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Precipitation and Growth of y” Phase in a Ni-22Cr-9Mo-5Fe—4Nb Superalloy

Kivoshi KusaBIRAKI and Teruo MAEKAWA

Synopsis : Hardening behavior due to precipitation of a Ni,Nb(7") phase during aging was experimentally studied for a Ni—22Cr-9Mo-5Fe—4Nb alloy.

The alloy was homogenized at 1373K for 3.6 ks and then quenched in water. The homogenized alloy was aged at temperatures between 894
and 1073K for up to 720ks. The aging was also carried out at 893 to 1033K for up to 720 ks for the alloys cold rolled with reductions of 4,

10, 30 and 50% after the homogenization. The micro Vickers (MV) hardness test was made for the aged specimens. The microstructures of

the specimens were observed by transmission electron microscopy (TEM).

For the specimens without cold rolling, the MV hardness monotonically increases with increasing aging time at 893, 943 and 1073K. On

the other hand, the MV hardness increases with increasing aging time and then reaches the maximum values at 36 and 72 ks at 993 and

1033K, respectively. In the specimens with the maximum values of the MV hardness, disk-like 7" precipitates with diameters of 30 to 35 nm

were observed in a ¥ matrix. Coarsening of the y” phase seems to obey the Ostwald ripening mechanism. The activation enthalpy for the

coarsening was obtained to be 418 kJ/mol. For the specimens with cold rolling, over-aging is rather restrained due to fine y” particles precipi-

tated along dislocations.

Key words : Inconel 625; nickel base alloy; superalloy; age-hardening: precipitation; gamma double prime precipitate; growth: Ostwald ripening.
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Table 1. Chemical composition of alloy 625 (mass%o).

Ni Cr Mo Nb+Ta Ti Si Al

Mn Cu C Co P S Fe

60.60  21.51 8.54 4.01 0.28 0.17 0.15

0.03

0.02 0.020 0.01 0.001 0.001 4.66
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Fig. 1. Micro Vickers hardness versus aging time for alloy
625 at various temperatures.

—EBICIE T #4, 10, 3065 & UV50% D G BEIEME % N % 7- 1
893,943,993 % K U' 1033K THE 720 ks BHE%h L 7=

R4 5 KON IR ZE $% B b4 o0 F (B2 THT % #1500 0D T
A —HTKOI mmiFEE L, PR T£0.06 um D 7 )L 3
FTRTFEHOTENL LT L%, 420ty h— 2
EEREL 2,

KRN DR OBR E M HIORIE 5175 729, 1%

BAVE AR nmmmmmmm&@mbtommﬁﬁ
AR, 7K 37 vol%, 34.5% 58 M 1k K 3 37 vol%, W% ik

8 vol%, Hf& S vol%, $E/E 5vol% ¥ & U8 7 v 1k K e 8 vol%
76 BIRAWE AT EHE 4T, JFE 45940 um
U7, I e 3mmoDMBRICIT B E | BERE 90vol%
B L T60% EIEFREL 10vol% » & & 2 BT 4 Fv ¢
M2z MEMRITEEMASV,0.04 Alem?) 1TV, EHEL L/,
BEENRE B KOS Z & O TEMMBEEE (FR¥{E)
ZA~SHEEETOEY, Z2hFHH100{H0 y Mk 1 Ok
TEREEZHE LR 774K 72, 72, Iwi% 7 T U
+Iwt% iR 7 & = 4 KER & BRI S LTy
DOEBMMAGB.5V, 027 Alem?) 24TV, H— K VL 7Y
ADTEMBIE %17 - 72,

3. XBRKRBIUER

3.1 WEDRE

Fig. 113893~ 103K KM O FRIZBIT B~ 2 u y
Fr— AW X DFEPME & RFhEFEIc LT Ta y P LG D
TH5, EBECHANEOFE $ TIZHVISTH S, 893K
BTIIREILISAEIEIT L, 720ks #5558 L T & 4012 BiqL
LZsy, 93KIFRI Tl W < SAMRIZEL 220, $9720ks
BICIHITIT RS & HV32012329 3, 993K THRh$ 3 &
(L3 < | 36ks 2 CREM R HV330IET S, &
ISR RDIFE 2R3 5 LR e k0, #ILT 3.
1033K RN TIE 2 ks R TR X IIE L 72 1%, RO
M@ E & IZHIL T 5, RS XIZ9NRKDBA LD &
HV50 FRRE(KV Y, 1073K TIIPHE A BRI (LIZAE 2 5 50,
INETHEIN T SEMEAAEDS 5, mbE»y

42

HOBDTIM 5 XU X-TSOMEED L H#d 5 &, 625
BAEOBEBCEBAPEZ DO v F — A5 X IZHHV2S K,
—7, BEMOREE X12718M B X O X-750M A4 Tl
THZTHRHVI005 K HV460TH O, 6258ETIZH
HV330& 7% > T3, 993Kt 2 b3 5 &, 3 &
143.6ks TENZFNHVII0E LT HVI40RERELT 2 DI
XU, 62548 % TIXRIFERE ORL 4 7R3 R A% 10 578
BEL<A->TW3,

3.2 ZBHPBTIEWMRICL I HGHE

Fig. 213, 893K IZ#1} % 3.6ks: A, 36ks: B, 360ks: C¥ &
U 720ksRE%h 44 DO TEMM G (MIHHEIE) Th 5,
3.6ks: A¥ K U 36ks: BOBFRY TREE T I8 T HHl 25 b7
W12 B T 0, BRI OZE L & 120
ISR A IZREL T 5,

Fig. 313 943K (2% 1T % 3.6ks: A, 36ks: B, 360ks: C¥ &
U 720ksBERhAE DO TEM#BETH 5. Fig 2 & [FREIZEE
KIEFR 23 3.6ks: A% KU 36ks: B CEREAEH L2 0 2 W7 i
MY —IZEL Tk D, BB ORE E & & oA
WRAKESRREL TS, il fOK R4 132 893K 125
F5E0DEHE LT3, 720ks: DANTITREI X DM
wTH s,

Fig. 413 993K (2%{T % 3.6ks: A, 36ks: B, 360ks: CH L T*
720ks %4 DO TEMAMELTH 5. 993K BE%hH4 & 3.6ks:
A THEIZ BT ISl 22 T A — 12 L T 0 |, i
MEFMOEH L &I RESKELTWL S,
720 ks BERI#AD D OMKETIIATHAAIE K Z 22 D T02um
DRESEFTHREL T3, 36ksiEshéf | BAIZITRES
S IZHY T 2T 5,

Fig. 51X 993K, 180 ks B4 D TEM A% & #IFRH BF & 1
BT (SADKIF) T 5. WHHEEHLIZIZ B
MEWEROMBEA ZHAFIEL T 5. SADRIETIZ,
ELHIL[001], HENZAFH L TH D, By O BEIITHE L
Sy HOFTEERT 112 001 05O FRESANH
NTnd, ZOZ kb, ARAEFRIZED 5 AR
YHTHZ RIS, yHD010% 10050 B 5
RMA MY =2 &RTOE, yHPEVRRTHEZ &%

L, ShETORENELE L TWE, =7L, Th
EFTIZEME L 221028 HIEO TEMIRI213 y WO
REIZFHB I C BN WME A H 5,

Fig. 613 1073K 2%+ 3 3.6ks: A, 36ks: B, 360ks: C ¥ &
U 720ks 5044 DO TEMARR T H 5. 1073K 044 ¢ i
36ks: BTRE <R L 72y & K e O A O 4 5%,
MR, FERFREORKEE L ITkE<KREL TV,

Fig. 713 1073K, 180 ks KERIPHIZ AR HY U 7= BROIRAE O TEM A
Mk X MBI ORI C/R TR O SADRETH 5,
SADXIZ T, RHHy DB LIS i 68 (Ni,Nb: &5
fa . DOAUREE) 0001011 HOEIFRASED SN S,
Fig. 7TORRIZ& D &, SHE My OMIZiZ(111}/




243 IR

Ni—22Cr-9Mo—5Fe—4Nb B A 12513 5 v HOMH & &

uoyoau1p “[100]
Buole weog SY(O81 10} MEL66
1 paSe ¢z9 Aoje jo uidped
UOTIORIJIP UOIOI[O BIIB-PAIIA[IS
pue a8ewn piay-1ysuq jo yderd
-0JOIW  UOII[@  uolssiusuel] ¢ ‘i

" 1 0TL PUe D Y 09€ ‘g SN9E 'V $A9°C 10 w6

e vuwm mmo Ko[[e 10} ommE_ pIoY- Em:@ mo m:QSwSEE uoI3I3[9

uorsstwsuel] "¢ ‘g

A 1S 0TL PUB D 183 09€ ‘g 'S 9€ V :SY9°¢ 10§ Mg66 10 pase
¢79 %O=m 10} vwm:‘: PIey- HSWCD Jo m#QsHWOHO:ﬁ GObUBu GOGm-Em:N.ﬂH v wﬁm

‘d -sq0cL pue
679 Aolje 10y o3eur Eu@

D S 09€ ‘d S 9€ ‘Y $19°¢ 10] V68 18 pase
-y3uq jo msméwob_E coboﬂo uoamémcmﬁ 7 8

43




. 244

% & $8 Vol. 85 (1999) No. 3

Fig. 6. Transmission electron micrographs of bright-field image for alloy 625 aged at 1073K for 3.6 ks: A, 36ks: B, 360ks: C, and

720ks: D.

Fig. 7. Transmission electron micrograph of bright-field
image (BFI) and selected-area electron diffraction
(SAD) pattern of alloy 625 aged at 1073K for
180 ks. SAD pattern was obtained from the area in-
dicated as an open circle in BFI micrograph. Beam
along [110], and [100], directions.
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Fig. 8. Increase in hardness versus diameter of ¥” precipi-
tates in alloy 625 at aging temperatures of 893, 943
and 993K.
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Fig. 9. Thickness versus diameter for y” precipitates dur-
ing aging for various Ni base superalloys.

250 ——
m : 1033K

200F . : 993K
e : 943K

Diameter ,d y "/nm
o
=}

1
100
50}
e e — %
0 20 40 60 80 700

Time™ /s

Fig. 10. Diameter of y” precipitates versus cubic root of
aging time for alloy 625 at various temperatures.
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Fig. 11. The logarithm of the parameter TK" versus the
reciprocal of the absolute temperature 7 for
growth of " precipitates in various alloys.
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Table 2. Values of activation energy obtained for growth of y” precipitates in various alloys (kJ/mol).

Alloy This work 625 706% Inconel 718 718M7 X-750M% Cu-Ni-Nb'?
Activation energy 418 431 4517, 298" 464 398 428
4001
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Fig. 12. Micro Vickers hardness versus aging time for
alloy 625 aged at 943K after cold-rolling at vari-
ous reductions.
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Fig. 13. Micro Vickers hardness versus aging time for
alloy 625 aged at 993K afrer cold-rolling at vari-
ous reductions.
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Fig. 14. Transmission electron micrographs of bright-field image for alloy 625 aged at 943K for 36ks: A, 180ks: B, 360ks: C,
and 720 ks: D after cold-rolling at a reduction of 10%.

Fig. 15. Transmission electron micrographs of bright-field image for alloy 625 aged at 993K for 3.6 ks: A, 36ks: B, 180ks: C, and
360 ks: D after cold-rolling at a reduction of 10%.
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Fig. 16. Transmission electron micrographs of bright-field
image for y” precipitates extracted from alloy 625
aged at 993K for 360ks after cold-rolling at re-
ductions of 4%: A and 50%: B.
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