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Hardening Nickel-base Superalloys and Its Applicationto
the Estimation of Alloy Properties
Synopsis :

A program to calculate both the molar fractions and compositions of y— and y'—phases for a given average
composition of y'—phase precipitation hardening nickel-base superalloy is developed. The main procedure
of the calculation consists of the formulation of both the y—phase composition and Al concentration of

7'-phase as functions of y'—phase composition.

Microstructural and mechanical properties of the various commercial alloys can be well described through
the parameters such as the values of average electron-vacancy number by PHACOMP, ;' fraction, and
7'—phase composition which are calculated by the above program.
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Table 1. Values of regression coefficients
P; and ;9.
Element i Py ki
— 0 _ 29. 202
Al 2 0. 4104—0. 219X, —0. 0212X 5 — 0. 0239X 1,
—0.0551X¢
c 3 (0. 083640, 0177X 4+0.0209X 5 _
° +0. 0492X, )
Cr 4 (0.181140.0070X3+0. 095X )2 —1.066
Ti 5 0.1017 —1.220
Ta 6 0.261 — 1. 006
w 7 (0.6753) —1.195
Hf* 8 0.1 —_
Fe 9 0.2295 —
Mo 10 (0.187740.1129X o) ! —1. 950
Nb 11 0.2145 —1.446
* values for Hf are obtained from the EPMA analysis.
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Fig. 1. Plot af F versus f.

Table 2. Chemical composition ranges of alloys
used for extraction experiments by KRrIEGE et al.9),
REsTALL, and TouLson10),

Element Chemical composition range (at%)
Al 3~13
Co 0~28
Cr T~21
Ti 1~5
Ta 0~3
w 0~4
Hf —

Fe 0~2
Mo 0~6
Nb 0~3

C 0.3~0.8
B 0~0.3
Zr 0~0.05
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Table 3. Calculated electron-vacancy number
through PHACOMP by Decker, Barrows and
NEwkIRK, and of solution index of y'-phase.

PHACOMP
— Solution
Alloy Decker (Nyv) BARROWS, inde’x of Sigma
" NEwkirk 7 Prone
7'~ r- — phase
phase phase (Nv-Ny)
* Inconel 713C 2.45 2.15 0.22 0. 486 +
* IN 100 2.39 2.32 0. 06 0. 864 +
PDRL 163 2.39 2.43 —0.02 0. 743 +
IN 728 NX 2.37 2.83 —0. 36 0. 985 +
TRW 1 800 2.31 2.65 —0.28 1. 070 +
* Udimet 500 2.31 2.49 —0.11 0.978 +
* Udimet 700 2.27 2.75 —0.32 1. 126 +
* Nimonic 115 2,33 2.75 —0.30 1. 002 +
Udimet 520 2.21 2.32 —0.05 1.118 +
* Rene 41 2.02 2.41 —0.16 1. 414 +
* Inconel 700 2.47 2.23 0.17 0. 861 -
* MarM 200 2.38 2.08 0.19 1. 104 —
MarM 246 2.3 2. 45 -0.15 1. 270 —_
* TRW 1900 2.39 2.28 0. 08 1. 022 -
* Nicrotung 2.37 2.08 0.20 1.048 —
*B 1900 2.33 2.14 0.14 0. 932 —
* Waspaloy 2.26 2.09 0.17 1. 040 —
Unitemp AF 2ID 2.24 2. 58 —0.25 1.183 —
Unitemp AF 2IDA  2.36 2.22 0. 08 0. 965 —
Nimonic 80 2.31 1. 81 0.43 0.918 —
Nimonic 90 2.36 2.06 0. 30 0. 893 —
M 252 1. 97 2.24 —0.05 1. 473 -
TRW NASA VY 2.28 2.06 0.10 1. 381 -
TRW NASA VvIA 2.36 1.87 0.27 1.176 -

* alloys used for the extraction experiments by Kriege et al.,
Restall, and Toulson,

Table 4. Solid solubility of element in j'-phase.

Element Solid solubility (at%)
Cr 14.0
Ti 16.5
Ta 8.0
w 5.8
Hf 6.0
Mo 6.0
Nb 8.0

ZDOREWMR (SS; solid solubility) o ko FITH H
{(Sc)x/(SS)i TEHEINhS., ZofEokEVHR 7
MOBEBEBRIEIN TV SEA IR EVS, HoERAHE
(BEITENE1#ERS, ZofEik 1.0 Tthan, %
BsrA Tk, BRI 1.3 b v oofiths. h
WHRERTES LoMEEAC I Y, 24 LToEE
Ry ERTEEDEEZ DRD.) % % 5 & 7B
Pt G E 0, 2 > CEESMPHIET 5. 1 HdhoF
WIRE LT, v HEEET 5 Ni, AL, ROKIS
2 Nt T 5 EE 2 bh? Co, Fe B\ - tHExr
Exb. RAC, ThOLOTEROEBRS 2R L. £
3ofifdiziy, Coruins OMBEISFERL R L /2. =
BT 24 560 5 LR (X3 TR *EIRML
Thd) ik, FEHREOAESHFOERT — 5 &eok)
KRIEGE & K UF, REsTALL & TouLsoN ot EER = F
WHhich DT, MHOMHEO HRY HHALTRD
Barrows t Newkirk & PHACOMP & I 2 &2
HEOKHME, Ni—Nv & o AUHOHR T X Lai—
HTHOIIMRTHLD, MoBLEONTH L —F%

Sigma Prone <——|——=> Sigma Free

[0} o, o
saallm ome %o we @ @
O B
Un(tmp MarM Inconel
AF210 -246 713C

1 1 1 1 ] 1 1 1 1
-04 -03 -02 -0 0 01 02 03 04 05

Ny - Ny

Fig. 2. Balance of electron vacancy number of
PHACOMP proposed by BArRrows and NEWKIRK,
which is calculated from the phase-decomposition
program of the present work, and the suscepti-
bility to g-phase formation.

open symbols ; ¢ free, filled symbols; ¢ prone,

O; N§I<2.5, A ; N1>2.5, []; alloys not used
for the experiments by KRIEGE.

LT3 2 Enbind. Zhuk, KFOMOEHE?H
EOHRMTHEL L EFRTEOTHA 5 (A bAHA,H
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A —3 4 v o PHACOMP o X 2 BTRILE © £4
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KIRKk ©» PHACOMP 12 & 2 BFEAKOEBENIET
BHHCT b bLT, o BLUMHENHPLT VR L eoT
WBD, ZhIE, v HEDOWT D DECKER @ Ny A
HEHEWZ it Lbd0sEL Hhb., Mar M-246,
Unitemp AF 21 D, M-252 {224+ T}, BARROwWs }
Newkirk & PHACOMP iz X 5 EF IO KRB EH
ATHBRELbOT, o BHUANHIZ S WERLE
DTS, TD5H, M-25212o\\TiE, 7, 7' W&
3 DECKER D Ny fHIVNIWEDEEZLRS. K2
iz, Barrows * Newkirk &> PHACOMP [z ¥ 2 BF
LR DORBEOHELY BN L 2T, o B3
X oW T Coruins (& L 5 HEE o BEE R E il L
7o
Uk, £&Mcis s, HaBETEORBENSD oM
EROFHE, EEOMBEET IO/ REIIL—%
LTWAEEL LS.
32 RBRESOEBOEMEBEDORAR

—fgie, $&BRMEEY L, HOBEER, »H3EE
(800°C & HVY) FTIKRELEOHBENSSB. Lt
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Table 5. Results of valuation test for TRW-alloys by CoLrins and calculated parameters

through phase-decomposition program.

PHACOMP
. Molar fraction Barrows, Solution (*) In case Creep rupture Rupture stress**
Alloy index of ¢/ Decker NEWKIRK index of 7/ of F>2.6 life* (h) (kgf/mm?)
Ny Ny N¢-Ny
I-1 0.19 2.56 1.78 0.61 0. 473 0.01 63.3
2 0. 41 2. 46 1. 87 0. 894 0.25 72.0
3 0. 79 2.29 2,45 1. 497 16.4 103.9
4 0.39 2.42 1.94 0. 835 0.24 77.3
5 0.74 2.28 2.46 1. 475 8.5 98.0
6 0. 43 2. 36 2. 16 1.037 1.0 81.6
7 0.74 2.27 2.50 1.594 *) 5.7 102.1
8 0. 62 2.16 2.38 1. 315 0. 26 65. 9
9 0.71 2. 42 2.58 1. 926 1.6 96.7
10 0.37 2.58 1.91 0. 437 0.07 64. 8
11 0. 67 2.45 2.15 0. 921 11.7 97.2
12 0. 84 2,58 2.52 1.521 *) 4.7 100. 1
13 0.75 2.33 2. 42 1. 001 4.1 92.56
14 0. 80 2.57 2.54 1. 526 (*) 4.1 93.2
15 0. 71 2.47 2.54 1. 255 *) 2.4 86.8
16 0. 80 2. 56 2.59 1. 643 (*) 2.5 101. 4
17 0. 69 2.46 2.54 1. 364 *) 1.3 89.0
18 0. 77 2.71 2.72 1. 947 *) 0.37 65.6
19 0. 46 2.53 1.92 0. 530 0.11 81.0
20 0.83 2.39 2.45 1. 088 81 99.4
21 0. 85 2.64 2.57 1. 593 (*) 1.7 97.9
22 0.78 2.39 2. 47 1. 089 2.4 88.1
23 0. 82 2.63 2.59 1. 605 (*) 2.5 93.1
24 0.74 2.53 2.58 1. 364 D) 6.0 102.1
25 0. 82 2.62 2.63 1. 727 (*) 2.3 100. 3
26 0.73 2.52 2.60 1. 471 (*) 2.6 95.2
27 0.79 2.77 2.77 2.044 (*) 0.23 61.9
T-A 0. 59 2.37 2.07 1. 183 7.9 94.5
B 0.64 2.34 2,15 1. 284 14.3 103. 6
C 0.71 2.31 2.29 1.39%4 13. 2 108. 7
D — —_ — — — — 17.1 105.5
E 0.79 2.31 2. 48 —0.20 1. 556 13.7 109. 4
F 0.69 2.30 2.24 0. 00 1. 326 5.3 107.0
G 0. 80 2.36 2.52 —0.24 1. 676 19.2 116.0
5 0.79 2.28 2.47 —0.20 1. 501 8.8 109.3
I 0. 80 2.32 2. 49 —0.22 1. 584 7.0 111. 4
m-A 0. 82 2. 48 2.48 —0.17 1. 298 7.3 106. 2
B 0. 80 2.37 2.46 —-0.17 1. 348 8.7 106. 9
C 0. 68 2.31 2.25 —0.03 1.333 8.6 99.1
D 0.78 2.38 2,47 —0.19 1. 360 16.6 110.5
E 0.75 2.26 2. 44 —0.19 1. 403 11.3 103.2
F 0. 81 2.58 2.54 —0.27 1. 504 *) 50 100, 2
G 0. 74 2.26 2.45 —0.19 1. 421 15.5 105. 3
H 0. 80 2.58 2.55" —0.27 1.530 *) 4.2 92.0
1 0.78 2,47 2.52 —0.28 1.577 *) 11.4 111.9
V-A 0. 86 2.38 2.29 —0.07 1.518 27.3 104. 3
B 0. 83 2.62 2.62 —0.38 1. 934 (*) 3.0 66. 3
C 0. 81 2.45 2.57 —0.35 1. 658 *) 11. 8 108. 1
D 0. 87 2.41 2.29 —0.08 1. 585 26. 0 107. 8
E 0. 83 2.47 2.56 —0.33 1. 681 (*) 7.7 107.9
F 0. 81 2.43 2.55 —0. 30 1. 607 (*) 10.9 107.9
G 0. 82 2.43 2.55 —0.31 1. 595 (*) 9.4 110. 8
H 0. 87 2.40 2.28 —0.04 1. 627 18.3 106. 3
I 0.87 2.41 2.32 —0.16 1.704 *) 15.0 87.8
J 0. 86 2.42 2.31 —0.10 1. 597 21. 7 103.1
K 0. 81 2.47 2.54 —0.25 1. 585 (*) 9.2 105.3
L 0.69 2.36 1.92 0.25 1. 570 34.0 103.6
M 0. 86 2.39 2.30 —0.14 1.616 23.7 107. 7
N 0. 85 2.32 2.28 —0.08 1. 500 33.2 106. 9
o] 0. 81 2. 44 2.50 —0.21 1. 497 16.0 105. 3
P 0. 83 2.54 2.55 —0.29 1. 709 (*) 5.6 88.0
V-A 0. 66 2,41 1.63 0. 42 1.127 23.3 95. 3
B 0.63 2. 40 1. 79 0. 38 1. 087 14.3 94. 1
C 0.57 2. 45 1. 56 0.52 0. 966 8.5 93.5
D 0. 64 2.41 1. 64 0. 42 1. 129 13.3 90. 7
E 0.64 2. 40 1.79 0. 37 1. 086 21.6 98.1
F 0.63 2.43 1.59 0. 48 1. 086 13.8 101. 8
G 0.77 2.34 1. 99 0. 18 1. 287 41. 8 107. 9
H 0. 66 2.38 1. 85 0. 30 0.131 26.2 99.5
VI-A 0.77 2.33 1. 98 0.17 1.271 62. ¢ 111. 9
* 1366.5K/10. 54 kgf/mm? ** 1033 K

DT, Ni AEoRREBEYHT DT, 7' Hok
HELSTHIERVCOTHBH, L08R, 1, 7' WHO
MRy EEICTFRL CAS O SRS HETE, 2T
% T ki, 1970 R0 Y inoT, WhdsrESE
ORI IR T WD T fThh s X dieieof. 1960
FRHABINIEGE&THD TRW-VIA 11, BIfETH

%&\\g’l

BEESE LT R B K#ERE > T\ 5. CoLL-
Ns LWL, ZOARED HEYRE TR KT,

57 VITRIEC X 0T, S0 TERIERE 5 7] B
.50, HIBREHILBEDT, £V BECRENT
TRW-VIA 0% BOHT L5, FEELLoE
Bt oCuws. b0 RRCELE: 70 BoEEoi
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Fig. 3. The relation between creep rupture lives
(1366.5K/10.54 kgf/mm?) of alloys designed by
CoLLiNs and atomic fractions of 7'-phase calculat-
ed from the phase-decomposition program. Open
circles are those fulfiled all the following criteria

(S. L.<1.300, N7<2.5, N’<2.5, NT=N7-—
NS¢>—-0.1, F<2.6), and the others failed to
fulfil the criteria.
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