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ABSTRACT Assisted by the advanced LMC process and an optimum composition design, a high-
performance second-generation directionally solidified superalloy DZ59 with low Re content has been de-
veloped. The high temperature creep properties of the superalloy are better than first-generation single
crystal alloys and is close to the level of second-generation single crystal alloys. The microstructure and
creep rupture feature of the DZ59 alloy have been analysed in detail by SEM and TEM. The SGRZ was
first discovered in the second-generation directionally solidified superalloys. The results showed that SGRZ
is controlled by the temperature and stress. Because SGRZ increases the area of transverse grain boundary,
creep voids may initiate and propagate in the SGRZ location under high stress.
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Table 1 Chemical compositions of the experimental alloys (mass fraction, %)

Alloy C B Re Ta Nb Ti Al Co Cr Mo Ni
DZ59 0.05-0.13  0.08-0.015 2 3 7-10 0.5-1 1.5-3 46 810 68 12 Bal
PWA1426 0.1 0.015 3 4 0 0 6 10 6.5 1.7 Bal.
X ¢ 32 0.15 0.015 4 4 1.6 0 6 9 5 1.1 Bal.

R 2 B T XS R

Table 1 Effect of directional solidification process on the dendrite size

(pm) Primary dendrite arm spacing Secondary dendrite arm spacing Tertiary dendrite arm spacing
HRS 365 49.3 32.8
LMC 140 34.9 26.8
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Fig.1 Microstructure of the standard heat-treatment (HT) and as-cast state (a) HT microstructure,
(b) HT +" morphology and particle sizes distribution, (¢) HT grain boundary, (d) as-casting

grain boundary
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Fig.2 L-M curves of several typical superalloys. (a) the comparison of L-M curve for DZ59 alloy
with the 1st and 2nd single crystal superalloy (b) Larson-miller comparison of creep rupture life
among DZ59, PWA1426 and x C 32
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Table 3 Composition (mass fraction, %) of grain boundary precipitation after the standard heat-

treatment
Phases Ti Ta Al Nb Co Cr Mo Re W Ni
I 0.9 0 1.1 0 12.9 12.2 4.1 11.1 25.3 32.5

~" envelop 6.4 1.9 6.6 1.1 6.4 2.4 1.1 0.2 8.5 68.7
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Fig.3 Characteristic fracture of rupture specimens tested at 975 C /245 MPa. (a) the macrograph of

cross-sectional fracture, (b) and (c¢) voids in the grains, d cracks at grain boundaries
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Fig.4 Grain boundary morphologies of different statements. (a) aging at 975 C for 230 h, (b) mi-
crostructure near the stress fracture at 975 C /245 MPa for 230 h, (c) deformation zone tested

at 975 C /245 MPa for 50 h (TEM)
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Fig.5 (a) initiation and propagation of cracks (b) propagation of cracks
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