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Table 1 Chemical composition of superalloys W /%
e Al Ta Cr Co Mo W Re Ru Ni
JtRe. Ru 5.98 7.49 5.82 5.97 3.00 4.07 0 0 At
3.0%Ru 6.15 7.45 5.15 5.91 2.96 5.88 0 2.87 A
4.5%Re 6.08 7.52 5.38 5.83 2.84 5.00 4.42 0 At
4.5%Re+3.0%Ru 5.93 7.44 4.78 6.05 3.08 4.90 4.38 2.85 Aeim

HAIEZR 3.0 mm/min,
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Fig. 1 Dendrites morphologies on various planes of as-cast Re, Ru-free and 4.5%Re+3.0%Ru-containing alloys
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Table 2 Dendrite arm spacing of different as-cast alloys / pum
JiRe. Ru 3.0%Ru 4.5%Re 4.5%Re+3.0%Ru
— B AR 278 261 207 215
=/ ¢ 3] 1) 93 88 85 79

R3 FRFBSACPERTRERRE. THEE (RESH) RENRH
Table 3 Concentrations and segregation coefficients of elements in inter-dendrite, dendrite
regions in different as-cast alloys

a4 S gE| Al Co cr Mo Ta w Re Ru
T 6.42 5.58 5.55 2.44 6.28 4.49 0 0
% ‘
JRe. Ru T ds ] 5.11 6.21 6.39 3.68 7.64 3.49 0 0
fihr 2558 -20.4 11.3 15.1 50.1 21.6 -22.3 0 0
A% FedtT 6.67 5.33 4.48 2.32 6.81 6.91 0 2.62
3.0%Ru A i i) 4.86 6.32 5.67 3.84 7.59 5.19 0 3.39
by 2%k 271 18.8 26.6 66.0 114 -24.9 0 29.4
=}
- Fedt T 5.44 5.52 437 217 7.18 5.82 4.97 0
4.5%Re 1 ] 6.29 6.87 5.91 3.53 8.54 4.77 3.88 0
LIEY 15.6 24.4 35.2 62.6 18.9 -22.0 -28.1 0
H
A% KT 5.59 5.62 454 2.36 7.11 4.48 5.04 2.52
4.5%Re+3.0%Ru A 6.31 6.69 5.46 3.25 8.36 2.85 3.62 2.76

T 2250 12.9 19.0 20.3 37.8 175 -36.4 -39.2 95
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Fig. 2 Schematic diagrams of element concentration distributions in as-cast Re and Ru-free alloy
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Fig. 3 Schematic diagrams of element concentration distributions in as-cast 3.0%Ru-containing alloy
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Fig. 4 Schematic diagrams of element concentration distributions in as-cast 4.5%Re-containing alloy
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Fig. 5 Schematic diagrams of element concentration distributions in as-cast 4.5%Re+3.0%Ru-containing alloy
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Influences of Re and Ru on Element Segregation Behavior of Nickel-Based
Single Crystal Superalloy

LIU Yan-yan', LI Fu-bao', XU Fei', SHU De-long'?, TIAN Su—gui®
(1. School of Chemical Equipment, Shenyang University of Technology, Liaoyang 111003, Liaoning, China; 2. School of
Material Science and Engineering, Shenyang University of Technology, Shenyang 110870, Liaoning, China)

Abstract:

In the present work, four nickel-based single crystal superalloys with different Re and Ru contents were
designed and prepared, microstructure observations and concentration measurements were performed, and
the influences of Re and Ru on the segregation behaviors of as-cast nickel-based single crystal superalloy
were investigated. The results show that Ru mainly enriches in the inter-dendrite region and increases the
segregation degrees of the y' phase formation elements, such as Al and Ta, in the area of dendrite, while
increases the segregation degrees of other elements in the inter-dendrite region. Re mainly enriches in the area
of dendrite and promotes the nucleation of dendrite and increases the amount of eutectic structure. During
solidification, the element as Re and W with high melting points firstly solidify with the matrix element Ni,
and the reaction from liquid to solid phase transformation occurs to form the dendrite structure. Due to the
inhibition effect of Re on the ordering arrangement of Ni, Al and Ta, the concentrations of these y' phase
formation elements are reduced in the dendrite region, which causes the concentrations of these elements to
be increased in the inter-dendrite region, and finally forms large amounts of eutectic structure. This is thought
to be the main reason why eutectic structure become larger or greater in size and amount, and Al mainly
segregating in the inter-dendrite region in the as-cast Re-containing alloy.
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