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Effect of withdrawal rate on microstructures and mechanical
properties of directionally solidified superalloy DZ445
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(1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China;
2. Dongfang Turbine Co. Ltd., Deyang 618000, China)

Abstract: The effects of withdrawal rate (4, 5, 7, 9, 10 mm/min) on the microstructure and mechanical properties of
directionally solidified superalloy DZ445 were investigated. The results show that with the increase of withdrawal rate
from 4 mm/min to 10 mm/min, both the primary and secondary dendrite arm spacing decrease gradually, and the average
size of y' precipitates well-distributed in both dendrite core and interdendritic, decreases gradually. The average size of y’
precipitates in dendrite core is smaller than that in interdendritic areas. The tendency of segregation of elements is more
intense with the increase of withdrawal rate. At room temperature, the tensile properties of the DZ445 alloy under
different withdrawal rates differ slightly, except at 4 mm/min. At 650 , the tensile elongations at both too high and too
low withdrawal rate decrease obviously. Besides, the withdrawal rate has an apparent effect on the stress-rupture
properties of the DZ445 alloy. To sum up, the alloy under withdrawal rate of 7 mm/min has a good balance of tensile
property, stress-rupture property and microstructure. Therefore, 7 mm/min is finally determined to be the optimal
withdrawal rate. DZ445 columnar crystal alloy under the optimal withdrawal rate has better tensile property and
stress-rupture property than K445 polycrystal alloy, which has the same composition as DZ445 alloy.
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Fig.1 Microstructures of DZ445 alloys along horizontal ((a), (b), (¢)) and longitudinal ((a’), (b'), (¢')) under different withdrawal
rates: (a), (") 5 mm/min; (b), (b") 7 mm/min; (c), (¢') 9 mm/min
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Fig 3 Effect of withdrawal rate on segregation coefficient of
each element in DZ445 alloy
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Table 2 Typical composition distribution of elements in DZ445 alloy

Mass fraction/%

Zone
Ni Cr Co Al Ti Ta w Mo Hf
Whole alloy Bal. 12.53 9.81 3.76 2.28 4.65 4.46 1.21 0.32
Dendrite core 58.48 13.87 10.95 3.28 1.41 2.39 7.20 1.86 0.07
Interdendritic region 57.90 13.38 9.89 3.92 3.52 4.74 4.13 2.64 0.27
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Fig.4 Morphologies of j' phase in DZ445 alloy solidified at different withdrawal rates: (a) Dendrite core, 4 mm/min;
(b) Interdendrite area, 4 mm/min; (c) Dendrite core, 5 mm/min; (d) Interdendrite area, 5 mm/min; (¢) Dendrite core, 7 mm/min;
(f) Interdendrite area, 7 mm/min; (g) Dendrite core, 9 mm/min; (h) Interdendrite area, 9 mm/min; (i) Dendrite core, 10 mm/min;
(j) Interdendrite area, 10 mm/min
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Fig.5 Size change of y" precipitates at different withdrawal
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Fig.6 Effects of withdrawal rate on tensile properties of

DZ445 alloy at room temperature

Fig.7 Effects of withdrawal rate on tensile properties of
DZ445 alloy at 650
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Table 3 Effects of withdrawal rate on stress-rupture properties
of DZ445 alloy

ithd 1. . A
Temperature/ Stress/ Withdrawa Life/ Elongation/ re.a
MPa ate/ o reduction/

(mm-min ") ’ %

5 220 29.0 41.7

870 370 7 185 20.0 36.1

9 260 31.1 39.2

5 95 31.1 55.6

980 180 7 125 24.5 34.1

9 135 31.2 48.4
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Table 4 Comparison between tensile properties of DZ445 and

K445 alloy at room temperature

Alloy oy/MPa oyo/MPa %

DZ445 1265 1010 8.0

K445 1103 960 6.6
5 DZz445 K445 650

Table 5 Comparison between tensile properties of DZ445 and
K445 alloy at 650

Alloy oy/MPa 0o,/MPa %

DZ445 1310 905 7.3

K445 1185 880 6.8
6 DZz445 K445 980

Table 6 Comparison between stress-rupture properties of

DZ445 and K445 alloy at 980

Alloy Stress/MPa Life/h Elongation/%

DZz445 180 125 24.5
K445 162 117 7.3
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