Sy r VRSB LA ¥ BT Y HOBE 1341

Sy r VEEEIKTTHLAL v B

y” OB

Eﬂa (Fa T

*LE

© 1990 ISLJ
g

B3

1111110111111

KE#EZ* - ILHE—*?

The Growth of 7" and ¥” Precipitates in Nickel-base Superalloys

Kiyoshi KusaBIRAKI, Li WANG, Takayuki Q0KA and Kouichi YAMADA

Synopsis :

The nucleation and growth behaviours of spherical ordered ¥’ (L1l,) -phase and disc-shaped ordered
7” (DO,z)-phase precipitates in Inconel 718 have been investigated mainly by micro-Vickers hardness test

and transmission electron microscopy.

In this study Inconel 718 type alloy (718) and it’s modified Ni-base alloy (718M) were compared.

The hardness of 718 and 718M aged in various conditions closely related to the size and the quantity of
¥’, v” precipitates and &'-phase.

Decreasing the (Al+ Ti) concentration in alloy while maintaining the Nb content mcreased the driving
force both to coarsen Y” precipitates and form & -phase.

It was considered that 7" and 7” precipitates in 718 nucleated almost simultaneously at the early stage of
aging.

The growth kinetics of 7’ (718) and 7" precipitates (718 718M) in the region free of &-phase followed
the predictions of Lirsuitz-SLyozov-WacNer (LSW) theory of diffusion controlled growth at all aging
temperatures. The activation energy for the growth of 7’ precipitates in 718 was estimated to be
245 kJ/mol which was nearly similar to those of diffusion of solute atoms; i.e. Al, Ti and so on, in Ni and
Ni-base alloys. The activation energies for the growth of 7” precipitates in 718 and 718M were estimated
to be 451 and 464 kJ/mol, respectively.

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

precipitate ; d phase ; coarsening ; Ostwald ripening.
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Table 1. Chemical compositions of specimens {mass% ).
Ni Cr Fe Nb Ti Al Mo Si Mn C B P S N 0
718 52.52 19.00 17.30 5.38 0.87 0.60 2.93 0.11 0.10 0.047 0.0031 0.002 <0.001 0.0010 0.0028
718M 55.45 18.39 16.33 5.43 0.076 0.074 2.93 0.12 0.11 0.048 0.0023 0.004 <0.001 0.0005 0.0055
*: ¥ L] LI L) T
Fig. 1. Variations in micro-Vickers

Aging time /s

hardness of 718 and 718M with aging
time at various aging temperatures.
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Fig. 2. Variations in micro-Vickers hardness
measured at elevated temperatures of 718 and 718M

with aging time at aging temperatures of 993 and
1073 K.
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B LUV 360ks (D) BxhM 0 ZBEBEMK % Photo. 1
WZRT. 0.36 ks BER)TIIRIPNC AR 0 T Il 2 47 8 A%
Y —ICER L TWb, W EEM L0, Zoff
RTIAE S, BR, HOMEITHGITE L. BERE
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Photo. 1.
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1073K &t @ EBEEMEE % Photo. 2 IR 7.
Photo. 1 & EHRIC, Hr iR IXBEENEE R 0 28 12 v Bk
ELTWwWA, BRTHAHDODHEEE IZE. 360ks
Bt oML (D) W& B &, s A L,
S 2HEORL > 2HIORB Z b b5, HIRKRE
BT @ % 5 0N Z OB T BN 2 5185 h AR §
KB E, RO v, K (ERGHERR)?
DM 7" M TH o7z, K EEICEREETHETT
BE72 0 #H (NigNb : &5 &%) 294K L, BB i3 AT H
# (PFZ) BB s %, PFZ OBBIE Vo 72 AN
L7z 7, v" HrEENHETH S cHOER, BE -
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HHEOBEFHELEZERZD, Lad, Wrlwlio@Bls+
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DEALEEITEEBAZ LIRS TH -2 Eh b,
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— %, 718M @ 993K B #t & B B A& %
Photo. 3 (7R3, 718M (2B T 0.36 ks THEISHTH
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&

Transmission electron micrographs of 718 aged at 993K for 0.36 (A), 3.6 -
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Photo. 2. Transmission electron micrographs of 718 aged at 1073 K for 0.36(A), 3.6(B), 36

(C) and 360 ks(D).

Photo. 3. Transmission electron micrographs of 718M aged at 993K for 0.36(A), 3.6(B), 36

(C) and 360 ks(D).
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Photo. 4. Transmission electron micrographs of 718M aged at 1073 K for 0.36(A), 3.6(B),

36(C) and 360 ks(D).
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B, V, 3o VvERE, RISHKERK, T
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e WHIRIZ DOV T DRBIT 21T - 7. 155 A7z mr A
DFGRE L IR O 1/3 & DR % Fig. 4 BX
U Fig. 5 [ORY. &8, 7" DS BEA (hy) HFHED
B ASHEATC & 72 718 © 1073 K BEIM I oW T b 2
DR % Fig. 5 (T GRT. 8648Eb 1y, dyr b
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718 BX U 7I8M @ 7', " HOBE VT h bEREH
B r/y BB y/y" HORE T ANV F— ORI &
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Fig. 4. Variations in mean diameter of 7’ precipi-
tates in 718 with (aging time) '”3 at various aging
temperatures.
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RTAEREHE LTV 5.
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0, C., Vo, g DIRERGFEAI/NS S TEBETE D LIRE
T+5&, ®(3), (4)D Arrhenius 782 v F DEHE D
HEEH» S, E*RKDOHZEHNTES. Fig. 6, Fig. 713
Zh#h Fig. 4, Fig. 5 THONI-ZRNREICBITS
Y, 7" HOBE#EEEH % Arrhenius 72 » FL A b
DTHA. Fig. 6, Fig. 7I12LBE, WwFhbFhEh
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T J I T

w

— 718, =" 718 Thickness
== 718M
v 1073k
®0 1033K
- 44 993K
O 943K

Mean particle size.dv*~/100nm
N

p—y
T

~

w
Mean particle thickness,hy*/10nm

Fig. 5. Variations in mean diameter
and mean thickness of 7" precipitates

in 718 and 718M with (aging time)'’? at
various aging temperatures.
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THHEENRLERLHETRLE. 718 0 ¥ #HokER
F Han 52 DA v a i 718 DHEL Y bR IL ¢
GAEOH, HOOEROER FITIZITE. 718 1243
Y HOBREEHHT 5L EbND Cr, Mo, Nb'® %
BREEINTBD, RBEL-EE€0I LT 718 ¥ 4
DEEAFREE V. 718 & 718M @ y” HiZ 5w it
Hawn 6D A4 a2 )0 718 X b, HICEB ORI X

12 v T, T T T
¢ ® : 718, this work
o : 71872
10+ o : x-750™
T o X-750'®
- 4 : Ni-6.35%At3)
Egt v NI ALY
fé o Ni~8.74%Ti%
= O : Ni-6.50%5i®’
< 6f
£
4+ .
i J . L ) 1
85 90 9.5 100 105 10
T1047 K™

K’ : Rate constant
Fig. 6. Arrhenius plots for determination of the
activation energy for growth of 7’ precipitates in
Ni base alloys.
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1" & : M8, this work 4
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K” : Rate constant
Fig. 7. Arrhenius plots for determination of the
activation energy for growth of y” precipitates in
Ni base alloys.

vy RacHavan® @ Cu-Ni-Nb H O B2 v, 718 &
718M O y" HORERE 2 BT 5 &, EHROGE I
AT T18M i3 718 X ) B E M TR &2 WER A 5.
8 hd AL, Ti OFER ¥ HOERICEBES + 2
T, SHOBE, MALL#45 & R,
YT HOME, HMAL: bMBT 2R 0S5 2 & %R
LTwa,

Fig. 6, Fig. 7 DK EROGE» S/ S ¥, y” 4
DEREDEEL T AV F— 210 Ni BE O L3t 10
Table 2 IZ7R Y. AFRTH LN ¥ HOREDFHS
L % Vv F— 245 kJ/mol 12 Han 52 0 271 kJ/mol %
Wi EE DM 260~300 kd/mol 12T, ¥” D
R DIEHAL T R v F— 451 kJ/mol (718), 464 kJ/mol
(718M) 13 Han & DR 298 kJ/mol & BRA Y, » i
NK&v., Cu-Ni-Nb &® ® 428 kJ/mol {23 \s,

BT HBRA & 512 v #id Nig (AL, Ti) 255
55THBHA, Nb, Fe, Cr¥d v HoOBKICHS LS
HAREETHAH. 718 T v’ HOEKITHE LELTTEL
LTid Ti, Al, Cr, Mo, Fe, Nb 2531y 5 h 519, Nj
FOBETLEOUHOEEIL = F Vv F— 13 Nb %<,
ThEh 257 (1377~1550K), 268 (1383~1573K),
272 (1373 ~ 1541K), 288 (1423 ~ 1673K),
253 kJ/mol (1173~1643K) & #|E2 S h<Twv5b. Nb
KHETAMENFEO, BEL2ILEEL 2V,
718 O Y AHOBEDEMAL = AV F—12 Ni b L i
Ni 5% v HOoBKRICES LB X0 %
RIZIE—H LTV B LHBTE 5. LaL, £EED
LHOEBIEZ AN F-ISEHELTVBI L2, 718
DY HORETERT LEHESRET S L
Thsb.

5, 7”7 IV THERSIE NigNb Th 23, Al
TiZRBLOEOTEPERTIETHLHY. 718 B &
O 718M @ y” OB ICEHERS LEsTEE LT’
YV HOBE ERBOTLENBITONE, L L,
Ti, Al, Cr, Mo, Fe ® Ni v COWEHKDERILT L
Fo@BEEDO LB THY, KWFED v HTESNT:
BEORESLZMEY B OTLERIRYL 62w, 2250,
Ni L HEREEDOE 7-Fe FO Nb OB OEME(L
ANV F—H 344 kJ/mol?® THB = L s, Ni o Nb

Table 2. Activation energies of the growth of 7’ and ¥” precipitates in Ni-base alloys (kJ/mol ).
Alloy This work
o i — Incong! Inconel Ni-A®Y NS Ni-Si®  Co-Ni-Cr-Ti?  Cu-Ni-N®
recipitates
7 245 — 271 28111 29019 269 282 262 298.9+28.9 —
" 451 464 298 — — — — — 428
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W, & AHEREORIEE LA LRI v R
BOBEFIET 580552 L2 MEL TV
ARFFeTid 718, 718M @ ¥, ¥” Mo v Fh ot il
I2onTd, TOEDRBRIHER SN L o7t

Y, v HORESHIZOWT ORI 1T 42, =
ICE L TS 2 LTHRE L iov,

4. & B

SH% Ni BRBEEA > 220 718 ORFIRIL L
PG OMBEYBEBET A, £ 3% N T18
(718) L DA% Al TigHE2 2 LEESE
(718M) #{ER L 7-. WA LOBMERL ¥, v" Mo
WO REEEERICRE L, At LAy, YT MK
Lirsuitz- Syozov-Wacner (LSW) O BFH L #EA L T,
AR O BB % MR AT L .. AR TR O
MR EREHTHALRDEI LA,

(1) 718 B X 718M % BB LELBREER) S € 5
RIEE Y BXO Y MoMMIcEs T, BRER
Y FOM I & - THEfL L. TaEE0REILER
IR A ENRD b,

(2) 718, 718M & b SR S X ERM S ICHBL T,
HV 40~130 FEE{EV:. LD LERRIEEI I3 A Lo
¥ENE X CEML TS,

(3)718 L& T s Al Ti i Y HOBKIZTEERME
B4 50 Tcrl, 77, SHOmRE, ML ImiL,
BESE 2D EETARSEDHSD. Zhid 0~5massh
FE Nb #4548 LE5 Y HERHETH LT, BHF
O NbBEEXET s, 7", SHOBRRLIHET S0
ThhrEEZOLND.

(4) 718 bd 7', y” HOHHEEHICHEOZIIER
B 6w, TAIEERR O NI RBRCAT

%,

(5) 718 ©HFHI L7 ¥’ MOBEW LSW 0BHm %@
HLZEZA Y HOREPEBRERICES VL
Ostwald HEBE CHHATEXAFER LB, REAED
EMLm 2 F— & LT 245 kd/mol 2457245, Thik
Ni A0 iE Ni &&50 Al, Ti £0BEEFOLKRO
EHL AV F— 1R,

(6) 718 BX U 718M AT L7z v” HOBREIZH
LT y” MAEBERICE S V7 Ostwald BB
THETELHERLE. REEEOERILZ 2V F—
LT, #RFR 451, 464 kI/mol 2157-.

Bk, IREAoBER L mLc@hhvreliasl
723 B AR BLSK (bR ) SRR AT TR IC IR E 2 A E &
ELIT.
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