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Microstructures and Partitioning Ratios of Alloying Elements in Rhenium

Containing Nickel-based Single Crystal Superalloys

Kazuhiro MATSUGI, Shogo MIYAZAKI, Yoshinori MURATA,
Masahiko MORINAGA and Natsuo YUKAWA

Synopsis :

In order to obtain some criteria for determining the optimum compositions of rhenium (Re) containing
nickel-based single crystal superalloys, the phase stability and the partition ratios of alloying elements be-"
tween 7 and ¥  phases were investigated using the Ni-10Cr-12A1-1.2Ti-2.6Ta-2.0W-0.7Mo-0~1Re
(mol% ) alloys. Most of Re atoms were found to be distributed mainly in the 7 phase and alter significant-
ly the partition ratios of the other elements between 7 and 7’ phases. It was shown that the decrease of
Cr, Ta, W, Mo contents and the increase of Al content were most desirable in the design of alloys contain-
ing more than 0.25mol% Re. Further, in order to investigate the possibility Co addition into the Re con-
taining alloys, its effects on the phase stability and the partition ratios of elements were examined with the
Ni-10Cr-12A1-1.5Ti-2.1Ta-2.3W-0.8Mo-0.25Re (mol% ) alloys in which 0~9mol% Co was substituted
for Ni. It became evident from the present experiment that the Co substitution for Ni did not induce any
large changes in the phase stability and also in the partition ratios of the alloying elements in this system.
Key words : Nickel based-single crystal superalloys; Re containing superalloys; phase stability; partition
ratio; alloy design.
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Table 1. Nominal compositions of alloys used for
the present experiment on Re effects.

Composition, mol %

Alloy Ni Cr Al Ti Ta w Mo Re

TUTI10l Bal. 10 12 1.2 2.6 2.0 0.7 -
TUT201 Bal. 10 12 1.2 2.6 2.0 0.7 0.25
TUT314 Bal. 10 12 1.2 2.6 2.0 0.7 0.40
TUT321 Bal. 10 12 1.2 2.6 2.0 0.7 0.50
TUT401 Bal. 10 12 1.2 2.6 2.0 0.7 1.00

Table 2. Nominal compositions of alloys used for
the present experiment on Co effects.

Composition, mol %

Alloy Ni Cr Al Ti Ta W Mo Re Co

TUT92 Bal. 10 12 1.5 2.1 2.3 0.8 0.2 —
TUT921A Bal. 10 12 1.5 2.1 2.3 0.8 0.25 4.5
TUT921 Bal. 10 12 1.5 2.1 2.3 0.8 0.25 9.0
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Fig. 1. Change in the amount of the eutectic 7’
phase with the Re content of alloys.
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Photo. 1. A microstructure of TUT 321 obtained
as cast state, showingthesizes of the dendrite-
core, inter-dendritic region and eutectic ¥’ phase
for analyzing their compositions by EPMA.
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Photo. 2. A SEM image, showing the a phase pre-
cipitated in TUT 314 alloy after the homogeniza-
tion-heat treatment.

Photo. 3. A SEM image, showing the o phase pre-
cipitated in TUT 314 alloy after the homogeniza-
tion-heat treatment.
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Photo. 4. A SEM image, showing the coarsened 7
and 7’ phases for EPMA analysis (TUT 201).
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75T, Ni-Cr-Al-Ti-Ta-W-Mo-Re 2 & 4&12 Co ik

BB LUaeptol®E (mnakot® (Ni L9 Co
D HAEEHE AR E WD), a0 B (Co i £
PR ETHED)| oBAL S, FERLETHILER
Shb.
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Re # S &AM LA S OMN O B LS
% 18 % 72 ®, Ni-10Cr-12A1-1.2Ti-2.6Ta-2.0W-0.7Mo
(mol%) @ 7 TEHA 4N 0~1.00 mol% Re % iANL 72—
BOAEIIOWT, ZOMTERER~ND LI, &G
ETHFED yHB LU ¥ H~OSBILORET 211 - 7.
$7:, TTIEESPEE L7 Re MO E MRS E
(Ni-10Cr-12A1-1.5Ti-2.1Ta-2.3W-0.8Mo-0.25Re,
mol%) 12 0, 4.5, 9.0mol%Co *HEML A &EIZ>W
Th, FOMHEEHLERAND LK EETEONELL
¥R, Re BMAEOMKOR@ELE VI BED S
Co DRIFEF WA L 72.

@ Ni-10Cr-12A1-1.2Ti-2.6Ta-2.0W-0.7Mo (mol%)
54D Ni &£ Re %2 Zh 0, 0.25, 0.40, 0.50,
1.00 mol% $ 2 EH L & &Il B ML, (a)
0.25 mol%Re ¥4k & 7" HOFIHIR S, (b)0.40 mol%
Re #% a BL U o HOHIHIBRRE, & LTEBTE5.

@ Ni-10Cr-12A1-1.2Ti-2.6Ta-2.0W-0.7Mo-0/0.25/
0.40/0.50Re (mol%) A &I2BWVT, ReidlFL A L 7
HPIEE L, 8618, RAE%IC0.25mol% £
%< Re #USINL 7:B%, A& O RELE RS oI
i, Ni-10Cr-12A1-1.2Ti-2.6Ta-2.0W-0.7Mo-0.25Re
(mol%) &4 2~, Cr, W, Mo, Ta M4, Al
BOMIMZEZ ZITRE R 6 R,

@ Ni-10Cr-12A1-1.5Ti-2.1Ta-2.3W-0.8Mo-0.25Re-0/

—1

4.5/9.0Co (mol%) &4 2B WT, Co BHHEEH* B
IR D %A 5 Ni EIHITREIERLT, yBLU Y
MICEE L., &8, CoxiRMLTLEEETED
SR EEIL % b o 7255 T, Ni-Cr-Al-Ti-Ta-
W-Mo-Re ZA412 Co 23N L THEMMBEDOEREIL %
M2z lid, BMEEEEBLIZTHITHA.
FEBRI D & N AHERIET, MLk (LS
Rl AE, B EREE L (k)), JIF
Fw] CUBFEASRMA S RFRERAE, Bl AAREE
(BR)) OF/IRIZERS L T 3. KU A o B
BRI Eo—EE LTiTbhbhi.
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