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Fig.1 Creep curves of single crystal nickel-base superalloys with [001], [011] and [111] orientations under different conditions: (a) [001]

alloy, (b) [011] alloy, and (c) [111] alloy
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Fig.2  Internal friction stresses of different alloys during
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Creep Parameters of Single Crystal Nickel-Base Superalloys with Different
Orientations and Their Relationship with Creep Behavior

Su Yong'?, Tian Sugui®, Zhang Shunke?, Yu Lili*, Yu Huichen®
(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: The effective creep parameters of the [001]-, [011]- and [111]-oriented single crystal nickel-base superalloys after being crept
to steady-state stage under the conditions of high temperatures/low stresses along [001], [011] and [111] orientations, respectively, and
their relationship with the creep performance and deformation mechanism were studied by the tests of creep performance and the
measurements of internal friction stresses. Results show that with the increase of creep temperatures and the decrease of applied stresses,
the internal friction stresses of the three alloys decrease. Under the same conditions, the order of the internal friction stresses is aifo1] >
oif111] > oip11}.- The inclined and continuous “roof’-type y channels in the [011]- and [111]-oriented alloys before and after creep are
responsible for the low internal friction stress and poor creep resistance of the two alloys. The effective creep activation energy of the
[001]-oriented alloy is Qejoo1;= 281.32 kd/mol, indicating that the deformation mechanism during steady-state creep stage is the dislocation
climb controlled by element diffusion. The effective creep activation energy of the [011]-oriented alloy is Qefo11)= 146.87 kJ/mol, and the
low value is related to the open y matrix channels possessing small resistance for dislocation slip. The effective creep activation energy of
the [111]-oriented alloy is Qef1117= 182.61 kJ/mol, and the larger value than that of the [011]-oriented alloy is related to the lamellar ¥ rafts
and the cross slip of dislocations in the [111]-oriented alloy.
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