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Fig.1 Microstructure of the [001]-oriented single crystal
nickel-based superalloy after full heat treatment:
(a) microstructure on (100) plane and (b) schematic
diagram of microstructure in three-dimensional (3D)

space
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Fig.2 Microstructure of the [001]-oriented single crystal nickel-

based superalloy after being pre-compressed for 38 h along
[100] orientation at 1040 °C /180 MPa: (a) schematic
diagram of one cuboidal cell bearing precompressive stress,
(b, ¢) morphologies on (001)/(010) and (100) planes of the
alloy after pre-compression, and (d) schematic diagram of

the microstructure in the alloy after pre-compression
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2- Pre-compressed [001] alloy
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Fig.3 Creep properties of the [001]-oriented single crystal
superalloy with and without pre-compression at 980

‘C/200 MPa
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Fig.4 Morphologies of the rafted y’phase on different crystal planes of the [001]-oriented single crystal superalloys with and

without pre-compression after being crept to steady stage at 980 °‘C/200 MPa: (a) schematic diagram of one cuboidal

cell bearing tensile stress, (b, ¢) SEM morphologies of y’rafts on (100)/(010) and (001) planes, and (d) schematic dia-

gram of the microstructure for the alloy without pre-compression after being crept for 50 h; (e, f) SEM morphologies

of y’rafts on (100) and (001)/(010) planes in the pre-compressed alloy after being crept for 10 h
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Fig.5 Microstructures of (100) plane of the [001]-oriented single

crystal superalloys with and without pre-compression after
being crept to steady stage at 980 €/200 MPa: (a) without
pre-compression after being crept to 50 h and (b) with

pre-compression after being crept to 10 h
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Table 1 Contribution of the dislocation movements in matrix channels to [001]-oriented strain rate of the alloys

Allo Crystal Cross-sectional area of Contribution Contribution Contribution of the matrix Contribution of all matrix
y plane y matrix on different planes, S factor 1, u1  factor 2, u>  channel vertical to the plane,% 1 channels in the alloy, X

001 9.06 n’r’ 1 1 9.06 n’r’

1 010 9.06 n’r? 0.4 0.3 1.09 n%? 12.13n%?
100 16.54 n’r? 0.4 0.3 1.98 n’r?
001 1.48 n*r? 1 1 1.48 n*r?

2 010 14.15 n’r? 0.4 0.3 1.70 n%r? 4.88n°r?
100 14.15 n’r? 0.4 0.3 1.70 n??

Note: Alloys 1 and 2 represent the alloys with and without pre-compression, respectively
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Fig.6 Schematic diagram of the slip systems (a) and micro-
structure on (001) plane (b) of the [001]-oriented single
crystal superalloy without pre-compression after being

crept for 50 h at 980 “C/200 MPa
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Effect of Transverse Pre-compression on High-Temperature Creep Behavior
of a [001]-Oriented Single Crystal Nickel-Based Superalloy

Su Yong?, Tian Sugui', Yu Huichen®, Yu Lili*
(1. Shenyang University of Technology, Shenyang 110870, China)
(2. Shenyang University of Chemical Technology, Shenyang 110142, China)
(3. Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: By means of creep tests and microstructure observations, the effect of transverse pre-compression on high-temperature creep
behavior of a [001]-oriented single crystal nickel-based superalloy was studied. Results show that after being pre-compressed along [100]
orientation at 1040 €/180 MPa for 38 h, the cuboidal y’phase transforms into one-dimensional P-type stripe-like rafts perpendicular to the
[001] orientation. The misorientations of the alloy and stress axis of pre-compression/tensile creep are responsible for the transverse
connection of the stripe-like y’ rafts. The decrease of the interfacial energy of y7y phases is the driving force of the microstructure
evolution during the pre-compressive treatment and the subsequent tensile creep test of the alloy. The deformation mechanism of the
[001]-oriented alloys with and without pre-compression during steady-state creep at 980 €/200 MPa is dislocations gliding and climbing
in » matrix channels. Compared to the alloy without pre-compression, the microstructure of the pre-compressed alloy makes the
dislocation slip in matrix channels more easily, which has more contributions to the strain rate of the alloy along [001] orientation, so the
pre-compression decreases the creep resistance of the alloy at 980 <€/200 MPa.
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