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Microstructures and Properties of Laser Hybrid Welded T91 Steel
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Abstract The T91 heat resistant steels are welded by the laser-arc hybrid welding technique. The high temperature
aging treatments of welded joints for different time at 750 “C are conducted and the microstructure evolutions of
weld, heat affected zone and base metal are investigated. The corresponding precipitation is also analyzed. The
results show that, with the increase of high temperature aging time, the grain size in the weld gradually increases,
the width of the martensite lath increases and the martensite laths are gradually broken into subgrain structures.

Simultaneously, the precipitation gradually coarsens and gathers to the grain or subgrain boundary and the micro-

hardness gradually decreases. After the treatments for different aging time, the fractured positions of all welded

joints are within the base metals.
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Table 1  Chemical compositions of T91 steel and welding wire (mass fraction, %)

Material C Cr Mo Si Mn Nb Fe Ni Al A%

T91 steel 0.09 9.60 1.05 0.20 0.40 0.10 Bal. 0.40 0.35 0.25

Welding wire 0.10 9.00 1.00 0.30 0.50 0.06 Bal. 0.70 - 0.20
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Fig. 1 Schematic of groove form of laser

hybrid welded joint
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Fig. 2 Cross section of laser hybrid welded joint
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Fig. 3 Microstructures of weld regions after treatments for different aging time.
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Fig. 4 Microstructures of coarse-grained regions after treatments for different aging time.
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Fig. 5 Microstructures of base metal regions after treatments for different aging time.
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Fig. 6 SEM images of welds after treatments for different aging time. (a) 0 h; (b) 400 h; (c¢) 800 h; (d) 1200 h
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Fig. 7 SEM images of coarse-grained regions after treatments for different aging time. (a) 0 h; (b) 400 h; (c¢) 800 h; (d) 1200 h
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Fig. 8 SEM images of base metal regions after treatments for different aging time. (a) 0 h; (b) 400 h; (c) 800 h; (d) 1200 h
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Fig. 10 TEM images of weld regions after treatments for different aging time. (a) 0 h; (b) 400 h; (c¢) 800 h; (d) 1200 h
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Fig. 11 TEM images of coarse grained regions after treatments for different aging time.
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Fig. 12 Precipitated phases of T91 welded joints after aging treatment.

(a) Precipitated phase 1; (b) precipitated phase 2; (c) precipitated phase 3
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Table 2 EDS analysis of precipitated phases

(atomic fraction, %)

Element C Fe Cr Mo
Precipitate phase 1 18.7 50.6 23.1 3.8
Precipitate phase 2 32.8 21.3 41.9 1.6
Precipitate phase 3 0.6 57.6 9.2 26.4
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Fig. 13 Microhardness of welded joints after

treatments for different aging time
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Table 3 Tensile properties at room temperature of welded

joints after treatments for different aging time

Aging Tensile Fracture
' Elongation /% )

time /h  strength /MPa location
0 695 20.6 Base
400 672 24.2 Base
800 655 25.1 Base
1200 634 25.7 Base
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Table 4 Tensile properties at high temperature of welded

joints after treatments for different aging time

Aging Tensile Fracture
Elongation /%
time /h  strength /MPa location
0 342 21.2 Base
400 326 25.2 Base
800 314 25.7 Base
1200 301 26.1 Base
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Fig. 14 Tensile fracture morphologies at different temperatures. (a) Room temperature; (b) high temperature
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