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Effects of the Amount of ¥’ Phase on the Creep Strength of the
Dispersion Strengthened Ni-base Superalloys
Katsuyuki KUSUNOKI, Yozo KAWASAKI, Shizuo NAKAZAWA and Michio YAMAZAKI
Synopsis :

Effect of the amount of 7’ phase was studied on the creep strength of an oxide dispersion strengthened
nickel-base superalloy TMO-2, and its related alloys in which the 7" content was varied from 35 to 75 %.
At middle or low temperature (1 075 to 1 223 K), both the creep resistance and the rupture life increased
with increasing the amount of the 7', phase. This is due to the fact that the creep deformation in this
temperature range is accompanied by the shear of the 7’ particles precipitated in the 7 phase. At high
temperature (1 323K), neither the creep resistance nor the rupture life depended on the amount of the 7’
phase. The creep deformation at this temperature is related to the growth of voids or cracks generated at
around needle-like carbides precipitated upon creep testing. Creep rupture elongations were very small
(1 ~4%) in all test condions, and independent of the amount of the 7’ phase. At temperatures below
1 233K, DoBes-MiLicka’s relation holds among the rupture elongations, rupture lives and the steady state

creep rates.
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Table 1.

Nominal composition (wt%) of the alloys.

Y (%) Alloy Ni Al Co Cr Ti
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11.6 0.05 0.05 0.01

SN W

O P~
= DN DN
O
e ]

[N

ROy HOFEBRDEIZR 0.2% EFEFEITIENO
DT, WEH Y BRAFERICIEFVLELWV.)

2-2 BEHOERSE

KEER HE GBSO TMO-2 DAY LFERKTH 5
DT EETICE ED S,

2-2-1 HMMEE

TER, 2%, RO, 41 v NI T7HomsEES %
ZEil, Ar P T3hiBAELLE, X7 MY v yHTH
WEEELFEICX D 50h T LA oML %8k
MO Ly PIZEED, 10 Storr T THRA L 7ZIRET
TIBKICH 3h R¥F LA, EEHALL R, 2o
Ely M2 1323K, 2h ORjESEZ L TH S, #ME
LI 16:1, 5 4% 80 mm/s TEMHFH L L 7.
2:2:2 7)) —TREBH '
HHLMA»S, @i Le s Bs— 5 &5 ICEFE
9mm, £ 200mm OO HNHL, FIEDORE (¥
B35 55 65% DE4i 1573K, 75% D&
1553K), RUf, BEEE 100 mm/h DFEMHET, 2 RKFH
ARSI ELLOOFEBMEML /2. Z0M%,
BEst & W] LR T 0.5 h 4K kL L 727%, 1353K, 4h,
ZEHICT Y KRBT 8, 1143K, 20 h OBERHAL
Bk, =G L. S OBMEM DS, FATEHOERE 4 mm,
KBS 16mm OF#EHZ V-7 B 20D B L.
2:2-3 X REIrEE, kU, HEBSHARR
WIS TP IS S 7 2 KR RSO BERE
HxFARL 200 X KEFTAERRE 2 20— 7&
B ORBHE OB ORMSH» S, oHE B L) cE
BICY O LA 374, EERETEMEC X 5HE
Bol-o088 % 2 ) — 7R >l & FTIcY)
DL, Tho Bk S Bo7-6, Hdk
BERFAA M 35°C (308K) o7 ) &) U7 (MEEk,
R, 7t Y ORERA3:1:1 DREHR) BT 1
min EE S E 7.
EAMEFHEMEIC L AMBESE0 - o0RE %Y, ~
V- TR OFTHA S hEICEE I DAL,
253K OERE (BIEFEE, FAVT V- VOERER
A1:9 OREW) PTEMBFEL .
2:3 7V—-7H&

B# 2 ) — 78 B8+ v, 55 LOREBIREIC

Photo. 1. Scanning electron micrographs of a
specimen with 65% 7¥’, before loading for creep
rupture testing. The sharp-edged cubical precipi-
tates are 7’ particles, and the irregularly shaped
white particles of about 0.2 pum in size are oxides
introduced during the process of mechanical
alloying.

EEMORET 20h R4 L2k, KEAPT, IEDER
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3. RBERRUEZHE

3-1 7 VU—TERROERE

Photo. 1 12, 7V EHE#% 65% CRRELL-EED Y
) - 7EMEOMBEE RS, i, BE LEhsEc
U7z, BEE 0.05~1 mm BE DR SR > TV 5.
CORETIE 0.2~0.4pum DK E D ¥ BT K
I LT B Z L5380 515 (Photo. 1b). % 77,
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a,b: TMO-9-a (35%7"), 1123 K, 343 MPa
¢,d : TMO-7-d (65%7"), 1123 K, 392 MPa

Photo. 2. = Scanning électron micrographs of the matrix phase after creep rupture
testing. Irregularly shaped black particles are 7’, and the small white particles of
about 0.05 um in size are yttria. The arrow indicates the stress axis.

a,b: TMO-9-e (35%7"), 1 323K, 157 MPa
c: TMO-2-g (55%7’), 1 323K, 157 MPa d: TMO-7-h (65%7"), 1 323K, 176 MPa

Photo. 3. Scanning electron micrographs of the matrix phase after creep rupture
testing. The white needle-like precipitates in the matrix (a) and around the crack (c, d),
and the blocky precipitates with voids (d) are carbides. The black phases in the matrix
are 7’. The arrow indicates the stress axis.
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Photo. 4. Scanning electron micrographs of the
matrix phase of TMO-7-e (65%7") crept at 1 223K
and 245 MPa. Cracks are observed to extend along
one of the directions characteristic of the mosaic
structure consisting of the 7’ and the 7 phases.
The arrow indicates the stress axis.

392MPa, d:1073K, 392MPa, Photo.6;1323K, 157
MPa, v B4 a:35% OB A, b:65% DB E).
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a: TMO-9-b (35%7’) crept at 1 123K and 343 MPa ¢ : TMO-7-d (65%7") crept at 1123 K and 392 MPa
b : TMO-7-c (65%7") crept at 1123 K and 343 MPa d : TMO-7-a (65% ") crept at 1073 K and 490 MPa

Photo. 5. Transmission electron micrographs of the matrix phase after creep rupture
testing. The small pall particles of about 0.05um in size are yttria. The fringes of
about 0.3 um in size appearing in the photo. (a), (¢) and (d) are stacking faults indica-
tive of the shearing of 7’ particles.

#t - T, Photo. 5¢ (2~ T Photo. 5d ®#ERa >~ F
72 MBI, BHICXAMBEELLNS.

—7, 1323K, 157 MPa OREB&MAETIR, 7 BD%
B rhboT, BIkoary b A MIIEFEALED S
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FEEIA BV, ZokdiC, 132K B3 s2Y—7
EROEIL, 112K CBILBEELRELR-T0AT
BetEAiH B, ZTHICELTIE, RETTHRET 5.
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a: TMO-9-e (35%7’) crept at 1 323K and 157 MPa 7 h o 7. DoBes & MILICKA7) @3&%% Iz i éﬁ@

b : TMO-7-f (65%7’) crept at 1 323K and 157 MPa . N X e ’ .
Photo. 6. Transmission electron micrographs of B, KU, 70— THETOB#EFE L Ch i, B
the matrix phase after creep rupture testing. B, BEZ ) —THE, BEFEGORIC, RXHHOL
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Table 2. Creep properties of the alloys under
different test conditions.

Allo 7" Spec- T o i, &, & LMP
Y (mol%) imen (K) (MPa) (h) (%) s™H (X103
TMO-9 35 a 1123 343 571 3.6 8.4X107 9 25.6
b 1123 343 559 1.2 25.6

¢ 1123 343 122 0.4 1.8x107° 248

d 1173 245 219 4.7 1.6X1078%  26.2

e 1323 157 5552 2.3 9.8x10710 314

f 1323 157 6373 2.7 1.1x107%  31.5

TMO-2 55 a 1123 343 830 3.4 2.7x107% 25.7
b 1123 343 1126 4.7 2.3X1077  25.9

c 1123 392 103 4.8 1.7X1078  24.7

d 1233 225 1622 3.6 2.1X107? 28.6

e 1323 157 4993 — 2.2X107°% 31.4

f 1323 157 3773 1.3 2.8X107°% 31.2

g 1323 157 9435 1.7 1.1x107%  31.7

h 1323 157 7476 4.1 1.6X107% 31.6

i 1323 176 1590 4.6 2.4X107%  30.7

TMO-7 65 a 1073 490 199 4.2 2.8X107%  23.9
b 1123 343 >19014% — 1.3x10710 >27.3

¢ 1123 343 >17213%* — 2.2x10710 >27.2

d 1123 392 22 4.7 1.1x1077  24.0

e 1223 245 694 4.6 4.6X107° 27.9

f 1323 157 7 681 3.5 1.7x107%  31.6

g 1323 157 10508 1.5 1.6X107% 31.8

h 1323 176 4534 1.6 2.4xX107° 31.3

TMO-20 75 a 1033 490 >5033* >24.5
b 1123 392 >5675* >26.7

¢ 1233 245 >5033* >29.2

d 1323 176 3558 2.5 2.0x107%  31.2

* Under loading, values at 11 : 00 on Dec. 20,1988
** Interrupted. LMP=(T/K)X [log(t/h)+ 20}
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Fig. 1. Dependence of the ratio of rupture life i,

to rupture elongation ¢, on the steady state creep
rate &,

T 5.

log(tr/er)-’-mlogészc .............................. (2)
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Fig. 2. Dependence of the steady state creep rate
&, on the amount of 7’ phase. :

DHIREDFT) #MRA -7 — 9 %(2)NCEHL
DT, m, C, r FHBMRE) DEL LT, BOBD 1.45,
9.53, 0.90 218%. ZoHER, PRIEOADTFT—¥
TEHRLESLEXTRROBEIIEL 2%, Binl
DHEDF—7 % BBHRD, log (t,/h/e,) & &, & DRI
HERZEDOAZW, $7, BEBRTOLEBRIED: ¥
BIZXDE OPBLRITHTH S,

3:3:2 BEZV-—7THEE

1123K, 343MPa, KUY, 1323K, 157 MPa DB
FBCBILEEIV-THEEY YV B LT SOy
FLZH D% Fig. 2 12787, &iR (1323K) 8115
FEEIV—THREX Y BIZHAIVEFELLZVOIIIL
T, iR (1123K) KB sEEZIV—-THEEEZ, 7
BILKRELKEL, By BEOoSERY, 7)) —-TEE
EOSHEML TR I Ld9Hh s, O LiL, BIED
WBRLFEMC, RELEETOZ ) - TERRIBOEN
EFRTHDTHA.

1233K LTOREICBILERE Y V- THE(¢,) %,
Suersy-Dorn DFED,
é,=A-0"xp (—Q,/RT)
TEHL. (n, Q, RIZ, #1#h, IOHIEYE, 7)) -
TERO-OORPITIOERBLANF—, SHRERT
H5) BE, v BNG5, 65% DEEIIOVT, o DE
ELT, BOBD 14.6, 48.0, 7, Q, NiEL LT,
632kJ/mol, J U, 2280 kd/mol %187, v B 55%
D&% (TMO-2) OBEDILHIEE n OER, FL 7’
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B2 2 MA6000 @ 24 X D/hswa, BridoiEtk
b rvF— Q, DfEix MA 6000 ® 619 kJ/mol® & |3
I Loz v BH65% DBED R ITOEEIT
ANF—FFEEICE. I, AZOMBEZHEL 1~2
mm F2E O Ldh R A SN A L @EFEEEOHE L B
LChBE, ¥ BA55 66% DEEED, n R Q,
DEE»ZYE . (FEFESED n & Q, DIEIZ,
Y BA55% DEETIE, BOB®D, 5.2, 437 kJ/mol
ThY, vV BEH 5% OEETIE, BOBD, 4.6 &
432kJ/mol THAH.) DX k#EiZ, ODS A& L ¥
BHESEIIB I HEETEOZEITER T 5 K SHED
EWIIEALDEEZILRD.

3:3:3 7 BEHEY 7Y — THKFGOEI
Table 2 IZ;RENRTWA LS IZ, ML ¥ 2THLR
BEMNTSH, 7)) — THEHFGIZE, 220060
ARONS. (Zhid, ODS AE&OMEHN 2 KEFKRD
72 DBMBOBIZEK E NAFREDO 7 A2 M I,
BEREZECEBCHETHL-OTHAY.) colkw,
(v Bo%E%E, L0520 3R T72010) Fig. 3
12, RIS (o) % Larson-MiLier 383V ( LMP) 12
FLTFay b L7

LMPZ('T/K)°[log(t,/h)+ 20] .................. (4)
MU ERE, 5V, FLIELLHERFGTH S
%5, LMPOKEWEETHAIIL 2 ) — SHBERE
WEEZXAH. T, RILAESMETRHURABRSEN% 5,
LMP D &EEY 5 2 5B IR REsL %<, 20
BERRD 7 ) — THEIDECHELY O LD EE X5
ha., 22T, vV BOERLZALAZEEECOVWT, T0
LMP DR LEWEEZBEOIPICHATBOBOOEEME
DHEN LR 2 ) —THEOHR L L (P 0EK, L
%, LM e ies). RIORSAB EH1C, LMPOE
Wil (1323K o2 U —7HERIRE) Tk, LOA&

10 T T T T T T T T T

35% =
75% %" 55% e

T- T T T T

L 111

T
i

o/MPa

55% %'

23 214 25 26 2I7 2|8 2|9 32) 3N 32 38
LMP=(T/K)-(log(t,/h) +20) x 107

Fig. 3. LARSON-MiLLER curves of the alloys with
varied mol% of 7’ phase.

O LM B#S v BICLSHT, 31F—KYT 55, LMP
DEVHEE (B, 1123K ik ToOPREERY ) -7
HER) T, VYV EPSVEETHDITL, BEICT,
HBHIE, LMPHFHEMLTW5 2 EHGh5.

VEIZRLAEEI I, vV BoB{bkrsEg&nr ) —7
W F e iC AT AR, 1123K wifk o h iR &
1323K TOFimIB & TERL - T L) ER»E
bhi:, COBEBICOWTE, EHZ ) - THEE, R,
7)) = TR E ORIEH S, DToL)cHEs R
5.

Fig. 3IZ/RL72& 912, 1323K TH 2 Y —7HEEIL,
Y EBICESTERIT-ETHAHH, 112K TH7 Y —7F
W, v BT AR T, FELLFA LTS,
1123K 2817 % 7 ) — 7EFHME (Photo. 2) IR &
NBEHI, L THr—EDHMEE o
HOZERE, yHREILS Y20 L Y o' A
W e DRIIICHES . Cokw, vV BOSZVWESIEL,
K& 7 ) — 7ERERF B icn b ki, »
V- FEE, KU, 20U —THEBZELS L, 72U — T8
KrFmmid 2 sLE2ZONS. 7/, ZORETH,
BMIENAEVIEE, CAKESHRS ¥V HOBLEEL,
ERETFEMEICLLHMBEE (Photo. 5) 2%, 7'
KL AMIETA N - 7B RIEOFA % Rk a
YEFIRAPLEEMLAbDEEZ LN,

1123K 2811527 ) — FEREEICHH LT, 1323K
B s ) —THEER, v ROMAILICES) T B
DREREE —EDABE Y 2T HBENIH L 2Rt o
R, KA FORE, RO, #nABRELL2 T 90
EWVIETHNS (Photo. 3). TOHE, 77 v 713,
Y KRB yHAERERYT L L, 2 — THM A,
RO, 20— T7TERREE S v BICIEKEKELR
WZEhS, 7539 7 DERE, FOXE»S YHE
BT 5 EFH2EER T 588 (Buat(t, Ko, s
) ELTEBRAIENTES.

iR (1223K) 81 A8 ICE, RIEYo
WHAIEEAEZ VDT (Photo. 4), 75 v 7 D5
DI GEMIIAHTH 5% ik (1323K) 0
FLEBRRoTwAHEEZLND. /2, ZOWRETIE
HIROBEIHAT v OBBEND % (Y HOKE
AKX ), Photo. 4bIZRONAB L IHIZ, 7 b
DY RASEELTWDLD, 7I 9 7 OEEICE Y
RFORAMEE) bDEEZONDL., ZD72, il
BIZBWTHIRRICBIT 20 L EUO 2 ) — FTERAE
AT VB EES D 5.

1223K L EDORBREEICBW TR IS 7 D
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Fig. 4. Changes in the profiles of X-ray diffrac-
tion patterns with variations in the amount of ¥’
phase.

e, BE Sk F OFEIIA <, AR
THERBM AT LD LEZ SN L)Y, KHET
Hwv7: TMO-2 REE&DHE, 77 OB EEBL T
Y BEAA V- THECLEDLIIFS Lt
A0, XNFMERAEEET S,

Fig. 4 12, 7 ) —7RBR OBy o, Johi (3§
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