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Table 1 Composition of alloys with varied Ni and Hf contents

at.%
G4 EE] Co Al W Ni Hf
Co0-9Al-9.5W-10Ni0.5Hf 10Ni05Hf 4 9 95 10 05
Co-9Al-9.5W-20Ni0.5Hf 20Ni0.5Hf 43 9 95 10 05
C0-9Al-9.5W-30Ni0.5Hf 30Ni05Hf 4yt 9 95 10 05
Co-9Al-9.5W-40Ni0.5Hf 40Ni05Hf 4y 9 95 10 05
Co-9AI-9.5W-10NilHf  10NilHf & 9 95 20 1
Co-9AI-9.5W-20NilHf  20NilHf 4xf%& 9 95 20 1
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Fig. 1 XRD curves of alloys of different compositions
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Fig. 2 Heterogeneous phase morphology of alloys of different compositions
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Fig. 3 Energy dispersive spectrum pattern, selected area diffraction pattern for Hf-riched phases
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Table 2 Elemental composition of the three Hf-rich phases

M HHI%  Co Al w Ni Hf N
Jif 4204 598 3 236 2537 -

Co2Hf
& 2721 177 6.06 1522 49.73 -
JiT 6184 14 219 141 2017 @ -
Co23Hf6
4277 054 472 971 4226 @ -
JiF 443 - - 2.1 31.38 62.09
HfN
JiNry 3.87 - - 1.83 8322 11.08
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Table 3 Volume fraction and average size of ' phase of
alloys with different compositions
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Table 4 Partitioning coefficients for each element of the
different composition alloys

G RBUYEU% S5 RS nm B4 Co Al w Ni
10Ni0.5Hf 77.6 80 10Ni0.5Hf 0.93 1.15 1.34 1.04
20Ni0.5Hf 79.7 105.7 20Ni0.5Hf 0.93 1.23 1.07 1.06
30Ni0.5Hf 77.2 9% 30Ni0.5Hf 0.86 1.47 1.14 11
40Ni0.5Hf 82.3 86.5 40Ni0.5Hf 0.82 151 1.04 1.1

10Ni1Hf 75.6 98.7 10Ni1Hf 0.91 1.12 1.61 1.09
20Ni1Hf 74.2 84 20Ni1Hf 0.91 1.33 1.26 11
30Ni1Hf 61.7 95.3 30Ni1Hf 0.84 1.26 1.28 1.18
40Ni1Hf 77.3 445 40Ni1Hf 0.93 1.15 0.93 1.05
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Fig. 5 Compressive stress-strain curves at 900 °C for alloys of different compositions
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Effect of Composite Addition of Ni and Hf Elements on the Microstructure
and Mechanical Properties of Precipitation Strengthened Co-Al-W Superalloy

LIU Qi-long", XIA Hong-bin?, LUO Kun-jie®, ZHOU Peng-jie*

(1. School of Materials Science and Engineering, Jiangsu University of Science and Technology, Zhenjiang 212003, Jiangsu, China; 2. Jiangsu
Yuanfang Power Technology Zhenjiang Changjiang Welding Material Branch, Zhenjiang 2120213, Jiangsu, China; 3. Suzhou Nuclear Power
Research Institute, Suzhou 215004, Jiangsu, China)

Abstract:

In this paper, the effects of Ni and Hf on the microstructures of a Co-Al-W alloy were investigated, and the
yield strength and ultimate strength of the alloys were measured by compression test at 900 °C. . The experimental
results proved thatwhen the content of Hf was 0.5%, the alloy exhibited a dual-yand y' phases structure. When
the Hf element was 1%, Co,,Hfs phase presented in 10NilHf alloy, Co,Hfs phase and Co,Hf phase phases
formed in 20Ni1Hf, 30Ni1Hf and 40NilHf alloys. The yield strength and ultimate strength increased with the
incrementof Ni firstly, then decreased, which peaked at 20Ni. As the Hf content increased to 1%, the ultimate
and yield strengths of the 10Ni and 20Ni alloys raised, the ultimate and yield strengths of the 40Ni alloy were
the smallest, while the yield and ultimate strengths of the 20Ni1Hf alloy were the maximum. The alloying
with minor Hf was preferable. It lead to the formation of deleterious Hf-rich phases in the alloys, when the
Hf contents was 1%. The addition of Ni within 20% was beneficial to the alloys and the over addition of Ni
degrade the strength of the alloys at elevated temperature.

Key words:
Co-based superalloy; y' phase morphology; hafnium; nickel
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