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Microstructure and creep behavior of [111] orientation
single crystal nickel-based superalloy
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Abstract: By means of the measurement of creep curves and microstructure observation, the microstructure and creep
behavior of a [111] orientation single crystal nickel-base superalloy were investigated under the conditions of high
temperatures and low stresses. The results show that, after full heat-treatment, the microstructure of [111] oriented single
crystal nickel-base superalloy consists of the cuboidal y" phase embedded coherently in the y matrix, and regularly
arranges along the (100) orientations. In the temperature and stress ranges of 1 040—1 080 ‘C and 137-180 MPa, the
superalloy displays an obvious sensibility to the applied temperatures and stresses. During the tensile creep, the cuboidal
y' phase in the alloy is transformed into the rafted structure at a certain angle relative to the direction of the applied stress.
Furthermore, the coarsening and distorting of the rafted y’ phase occurs in the region near the fracture at the latter stage of
creep. The deformation features of the [111] orientation single crystal superalloy during creep are that the slipping of the
dislocations is activated in the y matrix channels and dislocations shear into the rafted y’ phase. The significant amount of
dislocations shear into the rafted y’ phase, due to the bigger strain occurred to the alloy, to form the subgrain structure
during high-temperature creep. In the latter stage of creep, large number of dislocations shear into the rafted y’ phase for
decreasing the creep resistance, which is thought to be the main reason for the creep rupture of the alloy.

Key words: single crystal nickel-base superalloy; [111] orientation; creep; structure evolution; subgrain; deformation
feature
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Table 1 Chemical composition of single crystal nickel-base

superalloy (mass fraction, %)

Ct W Al Co Ti Fe S C Ni

90 50 55 45 17 03 0.001 0.005 Bal




1626 P EA SRR 2012 4F 6 H
(1] i S se b B s, RHZD)IH
A0 GBS (TO1) I (121) ST il @ =137 MPa
ARREL, WRERIREIITI Y 4.5 mmX2.5 mm, FREEN 6l 11040
11.0 mm, M Sy%J5 [ A TECR, A s & 3—1080°C
K1 PR < 12} 3 1
O\E’ 2
25, g
’— — ©v |t
a2 o 4t
|22, 6 0 20 40 60 80 100 120 140
>3 Time/h
20
B ARl RO @ iyﬂ?&m
Fig. 1 Schematic diagram of tensile creep sample (mm) 16 + 2— 160 MPa
3— 180 MPa
FRFE R UGS, B GWT504 2 Sl < 127
FE AR, 4 BIZERIR 11(137 MPay R E ]
JLE(1 040, 1 070 F1 1 080 C)FIAH[FILEE(L 040 C) 2 8 2 1
ANIRI Y 3(160 F1 180 MPa)s Fhszu 444 T, 5 i A%
M2 o P AR I/ AR LLTTH ) R 15 e 2 AT LBRCAT I Ar
kS5, AEH 100 mL HC1+80 mL H,O+20 g CuSO, i , , , , ‘ ,
T, RO KRR T A E RE h, /E SEM R O 20 40 60 80 100 120 140

AL, I AW 2R K HI K ¢=3 mm 1)
TEM Ffit, BEATROWIE SO EE, WG4 Al A2 Y] )
¥~y WA SN A B AR, TR B il
AR IYIA] AL LA o

2 HERE5SMH

2.1 AEHIEITHHE

H LUUTTH 1) B £ 4 o T AN TR) 4 P 0 5 0l
Az, w2 Pros, HPfEARNRE R 137MPa
ZAET, WERIER MR TE 2(), "TLLEH, 1
1 040 C 54 FAT B M ARV Aa I B, BAR AR A Y
AR T A R PRI AR 4 i, RS IR AR N (R HF2E 93 h )5
VAR BN 3.33%. WEARRENE ZFrBE, WARH
BN, B2 R AW R, JOFAL A7 drik 134 he
BHIEEFE R 1 070 C, O 4 Arha 205 A2 1 a1 v A2
HORPLEF] 4.677 9X 107 ™", R AR B BE i [R) A1
NAEK, A ARG E] 65 by BHIEREE— U4 o 2
1080 'C, &4 MlhA A7 iy CRFIK 3 45 he

B AAE 1 040 CHREMIA RN 4 PF T 0 i Az
e W& 2(0) s, BasEIIN. 42 =3 160 MPa, 5
137 MPa AHLLAS, A &N AR AT I, AT

Time/h
B2 FEAFIZA R LTI Bl B 7 <5 i 42 th 2k
Fig. 2 Creep curves of [111] orientation single crystal nickel-
based superalloy under different conditions: (a) Applied
different temperatures under 137 MPa; (b) Different applied
stress at 1 040 'C
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Fig. 3 Relationship among strain rates, applied temperatures and stresses during steady state creep: (a) Relationship between strain

rate and temperatures; (b) Relationship between strain rate and applied stresses
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Fig. 4 Morphologies of [111] orientation single crystal nickel-based superalloy on different crystal planes after fully heat-treatment:
(a) Schematic diagram of cubic cell; (b) (111) plane; (¢) (101) plane; (d) (121) plane
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Fig. 5 Morphologies of rafted y’ phase in different regions after [111] orientation alloy crept up to fracture under applied stress of

137 MPa at 1 040 °C: (a) Schematic diagram of observing regions; (b) Region 4; (c) Region B; (d) Region C; (¢) Region D
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