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Fig.1 X-ray diffraction patterns of Nb-Cr based multi-element
alloy: (a) arc-melted and (b) heat treated at 1450 C,
24 h+1000 C, 24 h
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Fig.2 Microstructure of Nb-Cr based multi-element alloy: (a), (b) arc-melted and (c), (d) heat treated at 1450 ‘C, 24 h+1000 C, 24 h
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Table1 Room-temperature fracture toughness Kq of Nb-Cr
based multi-element alloy arc-melted and heat
treated at 1450 ‘C, 24 h+1000 C, 24 h

Sam.phle Ko /MPa-m'"” Average 1[/<2Q
condition /MPa'm
Arc-melted 10.91 11.20 9.57 10.63 10.58
Heat treated 12.74 15.75 13.16 15.00 14.16
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Fig.3 Fractographies of room-temperature fracture toughness
specimens of the Nb-Cr based multi-element alloy:
(a) arc-melted and (b) heat treated at 1450 C,
24h+1000 C,24h
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Fig.4 SEM images of Nb-Cr based multi-element alloy (heat treated at 1450 “C, 24 h +1000 C, 24 h) oxidized
at 950 C, respectively, for (a) 5 h, (b) 50 h, and (c) 100 h
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Fig.5 X-ray diffraction pattern of the external scale of Nb-Cr
based multi-element alloy (heat treated at 1450 °‘C, 24 h
+1000 °C, 24 h) oxidized at 950 °C in air for 50 h
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Fig.6 Regins for EDS analysis of the scale on Nb-Cr based
multi-element alloy heat-treated and oxidized at
950 ‘C for 50 h
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Table 2 EDS analysis results of the scale formed at 950 C
for 50 h (at%o, corresponding to Fig. 6)

Regins (6] Ti Cr Nb Hf
Position 1 73.28 5.54 3.33 17.34 0.52
Position2  70.57 2.84 10.50  13.43 2.67
Position 3 64.22 3.77 1.27 4.72 29.79
Position4  72.79 4.39 10.63  10.80 1.40
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Microstructure and Properties of Nb-Cr Based Multi-Element Alloy

Zhang Mingjun, Guo Xiping
(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: A master alloy ingot of Nb-Cr based multi-element alloy has been prepared by vacuum non-consumable arc-melting, and then
vacuum consumable arc-melting and heat treated at 1450 C for 24 h and 1000 ‘C for 24 h, then oxidized at 950 ‘C in air for different
times for the heat treated samples. The room temperature fracture toughness is measured by a three-point bending method. It has been
found that the Nb based solid solution (Nbss) transforms from dendrites into equiaxed grains, and the Cry(Nb,Ti,Hf) Leves phase
transforms from blocks into rods with more smooth boundaries after heat treatment. The arc-melted samples rupture in a brittle cleavage
mode, but the heat treated samples rupture in a quasi-cleavage mode. The scale is composed of CrNbOy4, HfO,, TiO,, CrNb;;O29 and
TiaNb,00,9 phases when the samples are oxidized at 950 °C for different times.

Key words: Nb-Cr based multi-element alloy; arc-melting, heat treatment; room temperature fracture toughness; high temperature

oxidation
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