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Table 1 Chemical composition of Ni-base superalloys used in the work W /%
ES Cr Co w Mo Al Ti Ta c Hf Hifty
DD483 12.18 9.23 3.89 1.85 3.53 4.00 4.98 0.066 0.01
Dz445 13.15 10.0 4.50 1.76 4.13 2.30 4.75 0.081 B 0.019
CMSX-6 10 5 3 4.8 4.7 2 0.1
CMSX-4 6.5 9 6 0.6 5.6 1 6.5 0.1 Re 3
MAR M247LC 8.2 9.2 9.5 0.5 5.6 0.7 3.2 0.07 1.05 B 0.015
PWA1483 11.98 8.7 3.83 1.81 3.63 3.99 5.09 0.069
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Fig. 1 Mold assembly for experiment and samples with ceramic debris



F

=H

{EL% FOUNDRY %iﬂéﬁgﬂﬁ

T B EENEEEER D 3 ZEFRIBN
FHMEC, SEEHIT XGRS EE—
o

SiEaERRENER BN EREALDAF
TS E=EOEBRENFIHT . BREEFAKS
R EMARRXERES, BINAEAEIEIR
E. HxPHESHBHFER, ARBTRRE
NBFS . BEFNAX TR, FIRMRENSK,
FERE B TM LR E@EEE, FEkRELINBRE
K., ATRERERZ - EAESRIX P EERAYT
skzhb, FrLAiGHREY “3-1-37 TR T Z,
BRTEM gt EIRIRTH B0 A3 mm/minfAYiR E i,
EAM A TERM SR N &R, JMELREE
., THEFERRE . MIBRERBEHRTEI ISR
o RPSHALRER L mm/min, BEEEERHTE L
BRI RBIRERS 23 mm/min,

A E 0B BN 3G ST pk fE IR FR B HH B 5 F it
ITHGRALIE, BEHREBIEFEIRER S, B
BRI EKIHITIRIZ IR, B ITH U AV ERIH
R, YEIHTHUALRNSERE, NEMEEH4
Rt R ARG R BRE TER

2 HIRER
21 #F2iiE

WaIFmA, FBELFIRIEENEESFmMETT
ZRINRE R L A BRE K . (FAEF—A,
2R T AEPWA 1483 MA IR IR RANE
/NERANREZT UL, EPRABUNE—RINAF
IR BN NEIRINAZEREITL 500 CEEF,
ESARREE—EnERESERTHE, arak
BERANEKEEES | RIRERE NRENXME EFAFHT
A, XieHREEENMNREEN TR, BEFNEG

1600

11 13F2 - ey
\ --07
1400 -
g
&
=
1200
1000 : : : :
0 100 200 300 400
i} [ /min
E2 S=PWA 1483 Iid 2 IAaE R4 M mAYIR E R (L

Fig. 2 Temperature curves of heater and four PWA 1483 samples
measured during heating-cooling process
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Fig. 3 Temperature curves of CMSX-6 samples measured in first
process cycle
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Table 2 Summary of temperature data measured during
undercooling experiments
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Investigation on Undercoolability and Single Crystal Castability of Some
Ni-Based Superalloys

MA De-xin'?, ZHANG Qiong-yuan®, WANG Hai-yang®, LI Lin-xu®
(1. Central South University, Changsha 410083, Hunan, China; 2. Wedge Central South Research Institute, Shenzhen
518045, Guangdong, China; 3. Dongfang Turbine Co., Ltd., Deyang 618000, Sichuan, China)

Abstract:

The undercoolability of Ni-base superalloys is an important physical property to determine its single crystal
(SC) castability, because stray grains will be formed if the local undercooling at the component extremities
exceeds the undercoolability of the used alloys. In the present work, both the undercoolability of 6 Ni-based
superalloys and their SC castability were investigated during isothermal cooling processes and directional
solidification, respectively. The undercooling behavior of the alloys during isothermal heating and cooling
processes was investigated under the same process condition as the SC casting experiment. The liquidus
temperature TL and the critical nucleation temperature TN of the alloys were measured, respectively. The
average critical nucleation undercooling AT\ =T, -T), was determined for each alloy. Using a Bridgman furnace
the directional solidification experiments were carried out to cast SC turbine blades of the used alloys in the
homemade shell molds. The alloy CMSX-6 with high undercoolability has the best capacity to avoid stray
grains, but revealing also fragment of dendrite arms due to the rapid dendrite growth in deeply undercooled
platforms. In the castings of the alloys with medium undercoolability, neither stray grains nor micro-defect
were found, revealing a defect free SC structure. As expected, the alloy DD483 with low undercoolability
is very difficult to be cast into SC blades without stray grain, exhibiting a very low SC castability. It is hard
to understand why the investigated Ni-base superalloys have so different SC solidification behaviors in
spite of their similar chemical compositions. Further investigation should be carried out to find a reasonable
explanation.
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superalloy; undercoolability; single crystal castability; stray grain defect
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