wHEERMIMSIE
RARE METAL MATERIALS AND ENGINEERING

Faet  E2M
2017 4E 2 A

\Vol.46, No.2
February 2017

Nb 2 2x%f Ni REEHF y'—y"tHE TR IAY
F— R

R O HER', & T
(1. PEBE TR, 7 PhFH 110870)
(2. ThBAfL TR, 7 TR 110142)

B — B ND 45 28 X »'-NisAlL F p"-NisNb 9 AH T2 il #4456 Rt S 5% 152, BF 7T 7 Nb #5244 i y'-NisAl
Al y"-NisNb BHI& AT . SREW, 7E y-NisAl f1 p"-NisNb PiAHILZRIEE T, 7€ Nb 5448/ T 15.625at%78
FlP, 5 9"-NisNb #HEL, »-NisAl #HA B RIRE M 10 Nb 52455 KT 18.75at%HF, »”-NisNb 1A KfIf e . H
W, 7E Nb $4% 15.452at%~16.34at%3i Bl 14, y'-NisAl AT y"-NisNb P9 A H T 0 5% 5 80 A & ZE 9'-NisAl — y”-NisNb
H AL ELME. Nb B8 KT 18.75at%)5, »'-NisAl Al »"-NisNb F9HH 2 K RS0 A0 2525 B (1) 22 W B 4 K,
y"-NizNb FHASE 3 5. A, 76 p"-NisNb AR KM R, A7 KA p'-NisAl F8 2 fif i 8 2K .

KBEIR: S JEEVE y-NisAl 1 p"-NisNb #H; Nb % 2%;

hEESES: TG146.1°5 CERIRIRG: A

BEE; MR
YEHS: 1002-185X(2017)02-0449-07

IN718 A& — &% AlL Nb. Cr. Mo, Ti %
ZHCER-SE SR EASE, FEH p. . " O M
MC Btk 4t th T 1% & & B 5 1 1% R
APERE, O IZ R T A S R B L IR i e A R
HedoniE®, REZach2Mmman, BaE
L1, Z5 4 ) y'-NisAl A1 HT DOy, Z5#9 1 y”-NigNb H 2 &
S EERAME, 5 A SR, T 0-NisNb #
A AE S 52K TR A% 300 TR 9 o 5 DA IR TR 25 #r 1 49
Rl @k i 8 p F0 " AR RS . RSP AarAm, o]
B G & 1 702 R iR AR M RE

HE&FMEWRE Al Nb 05t 9 F " BiA I
HEAREEGEEEN. AL 0H)E, HARN
GER B SRR BUORCIR p-NigAL A DLSEAE T
TCHRERAE y He A b, R IFA7 75 2D 2 (A AR (4 97-NisNb
FITOVS A A A EE K, 5 S R AT 3R T
y"-NisNb AHZH ALK K, RF B8, 1 y'-NizAl
AR HOZ W0, L b FI 1], BE Nb
JRFE D HEEIBEN NSRS Z, &P KE
Y-y MRS, ey FAR AR 3 2 0 £ 3 SR R
A Nb JC 3= ARME H R y'—y AR G S5 &=, H Al
HAERE.

KB —RETETRBRE P HNE &
2, TS5 4 70 2O A 5 AR R 5 A g s ot
TS B T I A R B SR B TR TR A RE R

It HEA: 2016-01-28

SR, AR E B NigAL AR 5 E R A i 112
THE Nb 57 & NiAl 1 Al EFHI%E SR R BETAS
25 (45 TR B, Nb 5 2% T $2E 1 Nis ALK AR 10,
REl 2 BE Nb &3 hn, Hri i NisNb A T4 e & 4
f i AR P AR IR 2B M. B Nb 524 NLAIL & Al
B2 NIpNb 1500 T, HAB 28 & 80 21 238 e 14 1 52 )
I

ik, AHFFR A — JFEET 5 Nb 78 9'-NIALL
J Al TE p"-NI3Nb 5 3 (& G808, LA F Al
Nb 15 4% & %F y'-NigAl £ y"-NisNb 5 52 P 1 s m, 3t
MfE H Nb BRI R Ay —y LA [F G SR
FE, NE 4 0o B B B AR
1 BAMERSHESE
1.1 EER

A4 y-NiAl 1 EAE feo () L1, 458, ZAIEEAN
Pm-3m, HANERFREAE 14 AL R 3 A Ni J5 T,
B A T B 1a Bos. TEIFE Nb 4%
y-NisAl FIFI A AN, Nb DL #7 XE #e NisAl
)AL, B &R NiA GRS E N 2222,
MR W 1b Fim. EEREUG 25252 /> y-NizAl
i, EA 84 Al JEITF M 24 4~ Ni 5 F.

A& y"-NizNb B A 4GP DO,, 454, =
[E#EN 14/mmm, 7€ y MM EE 2 > Nb 1A 6

TEH BN INET, 55, 1979 4246, 18 LA, M AR, PR Tk K &ph bR 5 TR %2p, 107 JEFH 110870, E-mail: suenhaofang@163.com



450 » A& REMES T

46 %

1 y"-NizAl AT y"-NisNb B K %6 B & Mg 1 3 Beos = Bl
Fig.1 Schematic diagram of y’-NisAl and y”-Ni3sNb cells and stacking modes of chosen cells: (a) y’-NisAl cell, (b) 22> cells of
y"-NisAl, (c) y"-NizNb cell, and (d) 2>2x1 cells of y”-NisNb
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Table 1 Effect of Nb doping on parameters and energies of y’-NisAl 1 y”-NisAl phases
Nb y'-NizAl y"-NizAl
Compound
content/at% a=p=c/x10" nm  Total energy/eV a=b/><10™ nm ¢/><10™" nm Total energy/eV
NizAl 0 3.5744 -4128.6693 3.6560 6.8758 -8257.0796
NizAlgg7sNbg.125 3.125 3.5827 -4315.6698 3.6570 6.9566 -8630.9468
NizAlg 75Nbg 25 6.25 3.6015 -4502.6578 3.6684 6.9974 -9004.7535
NizAlg25Nbg 375 9.375 3.6154 -4689.5672 3.6733 7.0585 -9378.6514
NisAlgsNbg s 125 3.6302 -4876.4253 3.6652 7.1735 -9752.4623
NizAlg.375Nbo 625 15.625 3.6464 -5063.2976 3.6496 7.3009 -10126.5189
NizAlg25Nbg 75 18.75 3.6587 -5250.1709 3.6436 7.3865 -10500.4785
NizAlg.125Nbg g75 21.875 3.6754 -5436.8911 3.6431 7.4598 -10874.4848
NisNb 25 3.6922 -5623.5849 3.6473 7.5059 -11248.4040
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Fig.3 Influence of Nb doping on parameters of y’-NisAl phase

and y"-NizAl variant
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2 y-NisAl # y"-NisAl 80 J7F 0 F R B F 3
Table 2 Quantity of average bounding electrons in y'-NisAl

and p"-NiszAl phases

Nb Content  Quantity of average bonding (electron/atom)
lat% L1, DO,,
0 8.24316 8.24200
3.125 8.54706 8.54376
6.25 8.86013 8.85672
9.375 9.17651 9.17174
125 9.49462 9.48463
15.625 9.80047 9.80049
18.75 10.11313 10.11325
21.875 10.41930 10.42883
25 10.71779 10.74174

y"-NisNb FH 545 {15 7 Nb R o oAb A 5 SO,
KA y-NisAl — p"-NigNb FEA% A0 A% BT 75 1 A 2
Ny R R AR ARG AR b B

RYE & 3 T E— 5 HWr, Nb 52481 15.452 at%
~16.34 at% L El N, y'-NisAl 5 p"-NisAl P &A% 5 #
FHIE, HEFECEEACH 0.11%, T4 Nb B2 in%E 25
at%, PIAHI SRS EE LRGN 4% 1.54%. H T Nb 37
BIE 15.452 at%-~16.34 at%yulE i, P A
I, EREBRISAE M A EARERL, KL, BE Nb B4 &
B, "R y-NisAl — 9"-NigNb [ 3R M 548

BEAh AR B 7 A £ dE T, Nb 45 44 2 7F 15.625 at%
~18.75 at%u FE 4, p'-NizAl HAT p"-NigAl 4844 [ 2 K
RE AL A (AT, WFE Nb B4 — B nE X
T 18.75 at%/, y'-NisAl FAT p"-Niz Al 484k 2 K g 2
Wb 755 BE TR ZEAEE BT R, R B, y-NisAl A AR 8 P
B#A%, »"-NigNb AHPIFaE M3 & . [FIEE, BE Nb 52
BEWINE 25 at%, y'-NisAl Fl p"-NigNb P AH 1) 5+ 4l
Bic P 4T 1.54%, w0 FH R AE A 3 28 ) L2608
A AT HEWT, 7E 9'-NisAl F1 p"-NizNb W54 3t 7F HAH AR
(v, B RAE B (] ZE K, Nb R H oy B4R i
HIFEN 9"-NigAl A, TR AE y"-NigAl #H RS KR,
A KA y-NizAl — »"-NigNb AR AHEAS . P,
BE AL (H 2E K, Nb JRFH p AT H
Nb B4<&), &M »"-NisNb K KM FE, 7rk4E
y-NisAl #H150 ff i 2k, G EH y7-NigNb A4
PR HE N, o'-NisAl AR A5 Hosb 1) 32 ZFE K . A
oy b, 5 SCRR[23] 45 AR —

4 &

1) 7E y"-NizAl fl y"-Ni Al i A7 s kb, 78
Nb 44 & /N T 15.625 at% [ 14, B Nb 5 2% 216,
5 y"-NizAl fLE, y-NisAl #1E BaF i fase ;1 Nb
B2 5 KT 18.75 at%H , p"-NisNb A1 45 5 K [ Fa e 1 .

2) Nb $B24E7E 15.625 at%~18.75 at%7ul A,
y'-NizAl F "-Nis Al P AH IR B | 45 & e 2B g BRI
BRI B XY, y"-NigNb AT R e fE4E, 1M Sn A%
HOHE, REH KA y-NisAl — p"-NigNb HER% A 5428
(00 B2 A

3) B Nb #5243 % KT 18.75 at%, y'-NizAl #f]
Hp"-NigAl A2 1 2 K B 2 Ab 25 %5 B2 1) 22 f 38 18K
8 9"-NisAl FHFa e P FEAIK, p"-NigNb AHFa e M4 &
B H AR FR N (B 2E K, Nb H oy FEAR AT H 3G Nb 5%
i, TEMRAE p"-NigNb K K FEE, &4 y'-NiAl 4
(0 0 AT 9 2R, S AE B 4 Fh 7 -NiaNb AR AR 23 58 i
y'-NigAl AR R 53 Bk /> i 5 22 B
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First-Principle Investigation on Nb Doping Promoting y'— »" Phase

Transformation in Ni-Based Superalloy

Sun Haofang *, Tian Sugui *, Jin Ying **

(1. Shenyang University of Technology, Shenyang 110870, China)

(2. Shenyang University of Chemical Technology, Shenyang 110142, China)

Abstract: The formation enthalpy, binding energy and states density of y-NisAl and »”-NisNb phases were calculated by the

first-principles, and the influence of Nb doping on alloying behaviors of y’-NisAl and y”-NisNb phases was investigated. Results show that

in the molten of the y’-NisAl and y”-NisNb phases, the y’-NizAl phase has a better stability with the Nb doping quantity less than 15.625

at%, while the y”-Ni3Nb phase has a better stability with the Nb doping quantity more than 18.75 at%. Wherein, the y’-NisAl and y"-NisNb

phases have close lattice parameters in the range of 15.452~16.34 at% of Nb doping, which is an essential condition of promoting y’-NizAl

— y"-Ni3sNb coherent phases transformation. The difference of the states density in the Femi-level location increases obviously when the

Nb doping is more than 18.75 at%, and the stability of y”-NisNb phase is enhanced. Moreover, when the y”-NisNb phase grows, the

decomposition of the y-NisAl phase occurs at the same time, which may result in the disappearing of y’-NisAl phase.
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