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Table 1 Nominal compositions of alloys ONi and 20Ni

Mole fraction/%

Alloy - .
Co Al W Ti Ta Ni

ONi Bal. 7 8 4 1 -
20Ni  Bal. 7 8 4 1 20
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Fig. 1 OM images of cross-section of as-cast alloy ONi(a)
and 20Ni(b)
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Fig. 2 BSE and SEI images of dendritic and interdendritic microstructures and interdendritic precipitations in alloy ONi and
20Ni: (a) BSE image, dendritic microstructure, alloy ONi; (b) BSE image, dendritic microstructure, alloy 20Ni; (c¢) BSE
image, interdendritic microstructure, alloy ONi; (d) BSE image, interdendritic microstructure, alloy 20Ni; (e) BSE image,

interdendritic precipitation, alloy ONi; (f) BSE image, interdendritic precipitation, alloy 20Ni

2 A< ONi A1 20N FRg b T AT H AR R R4
Table 2 Compositions of interdendritic precipitations in alloys ONi and 20Ni

Mole fraction/% .
Alloy Phase - - Area fraction/%
Co Al w Ti Ta Ni
ONi By g 66.61 15.38 3.18 12.41 2.41 - 1.3
i
y’ 77.75 5.01 5.70 8.88 2.67 - 4.7

20Ni 7' 55.63 7.34 5.14 8.56 1.80 21.54 6.3




FERHBEI0M W, . NIRRT Co-Al-W 3 B B sn i & 4 e I f0 B2 i 2981

FHAL WHTa i RAEE— WAL EEM, BN W21 AR, NifRINESAE T Co-AL-W
MR I K T ALRTW TR R mbr i m, MK S e ea i i AR, B, A 0Eet
T Ta GRS WRATEE, EX TiCR S M XA %5 ONi AT 20N AR TR it ) X 485 1) e 7
DIRGIEO AL TEA T8, R AL H T 5546 4 ONi Al 20Ni
BT AR S X I AL, WL Tif Ta e B & &

X TCEAE Co-XFI Ni-X o4 2 H (14 [ -1 7

23 BAEEONI 20N h &4 T mITH

Table 3 Partitioning ratios of alloying elements in as-cast

alloys ONi and 20Ni FZH(p) T R ()BT
Al Partitioning ratio P=Xg/x; (4)
Y T Al w Ti Ta Ni A x N XTCETEEAR P& B (R AL %)
ONi 1.05 0.90 1.20  0.38 0.36 - XL%XfE%E/Tﬁ*HqJE@é\%(@;Rﬁﬁ, %). p>1

20Ni 106 084 138 038 042 096 T B TR R o X T 25 T 0 1058 1 AR O
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Fig. 3 Distribution maps of alloying elements in alloys ONi((a)—(d)) and 20Ni((e)—(i)) obtained via EPMA

F4  ALW.Ti R Ta JGHR7ES S ONi AT 20N AL gt T Hh O R i 7] DA e 5
Table 4 Composition of Al, W, Ti and Ta elements at dendritic core (D) and interdendritic region (ID) in as-cast alloys ONi
and 20Ni

All Mole fraction at dendritic core/% Mole fraction at interdendritic region/%

0

Y Al W Ti Ta Al W Ti Ta
ONi 6.15 8.62 1.91 0.43 6.82 7.17 5.09 1.20

20Ni 6.12 8.93 2.16 0.56 7.28 6.46 5.65 1.33
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Table 5 Solid-liquid partitioning coefficients of Al, W, Ti
and Ta(elements in binary Co-X and Ni-X (X=Al, W, Ti and
Ta) phase diagrams®”

Binary Solid-liquid partitioning coefficient

system Al w Ti Ta
Co-X 0.64 1.00 0.48 0.33
Ni-X 0.60 1.14 0.72 0.50
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Fig. 4 Calculated solid fraction (f;) of Co-Al-W based

single crystal superalloys during solidification: (a) Alloy
ONi; (b) Alloy 20Ni
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Fig. 5 Calculated 1100 “C isothermal phase diagram of Co-Al-W based single crystal superalloys with fixed Ti content of

5%: (a) Co-Al-W-Ti alloy; (b) Co-20Ni-Al-W-Ti alloy
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Table 6 Solidification characteristic temperatures of alloys ONi and 20Ni measured by DSC curves and Pandat calculation

Measuring method Alloy Liquidus temperature/’C  Solidus temperature/’C  Solidification range/'C
ONi 1404.2 1346.8 57.4
DSC measurement )
20Ni 1406.4 1346.9 59.5
. ONi 1424.2 1355.5 68.7
Pandat calculation )
20Ni 1426.1 1374.0 52.1
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Effect of Ni addition amount on solidification characteristics of
Co-Al-W based single crystal superalloy

AI Cheng', WANG Guo-xin', CHEN Xi*, GUO Min’, HUANG Tai-wen®, LIU Lin®

(1. School of Materials Science and Engineering, Chang’an University, Xi’an 710064, China;
2. Xi’an SaiteSimai Titanium Industry Co., Ltd., Xi’an 710018, China;
3. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University,
Xi’an 710072, China)

Abstract: The effect of Ni addition on solidification characteristics of Co-Al-W based single crystal superalloy
was investigated via experimental, thermodynamical and dynamical analysis. Both Ni-free and adding Ni Co-Al-
W based single crystal superalloy has the typical dendritic microstructure, and Ni addition increases the primary
dendritic arm spacing of single crystal superalloy. Meanwhile, with increasing Ni content, the microsegregation
degrees of Al and W elements increase, the microsegregation degree of Ta element decreases, while Ni addition
has little influence on the microsegregation degree of Ti element. Moreover, the interdendritic precipitations of Ni-
free single crystal superalloy are primary y’ phase and (f+)") eutectic phase, while the interdendritic precipitation
of Ni single crystal superalloy is primary ' phase, which indicates that Ni addition changes the solidification path
and as-cast microstructure of single crystal superalloy. In addition, the influence of Ni addition on solidification
characteristic temperatures of Co-Al-W based single crystal superalloy is not obvious.

Key words: Ni addition amount; Co-Al-W based single crystal superalloy; dendritic microstructure;

microsegregation behavior; solidification path; solidification characteristic temperatures
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