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Abstract With the same process parameters and the heat treatment/hot isostatic pressure technique, two batches of
Hastelloy-X alloy specimens with different powder compositions are processed by selective laser melting, in which
batch A is high in carbon and manganese contents and while batch B is high in silicon content. The tensile properties
at room and high temperatures are tested. The microstructural characteristics and tensile fractures at room
temperature are investigated. The results show that the transverse structural morphologies of forming parts from
two kinds of materials are similar, but the grain morphologies and the intragranular carbides are quite different in
the longitudinal structures. The microstructures of batch A materials are equiaxed grains and the intragranular
carbides precipitate more, and while the microstructures of batch B materials are columnar crystals along the
longitudinal direction. The tensile properties of batch A specimens at room and high temperatures reach the
standard of bar forgings, and while those of batch B specimens exhibit much a more obvious anisotropy in the
transverse and longitudinal directions. The longitudinal tensile properties of batch B materials are characterized by
low strength and high plasticity, and are subject to the effects of carbon and silicon elements. There exist an obvious
plastic deformation for the fractures of the two batches of materials at room temperature, which are cup-like
intergranular dimple.
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Table 1 Chemical compositions of two batches of Hastelloy-X alloy powders (mass fraction) %
Element C Cr Co Mo Fe Mn B Si
Batch A 0.081 21.56 1.57 9.11 18.51 0.016 0.003 0.071
Batch B 0.050 21.38 1.59 9.16 18.53 0.006 0.001 0.365
ASTM 0.05-0.15 20.50-23.00 0.50-2.50 8.00-10.00  17.00-20.00 <1.00 <0.010 <1.00
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Fig. 1 Schematic of rotation angle in scanning direction
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Fig. 2 Tensile specimen at room/high temperatures
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Fig. 3 Microstructures of Hastelloy-X alloys from batch A materials by selective laser melting. (a) Transverse structure at

M =100; (b) transverse structure at M=500; (c) longitudinal structure at M=100; (d) longitudinal structure at M =500
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Fig. 4 Microstructures of Hastelloy-X alloys from batch B materials by selective laser melting. (a) Transverse structure at
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M=500; (e) polishing state of longitudinal structure at M =100
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Table 2 Tensile properties at room temperature of forming samples from two batches of powders

Material Direction Average tensile strength /MPa  Average yield strength /MPa Average ductility /%
Batch A Horizontal 754 337 41
Batch A Vertical 717 328 45
Batch B Horizontal 766 438 28
Batch B Vertical 677 411 47
ASTM - 690 275 30
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Table 3 Tensile properties at high temperature (815 °C) of forming samples from two batches of powders

Material Direction Average tensile strength /MPa  Average yield strength /MPa Average ductility /%
Batch A Horizontal 322 199 23
Batch A Vertical 312 198 32
Batch B Horizontal 336 256 20
Batch B Vertical 314 246 66
ASTM 240 12
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Fig. 5 SEM images of tensile fractures at room temperature of Hastelloy-X alloys by selective laser melting. (a) Transverse
structure of batch A at M=16; (b) transverse structure of batch A at M=200; (c¢) longitudinal structure of batch

A at M=19; (d) longitudinal structure of batch A at M =200; (e) transverse structure of batch B at M =19;

(f) transverse structure of batch B at M =200; (g) longitudinal structure of batch B at M =17; (h) longitudinal

structure of batch B at M =200
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