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Fig.1  Morphology of as-cast single crystal nickel based
superalloy on (001) plane: (a) dendritic morphology, and
(b) distribution of y' phase with different sizes in the

dendrite / interdendritic regions
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Fig.2 Morphology of y’ phase under different conditions: (a)
fully heat treatment, and (b) the coarsened y’ phase after

aged for 300 h at 1040 C

W SEME A G NN, ZRHT yy PIAH RS R ZE 0l K
WA FPRES A G UG B y' y PR AT 5 g
Ji. RN T H# B ERATHER T, mTaEST
FHEA BRI E, W B ey y A AT
SPE, EHAY By y PRARAT A, wIH & E
i A% i A

WIEHEE . wafiEs., KNS EEM X
STERATI WG 28 J oy AT SIS 4, TR S PR R
Sy Ly AT ) AR S A AL RE(E, A TR 1
o WTULEH: BESESESMGESSE, 'y B
114 A% 5 A AN R AR 2 sk /N, Gy BT o A A
4 Bk T 0.008 72 nm A1 0.008 01 nm, 1M & 4% 45 il
JE FH-0.54%38 N 31-0.33%, 485 HC R A 48 5 2L /)

g A A S A R, 2300 h KN 05,
Gy y PAH IR b b B SR TG RE 1 0800 (i i AT
Bom, by p'PAH RS A H IS0 T 0.006 46
nm F1 0.006 40 nm, 1 &A% 55 G RE 485 (B B 0.33%
WhnE 0.41%.
2.3 ReZEMEEBBERRIEERERFIT

XF 0%~ 2%- 4.5%Re RIS ST X BT EAT
SFP U e I, FL TR HCPR AT ) S 3 A FE 1% 2o T 4.
FEER AT %: T8 Re SIS A A y's y BIAHI A AT 4 i
BUE, Ry y PIAH I SR B VR TN 2%Re
i BT PR A RATA AR A, Ry, y BRI
B BOE RN s B Re & R INE] 4.5%, &k
T ST U 1D 5 80— 203



* 270 -

G E AR

%39 3%

1.2X10*

8.0X10°

Intensity/cps

4.0X10°

0.0L

50 52

1.6 X 10*F
1.2X10*f
8.0X10°}
4.0x10°f

0.0

Intensity/cps

50 52
C
7' phase

1.2X10*f

8.0X10%|

Intensity/cps

4.0X10° |

0.0 50 52
20/(°)

B3 AEEARFMRE T I X S RATH A g Koy 850k 2k
Fig.3 XRD patterns and the fitting curves of the superalloy at
different states: (a) as cast, (b) fully heat treated, and (c)

aged for 300 h at 1040 'C
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Table 1 Lattice parameter and misfit of ' and y phases for the

superalloy at different states at room temperature

As cast Fully heat treated Aged
Ly/nm 0.368 57 0.359 78 0.366 24
Ly'/nm 0.366 59 0.358 58 0.364 98
Misfit/% -0.54 -0.33 -0.41
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Fig.4 XRD patterns of the superalloys with different Re
contents: (a) 0%, (b) 2%, and (c) 4.5%
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Table 2 Lattice parameter and misfit of ' and y phases for

superalloys with different Re contents at room

temperature
Re % 0 2 4.5
Ly/nm 0.356 78 0.359 78 0.361 67
Ly'/nm 0.355 08 0.358 58 0.360 79
Misfit/% —0.48 -0.33 —-0.25
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Fig.5 XRD patterns of 2%Re alloy at different temperatures: (a)
600 ‘C, (b) 800 C, and (c) 1000 ‘C
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Table 3 Lattice parameters and misfit of ' and y phases in

2%Re alloy at different temperatures

Temperature/ C 25 600 800 1000
Ly/nm 0.35978 036117 0.36263 0.363 90
Ly'/nm 0.358 58 0.35924 0.36041 0.361 41

Misfit/% -0.33 —0.54 -0.61 -0.70
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Fig.6 Lattice parameter (a) and misfit (b) of y' and y phases in

the alloy at different temperatures
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Table 4 Expansion coefficient of ' and y phases in 2%Re

alloy in different temperature ranges

Expansion o o °
soeffioient (0~600)C  (600~800)°C  (800~1000)C
BIK! 0.46x107 0.85x107 1.51x10°
B/K! 0.21x107 0.69x10° 1.29%107
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Influences of Element Re and Temperatures on the Lattice Parameter and Misfit of

Single-Crystal Nickel-Based Superalloys

Wang Minggang'?, Tian Sugui', Yu Xingfu', Qian Benjian'
(1. Shenyang University of Technology, Shenyang 110178, China)
(2. Changchun University of Technology, Shenyang 130012, China)

Abstract: By means of X-ray diffraction analysis at different temperatures and microstructure observation, an investigation has been made
on the influence of element Re and temperatures on the lattice parameter and the misfit of single-crystal nickel based superalloys. Results
show that the bigger lattice parameter and misfit are displayed in as-cast superalloy. After fully heat treatment, the cubic y ' phase is
coherently embedded in the y matrix phase, and the lattice parameters and misfit of ' and y phases are slightly reduced. After aged for
long time, the coarsening of y' phase in the alloy occurs, and the interfacial dislocations appear between y' and y phases, which increases
the parameters and the absolute misfit of y ' and y phases. The lattice parameters of ' and y phases in the alloys at room temperature
increase with the element Re increasing, and the absolute values of the misfit decrease. Compared with the y ' phase, the y matrix phase
displays a bigger dilation coefficient; therefore, the lattice parameters and the absolute misfit value of ' and y phases in the alloy increase
with the temperature increasing.
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