super duplex stainless steel 2507 and API X70 pipeline steel. Proc. IMechE.
Part L: J. Material Design and Application. 235(8):1827-1840.
Waris Nawaz Khan, Rahul Chhibber. (2020), “Utilization of red ochre in developing
welding electrodes for offshore welds. Materials Today: Proceedings. 41(4):870-873.
Waris Nawaz Khan, Furkan, Rahul Chhibber. (2022), Effect of heat treatment on wear
behavior of austenitic stainless steel. Lecture Notes in Mechanical Engineering:
Machines, Mechanism and Robotics, 1703-1711.
Waris Nawaz Khan, Rahul Chhibber, Nitin Saini, Yajing Wang, Leijun Li. (2021),
Corrosion resistance of dissimilar pipeline/super duple steel welds, American Welding
Society (AWS) Fabtech, Chicago USA.
Waris Nawaz Khan, Rahul Chhibber, Nitin Saini, Yajing Wang, Leijun Li. (2021),
Dissimilar pipeline/super duplex steel welds for offshore applications, American
Welding Society (AWS) Fabtech, Chicago USA.
Waris Nawaz Khan, Rahul Chhibber, Leijun Li. (2021), Development of CaO-CaF>-TiO»-
SiO, based electrodes for offshore welds, American Welding Society (AWS) Fabtech,
Chicago USA.

124



