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Precipitation and Growth of 7" and 7 Phases in 53Fe-26Ni-15Cr Alloy

Kiyoshi KUSABIRAKI, Yushin TAKASAWA and Takayuki Q0KA

Synopsis :

The nucleation and growth behavior of 7’ and 7 precipitates in A286 was investigated by micro-Vickers
hardness test and transmission electron microscopy. The morphology and the crystallography of them were
also discussed.

The obtained results are as follows :

(1) The hardness of A286 aged at 893-1073 K for durations up to 720 ks closely related to the mean size
of 7’ precipitates.

(2) The growth kinetics of the ¥’ precipitate in 7-phase free region was explained by Lifshitz-
Slyozov-Wagner’s theory for diffusion controlled growth at 993-1073K. The activation energy for the
growth of the 7" precipitates was estimated to be 283 kJ/mol.

(3) The interlamellar spacing of 7-phase in each precipitates was inversely proportional to the degree of
undercooling from the equilibrium temperature of 7/( 7+ 7)-phase boundary.

(4) On the basis of the theory of diffusion controlled eutectoidal growth, the equilibrium temperatures of
the cellular and the Widmanstitten precipitation were estimated to be 1218 and 1210 K, respectively.
These values were consistent with the experimental resulits.

Key words : iron base superalloy; precipitation; morphology; gamma prime; Ostwald ripening; cellular

eta-phase ; Widmanstitten eta-phase; interlamellar spacing.
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Table 1. Chemical composition of specimen (mass% ).

Fe Cr Ni \ Ti Al Mo Si Mn C B P S N 0

53.34 15.06 26.05 0.28 2.10 0.20 1.30 0.31 1.30 0.050 | 0.0112 0.003 0.0006 { 0.0020 | 0.0032
|.8ks HEMBHAGORGLMRBER, hE (o ooy —
BZerf, 893-1073 K THRCK 720 ks DRFALE & i L T éwmg
AE & L, B LR R (LFRRE B K UROKIFER 8 ) °
CHE 0. 1mm AFEEL, SHICNTHIELL. ThE= $ 200}
f70€ - ARBMTEROBES ¢ WEL, B 2
BB M O BIR L W 6 401 L 7. § ol J

KREOBEMGEEOBRE L TP OREE £ 175 7 L
w, NEEE 200 kV 0&BREFERMSTEEH L. 10 10° 10 s 108
B2 K (20) + BERIL A FE K (20) + RIAR(5 ) + HEM Aging time /s
(7)+ 7 »BE(6) DRAWIC K B{LFWETE < 80 Fig. 1. Variations in micro Vickers hardness with

wm B L7218, BEAKBPEM T 50 um LT & THL<
L chivf4vrdzy VERBHEEELHVTE
WEEFEE (55V, 0.04 A/em?) L, #EEREE L. BB
W EFERR(90) + BE R (10)REHE AW ..

Y MoK TR, SBULBIRRE, BEHE L oBHEM
BEH (BHHEHE) 4~ SHHE T2 T, FHREC
2 & 100 D ¥ HH T OHELHRAND, £OTH
VY S YAl

p Al {111}, AT AR (11101, IS i A v L
i 0.6154 rad DAL 2T .) (TN T AHHMAIDH 5.
72T g HORBRINE LR B 220, B //11104, A
SBIHO RNGH // 110> 5 D5 % 7§ K HA0H
BE, B, FIEREC E 0BEMARER T 45 R
FoWmE L, nHOEOBHBLHEARD, ZOF9h
& e R % e L 7.

3. ERBRIUER

3-1 BFREE(L

A LB LI, 893-1073 K THERY L 7= Bt &
LSRR OBIME % Fig. 1 (27”3, 893K TIAE{LIE
R T2 AT L, 720ks ##@ L Cd i L
R\,

943 K DB EE 13 893K 2 tb~¥mL, # 720ks
BICRRSES HV # 320 10ET 5. 993K Tir &6
(CATRER TR L, % 360ks BICREH S IZET 5.
LA L, &6 CEMARET S EKk{ET 5. 1033K L
FTREEOLERIIKE BV,

3-2 HEHE

993K I B 1} % 0.36: A, 3.6:B,36:C BIXU 360

ks : D Wesh ¢ oo BHE M4 % Photo. 1 1278 F. 0.36ks

aging time.

B A CRATHAMOAEGHFE T2V, B»De
BB OF5E & 12, BRI OHH 2 L 2R T 5
W A, FTHHEOKE S 12O TITBHKE TS
v, Photo. 1 IC R L TR wWwAS, HIBRHKHEE LT
(SAED) (&5 b, B idih oW TRV A 28
B, WERDEESL VY ST LTS I E/RLL.
B o WAT AR = A 2 & 13 Fig. 1 ORISR
EXVHIEADHS.

1073 K B&h# 0 EFEM ML % Photo. 2 1R, V' M
FEERNBE R A% & 4k 993 K BRRIAMT L D KR L,
HAib+ 5. Fig 1 (3R LR BEILmE LT %
&, 36ks: C UL EDOBREIEFRA AL 2 b DI,
MO MU T H. 360 ks BEsh D Tk, ¥ KA
DEFIEH 50nm (2 F THETSH. 6ks BEIM : C D
BEEA B LU 360 ks Bt : D nEHA EEICERD
SRB LI, HH LA Y AR ORI HE Y,
ik Cell 37 v L ix Widmanstitten IR OBCKIT HIAHIZ
BT+ ABEFBE IR 2RO ORIRATIA I
CTHLHEBICEBE SN, 970-1 150K #2E ¥ Tl EmIZ &
HREETHIET 52, IhX)BRTEITBICRIEM%
EE L)oo 7. 1233K LLETid 180 ks BERH L T
b, nHONHIRBESO LD 7.

1033K, 360ks BE s 4t o E B AL & SAED %
Photo. 3 IZ5RT. RPICIZERR AT AT — W i
LBy, #wRPLHKERL WA, SAED I2X %
LA O BIFBES LN ¥ MOBEERT (011), &
COBKFREIHRE S h, Mz Y HThEZ L
ERLTWnS,

— 103 —



1856 % & H % 78 4E (1992) 12 %

Photo. 1. Transmission electron micrographs of A286 aged at 993 K for 0.36 : A,

3.6:B,36:C and 360 ks : D.

Photo. 2. Transmission electron micrographs of A286 aged at 1073 K for 0.36 : A,
3.6:B,36:C and 360 ks : D.
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Photo. 3. Transmission electron micrograph Photo. 4. Transmission electron micrograph of
and its selected-area electron diffraction pattern cellular 7 precipitates in A286 aged at 1073 K for
of A286 aged at 1033K for 360 ks. Beam along 720 ks. Beam along [110]y and [100],.
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Photo. 5. Transmission electron micrograph
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Fig. 2. Variations in micro Vickers hardness of
Y’ precipitated area with aging time.
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Fig. 3. Relations between increased hardness and
mean diameter of ¥’ precipitates.
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Fig. 5. Arrhenius plots for determination of the
activation energy for growth of 7' precipitates in
Fe and Ni base alloys.
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Fig. 6. Interlamellar spacing of cellular 7-phase
as a function of aging time.
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Fig. 7. Interlamellar spacing of Widmanstitten

7-phase as a function of aging time.

Table 2. Activation energies for the growth of 7’ precipitates in Fe and Ni base alloys (kJ/mol).

Precipitates Alloy ThAszvgvgrk I)'E‘i?;g?)l Incogel Ni-Al Ni-Ti Ni-Si Co-Ni-Cr-Ti
2817 24510
' 283 | | 26919 28216) 26217) 298.%8)
29013) 27112) +28.9
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