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Castability and Anisotropical High Temperature Strength of
Directionally Solidified Ni-base Superalloys

Yoshio OHTA, Hiroshi HATTORI, Yukiya G. NAKAGAWA and Michio YAMAZAKI

Synopsis :

A ten-year R & D program to develop advanced gas turbines had been carried out by Agency of Industrial
Science and Technology, government research institutions, and Engineering Research Association for Gas
Turbines. The ultimate thermal efficiency to be attained in a combined cycle plant was 55% (LHYV), for
which a high pressure turbine was operated at the gas temperature up to 1 400°C. One of the elements to
bear this burden was the application of new turbin blade materials with columnar grained structure made
through directional solidification (DS). A DS alloy TMD-5 was developed in the advanced turbine pro-
gram in which:

{1)DS castability experiments were conducted for the alloy development to obtain blades with complex
internal channel for cooling, and it was concluded that the ¥’ precipitate volume should be at about 58%
balanced with optimized mechanical properties. ‘

( 2 ) Various mechanical properties such as tensile strength, creep strength, high cycle and thermal fa-
tigue strength and physical properties of TMD-5 were tested, and found to be superior to those of a com-
mercialy available DS alloy with the equivalent degree of anisotropy.

Key words : superalloy; grain boundary; creep; fatigue; oxidation; physical properties; directional

solidification ; alloy element ; energy ; casting.
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Fig. 1. Mold design for DS castability test. Fig. 2. Specimen sampling for orientation effect.
Table 1. Chemical compositions of specimens for castability (wt%).

Alloy (o} Co Cr Mo w Ti Nb Ta Hf B Zr Ni

A 0.10 8.0 7.6 — 15.0 4.4 1.6 — 2.8 1.6 0.01 0.05 Bal

B 0.10 8.3 5.6 — 15.4 3.9 2.2 — 2.6 1.5 0.01 0.05 Bal

C 0.05 9.3 5.9 1.8 14.0 4.6 0.81 — 2.9 1.11 0.02 0.02 Bal

D 0.06 8.8 5.2 1.7 13.7 4.9 0.81 — 3.4 1.25 0.02 0.01 Bal

E 0.05 9.2 5.9 2.15 13.3 4.1 0.73 — 2.84 1.2 0.016 0.01 Bal.

F 0.05 9.1 5.5 2.04 13.8 4.43 0.65 — 2.96 1.3 0.016 0.02 Bal

G 0.04 8.8 4.8 1.94 12.9 4.96 0.87 — 3.35 1.35 0.016 0.015 Bal

Mar-M 200+ Hf(A) 0.12 9.3 8.38 — 11.8 5.13 1.92 0.83 — 2.1 0.013 0.04 Bal
Mar-M 200+ Hf(B) 0.13 9.2 9.6 — 11.6 5.05 1.99 1.0 — 1.9 0.016 0.04 Bal.

Table 2. Chemical compositions of specimens used for property evaluation (wt%).

Alloy C Cr Mo w Co Ta Hf Ti Al B Zr 0 N Ni
(Mar-M247) 0.138 8.01 0.65 9.75 10.13 2.97 1.23 0.88 5.32 0.0105 0.032 <0.0001 0.0003 Bal.
Mar-M247DS 0.071 8.00 0.50 9.40 9.20 3.20 1.40 0.70 5.55 0.015 0.022 0.0001 0.0002 Bal.
TMD—5 0.08 5.76 1.88 13.60 9.29 3.23 1.29 0.87 4.36 0.021 0.040 0.0005 0.0009 Bal.
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Fig. 3. Results of thermal analysis.
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Photo. 1. Example of DS cracking test specimens.
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Fig. 4. Relation between designed 7’ volume frac-
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Fig. 5. Result of DS castability test for
Mar-M200 + Hf (Effect of minor elements).
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Fig. 6. High temperature tensile properties of
TMD-5.

— 107 —



960 & & M % 75 £ (1989) % 6 &
80, <
60} S,
L RN
P R o
~ 40 ‘&\0 L0
< N DS (0°)
£ 30} 3 o
S \
= \\\;.AQ
L 204 Orlentation from DSaxls Ne
-5
J ruoo o “N¢ o
s I A 450 A
& * :90° N
Mar-M247 DS
10 —: 0°
i - 45
sf L~ : 90°
6 i l‘ 1 4 1 L L il
22 23 24 25 26 27 28 29 30
Larson-Miller parameter , (T+273}(20+Log 1,)x1073 DS (45°)
Fig. 7. Creep rupture strength of TMD-5.
600 300}
= 850°C T 900°C
£ s00p 46 kgf/mm® = 250p 35 Kgf/mm?
L —
o 400} @ 200} DS (90°)
£ e
& 300} & |sof
oz2mm
200} 100} ~ i
= 30f —  30f
2 20f 0 2 2 --ay Temperature : 900°C Stress : 35 kgf/mm?
g. 1 g\ Of | mreeetiy Photo. 2. Microstructure creep ruptured
S 0710203040 90 5 0 10203040 90 sample.
Grain orientation (a°) Grain oriention (a°)
Fig. 8. Effect of grain orientation on rupture life. 00
“E 801 High-cycle fatique strength at 800°C
HERFEH ORI TIREEEZTT, 0y Ny 2o Tid £
EA —__oa
BOBD 4ppm H» 5 20 ppm, 8ppm 2 H 20 ppm & I e ;8' . ‘,OX%%A o
~FE A 4 - = S .- 1. > 1 - \AO\
Dubf“%nbbaiﬁmfﬁéb & %mm“[’f"' SHEHI, § ot Orient&tion from DSaxis ¢
A [ Bk 1 — H B E A S o R E R A = TMD=S o
- ” =1 = . . S e a @ 45°
HIENTE, ERBEORECKI> A7) —= v 7 S ok * ;90
o 10 | Maor-m 24708
B LCHENTHS. L ouesser |
3-2 DS MOMEELERFHORERF 10* 103 108 107 108

LX) 2 BRERET, BREMIC Y &% 58% %
TIKMA 7 TMD-5 G&08 AR 70V 27 POBES 1K
BEAASL LTEESN. DS AEIR, ToRPEL
KT 2 RFENERMO O REEEFET LI L 15,
FNBICEBR L, —, ZoMT— 5 2B TR EAT
). BA%EA&4 TMD-5 O &5 RIFHE % Fig. 6 IIRT.
M2 1 He g o 72 0 BEfF &4 Mar-M 247 DS O%:% b
HGbeTi#H L. TMD-5 35— ErBoFAEMAGN
THbH 0BT, Mar-M247DS & [@%H BV Id %
NUEDORELZELTBY, 45° B LU 90° Hid Ak
ThHb. LaLEAS, BIEEE, FFESRENN

Number of cycles to failure, Nf
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RHMBE R BIC Lo THE SR, BAEMIZIEFELALED
¥ (RN

4. &

—JiMEEE ST A SRR B X S oRM
REREfTOoTEONTELMRALTOLEB)THAS.

(1 )W MEHE AR — A &R RE O
kD, A2 ) ==y FREBRE LTEM LR TETH 5.
BHRAy -y HE1EHGROBEICIE v &4 58% L
TABMLTEY, HE, B, Zr 22T bR ARILICH
54 50HZELTHEMBOI Y PO -V AEETH .

(2)TMD-5 &£ 3BEGF D Mar-M 247 DS &4 L 1312
FIEDRFEERL, SREICEL-SEREE (BiR5]
SRR, 7 — TR, SIRBETRE) FheRT.
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—FiEEE = v 7 VEBEEOHFEN B L URIRBE O KT 963

7L, 90° HAIOEMB X BB GEFAEE X
NETH5.

(3)EBIRBE S RERIC L 0, ERBERRICBLTY,
TMD-5 3R ICBIE TR DB 268 THH I L
FEILL /.

(4)pBHBEICBVT, Yy /REIELVWEINE
RYA, MoE (BEIRMAEK, BsEER, LB 3E
MK, B EOEAFRTICE DR, K
TR E R,

A& TMD-5 &413, 20, H—XK, B RkRo7a b
YA TTHBAOBES 1EBRL LTERIR -V
ERICEARA ZHEEERERABR T, SRS R <
BEDERE S ne.

%P, AWFCILEEEXY  LFEEME- 4 —>F 1 b
HEO—JRE LTEMESR Y — U EWHEHEP 5
DZHEMEL LTITbIZbDTHS.

BT, SEERICoOVTREBMEHEMIIZT O
BB & UTRBIRBIE T RER I 2 W T I EE K
VRS L EARL, Leb#HBEERLE
7.
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