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Solid and Liquid Phases in Ni-base Multi-component Alloys

Toshihiro TANAKA, Norio IMAI and Zen-ichiro MORITA

© 1989 ISLJ
1
W X
I [El ‘H&‘ ﬁgﬁ :‘:F': fﬁ]" f,\ﬁa 1/% if(
Synopsis :

The equilibrium distribution coefficients, k%, between solid and liquid phases in Ni-base multi-component
alloys have been determined by means of the experiment and also the thermodynamic calculation.

The experimental results show that kX’s of Ni, Cr, Fe, and Co are almost unchanged for the composi-
tions of alloys, but that kX's of Nb and Ta decrease with increasing Fe and Co contents in both Ni-
Cr-Fe-Mo and Ni-Cr-Co-Mo base multi-component alloys. The composition dependence of k& was also
obtained by the thermodynamic calculation in which the solute-interations were taken into account.

Key words : equilibrium distribution coefficients ; nickel-base multi-component alloy ; superalloy; solid-

liquid equilibria.
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Table 1. Chemical composition of the specimens (mass%).

Specimens Ni Cr Co Fe Ti Nb Ta Al w Mn
A (Inconel X750) Bal. 15.6 — 7.3 — 2.4 0.2 0.7 0.7 —
B (Inconel 617) Bal 20.8 12.3 1.6 11.8 0.5 — — 0.7 — —
C (Hastelloy XR) Bal 20.7 — 17.9 11.3 — — — — 1.4 0.9
D (Inconel 706) Bal. 19.0 0.8 38.0 1.0 0.6 1.3 1.1 — — —
E (Inconel 700) Bal. 13.2 27.4 — 3.8 1.5 1.8 1.4 3.0 — —
F Bal 18.0 — 2.7 17.0 0.1 1.9 2.4 — — —
G Bal 19.4 17.8 — 5.9 0.4 1.2 1.2 — — —
H Bal 19.8 — 18.2 5.8 0.4 1.4 1.5 — — —
1 Bal 16.7 16.0 — 15.1 0.9 1.8 1.1 — — —
J Bal. 16.7 — 16.0 15.8 0.6 1.5 2.0 — — —
K (Inconel 625) Bal. 20.6 — 2.5 12.1 0.9 2.1 1.2 — — —
L Bal 18.0 — 28.9 11.2 — 1.3 0.9 - — —
M Bal. 15.1 25.3 — 15.9 — 1.5 0.8 — — —
N Bal 17.6 6.7 — 15.1 — 1.8 0.7 — — —
0 Bal 18.7 7.9 — 8.0 — 1.3 0.8 — — —
Table 2. Liquidus temperature of the specimens. ""::’:‘::‘g“""/.

meaq: Ar+Hzgas
Specimens Liquidus temperature (K) - -
A (Inconel X 750) 1672

B (Inconel 617)

C (Hastelloy XR) —
D (Inconel 706) 1673
E (Inconel 700) 1665

(Inconel 625) 1640

ozZZrR~—ITOT

B. PRINZ and G. RUDOLPH
(Alloy 718)*!
(Alloy 625)*? 1629

Chemical composition (mass%)
*1 Ni-18Cr-3.0Mo-5.0Nb-18Fe-0.9Ti-0.6Al
*2  Ni-22Cr-9.0Mo-3.5Nb-2.0Fe-0.2Ti-0.1Al
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Fig. 1. Apparatus for quenching specimens.
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(a) Specimen No. C
(b) Reference pattern from pure Ni (FCC)

Fig. 2. X-ray diffraction patterns (Cu-K,).
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L, BN TWwAHEMDG FCCHTHALZ &L # AL
7o ATICEE LT, BB TRIOER S Tw B
¥t (Photo. 1(b)) & Z DM %, WA I EAHL 5
L TWwbE (Photo. 1(a)) 3 ZFDEEEHH L 7.

Microstructures of quenched specimens.

Z O X RO—F % Fig. 2(a)lcRd. $72, £
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Shb.
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% Table 3 IZ/RL 7. MFEXY, BEOEW Ni, Co
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EEEL T nw I Edbh s, Cr OFHomAaiED
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Table 3. Experimental results of equilibrium distribution coefficent, k.

Specimens Ni Cr Co Fe Mo Ti Nb Ta Al W Mn
A (Inconel X750) 1.02 0.99 e 1.09 . 0.54 0.36 0.59 1.18 —
B (Inconel 617) 1.05 0.99 1.06 1.06 0.79 — — — 1.36 -
C (Hastelloy XR) 1.07 0.97 — 1.10 0.71 — - — — 1.06 0.56
D (Inconel 706) 1.00 0.99 1.04 1.10 0.70 — 0.24 0.49 — — —
E (Inconel 700) 1.01 1.05 1.08 — 0.90 0.51 0.34 0.60 0.96 — —
F 1.11 1.05 - 1.12 0.81 — 0.40 0.75 — = —
G 1.03 0.99 1.10 — 0.79 0.30 0.68 — — —
H 1.04 0.99 — 1.11 0.85 — 0.31 0.60 — — b
1 1.07 1.02 1.09 e 0.83 — 0.37 0.66 — = —
J 1.08 1.01 — 1.13 0.77 e 0.34 0.68 — — —
K (Inconel 625) 1.07 1.01 b 1.15 0.84 — 0.40 0.78 — — —
L 1.07 1.00 — 1.12 0.72 — 0.28 0.63 — — -
M 1.08 1.02 1.09 — 0.80 — 0.33 0.66 — — —
N 1.08 1.01 1.08 — 0.83 — 0.39 0.80 — —
(0] 1.04 1.00 1.07 — 0.88 — 0.39 0.72 e — =
Ni-1.4 mass%Nb alloy 0.39
Ni-3.3 mass%Ta alloy 0.54
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Ni-Cr-Fe-Mo multi-comp. system
® This work
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J J
:1401 L c:°'77 o . .
wos7 .99 Jom %on Fig. 3. Experimental results of
LA 0% *0ss 5070 eq;'lll.lbl‘ll:lm distribution - coefficient,
“ [ ¥ - x 0. k&, in Ni-Cr-Fe-Mo multi-component
20 30 40 20 30 40
mass% Fe mass® Fe system.
Ni-Cr-Co-Mo multi-comp. system
® This work

O M.A.Taha and W. Kurz

k:;lb k'LO
1 oM N 1 oM
B %3 033 M & ®66 066
D) G
° 072
030 ®5 3, 068 o5 ¢,
10 20 30 40 20 30 40 .
mass®% Co mass® Co
KSF
N 1 oM
101® o8 ® 02 102 ) .
&ho O 099 Fig. 4. Experimental results of
0995 @ 00 oF equilibrium distribution coefficient,
- 105 N .
Ni x k&, in Ni-Cr-Co-Mo multi-component
10 20 30 40 10 20 30 %0 +
mass® Co mass® Co system.

3-1-2 P SRR B O MBARF

AEMBICL ) PFEIRBROMEIKECEILT S
Nb, Ta, Mo, 7% & U IZA &N X Tl SRR
HIUEEIUTOMEETRT Cril20nT, EhbDF
i RR RO MBUKIFEORET 2170 7.

Fig. 3 iz, Ni-Cr-Fe-Mo A &Z>W T, Lkhox
FKOFEHSBAREDOFe B XU Mo IR ERL
bOTHAH. FEEY, Nb XU Ta OF#HERE
DIz, Fe MBI Mo EIKL 2513 EBAT
HEMICH D Z L HBEOSNS. Prinz and RupoLes? i3
FERLRABOFECL DV ERBEENEEAETEDT
#WORAEBEMNEL TS, NbiiowToERY
oo ISR L.
KHARDLFMINE L 2T S, Cr DTSR
IoWTid, ZOMEMN 1L EL 1T OMEE % 5 HBHE

Privz & DfEix, FEBRER

BAHEET A ENbr b, %8, Mo OFHEHEAREK
ICoWTHE, M E ORICHRE 2 HBIZEED SRk,

% 72, Ni-Cr-Co-Mo ZA&EIC2WVTO#R % Fig. 4
IZ/RY. Nb BX U Ta OFHFESLTBOMEIX, Co iRk
EREL AIIE/NSL 2HEMIZHEL I LIBDOLN
%. Taua and Kurz? 12, Zone melting %% BV TEH
Ni £HAE LD KEAERT D FHIEFRE L KD TV
. BIFZARLZ N BELP Ta lZ2oWTD Tana 6D
BERRT, FEBRERLBEC—KLTWS, Cr 0¥
WARAKOMER, 1UEBIC1IUTOMEE 258K
RO X FIBEE T % {, Mo DB REICOW
THHBKES RO W,

kDX 512, Nb BXU Ta OFHSEREIC I,
SEELHBEKEREOS S ENHELIER D, i,
Ni-Cr-Fe-Mo ZELICBVTEDKEMMNKE VW &



436

% ¢ W 754 (1989) 53 B

Ni-Cr-Fe-Mo multi-comp. system Ni-Cr-Co-Mo multi-comp. system

08F ~_ o 08 | o
LIRS i o o B
06| g€ o 06 a
ot o~ | v
04 ; 8\9\“0\6\3 04 : o og oo
0zl o 02k Fig. 5. Relationship between lig-
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H5(5)ROETHBRAN LM LICLVEHTES
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3:2-2 ErEEER
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Table 4. References for thermodynamic data.
(a) Free energy of fusion, 4* — ¥ 08 o8}
Ni C Co Fe Mo Ti Nb Ta Al W o [ kP - [ K@
So6f Lost
6 6 6 6 7 6 10 5 6 7 cal o el .
Lk o 24,0
(b) Interaction parameters, g;; and h;j S 04 L 02 3 04 | :.
.
Ni C Co Fe Mo Ti Nb Ta Al W 02} ,© 0° 02t *
Ni 6) 8; 6) 8; 8)  8) 12; 9 8; o.lz o o.'s 8 02 ' 04 ‘ als ' 08
g; 7 g; g) g; B {%) g l Experimental Experimental
Fe )] 7 — 9) 10)
Mo 8) 11) 5; 9; 5) O : Ni-Cr-Fe-Mo multi-component system
I"Il‘ll) 8) 1_ g) - @ : Ni-Cr-Co-Mo multi-component system
}'J - - Fig. 6. Comparison of calculated results of

W equilibrium distribution coefficient, kX, with ex-
perimental ones.

Table 5. Calculated results of equilibrium distribution coefficient, k.

Specimens Ni Cr Co Fe Mo Ti Nb Ta Al w Mn
A (Inconel X750) 1.00 1.03 — 1.01 — 0.32 0.29 — 0.89 — —
B (Inconel 617) 1.02 1.08 1.25 1.00 0.55 0.28 — — 0.89 — —
C (Hastelloy XR) 1.07 1.01 — 1.06 0.56 — — — — 1.17 -
D (Inconel 706) 0.97 1.05 1.17 1.06 0.51 0.15 0.22 — — — —
E (Inconel 700) 0.91 1.31 1.22 — 0.59 0.25 0.15 0.25 — — —
F 1.10 1.04 — 1.16 0.64 0.43 0.51 — — — —
G 0.96 1.14 1.24 — 0.55 0.23 0.17 0.27 — — —
H 1.03 1.06 — 1.06 0.57 0.22 0.29 — - — —
I 1.00 1.20 1.32 — 0.61 0.31 0.23 0.37 — — —
J 1.09 1.07 — 1.1 0.63 0.31 0.40 — — - —
K (Inconel 625) 1.07 1.08 — 1.12 0.63 0.35 0.43 — — — —
L 1.06 1.04 — 1.10 0.56 — 0.29 — — — —
M 0.99 1.18 1.26 — 0.56 — 0.19 0.31 — — —
N 1.06 1.10 1.31 — 0.62 — 0.36 0.49 — — —
o] 1.02 1.09 1.26 — 0.59 — 0.28 0.39 — — —

|
D
<©
|
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Ni-Cr-Fe-Mo-Nb system

mass® Fe

@ : Experimental results
Fig. 7. Calculated results of equilibrium distribu-
tion coefficient, k%, of Nb in Ni-Cr-Fe-Mo-Nb
system (20 mass%Cr, 0.5 mass%Nb).
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4. & g8

AR TIE, WERIZEAEHREBI DLV Ni LB H
FREEICBIVTHBRETCE OB EM S RAR L HIE L
7:. #EE LT, Nb, Ta % & 2#ERML 7 Ni-Cr-
Fe-Mo & B & UF Ni-Cr-Co-Mo REH A EE % EV,
BRI ER 2 ITO 2. FOE, Ni, Cr, Co,
Fe S RAKOE I, AEHBEOELICL S TIE
IF—EDMEERLZ. —7F, Nb BXU Ta DFHSE
BEHOMHEIE, MEERIZBWT Fe BLU Co BN

hERWMT 51200 T, BATHEMMICH S Z LHFE
»HNM. ZOMFMIE, Ni-Cr-Fe-Mo RE£ICBWT
BICEETH /. 72, Nb BXU Ta OF5EG
B& RE O BAHRIRE & ORI S HBBEFRIZD S h,
BAHRBESE L 2512 T IS DTEEDEHEHS A
BEINEL BB by,

S5, BAOEEEICK D EBRICHA LB L R
DHMBNNT U TPE SRR L RO . RS OFH S
BABOEHERK R Ni-Cr-Fe-Mo RE4£1I3F L TI3E
BREETRCERLL. L Lads, SRSRICHT
LZBHEHI AN F—OREPHFENKCEE+FRHDT
%, $h, BAOENRSA—s—bBICEREESES
WTARRLTEY, ZHSREEICB 5 FHHERAE
DBENHEEFEIIOVTREHE S IIREIPLETH 5.
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