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ABSTRACT The cost considerations during the development and application of single crystal (SC)

superalloys have been described in this paper.

the long term microstructure stability of the SC superalloy and lower their cost significantly.

The partial substitution of Ru for Re can increase

The

addition of C, B and Hf can improve the castability of the alloy, and hence increase the yield of
blade production. Re-solution treatment can prolong the service life of the SC superalloys effectively.
The use of computer materials design will shorten the development period of the alloy. The use of
revert materials can decrease the cost, economize resource and meet the requirement of environment

protection.
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Table 1 Compositions of typical single crystal superalloys
(mass fraction, %)
Generation Alloy Cr Co Mo W Al Ti Nb Ta Re Ru Hf Ni Density, g/cm?
First PWA1480 10 5 - 4 5 1.2 - 12 - - - Bal. 8.70
RR2000 10 15 3 - 3.7 4.2 0.5 4 - - - Bal. 7.87
AM3 8 6 2 5 6 2 - 4 - - - Bal. 8.25
CMSX11B 12.5 7 0.5 5 3.4 - 0.1 5 - - 0.04 Bal 8.44
CMSX11C 149 3 04 45 3.4 - 0.1 5 - - 0.04 Bal 8.36
Rene N4 9 8 2 6 3.7 4.2 0.5 4 - - - Bal. 8.56
DD3 9.5 5 3.8 5.2 5.9 2.1 - - - — - Bal. 8.20
Second PWA1484 5 10 2 6 5.6 - - 9 3 . 0.1 Bal. 8.95
CMSX—4 6.5 9 0.6 6 5.6 1 - 6.5 3 - 0.1 Bal. 8.70
MC2 8 5 2 8 5 1.5 - 6 - - - Bal. 8.63
Rene N5 7 8 2 5 6.2 - - 7 - — 0.2 Bal. -
XC 36 4.2 8.7 1 12 6 1.2 1 - 2 - - Bal. —
DDs 4.3 9 2 8 5.6 - 0.5 7.5 2 - 0.1 Bal. 8.83
SMP14 4.8 8.1 1 7.6 5.4 - 14 72 39 - - Bal. 9.02
Third CMSX-10 2 3 0.4 5 5.7 0.2 01 8 6 — 0.03 Bal 9.05
Rene N6 4.2 12.5 1.4 6 5.75 - - 72 54 - 0.15 Bal 8.98
TMS-75 3 12 2 6 6 - - 6 5 - 0.1 Bal. -
TMS-82 5 7.8 34 87 5.2 0.5 - 4.4 2.4 - 0.1 Bal. -
Fourth MC-NG 4 <0.2 1 5 6 0.5 - 5 4 4 0.1 Bal. 8.75
TMS-138 2 Bal. -
® 2 Re MBEAREBESEHRIFALRENEM
Table 2 Effect of Re content on stress rupture strength for single crystal superalloys
Alloy KC 30M XKC 36 XKC 32M KC 42 XC 47
Re, mass fraction, % 0 2 4 6 10
Strength, MPa (1000 C /100 h) 226 245 265 294 343
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Fig.1 Temperature capability of cast superalloys at
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Table 3 Alloying consideration of single crystal supperalloys for improving properties

Property

Consideration

Short stress rupture strength

Long term stress rupture strength

Resistance to environment
Castability

Microstructure stability

High W, Ta and Re
High W, Ta; low Re or Re free;
Low Cr, Co; high Ti/Al and Ta/W+Mo
High Cr, Co; high Ti/Al and Ta/W+Mo
High Ta/W+Re; low Ti/Al; minor C, B, Hf

Low Cr, Co; low Re or Re free; addition of Ru
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(mass fraction, %)

Alloy Ni Co Cr Al Mo Ta Re w
Rene N5 64.8 7.6 8.1 13.8 0.9 2.2 1.0 1.6
P-TCP 10—15 6—9 17—32 5—6 6 10—26 16—22 10—15
u~-TCP 10—14 0 30—41 5—6 8—11 1—4 20—26 9—12
o~TCP 10—15 6—9 17—32 5—6 6 10—28 16—22 10—15
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Fig.4 Precipitated SRZ at grain boundary[26!
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(R—recrystallization after resolution heat treat-

ment; N—without recrystallization)
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