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Correlation of Ta/W Compositional Ratios with the High Temperature
Properties of Ni-Cr-Al-Ta-W(-Co) Single Crystal Superalloys
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Synopsis :

The optimum Ta/W compositional ratio was searched for in Ni-10/11 mol% Cr-12/14 mol % Al-Ta-W (-5
mol% Co) alloys in order to get an excellent combination of creep-rupture, phase stability and hot-corro-

sion resistance in a Na,SO4-NaCl salt.
as a function of the Ta/W ratio.
crease with increasing Ta/W ratio up to 1.0.

Solidification and precipitation temperatures were also examined
The 7’ solvus temperature and the creep-rupture life were found to in-
However, when the ratio exceeded 1.0, the creep-rupture

life reversely decreased probably due to the increase in the residual amount of the eutectic 7" phase in

alloys.

On the other hand, hot-corrosion resistance increased monotonously with the Ta/W ratio.

From

the present study it was concluded that the Ta/W compositional ratio of 0.5 to 1.0 was most suitable for
balancing the high temperature properties in this alloy system.

Key words : Nickel based-single crystal superalloys;

tation; phase stability; alloy design.
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Table 1. Nominal compositions of the experi-
mental alloys in a Ni-11Cr-14A}l-Ta-W system.

Composition, mol % Ta/W
Alloys Ni Cr Al Ta w (Ratio)
TUTO00 Bal. 11 14 4.26 1.40 3.04
TUTO1 Bal. 11 14 3.50 2.08 1.68
TUTO02 Bal. 11 14 2.94 2.59 1.14
TUTO3 Bal. 11 14 2.38 3.09 0.77
TUT04 Bal. 11 14 1.82 3.60 0.51
TUTO05 Bal. 11 14 1.26 4.10 0.31
TUTO6 Bal. 11 14 0.70 4.61 0.15
TUTO7 Bal. 11 14 0.14 5.11 0.03

Table 2. Nominal compositions of the experi-
mental alloys in a Ni-11Cr-14Al-Ta-W-5Co
system.
Composition, mol % Ta/W
Alloys Ni Cr 1 Ta w Co (Ratio)
TUT50 Bal. 11 14 4.03 1.32 5 3.05
TUTS1 Bal. 11 14 3.27 1.94 5 1.69
TUT52 Bal. 11 14 2.71 2.39 5 1.13
TUTS3 Bal. 11 14 2.17 2.82 5 0.77
TUT54 Bal. 11 14 1.63 3.24 5 0.50
- TUTS5 Bal. 1l 14 1.12 3.65 5 0.31
TUTS6 Bal. 11 14 0.61 4.06 5 0.15
TUT57 Bal. 11 14 0.13 4.45 5 0.03

Table 3. Nominal compositions of the experi-
mental alloys in a Ni-10Cr-12A1-Ta-W system.

Composition, mol % Ta/W

Alloys Ni Cr Al Ta w (Ratio)
TUT200 Bal. 10 12 4.78 1.59 3.01
TUT201 Bal. 10 12 4.18 2.39 1.75
TUT202 Bal. 10 12 4.02 2.57 1.56
TUT203 Bal. 10 12 3.40 3.40 1.00
TUT204 Bal. 10 12 3.23 3.68 0.88
TUT205 Bal. 10 12 2.68 4.47 0.60
TUT206 Bal. 10 12 1.73 5.78 0.30
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Fig. 1. Phase stability of the experimental alloys
in a Ni-11Cr-14Al-Ta-W system.
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perimental alloys in a Ni-11Cr-14A1-Ta-W system.
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Fig. 3. Effect of Ta/W mol% ratios on ()
the creep-rupture properties and (b) the hot-
corrosion property of the experimental alloys
in a Ni-11Cr-14A1-Ta-W system.
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Fig. 4. Phase stability of the experimental alloys
in a Ni-11Cr-14Al-Ta-W-5Co system.
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Fig. 5. Phase stability of the experimental alloys
in a Ni-10Cr-12A1-Ta-W system.

WHZERA R CH S -0, iR wimi ks
BIifChrLEZONS.

3-2-2 BREBS X OHHBGRE

Ni-11Cr-14Al-Ta-W-5Co & & 4 # & U, Ni-10Cr-
12A1-Ta-W REE OB B L U RICIRE % Fig. 6
BLUFig 7I2RT. ThonEERIIBVTHEM
M, OWAERR, & v MEHB XU Y HEBROEX
BB T B E— 7 RSN MEERIIBVT
b, Ta/W kAt 1 f2EE T T, Zotboighn & IR
mEEr FAERBEMNMETL, v HEGREES ERL
2. LD Ta/W HEHOEEIIBNTE, £0

1700~ v . v v v r
Al
1650
)
© 1600+
=
o, 1550t
g
L
= O Po
1500+t A Pi
o P2
vV P3
1450+

0 05 10 15 20 25 3.0 3.5
Ta/W (mol%-Ratio)
Fig. 6. Effect of Ta/W mol% ratios on solidifica-

tion and precipitation temperatures of the ex-
perimental alloys in a Ni-11Cr-14Al-Ta-W-5Co

system.

1700 .
<
o 1600} g———0ow—1n
=
=
g v v
e ! v
S 1550
(8]
= o Po
1500} A Pi
(m] P2
v BP3
1450

0 05 1.0 15 20 25 3.0 35
Ta/W (mol%-Ratio)

Fig. 7. Effect of Ta/W mol% ratios on solidifica-
tion and precipitation temperatures of the exper-
imental alloys in a Ni-10Cr-12Al-Ta-W system.
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Fig. 8. Effect of Ta/W mol% ratios on (a)
the creep-rupture properties and (b) the hot-
corrosion property of the experimental alloys

in a Ni-11Cr-14Al-Ta-W-5Co system.
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corrosion property of the experimental alloys
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T, 7)) — TS L UEBRREROR#ELEZ NS
CENTEBLEZONSL, 22T, 7)) — THEH
3 Ta/W HooBahn & 1B mL 7225, Ta/W It
A 0.5~1.0 DFEFOEEOMUIE 10~20% HETH
D, EREREEZVWEEZ SRS,
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4. & =

7 — TREWTAETE, Nap,SO4-45mol%NaCl i alis 12Xt
T 5B iR A, BEBXOFHESEE, HYEt
EDHBEMEL 52D Ta/W LD BE# R~/ Ni-
11Cr-14Al-Ta-W % & 4, Ni-11Cr-14Al-Ta-W-5Co
FE 4B XU Ni-10Cr-12A1-Ta-W Z&E &2V T,
BoNIERELITICRT.

D Ni-11Cr-14Al-Ta-W % & %, Ni-11Cr-14Al-Ta-
W-5Co %&& 4B LU Ni-10Cr-12A1-Ta-W ZE & % @
LT, 260y ) — THFEYE, SiRmAE, &EEB
LU RICRE, HEEEL Ta/W HofREE£<
BHETdH - 7-. ;

QoA E&RIEMAHEE LCIE v B X
a-W HIHHEEE 5 N7z, 38 7 M Ta/W HosEn &
iz L, oW Mid Ta/W Lo @d & 3kicmL
7-.

@Ta/W HoBEIN & 31 BARMRIRRE 5 X O E AR
BETLAb 00, v HEBEREEE LR L. FHi
BPEBIZFIUETCRINASORIGREIZIZIT—FE
ol

@2 ) — THEWFH ez Ta/W o e i m
L, FEA0.5~1.0 0#FCTHRKRMELRLE, W
L7z, —F, 70— 7HEHOE Ta/W Hodime 3t
WCHFEICMmL 7.

ORI Ta/W Lbodn & 3hicm b L7z,
a-W HOM I L 72K Ta/W LOEEICB WV THICE
p/AES WA

@M L BIFICR27-0ICR RS SHOSERIC
BT, Ta/W H#% 0.5~1.0 ICHAH TS LB T
Loz,

EEBICH I S - BHEEE, SARIEAK (B8
mEERFERERA, B KFESHRHE (), #MILEX
K (BEEWMBERERERE, B . EXEBEIL
() WEKHOEEZERLTT. &8, FHERETEHED
B Bwbh &, — s (A)(03402046) D —F &
L Cirbhi:.
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