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Single Crystal Nickel-base Superalloys from the
Viewpoint of Alloy Design

1. 3 U & <&

BB oO A2 — v 7 v— Pk, BfEokc
H—HEEE Ni EBHEAEES XM THH2, KM
oMk E LT, —FHRRELMES, BYoEeRies
&, FVIAT VBHEBLESH, €5 1y 2 EES
SDBEROF G, Bl > TS Ni KB 2E
ST s v —X7 5, FEN, T TR—TRALN
WBEDO. TOXHICHEREL Ni EBiiEE S kifilo
Mgz — v v — PR OEHOEY 552 &
PUTIFHERB I NG X 52D, ToAEETT
FOTEBRBEEOF LWELHHIBIL, Thicko
THEGERAOEHRELHERI\MABIND L 5K kD
ToiedThDH, BEMFEHOFEEHRBIL T LHT OV
TER D THY, BARTHIER 56 EENGRE LKk
HREEEBEEHRAEMABRINE R TL LY HT RS
tE, SROBBVPIRKCCHEINLDHTHSL. KT
TREEBI OB, S Ni KBRS0
BEE L BECOWVTHEB LD, AEERTETS
B E BT OE R DOVTENB.

2. HER Ni ZRMASSORRERY

BgER (BIg SC LBERE) # —E v 7 v — FidkER&
—JFkE (LAgg DS LBEEE) 2 —E v 7 v — FEET
LT, 1960 ¥ ¥ PWA #HCRRIh.

Mo SC &4Lcit Mar-M200 7 K OEFEA S OM
B F D b, Z0H4E, Bkl DS&LE
HEELT, EH, EARBEIAOEN KT <ChTWD
LAt it BRIk X A F A ik hofe®.  Fig. 1~32 1
Mar-M200 @i} % SHEqMERESE (L CC LBg
), DS kkv SC oo 5RO LY R~
SC 13 DS ey, i LAKL, FIEEIER
TEEVHERRTIRAZEKL, BECT ATV HD1L
HORGTH 5. Fig. 42 CIdBHAR O LB Y =T,
CC wwH~ DS oM EEIVEV- DI, DS oFFLihda

Rikizo WATANABE

BERACLTH S [001] FALOBMRB M DRI~
TENZEEIBHDOTHD, ZORFHAOBMMFHRE
DED, BHRORROEZ & L3tic, DS oyl
REED CC DL MIZ bR TEL e b BHT /2T 52,
SC 3 zogf DS LR UERITLE 20T, CC
T RBUIEL 75 h, ¥ROZ Lichs DS &
FIRBEE CTho, Thiyh IbEL LB Eixiny.
Fig. 59 ik 7 v — 7% Bo k#ry 73, SC kDS »
As Cast #f & oAU 265E 0 7 Y — FHEBRER R~ T
b0, DS OoBIEH LD L 7 ) — FHERERER
KE#EZ I, Fig. 62 i By o ikEy /Rr305,
DS, SC ¢ 4 CCr I RERAE REDBRD D
oo, DS r SC it o ERBRD LR T
12Y

1969 i HI gFpne XoT DS o5 aiEpAsk
BrsFashs o &rniwiiahy, SC o DS g
BFEIRIZEAE R o2 T LEDDT, SC BT
5BARIE—Fhlr & hie.  Table 19 12y DS Mar-M

112.5

98.4

84.4

70.3

56.3

42.2

YIELD -STRESS (.2%) —Kgf /nm?

1 | 1 1
28- 155304 427 649 871 1093

TEMPERATURE—C

Fig. 1. Variation of the 0.2 9, yield stress with
temperature for (A) conventionally cast, (B)
directionally solidified, and (C) single crystal
Mar-M200.
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Fig. 2. Variation of ultimate tensile strength with

temperature for (A) conventionally cast, (B)
directionally solidified, and (C) single crystal
Mar-M200.
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Fig. 3. Variation of tensile elongation with tem-
perature for (A) conventionally cast, (B) direc-
tionally solidified, and (C) single crystal Mar-
M200.
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Fig. 4. Variation of the static modulus of elas-
ticity with temperature for (A) conventionally
cast, (B) directionally solidified, and (C) single
crystal Mar-M200.
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Fig. 5. Effect of structure and heat treatment on
the creep behavior of Mar-M200 at 982°C and
21.1kgf/mm?.  Mar-M200 DS heat treated and
the Mar-M200 [001] single crystal heat treated
both received 1232°C for one hour followed by an
aging treatment of 871°C for 32 hours.
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Fig. 6. Comparison of fatigue properties at 760°C
and 927°C for a typical wrought nickel-base alloy
(U-700) with conventionally cast, directionally
solidified, and single crystal Mar-M200.
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Table 1. Effect of hafnium on the tensile properties of columnar-grained MAR-M200*.
U.T.S. (kgf/mm?) 0.2% Y.S. (kgf/mm?) Elongation (%) R. of A. (%)

Temperature 2W/0 No 2W/0 No 2ZW/0 No 2wW/0 No
(°C) Hf HI Hf Hf Hf Hf Hf Hf

A. Transverse**
R.T. 93.5 83.0 82.3 81.5 9.0 3.0 14.5 6.2
760 99.1 86.5 80.8 82.3 7.2 1.7 13.5 1.9
982 59.8 53.4 47.1 40.1 17.4 4.2 15.3 2.4

B. Longitudinal
R.T. 113.2 107.6 95.6 96.3 6.1 7.7 8.3 8.5
760 120.9 120.9 98.4 105.5 9.0 7.5 14.0 8.6
982 62.6 59.8 48.5 45.7 21.8 18.0 28.0 25.6

Heat Treatment : 1 204°C/2h and 1 079°C/4h and 871°C/32h.
*ok

The columnar grains in the transverse specimens are perpendicular to the tensile axis, whereas they are parallel to the tensile axis

in the longitudinal specimens. This results in a higher resolved shear stress on the slip planes (Schmid factor) for the transverse

specimens, thereby lowering the measured yield strength.
Tests conducted on 2.54mm flat specimens.
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Fig. 7. Longitudinal stress-rupture properties ot
columnar-grained Mar-M200 with no hafnium
compared to columnar-grained Mar-M200 with
2 weight percent hafnium.

760°C-70. 6kgf/nn?

)
00

Uinae St e LRSS

— N WO N GO
T

(<}
L 1 2 1 '

1 2 3
WEIGHT PERCENT HAFNIUM

4

CREEP ELONGATION, PERCENT

Fig. 8. Effect of hafnium on the 760°C-70.3 kgf/
mm? transverse creep elongation.
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Fig. 9. Effect of solution temperature on the volume
percent fine y' in DS Mar-M200+Hf.
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Fig. 10. Correlation between 982°C/22.5 kgf/mm?
creep-rupture life and vol. percent fine y' in DS
Mar-M200+HTf turbine blade castings.
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Table 2 Single crystal nickel-base superalloys.
Chemical composition (wt95) Solution
—_— _— treatment
Alloy temrper:ut:c Remarks
Ct Mo W Re Al Ti ¥V Nb Ta G Ni @ B % Hf Q)
Alloy 444 90 — 120 — 50 20 — 1.0 — — Bal — — — _— 1288  SF modification
Alloy 454 100 — 40 — 50 1.5 — — 120 50 Bal. — — — — 1288 a";‘é‘%ﬁf&y
Alloy 203E 50 2.0 50 30 55 1.1 04 — 65 — Bal. — — — — 1345 £e§g°§ﬁgy
NASA TRI00 9.0 1.0 105 — 58 1.2 — — 33 — Ba. — — — — 1324 SO modification
Mar-M200+Hf 9.0 — 120 — 50 20 — 1.0 — 100 Bal 0.15 0.0156 0.1 2.0 1206 %gffﬁg;e
Mar-M247 8.4 0.6 100 — 55 1.0 — — 3.3 100 Bal 0.5 0.015 0.05 1.5  —  eference
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Fig. 16. Creep rupture strength of Alloy 203E
compared to Alloy 454 and PWA 1422,

Table 3. Comparison of sulfidation and oxida-
tion resistance.
899°C 1121°C 1177°C
Sulfidation Uncoated cyclic NiCoCrAlY

resistance (Depth oxidation resistance coated cyclic
of corrosion after (Depth of oxidation oxidation resistance
400 hours, p) after 308 hours, ) (hous/25.4p

Alloy

coating)
203E 571.5 355.6 233
454 444.5 279.4 160
1422 662.9 977.9 50.5
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o 400 60 U
g/ 300 :g \x—’
W
g 200 30 U
L w
o 0 &
= SC MAR-M 247 P
ST DS MAR-M 247
10

a0 a5 50 55

- LARSON-MILLER PARAMETER
(P=1.8(T+273) (20+LOG RUPTURE LIFE))

Fig. 17. Stress rupture capabilities of single crystal
NASAIR 100 compared to SC and DS Mar-M247.
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Fig. 19. Connection of alloy design factors in single crystal nickel-base superalloys.

Solid arrows Q~@

show the points that should be¥adopted in alloy design of single crystal nickel-base superalloys.
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Fig. 20. Schematic y-y' quasi-binary phase diagram
and aim point of chemical composition and solution
treatment temperature in alloy design of single
crystal nickel-base superalloys. Greater 7' fraction
C,/C, at a maximum design temperature T, would
be important, too.
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