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Fig.1 Macrographs of dummy blade and the layout of radial

sample clusters in the directional solidification furnace
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Table 1  Specific process parameters of the dummy blades
Number Temperature/'C Velocity/mm min™
1 1480 6
1520
1550
1580
1520
1520
1520
1520 10
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Table 2 Statistics of the content of porosity at inside, middle,
outside part of the cross-section at different tempe-
ratures (v=6 mm/min)
Content of porosity/%

Temperature/ 'C

Inside Middle Outside
1480 2.66 0.15 0.44
1520 2.46 0.16 0.43
1550 9.27 0.13 0.34
1580 3.74 0.05 0.30

B 2 AFEGEEERE TR ALE B AL (v=6 mm/min)
Fig.2 Solidification microstructures of cross-section transitions at different casting temperatures (v=6 mm/min):
(a) 1480 C, (b) 1520 °C, (c) 1550 ‘C, and (d) 1580 C
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Table 3 Relationship between primary dendrite arm spacing
21, secondary dendrite arm spacing 4, and casting

temperatures
Temperature/ C 1480 1520 1550 1580
A/pm 280.32 263.14 247.83 224.25
Aofpum 61.87 57.84 51.92 49.14
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Fig.3 Characteristic EDS spectrum for carbide at cross-section

transition
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Fig.4 Morphologies of MC carbide at cross-section transitions at different temperatures (v=6 mm/min):

(a) 1480 C, (b) 1520 C, (c) 1550 °C, and (d) 1580 C
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Table 4 Content and average size of MC carbide at
different temperatures (v=6 mm/min)

Temperature/‘C 1480 1520 1550 1580
Content/% 2.30 3.20 2.98 3.25
Average size/um 2.05 2.53 2.72 2.33
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Table 5 Statistics of the content of porosity at inside, middle,
outside part of the cross-section at different with-
drawal velocity (T=1520 'C)

Content of porosity/ %

Velocity/mm min™*

Inside Middle Outside
1.38 0.12 0.40
3 2.76 0.29 0.39
8 4.03 0.13 0.20
10 4.40 0.23 0.29
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Fig.5 Solidification microstructures of cross-section transitions at different withdrawal velocity v (T=1520 C):

(a) 1 mm/min, (b) 3 mm/min, (c) 8 mm/min, and (d) 10 mm/min
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Table 6 Relationship between the primary dendrite arm
spacing 41, secondary dendrite arm spacing 4,
and withdrawal velocity v

Velocity/mm min™ 1 3 8 10
A/pum 349.69 282.25 253.83  242.59
Ao/pum - 63.55 48.94 47.19
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Fig.6 Morphologies of MC carbide at cross-section transitions within different withdrawal velocity:

(@) 1L mm/min, (b) 3 mm/min, (c) 8 mm/min, and (d) 10 mm/min
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Table 7 Average size and content of MC carbide at different
withdrawal velocity

Velocity/mm min™ 1 3 8 10
Content/% 3.53 2.90 2.44 2.23
Average size/pm 6.52 2.85 1.97 1.59
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Fig.7 Relationship curves between the content of porosity and

casting temperature as well as withdrawal velocity
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Fig.8 Liquidus isotherm shape near cross-section transitions at
different casting temperatures (T1<T.<T3<T,): (a) T1=
1480 °C, (b) T,=1520 °C, (c) T5=1550 °C, and (d) Ts=
1580 C
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Fig.9 Liquidus isotherm shape near cross-section transitions

at different withdrawal velocities (vi<vy): (a) vi=3 mm/min

and (b) v,=8 mm/min
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Influence of Directionally Solidified Process on Porosity in the Cross-Section
Transitions of Ni-Based Superalloy DZ417G

Wang Yongfeng'?, Meng Xiangbin®, Li Jinguo®, Liu Xinggang? Wang Fan®, Jin Tao', Sun Xiaofeng®
(1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(2. Northeastern University, Shenyang 110004, China)
(3. Guizhou Liyang Aero-Power Co. Ltd, Anshun 561100, China)

Abstract: The influence of directionally solidified process on porosity in cross-section transitions of dummy blade nickel-based superalloy
DZ417G was investigated. It is found that the content of porosity at transition platform near the central runner is an order of magnitude
higher than that near the heater. In a certain casting temperature range (1480~1580 <C), with the increase of casting temperature, the
content of porosity at transition platform near the central runner increases at first and then decreases, and the temperature with maximum
content of porosity is 1550 <C; however, in this casting temperature range, with the increase of casting temperature, the content of porosity
at transition platform near the heater decreases a little bit. In a certain withdrawal velocity range (1~10 mm/min), with the increase of
withdrawal velocity, porosity at transition platform near the central runner increases gradually; however the porosity at the opposite side
part decreases. Based on these results, the relationship between casting temperature, withdrawal velocity and the content of porosity in
transition platform dummy blade has been proposed. Besides, the influence of directional solidification process on the formation of
porosity on the cross-section of the platform is mainly caused by the variation of temperature gradient of the solid-liquid interface.

Key words: nickel based superalloy; casting temperature; withdrawal velocity; micro-porosity
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