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Fig. 1 Liquidus and solidus lines in Co-X(X=Ta, Nb, Ti,
W, Al, Mo, V) binary systems*”
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Table 1
crystal superalloys

Effects of alloying elements on solidification characteristic temperature of y’ strengthened cobalt-based single

. Transformation Solidification
Alloy composition .
Alloy i temperature/ C temperature Ref.
(Mole fraction, %) — - L
Liquidus Solidus region/C
Co-9Al-10W 1476 1459 17 [21]
Co0-9.4A1-10.7TW 1477 1447 30 [22-23]
Co-Al-W
Co-9Al-9W 1470 1446 24 [9]
Co-7Al-8W 1484 1471 13 [24]
Co-9Al1-10W-2Ta 1455 1412 43 [21]
Co-9Al-10W-2Ta 1417 1380 37 [9]
[11,22-
Co-8.8A1-9.8W-2Ta 1451 1407 44 23]
Co-9A1-8W-2Ta 1440 1415 25 [9]
Co-7Al-8W-1Ta 1469 1446 23 [24]
Co-9Al-10W-2Ti 1468 1408 60 [21]
Co-9A1-10W-2Ti 1436 1400 36 [9]
Co-7A1-8W-4Ti 1425 1368 57 [24]
Co-Al-W-X Co-9Al-10W-2Nb 1464 1405 59 [21]
Co-9Al-10W-2Nb 1427 1378 49 [9]
Co-9Al-10W-2V 1472 1443 29 [21]
Co-9Al-10W-2V 1455 1424 31 [9]
Co-9A1-3W-6V 1452 1427 25 [11]
Co-9Al1-10W-2Mo 1468 1440 28 [21]
Co-9Al-6W-3Mo 1457 1432 25 [11]
Co-9Al-7.5W-1.5Mo 1464 1445 21 [11]
Co-9A1-9W-10Ni 1473 1450 23 [11]
Co-9A1-9W-20Ni 1472 1452 20 [11]
Co-7A1-8W-1Ta-4Ti 1406 1334 72 [21]
Co-20Ni-8Al-5W-6Cr-1.5Ta-2.5Ti-
) . 1398 1296 102 [27]
Multi-component 0.1Hf-0.4Si (ERBOCo-0)
Co-Al-W-based superalloy Co-30Ni-7AL-8W-5C-1Ta-4Ti 1398 1323 75 26]
Co-30Ni-9AI-6W-5Cr-1Ta-4Ti 1384 1311 73 [26]
Co-30Ni-11A1-4W-5Cr-1Ta-4Ti 1378 1304 74 [26]

k749 °C. 44°C. 61 °C. 19 CHI13°C; {HMEL
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Table 2 Microsegregation coefficients of each constituent element in typical cobalt-based and Ni-based single crystal

superalloys
. . Alloy composition Distribution coefficient (k,)
Classification . Ref.
(Mole fraction, %) ke, ke N ki ke, ker, ke
Co0-9.4A1-10.7W 1.01 099 094 - - - - [22]
Co-7Al-8W 1.01 1.04 092 - - - - [24]
Co-9AI1-9W (ERBOCo0-9) 1.04 104 094 - - - - [12]
Co-based Co-7Al-8W-1Ta 1.02 1.04 093 - - 0.38 - [24]
superalloys Co-7A1-8W-4Ti 1.02 1.08  0.87 - - - 0.58  [24]
Co-7A1-8W-1Ta-4Ti 1.01 1.11 0.9 - - 044  0.65 [24]
Co0-8.8A1-9.8W-2Ta 1.01 1.02  0.95 - - 0.63 - [22]
Co-7.8A1-7.8W-4.5Cr-2Ta 1.01 1.01  0.96 - 099  0.61 - [22]
Co-30Ni-7AI-8W-5Cr-1Ta-4Ti 1.03 .13 094 098 1.04 0.67 0.68 [26]
. Co-30Ni-9AI-6W-5Cr-1Ta-4Ti 1.03 .15 094 098 1.05 0.69 0.69 [26]
CoNi-based . .
Co-30Ni-11A1-4W-5Cr-1Ta-4Ti 1.03 .19 095 098 1.04 071 071 [26]
superalloys . .
Co-20Ni-8Al-5W-6Cr-1.5Ta-2.5Ti-
. 1.04 1.17 088 096 1.08 075 076 [12]
0.1Hf-0.4Si
ERBO-1 1.06 1.16 09 097 1.06 088 087 [12]
) Astra-2W 1.05 1.19 094 099 1.00 0.84 - [12]
Ni-based
SRR99 1.06 127 092 098 1.04 081 072 [35]
superalloys
CMSX-4 1.06 127 091 097 1.05 078 071 [35]
PWA 1484 1.05 122 092 098 1.05 0.79 - [35]
8
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Fig. 2 EPMA concentration maps of typical elements in as-cast smgle crystal ERBOCo-0!'%%7): (a) SEM image; (b) Ta;
(c) Co; (d) Ti; (e) Ni; () Al; (g) W; (h) Cr
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Table 3  Solid-liquid partitioning coefficients of W(5%),
Ta(1.5%), and Ti(2.5%) elements in binary Co-X and Ni-X
(X=W, Ta, Ti) phase diagrams*”

Binary Solid-liquid partitioning coefficient
system w Ta Ti
Co-X 1.10 0.35 0.49
Ni-X 1.22 0.59 0.79
V) cMsx-4
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Co-7AI-8W-1Ta
Y Co-7AI-8W
.@ "
Ta
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oo SR 47 4 g2 24.26.39
Fig. 3 Comparison of microsegregation behavior of W, Ti

and Ta elements in Co-, CoNi-, and Ni-based single crystal

superalloys!!? 24 26:33]
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Table 4 Solidification paths of typical y’ strengthened cobalt-based single crystal superalloys
) . Alloy composition s .
Classification . Solidification path Ref.
(Mole fraction, %)
Co-7A1-8W L—L +y—y [21, 38]
Co-7Al-8W-1Ta L—L +y—y [21, 24]
Co-based superalloys Co-7A1-8W-4Ti L—=L Ay—=Lyy+(f+y) Lyt (B+y) Aty =By 4y [24]
L—L +y—L +y+Laves—L,+y+Laves+(f+y).—
Co-TAI-8W-1Ta-4Ti K 7 G2, [24]
L tytLaves+(f+y") +y'—y+Laves+(f+y) +y’
Co-30Ni-7A1-8W-5Cr-1Ta- L—L +y—L,+y+Laves—L,+y+Laves+(f+y"),— 126]
4Ti(7AI8W) L tyt+Laves+(f+y") +(y+y"),—~y+Lavest+(f+y") +(y+y"),
. Co-30Ni-9A1-6W-5Cr-1Ta- L—L+y—L,ty+tLaves—L,+y+Lavest(f+y’),—
CoNi-based superalloys . [26]
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Fig. 4 Schematic diagrams of solidification paths of cobalt-based single crystal superalloys®¥: (a) Alloy Co-7Al-8W and
alloy Co-7Al1-8W-1Ta; (b) Alloy Co-7Al-8W-4Ti; (c) Alloy Co-7A1-8W-1Ta-4Ti
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Fig. 5 Typical microstructures of as-cast interdendritic region in cobalt-based single crystal superalloys®®*: (a)-(c) Alloy Co-

7A1-8W-4Ti; (d)—(f) Alloy Co-7Al-8W-1Ta-4Ti
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Fig. 6 Microstructures of as-cast interdendritic region in CoNi-based single crystal superalloys®®!: (a) Alloy 7AISW;

(b) Alloy 9AI6W; (c) Alloy 11AI14W
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Fig. 7 Interdendritic structures of as-cast multi-component CoNi-based single crystal ERBOC0-0!'>27: (a) SE image of
intermetallic y'-, Laves-, B2-, and needle-shaped # precipitate phases in interdendritic area; (b) Higher magnification BSE
image of needle-shaped precipitate phase in (a) after etching samples; (¢c) STEM HAADF micrograph of interfacial region
between y'-, B2-, and Laves phase; (d) Micrograph showing area marked by white rectangle in (c) at higher magnification
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Research progress on solidification behaviors of y’ strengthened
cobalt-based single crystal superalloys

AI Cheng', WANG Guo-xin', GUO Min% SUN Zhi-ping', ZHANG Feng-ying', LIU Lin?

(1. School of Materials Science and Engineering, Chang'an University, Xi'an 710064, China;
2. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: As an important candidate material for the preparation of single crystal turbine blades in long-term
service under thermal corrosion environment, the y' strengthened cobalt-based single crystal superalloys occupy
the characteristics of low cost, high initial melting point, excellent thermal corrosion resistance, et al. This paper
summarized the solidification behaviors of y’ strengthened cobalt-based single crystal superalloys, such as the
solidification characteristics temperatures, microsegregation behavior of alloying elements, solidification path and
dendritic microstructure, and compared with those of typical Ni-based single crystal superalloys. The additions of
Ta, Ti and Nb significantly decrease the solidus and liquidus temperatures and expand the solidification range of
cobalt-based single crystal superalloys. However, Cr, V, Mo and Ni elements have less effect on the solidification
characteristics temperatures. During solidification, Al, Ta and Ti elements segregate to interdendritic region, W
element segregates to dendritic core, and the microsegregation degrees of Cr and Ni elements are relatively weak.
Due to the severe microsegregation of Ta and Ti elements, various interdendritic precipitations with relatively high
Ta/Ti contents form at the last stage of solidification, which complicates the solidification paths of cobalt-based
single-crystal superalloys. Finally, similar to Ni-based single crystal superalloys, the as-cast dendritic
microstructure of y’ strengthened cobalt-based single crystal superalloys is refined with increasing cooling rate and
content of high refractory elements.

Key words: y’ strengthened cobalt-based single crystal superalloy; solidification characteristics temperature;

microsegregation behavior; solidification path; dendritic microstructure
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