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Precipitation and Growth of 7”-phase in Ni-15Cr-8Fe-6Nb Alloy

Kiyoshi KUSABIRAKI, Shin-ichi ARAIE and Takayuki QoKA

Synopsis :

The nucleation and growth behavior of disc-shaped ordered 7”-phase and spherical ordered 7’-phase in
Ni-base superalloys, modified Inconel X-750 type alloy (X-750M) and Inconel X-750 type alloy (X-750),
has been investigated mainly by micro-Vickers hardness test and transmission electron microscopy. The
hardness of X-750M aged in various conditions closely related to the size and the quantity of 7” and
0-phases. Increasing the Nb content while decreasing the (Al + Ti) content in the alloys promoted the
formations of 7” and &-phases. The growth kinetics of ¥” precipitates in the region free of &-phase fol-
lowed the prediction of Lifshitz-Slyozov-Wagner theory of diffusion controlled growth at all aging
temperatures. The activation energy of the growth of ¥” precipitates in X-750M was estimated to be 397
kJ/mol.

Key words : nickel-base alloy; superalloy; precipitation; gamma double-prime precipitate; &-phase;

coarsening ; Ostwald ripening.

1. #
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Ni-15Cr-8Fe-6Nb &4 28115 7" HONTH LR 651
Table 1. Chemical composition of specimens (mass% ).
Ni Cr Fe Nb Ti Al Mo Si Mn C B P S N 0
X-750M| 68.62 15.00 7.95 6.02 0.004 0.024 0.02 0.11 0.11 0.036 0.0001 0.005 <0.001 0.0010 0.0051
X-750 70.98 15.43 8.40 0.83 2.53 0.80 <0.01 0.11 0.11 0.041 <0.001 0.002 <0.001 0.0010 0.0019
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LT, BHICERESESIGEL %, #P 0 I8 2
LM AFRD BNz 1073 K T4 o mifbd 312,
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Photo. 1 i3 X-750M @ 893K 2 B} % 0.36: A,
3.6:B, 36:CH XU 360 ks : D BF3hH 358 TIEMAL
ERLDDTHD. A~C OFEFHIED & h B
BRBEANDPTARIIE > TEAERZLDTHS. 0.36
ks : A TERICARD THUM 247 i os B 131335 — 1
ER LD L 2RETHHBIC R > TnD, 1272
L, ATHAEZ RS THREIT L2 b BAED R n o, i

Photo. 1.
A, 3.6:B,36:C and 360 ks : D.

Transmission electron micrographs of X-750 M aged at 893 K for 0.36 :

Beam along [103] A: Bright filed image
Photo. 2. Transmission electron micrograph and its selected-area electron diffrac-
tion pattern of X-750 M aged at 893 K for 3.6 ks.

B: Selected-area electron diffraction pattern
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W70 SAED ¥R L b D0 ThHAH EF#HE
[103] 5 AELTwA., ThiZk s &, Photo. 1 @
B Tt 140 IChEZR T & e o 22 HT ISR - & L CTHF
HELTWABZ EMNbhb., SAED TEMEETEH S
25, Y WMOFA T R T BEFRE (010), (321)-2°
FEATE D, WA Y HOBR & T X0 SR

2% - 7.

Photo. 3 ¥ 993K Hxhtf O EHHMME TdH 5. Photo.
1 & [HlERIC 0.36 ks TREICEAHH ICHOM 2 7" AT I
LTHH, HREEEoRBIEsT y” Mz LEwITk
ECHERLTVS, FAHEEE S ICERBED LTw
B, BERhIREE AR o O SRR L, 36 ks BER)
M C Tk, y” ML 08 [NigNb: #th&] ox
ROER, KESBEOLNLEI LY, v, ¥, 64
MR A E 2 > TWD, SHIZELEMD 7
KD BLENBHTH Y, 993K TiEH 36 ks LLED
BRI CTHRATHERR & L7z, 360 ks BERhAF D Tk v”
MG SN S hTHEL, yHE OB L
ol

X-750 O 12 Photo. 3 TEEH LN SHDO XS

Photo. 3. Transmission electron micrographs of X-750 M aged at 993 K for 0.36 :

A,3.6:B,36:C and 360 ks : D.
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. - " . / - v\ Fig. 3. X-ray diffraction patterns of the pre-
0.6 0.8 10 12 14 cipitates extracted from X-750 and X-750 M

Diffraction angle , 26/ rad

aged at 993 K for 36 ks.
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Photo. 5 1& X-750 M @ 943 K, 360 ks B xh#k » B 5
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YR F DT AR Mg (= HE/ER) ¥R D
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n7.

LIAT, ML v HOFHRIE BRI L D=
470ty A— AR OMMEOME 2 M LA
%, Fig. 4 2157, NEO/NSVEEETIEL~NOE
HAad/N & whs, FIGRAEEST 25~ 30 nm JTE T b AL

Photo. 4. Transmission electron micrographs of X-750 M aged at 1073 K for 0.36
:A,3.6:B,36:C and 360 ks : D.
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Beam along [001] A: Bright field image
B: Selected-area electron diffraction pattern
Photo. 5. Transmission electron micrograph and

its selected-area electron diffraction pattern of
X-750 M aged at 943 K for 360 ks.

300 T ——

o 893K

250 B AN b
E
< 200} o 943K
[1:]
-g 150} 993K 4
(0]
K =
£ 100}
[T}
kS

0 70 20 30 40 50 60 70 80

Mean particle size / nm

Fig. 4. Relations between increase in hardness
and mean diameter of 7" precipitates in X-750 M.
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HER ¢ o 1/3 EOBR % Fig. 5 1R, WINORE

TR L AT L, dy & tV3 OB AR BER AR

WL, Y MOBE A Ostwald B ICHEV, RFEILEE
BIZLARECHH I EFRIRLTWA, KTV
Nbdy, <0 &KL, X-750 IZHHIL7Z: 7 HT dyy =
0 FiR LR LIS R LD, Y Howrihizigd
DENDH DL EEFELTWVS, Zhit Fig 1 O
LR T, X-750 M #% X-750 {2 bl L C g
DOEFHREL AT BBLL RS R L L T 5.

Y MO EFRBIEREE TH A Z L A BIR LS
Exn, R(1)o K” ds(2)c&sn .

1280¢ D C.V?,,
- 97RT
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Fig. 6 & Fig. 5 TH oW /z 7" Mo &K E
K” % Arrhenius 70 v P L3 DTHAH. #HFHRITITIEF
1 RKOBEHRTEMTESL. EBEOLD, ¥ #EibT
L NiEEEOINTTILHESRTWABHERLHFLET
Fig. 6 2k L7:. X-750 M O #5812, Han & OGS
LA >arl 718 KDEROARIIKEL, FEHDH
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Fig. 5. Variations in mean diameter of 7” pre-
cipitates in X-750 M with (aging time)'’® at va-
rious aging temperatures.
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K” : Rate constant T : Temperature
Fig. 6. Arrhenius plots for determination of the
activation energy for growth of ¥” precipitates in
Ni base alloys.

Table 2. Activation energies of the growth of y”
precipitates in Ni base alloys (kJ/mol).

Alloy X-750M | Inconel 718 | 718M® | Cu-Ni-Nb'®

4519298% 464 428

Activation energy 397

Fe 28409 b, X-750M @ y" OB EAE L &
V. SHEX-T50M Ty HoRE KT s & E
ZoNBY AL, TiOGHBENL L WD THS ).
Fig. 6 DK EHROGE A, HESN: v MOBEOEE
=AW F—%—35 L T Table2 I275R7.
EETHONL Y HOREOER LT 2 L F—
397 kJ/mol & X-750 TH LR TS Y HOZh o
281 kJ/mol® & iz k& < B4 b0, WHHMHOKE # H%
TRHWEESR LD ERBRLTVS, X-750M @
R THE OGN 397kd/mol 124 v 2%V 718 B LU

718 M T4 7- 451, 464 kJ/mol & %2 iz Cu-Ni-Nb %
TR OHN TS 428 kJ/mol L D /NS aAhs, Han & 454
YAFN T8 THREMID P LY REVETH S,
RIS bk ~<722%, v” MO EHS 3 NisNb Th %
AL, Ti*RBUOELDLENBIRTIETDH S,
X-750M @ y” HOBREICEEBS LEATELE LT
X Ni, Nb, Ti, Al, Cr, Mo, Fe 2s#iF5h . K&
EPOELREOEWHROERIL T AN F—IHS»THE W
%%, Ni POEKLEDOWLHOERALZ AV F—13 Nb %
BwvT, Z2h#h 281 (1143~1521K), 257 (1377~
1550K), 268 (1383~ 1573K), 272 (1373~ 1541
K), 288 (1423~1673K), 253 (1173~1643K) & #i
P EshTwsd, BEOE W Ny ICBT 27— % 2 B
WT, AR THLNBEOKE 2B OGEE LT
WEF—-RFEOTRRGRY 4w, 72751, Ni &&&
HE DIV 7-Fe O Nb OUEBOFEML T & L F— 28
344 kJ/mol'® TH % Z L H 5, Ni D Nb OB D IE
B AN F—ErZ2 D KEVTEEERD L. 20
&, AR CHELOh T KE 2ERILT AV F— ik
X-750 M 1D Nb DI HEE L RET 5 LIl b,
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HEHE AN F-PEOENTVDL I L EFIFEIH .
LR DA TIZ X-750M H 0 y" HOBEEE ¢ #
Y HYHIEEL LT Nb OulEEtAH 5 2 & 455 L 7-
B, WETHZRILTFHF— BB LRA TV,
Lo T REBHEICL, Ni BFEBEST0 7" M
DERDHMREFZ & SIZEDDH 2 £S5, SHRICEIhE
BO—2Thh, LhIL, AEFEICBNT, Al Ti
Nb & LF L2 D %D X-T50M A8 I2BWVT
b, TRITHRESHN TS 2TTR N EEGEB LM
DEESr Ni BA4 LRk, ¥ HOBES LSW o

HETIHIHHTEAZENHO A E R 5T,

%8B, X-750M OMWE 45815 b ) —FH oM
HMOMOEREFRRIZOVTEMICHEL L HEL -
Wy,

4. #

Ni EiFBAEE 1 > 33V X-750 (X-750) DLk
EHTHL vy et Ni £EELCRS5ND v #o
R, REBBEOMELHBICT A0, X-750 O
Al, Ti K% % Nb TEML, 7y HONHZIL
T, Y"HPHET 5268 (X-750M) #/ERK L 7.
X-750 M OFh#E & y” Mo, KEOMREE
S ORE & BEMMEALIC X DFEMICRET L. 2512
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ORI X-750 X H BN LA, BEESIEL
o Y AR E CHREL, &5 oML
AL L, BEE )R T VERS B AL
1073 K Y\ b ol T SRR " MO AR & i
B, 2oRBAHABKEHKRE oM HEDL L) IZ%
Lo, TR T A L kb o

(2)X-750 M o ¥ gLz y” #Hcdn, v Ho
RO R, o7, TOFEED 943K, 360 ks K
RIS L7z y” MRToF T A7 P 7.81
THY, y" HOLEOLEEERE 33.4%Th -7z,

(3)X-750 M IZHT B L 72 v” A& PR AT 25~ 30
nm ORI LML L7, X-750 A2 v o %
NAH 20 nm TH - 72 DI HE L THS K & W
H 7.

(4)X-750 M AT HIRILHITH B 7" MDTRERD I E
OFBIIEY, HEMTH B S HICBATT S I,
X-750 @ ' MAEEM O 7 MICREATT AHINE D 2k
N,

(5)X-750 M (2#iii % v” Mo R L #HIc
S 7z Ostwald R ICHE- 72, BEORBITOEN
L AN F— & LT397 kd/mol %1%7:.

Bfelo, IO EMIICElB I 7Z&a3 L
737 B ALK (bR ) LRSI AR ISR 2 AW E T
FLIT.
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