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Lattice Constants and Compositions of the y” Phase Precipitated in a Ni-15Cr-8Fe-6Nb Alloy
Kiyoshi Kusasiraki, Shuuichi Ixkeucar and Hajime Komatsu

Synopsis : The lattice constants of v and y”phases and the composition of y”phase in a nickel-base superalloy, a modified NCF
3 type alloy (X-750M), are investigated by using an X-ray diffractometer and an analytical electron microscope with
an energy dispersive X-ray (EDX) system. The measurement on the y”phase is carried out using y”precipitates
extracted from the aged alloy. The relationship between the lattice constants and the composition of the y”precipitates
is discussed in detail. The lattice constant of the ¢ phase decreases and those of the y” phase increase with aging time.
The change in the lattice constants in various aging conditions suggests a change in the composition of the y and y”
phases. The y”phase is composed of nickel, niobium, chromium and iron. While the content of nickel in the y"phase
increases with increasing aging time and reaches at a constant composition, 72mol%, after 72ks aging at 993K, the
contents of chromium and iron decrease with increasing aging time and reach at constant values, 6.5mol% and 3mol%;,
respectively, after 72ks aging. The content of niobium maintains constant value of 18mol% regardless of aging time.
A non-stoichiometric composition of y”phase suggests that the normal sites of nickel and niobium atoms are occupied
by chromium and/or iron atoms. If nickel and niobium atoms occupy normal sites regardless of the sites of chromium
and iron atoms, it is difficult to explain the change in lattice constants of the y” phase with aging time. If a part of
nickel (including chromium and iron) and niobium atoms can be replaced each other site, it can be explained well.
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Table 1. Chemical composition of specimen (mass%).

Ni Cr Fe Nb Ti Al Mo Si Mn C B P S N O
68.62 1500 7.95 6.02 0.004 0.024 0.02 011 011 0.036 0.0001 0.005 <0.001 0.0010 0.0051
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Fig. 1. Variations of lattice parameter a, of the y
matrix as a function of aging time.
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Fig. 2. Variations of lattice parameter a, of the y
matrix, and a, and ¢, of the y”precipitates as
a function of aging time at 993K.
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Fig. 3. Transmission electron micrographs of the y”
precipitates extracted from X-750M aged at
993K for 18ks: A, 72ks: B, 180ks: C and
360ks: D.
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Fig. 4. Transmission electron micrograph: A and
EDX spectrum : B of the y”precipitates extr-
acted from X-750M aged at 993K for 72ks.
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Fig. 5. Variations of Ni, Nb, Cr and Fe content in
the y”precipitates as a function of aging
time at 993K.

Table 2. Chemical composition of the y” precipi-
tates extracted from X-750M aged at
993K (mol%).

18ks 36ks 72ks 180ks

Ni 68.32 72.29 72.09 72.96
EFe 6.61 3.27 2.62 2.74
Cr A7.56 | 6.49 6.91 6.15
Nb 17.51 17.95 18.37 18.15
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Fig. 6. Estimation of Fe and Cr content occupying
in the Ni and Nb sites in the y”precipitates
as a function of aging time at 993K.
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Fig. 7. Change in calculated lattice parameter a,
and contraction of a, with occupancy of Nb
atoms in the Ni sites in Ni;Nb(DO,,) phase.

FEEOLEREPFHHELTO 32T LR T IS
WHDH 5,

Ry, v O T EEDEAL £y FHOFM BB D Bt
PRTPEROBE»OEREL TA D, yHOEEER TR
XNi, Nb, Cr, FeTd Y, Z & nDEFEFI30.124,
0.146, 0.127% X f0.126nmT H %, B 7REEH 61X, A
D RFRRER DFEE T 5 A% F 2 Fa, DI 13 A EF ElE 14
26y OB R, [EIE L T 128EIDOND, Cr, Fed
BEVRPLILZILERT OO LHTE 2, L, o
FHEC D C TR NG A BELMK (, RE2hRE O
EELICERERYEL LY, #ICCr, FeldREiic & v
EART, FpafoRa L L b P T adm»yd 5,
NbiZ RS L ZILid 2w CreFed’Nith 4 b H % iz Nb
FAPDODCTHROMEX 52 L A, Beahiniio, HHo
ZHA S O—EFCreFed’ 54 L, HEBEROBB E L b
ZCr, Feldy i GHEH S N TARD I ER I CE S b 5 ¢
Zixa b, FETYEOBSED Gy OB TFEREILE#M
BT 5 2 LR TS 20 Fig. 6 o LICITDBAT b TS
»LEH S N AEFERIZC T OBRIEMT b IF—E
(2,=0.375nm, c,=A#F) ThHY, BB IZFES
T EBROBWMEIMFETS LI E#RLTV S,

Fig. 7 13 Ni; Nbi & (DO,,) {234 T, Ni & NbDALE # i
ARVHAEERT 2 55 OERENA LT EKa, DitH1E
DBRBRERLICODTH b HAERHHEZ 5 L, ald B
HEOWmME L CHRBLT A LERLTVE, 20D
FESIZHFRIIA O oA I REFIIREIAF D § O & b $ Cr, Fe
B E0ISU TR, Ni(Cr, Fe®# &%) L NbETI2—E8
MACE®RLT, RUEPETFLTC2WEEY DS 2 L
#RL T 5,Fig. 2 1239 6 NIy MO & BE ISR
SR AR EES L T L7y DN (Cr, Fe®&te)
ENDDS, BrshRFofRBE L b CIERY A bEBiTL, B
MEPMET 2D LRI,

Fig. 7T OMAEE#HRE A La, DELLDOBEFEEH - 5 &,



993K, 18kskizhit v D o #HIL T2k sFERN#A D £ #4112 e, Nb
F A4 b OK2ZYFREINIE T EAAERL T3 LRGN
%o

4. &

NiZiif#44NCF 3 (Inconel X-750) DT & LA T H
% AR L LD NiZEIBA & T 6 T v % ¢ MO RIL
CRIETAEEZBHO T 509, NCF 30AlL Tiok
WA ENbTESRL T, HitEbHY2yHCELLAE
(X-750M) % /BB L 120 X-T50MDEERI# - D0 T, XHRE
I LT E T BABEROEDX AT & v, BT L 72y HDH%
FEBREBERILFEOBMBREYM G »IZ LT,
AFRTHONIHERILUTOLB Y TDH 5,
(1) X-750MzATH T 2 " MO ERTENIENDTH Y,
f1zCr, Fe®# 4 &8 T 5, NiBIIFZIFHH I RA
Dl edhs, EEIRFR OB v L, 36kshEhik i
R —EME (993KERRhAT T H#I72mol%6) 12i#E$ 5, Nb
B3 i T iE— ([, #18mol%) TH %, Cr,
Fe B AT A7 12 1 2 Wi DA - RO W L
36ksHERN% (- 13— EMH (F], 2 L& 1#6.5mol%, #13mol
%) 2k B,
(2 )ERSHAEAR IS Tl { BRpRIRER I & b A8 FE DT
SEHE B LSRRI S s T b, " FHH DN E Nbid
LR IEY T, Ni, NbO&EFH 4 b iXCr,
FeZTES#HMbo TWA I EVHEINS,

65

Ni-15Cr-8Fe-6Nb&& T T 5 " MDA T E £ & K

(3 )RR OELE £ b b AAORS1-Z BIL Wi L,

HA 1 e BN R R 1 2 R T 2%, Ni & NDHTIERY 4 b %

LB LELL L, &HT 5CreFer’ v T hOKF+ 4

FEeEAET A LT LHIES LT EREILE BT

B LIETELw, Ni(Cr, Fe® &) £ NDETIX—6

SFAEESR L T\ 5 THEMED D 5,

B e OB OV B L AN T A R 0BT B AU
(BR) He BUSR T TR ST 80 R L A MR £ T 5. KB
AR A AN N B (52 € [ ey e A B T 1Y N
+ 5, AR (H) H ARG 2RI FRRE S
OBzt bbb, BLTHERYET 5,

X 7

1) HBAEE, ¥rash—, KEPHZ 8 L8, 78 (1992), 650.

2) HEBWE, #xm—, ) B, KE#FZ gk L&, 78 (1992),
1745 ; ISI) Int., 35 (1995), 524.

3) HEREE, BN B, KEHFFZ £k EH, 79 (1993), 1210; ISIJ
Int., 35 (1995), 1502.

4) HERWHEE, ¥ B, KE#Z gk LM, 79 (1993), 1369 ; ISIJ
Int., 36 (1996), 74.

5) EBEAWEE, W OB, BNH—, KEBRZ 2k LM, 80 (1994),
72 ; ISIJ Int., 36 (1996) 3 BT E

6) FRAMEE, W — @ 8% L, 81 (1995), 924.

7) CK.L.Davies, P.Nash and R.N.Stevens : J. Mater. Sci., 15
(1980), 1521.

8) J.G.Conley, M.EFine and J.R.Weertman : Acta Metall,, 37
(1989), 1251.

9) H.A.Calderon, M.E.Fine and J.R.Weertman . Metall. Trans.
A, 19A (1988), 1135.

10) O.H.Kriege and J.M.Baris : Trans. ASM, 62 (1969), 195.

11) S.Ochiai, Y.Oya and T.Suzuki : Acta Metall., 32 (1984), 289.

163 EN



