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Table 1 The nominal compositions of the Ni-based

single crystal superalloys (wt. % )

Alloy Cr+Co+ Al Ta+ Mo W Re Ni
DD0OO 17.38 8.91 — — balance
DDOWR 17.5 9.17 6.01 3.95 balance
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Fig. 1  Recrystallization ( RX) depth variation vs heat
treated time at 1 315 °C displaying the recrystallization
tendency for the alloy DDOO0 and DDOWR. The arrow

indicates the approximate boundary between stage I and II.
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Fig.2 The metallurgical structures of experimental alloys heat treated at 1 315 °C for a, e 30 s; b, f60 s; ¢, g 120 s;
and d, h 180 s. a ~d:The alloy DD0O;e ~ h:The alloy DDOWR.
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Fig.3 Multi-beam bright field images of a-d DDOO and e-h DDOWR showing the dislocation density variation as heat

treated time goes on at 1 315 “C. The heat treated time for a and e, b and f, ¢ and g,

d and h correspond to 30 s, 60 s, 90 s and 120 s respectively.
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Fig.4 HAADF image of alloy DDOWR heat treated at 1 315 °C for 90 s showing the heavy elements enrichment at dislocations.

b and ¢ EDX-line scan showing W and Re elements distribution along horizontal line 1 and 2 denoted in a, respectively.
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Fig. 5

a;HAADF image of alloy DDOWR heat treated at 1 315 °C for 120s displaying the heavy elements enrichment at

grain boundary ;b :Elements distribution of W and Re along the red line perpendicular to the grain boundary as shown in a.
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Effects of W and Re on the recrystallization of Ni-based
single crystal superalloys

PAN Zhi-yi', HU Xiao-bing' , XIE Guang’, ZHU Yin-lian', PU Sheng’, MA Xiu-liang'"
(1. Shenyang National Laboratory for Materials Science, Institute of Metal Research, Shenyang Liaoning 110016 ;

2. Superalloys Division, Institute of Metal Research, Chinese Academy of Sciences, Shenyang Liaoning 110016, China)

Abstract: Two experimental alloys ( DDO0 and DDOWR ) were designed to assess the effect of refractory elements W and Re on
recrystallization of nickel-base single crystal superalloys. Compared with DD0OO, the incubation stage of recrystallization for DDOWR
with W and Re addition was elongated and the growth of grains was slower, which indicates that recrystallization of DDOWR was
obviously inhibited. Transmission electron microscope (TEM) investigation shows that dislocations in DDOWR varied more slowly as
heat treated time expanded. Furthermore, by means of scanning transmission electron microscopy (STEM) and energy dispersive X-ray
spectroscopy ( EDS), Re and W enrichment at dislocations and grain boundaries in the alloy DDOWR were found. So the beneficial
effect of inhibiting recrystallization should be ascribed to the refractory elements enrichment for preventing dislocation movement and
grain boundary migration in the alloy DDOWR.

Keywords: nickel-based single superalloys; recrystallization; dislocations; grain boundaries; W/Re distribution
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