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Abstract

The creep deformation of precipitation hardened Co-Re-Ta-C alloys is investigated during in-situ synchrotron
diffraction experiment at 1373 K. At room temperature, the alloys have a structure consisting of e-Co (hcp) and
metastably retained y-Co (fcc) and are strengthened by precipitates of the mono-carbide of Ta, which are finely dis-
persed in the alloy matrix. The alloy exhibits an allotropic € — 7y-Co phase transformation when heating to > 1173 K.
A lower C content in the alloy generally promotes this transformation. It is shown that this transformation is strongly
influenced by application of compressive load. The transformation e — y-Co at high temperature under load leads
to microstructure refinement and subsequently to dissolution of hardening precipitates. This results in a considerable
acceleration of the creep rate. Further, the equilibrium ratio of y/e-Co phase is significantly altered under compressive
load. This behavior is attributed to a volume relaxation as the e- and y-Co phase have different unit cell volumes.
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1. Introduction 19 Pure Co exists in the two allotropic forms e-Co
20 (hexagonal close-packed crystal structure) at tempera-

Co-Re base alloys show promise for high tempera- ,  yre < 690K and v-Co (face centered cubic structure)
ture application in gas turbines, due to their relatively ,, ¢ higher temperatures. In alloys containing 17 atomic
high melting range (1760 K-1830 K) compared to mod- percent Re the allotropic transformation temperature is
ern Ni-base superalloys [1-4]. One of the primary req- ,, apove 1480K, as Re stabilizes the hcp phase [8-10].
uisites in such application is a good creep resistance. . The transformation exhibits a hysteresis upon cooling
The Co-Re alloys are precipitation strengthened by a ., down to 1400 K. During fast cooling, generally some of
fine (~ 30nm) dispersion of TaC precipitates. It was ,, the -Co phase is metastably retained at room temper-
shown that TaC particles in this morphology effectively ., aure (RT). Therefore, the Co-Re matrix is present as a
interact with dislocation during high temperature creep ,, mixture of y+¢e-Co phases (with metastable y-Co) in ini-
exposure [5]. The TaC precipitates are stable in vol- ;  (ia] solution heat treated condition. When heating to the
ume fraction up to temperature of 1473 K in the Co-Re ,  temperature interval 1173-1373 K, the metastable y-Co
matrix [6]. Further, the C/Ta ratio is a crucial param- ,  ransforms over time to the thermodynamic equilibrium
eter for the strengthening, since it influences size and , o phase. Up to a temperature of ~ 1500K, e-Co
volume fraction of strengthening TaC precipitates [7]. ,, phase is dominant in the matrix and only a low amount

Low.er. C content resglts in.a lower volume fragtion of . of y-Co phase remains in equilibrium. The exact mi-
precipitates but also in a slightly lower coarsening rate ;  ¢rostructure is sensitive to the holding time at a respec-
of the precipitates. & tive temperature and the C content has an influence on

ss the allotropic matrix phase transformation temperature.

*Corresponding author 39 The matrix structure and the evolution of the hard-
w0 ening TaC phase have a strong influence on the creep
41 behavior of the alloy and can only be understood if
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