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Creep-Rupture Life and Alloy Manufacturing Criterion Related to the

Solidification and Precipitation Temperatures in Nickel-based Single

Crystal Superalloys

Kazuhiro MATSUGL, Yoshinori MURATA, Masahiko MORINAGA and Natsuo YUKAWA

Synopsis:

The solidification and precipitation temperatures were measured and were correlated with the creep-

rupture property and the microstructure of nickel-based single crystal superalloys.

For three Co-content

varying Ni-10mol% Cr-12mol% Al-1.5mol% Ti-Ta-W-Mo-0.25 mol% Re-0/4.5/9.0mol% Co alloys and
also for three Cr-content varying Ni-10/13/16 mol% Cr-12 mol% Al-1.2 mol%Ti-Ta-W-Mo alloys, the li-
quidus, solidus, eutectic 7’ precipitation and 7’ solvus temperatures were determined by differential ther-

mal analysis (DTA).

It was found that as the Co and Cr contents increased, the ¥’ solvus temperature de-

creased and there was the attendant decrease in the volume fraction of the ¥’ phase in the alloys. In

response to these changes the creep-rupture lives decreased with the Co and Cr contents.

These results

imply that the >’ solvus temperature is an indication of the creep-rupture lives of the nickel-based

superalloys.
sured solidification temperature range of alloys.

In addition, a manufacturing condition for single-crystal growth was estimated from the mea-
All of the six alloys were shown to meet this condition,

and their single crystals were grown successfully in agreement with the estimation.

Key words : nickel-based single crystal superalloys; differential thermal analysis;

phase diagram;

solidification ; precipitation ; creep-rupture ; alloy design.
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B, 80RnEEFELFlGT s —2>DBRIILA
EEZOLNS.

AW TIX, ThE THRAL MR ftfﬁ%M& &T
& % TUT 92V (Toyohashi University of Technology’s
alloy 92, Ni-10 mol%Cr-12 mol%Al-1.5 mol%Ti-2.1 mol%
Ta-2.3 mol%W-0.8 mol%Mo-0.25 mol%Re, LLi&G &
BALHFIZHT D D2 VIR D mol% TR ) &, ThEHEC
[&4&D Ni & Co % 4.5mol% X 9.0mol% T2
B#LE-A6E, 3fMrHWVWT, REHSH (Differen-
tial Thermal Analysis, Ll#% DTA L B&¥ ) %47\, &
B, frREFHE L. ZOBREINLEED

7)) — THRTREE, B RGN, S O ICHLEY,
PR & DRI >V THRET L 7.

T/, CrEH LIV DRL 572 Ni-10/13/16Cr-12 Al-
1.2 Ti-Ta-W-Mo R A& & X2 T b Rk R LB % 17
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D &EE - BT HIZEBYFAT H 1T 5 7.
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AREEBRTIX, Co &% %&bk s+¢7 Ni-10Cr-12Al1-1.5
Ti-Ta-W-Mo-0.25Re-0/4.5/9.0Co 2D 3 D & &
(TUT 92, 931, 922), BX U Cr B*# &L ¢
Ni-10/13/16Cr-12A1-1.2Ti-Ta-W-Mo 2 ® 3 O &4
(TUT 102, 132, 162), AW/, T, ZhbH6
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m/s & L7z Bon-BERKEORE SEEES 1.1
X107%2m, E&x413X 107 %2m Th o 7.

2-1-2 B

Table 1. Nominal compositions of experimental
alloys in a Ni-10Cr-12A1-1.5Ti-Ta-W-Mo-0.25
Re-0/4.5/9.0Co system.

Composition (mol %) .
Alloys Ni Cr Al Ti Ta w Mo Re Co

TUT92 Bal. 10 12 1.5 2.1 2.3 0.3
TUT931 Bal. 10 12 1.5 2.0 2.2 0.7 0.25
TUT922 Bal. 10 12 1.5 2.1 0.7

Table 2. Nominal compositions of experimental
alloys in a Ni-10/13/16Cr-12Al1-1.2Ti-Ta-W-Mo

system.

Composition (mol %)
Al i

Alloys Ni Cr i Ta W Mo
TUT 102 Bal. 10 12 1.2 2.3 2.5 0.9
TUT 132 Bal. 13 12 1.2 1.8 2.0 0.7
TUT 162 Bal. 16 12 1.2 1.4 1.5 0.5
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31 BRES U RICEERT

R W 2 fE KA 4 TdH A NASAIR 100" (Ni-10.3
Cr-12.7A1-1.5Ti-1.1Ta-3.4W-0.6Mo) % Fi\» T, DTA
BExITH T & T, HGBEEDOEE B X U L
B %I L 7. %4 85, NASAIR 100 © Mdt fii it
0.988 (eV) ThHh, REBEEDZN LIZITHBEET
bhH1:H, MEZEEBHEIEONLEEZOLNS.
NASAIR 100 ® DTA @i# % Fig. 1 Z/RF. F iR
FICRBSUL Y — 7 A% 1 K, BRI B R S E —
7 H3AFER S 7. B, NASAIR 100 3365 »' M
v (DTA #12 1vol% BEOXERR) 120, &
RS HoBBBUS IS B IER R ¥ — 2 8
LT, BEHEBICHIET S E =27 DARDHEHIDH S
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¥— 7 2 &iRE» S P, P, P; LIRS, %3, Photo.
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Fig. 1. DTA curves of NASAIR 100.
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Microstructure of NASAIR 100 obtained

Photo. 1.
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ﬁﬁ@@m%@&,Ru&@Lﬁ,ATu & O BFEIR
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WREGOBIEICHERRDOEHE2ME S EHLEN D
516)17). }

GRgAT/At .......................................... (2)
T, At EREMEEREICHLYT AERTH 5.
(DRBLU(2)RICBVTRENS LI IZ, BEROD
B, oinag&ihm%w5tbku,a§ﬁ
ELTAUENSD. Lo LaHsEERTERFO &M
X0, GRLEIBOTHrOLBRALSHS. Z00, &%
OB S AT % HAELUTIC, GRIERLZThERS
vy, RBFFECIE AT % AR & FARIERE O %=

(P,—Py) TEFZELEL
DTA BIE#EH L, NASAIR 100 ®» AT ik 46K T

b, Ko, FERSSABEEZERLZY, 7Ly 70K
faze &bAELY, REAZBEAMEONRLZ. £IT, R

W7 T AT 2 50K DLTIZiE2 2 & # BifE
DFNREME L.
T 7:, WHARGERE & v HEBREE OB TEiR{t

0 W

Photo. 2. Microstructures of NASAIR
100 rapidly quenched from the tem-
peratures of a) 1325K b) 1475K and
¢) 1535K.
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Fig. 2. Effect of Co content on the DTA peak
temperatures in a Ni-10Cr-12A1-1.5Ti-Ta-W-Mo
-0.25Re-0/4.5/9.0Co system.
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4. HERBIUEE
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Mo-0.25Re-0/4.5/9.0 Co &4 3 M EMHE & X UHr
BOSmEE % Fig. 2 12§, AReg&iE, ETHHAL
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KT LA —F, PBixtind 5 v HEERKGRE
i CombILicFELLLETL, Omol% Co ZE4E L 9.0
mol% Co A EDRIEE T 40K BEDEHHEL 72,
¥ 70, BEAHBEE (P) & AHBKEE (P) &, Co&
KESTIRIFT—ETH o 7.

Cr #H VNV oK% % Ni-10/13/16Cr-12A1-1.2
Ti-Ta-W-Mo R E4& 3HOERE B X UOWMHENICIRE %
Fig. 3 12/r9. Cr % 16 mol% RN+ A 2 &2k, 3
me 7" SR BOSREE & " HEEBRBUG I &, 3R
ZHLRT L. —F, BAMBRIEE & AR R &,
CrifzEs L bIZhTHIEToMEm%ERL 2.

1 BT K0S, 7 HEERRICEE O T i
Wt Yy HoER2 L s ebEEZLNE. EE,
Table 3 IZ/RT XI5, TRFROEERIZBVT,
Comz/m3CrEBLLEBIZ, HH ¥ HoOKBERIIH
FICHALTBY, COFHE—FHLTWE, 2Dk

mHT Y HoOBBEEORA &, 2 ) — Tk EG K
TaHAFERIIRLEEZLND,

T T I
1650 A\ﬁ-\A |
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Fig. 3. Effect of Cr content on the DTA peak
temperatures in a Ni-10/13/16Cr-12A1-1.2Ti-Ta-
W-Mo system.

Table 3. AT, H T. W., 7’ volume fraction, Mdy
and Mdy’ for the experimental alloys.

Allo AT H T W 7 volume Mdy Mdy
y (K) (K) fraction (%) (eV) (eV)
TUT 92 29 34 66 0.933 1.020
TUT 931 27 37 62 0.934 1.022
TUT 922 26 55 60 0.939 1.023
TUT 102 28 24 64 0.927 1.021
TUT 132 32 39 60 0.929 1.025
TUT 162 29 42 56 0.934 1.028

4-2 BEEROREMNS JURMEN

Table 3 ICEEBREE 6D ATBX U H T. W. 0fi
T LW/, ATIZ Co BB XU Cr BICBBE <, F
FT—ETHY, ZOEIX 26~32K ThHo7:. L1do
T, AT<50K v MIBREAHLME L T, HE
mOBERIC A SMER VW EE L LN S, EE,
NTOEBRGE L O REALGHEERVERTE L. 86
2, EBAL6MO HT Wit 24~5K Y, H
T. W. 220K Ofi|fR&EHLEE L TB Y, ZLiHC
HLTHMEEE L. &8, CoEBLU Cr EDHEN
e, HT. W BIE > TwbHI edbhrb

¥/, BIFOEFREE PWA1484, CMSX-4 B L
CMSX-4G @ AT i3#) 30K, H T. W. it 29~40K T
Hn?, KEBLEE6EOZIAL LIZIZFFRAIBETH .
4-3 HBEOHHEMERTEM

4-3-1 4 7'

Ni-10Cr-12A1-1.5Ti- Ta- W- Mo-0.25Re-0/4.5/9.0
Co S 17 & X U° Ni-10/13/16Cr-12A1-1.2Ti-Ta-W-Mo
REEIZBWVT, DTA #IEEOREHT 0.6~0.9 vol%
O3S Y HIEBRENL. 02k, TRTOESE
BT, Bumbyicdbgd v HBHMRE Y — 2 Hh
L r—¥%+5 (Fig. 2, Fig. 3 881). 55, BHlL
WP AR Z &2k, FRREBIOES Y, EiRERE
DHIROREA L 25 & Y MVRHESIET, WEL
YHE YO ZHMBEIIT A ENET L., KRER
E&, MR T RTHERILBLELET - Lok,
fh Y AHEHESERB I LD TE L.

4-3-2  MEfbhr Al

Ni- 10Cr-12A1-1.5Ti- Ta- W- Mo-0.25Re-0/4.5/9.0
Co #% $ &£ UF Ni-10/13/16Cr-12A1-1.2Ti-Ta-W-Mo %
DVBTFNDOEEIIBW TS, BRI, 1255K
T 1.8 Ms 7 5 7o, R ORRhEMLIER L (I ML i
HOFEIHEE ST, WEL yHE ¥ Ho 2 Mk
R L.
4-4 7)) —ToMEE

Ni- 10Cr-12A1-1.5Ti- Ta- W- Mo-0.25Re-0/4.5/9.0
Co REBE&EN 7 ) — THiWiHm % Fig. 4 12, ZoMU%
Fig. 513RT. ZOEERIBNWTIZCoBEEBIZY
J— THMEM IR L. —F, 2 — TR
Co®& &HITHIML .
Ni-10/13/16Cr-12A1-1.2Ti-Ta-W-Mo % & & ® ¥
Y— THE WSy % Fig. 6 12, #OMU % Fig. 7 12K
T. CORERIIBVTIE CrEs EbIZ7 ) — TRk
Hiv e, Moricmb L.

Co BLU Cr i L b2 ) — 7o Fén D
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Fig. 4. Effect of Co content on the creep-rupture
life in a Ni-10Cr-12Al-1.5Ti-Ta-W-Mo-0.25Re-
0/4.5/9.0Co system.
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Fig. 5. Effect of Co content on the creep-rupture

elongation in a Ni-10Cr-12A1-1.5Ti-Ta-W-Mo-0.25
Re-0/4.5/9.0Co system.

EFLAZ &3, 4.1 @i~y HBEBERIRE DK
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DY O MAMETH S Mdy B LV Mdy” O3
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Fig. 6. Effect of Cr content on the creep-rupture

life in a Ni-10/13/16Cr-12Al1-1.2Ti-Ta-W-Mo
system.
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Fig. 7. Effect of Cr content on the creep-rupture
elongation in a Ni-10/13/16Cr-12A1-1.2Ti-Ta-W
-Mo system.
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5. # ]
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nEN AT<50K, H T W.220K LgEL 7. KRE
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@Co BLU Cr DIFME L £ b1, i ¥ Mok
L 7 HEGBRIBE KT L 722,

QOFEREGE 6L LAMIWETH Y, »OBRTH
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KT L 2.
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