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Precipitation and Growth of 7’ and y” Phases in a 41.5Ni—40Fe—16Cr-2.9Nb—1.8Ti-0.2Al Alloy
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Synopsis

Key words:

: A 41.5Ni—40Fe—16Cr-2.9Nb-1.8Ti—0.2Al alloy is a superalloy strengthened by the precipitation of ¥’ and y” phases. The knowledge of the

nucleation and growth behaviors of the ¥’ and y” precipitates is very important for a appropriate usage of the alloy. We investigated the pre-
cipitation characteristics of this alloy by micro-Vickers hardness test, X-ray diffraction and transmission electron microscopy. The hardness
of the alloy aged in various conditions closely related to the size of the ¥’ and y” precipitates. With increasing aging time, the lattice parame-
ter of the alloy matrix decreases and reaches a constant value at each aging temperature after a certain aging time. The volume fractions of y’
and y” phases precipitated in the alloy at 993K are 7.2% and 13.3%. respectively. The growth kinetics of the ¥’ and " precipitates followed
the predictions of LSW theory of diffusion controlled growth at all aging temperatures. The activation energy values for the growth of ¥’ and
Y" precipitates are estimated to be 278 kJ/mol and 431 kJ/mol, respectively. Some y” precipitates contain ¥’ precipitates inside their bodies or
are in contact with the y’ precipitates. It is considered that some ¥’ precipitates of this alloy act as preferential nucleation sites for the y” pre-
cipitates.

iron and nickel base alloy; superalloy; gamma prime phase; gamma double prime phase; lattice constant; kinetics; nucleation; growth; elec-

trolytic extraction.
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Table 1. Chemical composition of the specimen (mass%).

Ni Cr Nb Ti Al Si Mn Cu
41.86/16.1312.79 | 1.57 | 0.28 | 0.21 | 0.10 | 0.02
Cc Co Mo B P S Fe
0.015| 0.01 | 0.01 |0.002|0.001|0.001| Bal.
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Fig. 1. Variations in micro-Vickers hardness of alloy 706

with aging time at various aging temperatures.
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Fig. 2. Transmission electron mlcrographs of alloy 706 aged at 993K for 360 s (A) 3.6ks (B), 36 ks (C) and 360 ks (D).
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Fig. 3. Transmission electron micrograph and its selected-
area electron diffraction pattern of alloy 706 aged
at 993 K for 720 ks. Beam along [001],.
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Fig. 5. Transmission electron micrograph and its selected-
area electron diffraction pattern of alloy 706 aged
at 1073K for 360ks. Beam along [011], and
[100],.

Fig. 4. Transmission electron micrographs of alloy 706 aged at 1073K for 360s (A), 3.6 ks (B), 36 ks (C) and 360 ks (D).
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Fig. 6. Variations in lattice parameter a, of the matrix in
alloy 706 with aging time at various aging tempera-
tures.

fta/RL7=eDTH 5. EECLELIEI Tl a,=0.3703nm
TH 5, 8PKEERNM TIIIFIFERORE Iz - TR 73
BUIWA L, 360ks Tlda,=0.3670nm & %% %, DI
BEIZ R0 T & RERDIR R OO £458 & 21 B iR ik
L, ZO%k, —EEIELE, 2O, SREDHIEE 5
R T ML, —EEICEER OB ERIZ 943K,
993K # K UV 1033K TZ 112410.3677nm, 0.3680nm ¥ & ¥
0.3685nm & & 5 7z, & T EBDOEAIZE BB %O
WEIANEE R S FEEOREOCTIRNb B HERE L ¥
My, REMO pHE LTHE L2 Th 5. (K
MmIENE ERFEBAVNSVVET—E & 2> 7201F, KR
EERHANDFEBEORBEEIANE WD TH S,

3.4 ITHMEOEFEE

993K ¥ K U 103K BRI IZHTH L 22y B X OV y D 1
TR ORERHIERIZAL & X7z, BE O ORI I A
ThHDH, RERhIERAY 180 ks UL TIE A A o iR FE 12
EIE—ET, BRI A N & &R L7, 993K BF
MOy #HiZ 7.2 vol%, y"#HiZ 13.3 vol%, 1033K HFEhi4 Tl 7
NZH5.0vol%, 10.2vol% TH - 7=,

3.5 yYHEIVyHOKREEHIEIRILF—

VA C LR 3% O AT FEE (A A BExh 4 5 & | Hrif s
20, BHHOBEERE I FEREISET S, ZO%ONH
MIORE, AL, —ARICHHAE L B e OB Rk
ANF—-OPEETTE LTI B3 L FHA, Ostwald
BEE L THIENT WS, ZORG ORI 2 BRI RE
{Z Lifshitz-Slyozov'?-Wagner?” (LSW)IZ & » Tk X LT
5,

HOR D BOR T A LSW O FGIZ0E > TR ET 584, »
AR T 1% & R IR OB Z 2R 1) DBMEAR LT 5,

FI—Fa=640DC, V2 H/ORT=K' -+ +svvvrenreesrunnannninnnnnn. (1)

ZZ T, 7y FIZ TN T NARRFIER I K OBERE (2 D BF
R FOPIgRFIETH 5. olIHMELE B EDRDOR
T AL F — | DIZRHHP OE B OWEERK, C, 138

T T L T T T j

:.E;: 8 ®1073K T
S
< ®1033K :
~ B+ A 993K R
o & 943K
o i
N ]
. 4r 1
Q
S ,/.,/0"
g 2 1
C [— A
3 |
E L 1 1 1 1 Il

0 20 40 60 80 100 120 140

T“me‘wll/sﬂl

Fig. 7. Variations in mean diameter of y’ precipitates in
alloy 706 with (aging time)'” at various aging tem-
peratures.
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Fig. 8. Variations in mean diameter of y” precipitates in
alloy 706 with (aging time)'”? at various aging tem-
peratures.
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Fig. 9. Arrhenius plots for determination of the activation
energy for growth of y’ precipitates in Ni-base al-
loys.

K': Rate constant, 7: Temperature.
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Fig. 10. Arrhenius plots for determination of the activation
energy for growth of y” precipitates in Ni-base al-
loys.
K": Rate constant, 7: Temperature.

Table 2. Activation energy values for the growth of ¥’ and y” precipitates in Ni-base alloys (kJ/mol).

Alloy
Precipitates This work
Inconel 706 Inconel 718 718M  Inconel X-750  Ni-AP®  Ni-Ti¥  Ni-Si®  Co-Ni-Cr-Ti®  Cu-Ni-Nb”
7’ 279 24519 2717 — 28111, 29021 269 282 262 298.9+28.9 —
7 431 45119 2087 464! — — — — 428
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Fig. 11. Transmission electron micrograph of ¥’ and y
precipitates extracted from alloy 706 aged at
1033K for 720 ks.
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Fig. 12. Transmission electron micrograph of alloy 706
aged at 1033K for 720 ks. Beam along [001],.
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Fig. 13. Transmission electron micrographs and their se-
lected-area electron diffraction pattern of alloy
706 aged at 1033K for 720ks. Beam along
[103],. A: Bright field image. B: Dark field
image.
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