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Incipient Melting Structures in DD9 Nickel-based Single Crystal Superalloy

during Solid Solution
Hu Yang'?, Li Yiling®
[1.Key Laboratory of Science & Technology on Advanced High Temperature Structural Materials, AECC
Beijing Institute of Aeronautical Materials; 2. AECC Advanced Materials of Superalloy (Zhenjiang) Co.., Ltd.]
Abstract: The structure transformation of DD9 nickel-based single crystal superalloy and formation mechanism of
the incipient melting structures during homogenization were investigated. The results indicate that there are two
types of incipient melting structures: irregular one caused by melted y/y" eutectic and regular one caused by mel-
ted homogenization pore. Due to the generation of incipient melting structures, which reduces the high-tempera-
ture performances of castings, the rupture life of specimen at 1 100 'C and 137 MPa is decreased by 35 h. Both
structures can be avoided by increasing holding time at lower temperature and promoting the diffusion of elements.
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Tab.3 The segregation and compositions in different

region of specimens %

wB

R X 3

Cr Co Al w Re Ta Ni

BT 498 11.47 4.56 10.68 5.12 5.22 56.45

A% i 17 3.56 7.87 5.96 6.68 2.97 6.94 65.73
A v/ydREH 3.27 759 617 6.55  2.26  7.13 66.28
K, 1.4 1.46 0.765 1.6 1.72 0.75 0.86
K,y 1.52  1.51 0.74 1.63 2.26 0.73 0.85
e 4.28 9.41 376 9.24 4.63 4.34 63.12
H, S G] 3.63 7.71 4.42 6.08 2.77 5.23 67.15
Km 1.18 1.22 0.85 1.52 1.67 0.83 0.94
Kb T 4.35 10.32 3.64 9.48 4.22 4.50 61.62
H, A% i I 410 9.64 3.87 6.68 2.72 4.89 64.19
K 1.06  1.07 0.94 1.42 1.55 0.92 0.96

wg

Cr Co Al Y Re Mo Ta Hf Nb Ni

3.4 8.2 5.6 9.5 4.5 1.2 6.2 0.1 0.5 &R

A AT 5.06 12.48 3.73 9.88 4.13 4.25 58.68
H; WAL 4,36 10.48 4.34 6.46 2.50 4.99 63.80
Kus 1.16 1.19 0.86 1.53 1.65 0.85 0.92
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Tab.2 Solid solution treatment process

BT 4.35 10.27 4.51 8.63 3.75 5.27 60.58
H, T fL X 3k 4.26 10.07 4.60 6.59 2.66 5.55 61.19
Kni 1.02  1.02 0.98 1.31 1.41 0.95 0.99

i L2

H, 1290 CX4h

H, 1290 C X4 h+1325 CX4h

H, 1290 C X4 h+1340 CX4h

H, 1290 CX4 h+1325 CX4 h+1340 CX4h

Hs 1290 CX4 h+1325 CX4h+1340 CX4 h+1 345 CX4 h
Hg 1290 CX4 h+1325 CX4 h+1340 CX14+1 345 CX4 h

AT 4.43 10.38 3.72 8.95 4.12 4.47 61.28
Hs FURGE e 4.34 10.17 3.8 6.99 3.12 4.61 61.9
Kus 1.02 1.02 0.98 1.28 1.32 0.97 0.99

T 4.49 10.51 4.19 8.55 3.23 5.43 61.71
H AL X 35 4,40 10.48 4.17 7.63 2.74 5.60 62.32
K us 1.02  1.00 1.00 1.12 1.18 0.97 0.99
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Fig.1 As-cast microstructure of the specimen
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Fig.2 SEM images of y/y' eutectic after solid

solution treatment
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Fig.3 SEM images of specimens after H4 treatment

By MG IE 5y 4D 56 VR AR UEA v SRR AE
Y B A BT AT A R TR A B (O
3a) A /b R[5 FES ] 5 L AE TR i i) X 38
(WL 3b) o X AL X 3k 47 EDS 2087, 4558 o 5 %
AL AU AL 18] DA L AL IXIsR 3% ALUN Ta It

Pl A AT [T 4k BT 25 4 4 iR 9 A ot 5 4
VAR, I 4a PTLUR . & Hy A3 IRFF v /Y
SRR SR A A AL TR S5 S v/ Y
S AL GUR R AR TR AR IR . X R 9 L

H
H

(a) Hj

Re W .Ta M TR WY HL.
& 4b AT LLE .28 Hs AbFR G iR i 8] ) 3
TREBBHMMBIE AN R AR S v/ R
338

(b) H;
B4 REBELELETASERFGHSGEHEMEAR

Fig.4 Melting structure and dendritic structure under various homogenization treatment
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Fig.5 Creep curves of specimens at 1 100 C and 137 MPa
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