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ABSTRACT As a NizAl precipitation strengthening alloy, Ni-Cr—Al alloy is one of typical structural
materials applied in high temperatures. Much work has been done concerning its structure transfor-
mation from fcc to L1y during the process of ordering and phase separation. However, the study so
far we know on the phase transformation in very early precipitation stage, especially on the phase
transformation of unstable pre—precipitation phase, was not yet sufficient. Microscopic phase—filed
method is used for describing the temporal and spatial evolution of atomic site in lattice. This method
is employed to study the pre—precipitation during the structure transformation from fcc to L1y in
NiggAl;3Crz7 alloy in this paper. The relationship between the occupation probability changes in Al
and Cr atoms on (100) and (200) planes respectively and structure evolution of Nig(Al, Cr) will be
inveatigated. The simulation results demonstrate that at in very early aging stage, the composition
order parameters of Al and Cr atoms keep unchange on both (100) and (200) planes. However their
long range order parameters are equal in these two planes and gradually increase with aging time until
the first in situ transformation by congruent ordering at that time the L1y pre—precipitation phase with
low long range order is formed. By prolonging aging time, their long range order parameters continue
increase once they attain to the respective certain values, the composition order parameters and the
long range order parameters of Al and Cr atoms on (100) plane become increasing rapidly but those
on (200) plane decreasing quickly, The second in situ transformation occurs and the L1 is gradually
transformed into L1s.

KEY WORDS microscopic phase—field method, in situ transformation, NiggAl;3Cr; alloy,

pre—precipitation phase

* HRERBEESTH 50671084 F1 50875217 Lh Kkidt)ERlri4 R H 20070420218 ¥EE)
BRI H T - 2008-09-25, BeEHEER H#T : 2009-02-16
TEE®S - WIWIF, %, 1983 4, it



FOoM

T« Llo AN Lo AHSEHA JRALEEE H TR it AU 631

SR REL TR, PN ERRS, fEH
AR AR A, BEAR AR RE ELRERG A 0 H e BB SR IR B
HUAH, TR S48 N AR G I AL 2 o5 B B BT,
H H A8 L BEAHRSIAH L AR AR SUBE =7 A MRS BUAT HE A (X
MBORRAR ., SHEA). @JEAEHR R 2 AR TbT
FHR B Fa s MITICE M O s AR 0, B
TR S — e R B Fg B AR AR R vERE. BEE
PRI R AT R R, AT HAHRTIE R, #4678 R RE AT
SR Z B AT X 16,

Ni-Al-Cr & & —FULlBfEES &R, BRI
WRZERILL Nis Al BIPTIE R U RHE, B ATEHxhizi a4
H R B ARy B A fee 3] Ll AR EHIT T KE
fymge 710 (HESE Ni-Cr-Al &&W0its, R
ot e AR FAT HH AR A8 v F e 2B AT

TEARASRIBIFTE A, DAL AN P B R AE S R ML AR A sl
VAR BER_b & AR B AR AL AR S A, TR AR R Y
i, R JHR L — R R MU Rk
Ay i 78 77 ST LAS SR G AR M B A, Herp Aoz
LA AR AE IR IRAC B R b R AR AT AR AL R S R EL M, TR
B R IR ;B EE AT RTE R AR ALy [ 21 BEAH
T FTHY . R R e B L TR KK

WA R — Pl @ AR %, ENE A S UTTE
SRR S IR, AR A ) 2 A
i, ATHRE S BPRE TS EE, a0
H A DA, ZERFF TS AE G540 0 JRUAL 56 78 T T W] DA 5 S 5
FEENIE. ASCR ARG, Bl NigyAlisCrr
GantEatfEd Al fi Cr JFF7E (100) i1 (200) T _E#)
Hi LRI RIE—2EF5E Nig(ALCr) ML S L.

1 HYa5RE

BB S IE R BOWARZ B B Khachaturyan!'?]
Ak, Poduri fil Chen'3M fET & /B. TRUFT-hif
SRS B LR A i, DR T-BRERE IR 15 2 LK
AL R B, AR THER . A PSR TP ot 2. N
TR, B = e RIBE A s (8], X R T 6L
RY 2 BIRTEE. M ZI0AERSE, & pa(7it), pe(7Fit)
Ml pa(F,t) 79h A, B fl C JEFAE t BFZ1 58 r (L&
FIJLE, BT pa (7 t) + pe(7)t) + pc (7, t)=1, FrehEA
¥eS ERA 2 ML AR RN R, R IbE
LR TR (7, 1) SREGER. RiZLL A 1 B JFHTH
ALY 2 AR, BFIHO Langevin 77 14]:

d b)) r r

deaffd) — @%Z[LAA(T—T NGO
LAB(F 72‘ )8;01?(}; t ] +£(7" t) (1)

dep(rit) _ Z[LBA(T_F)%

LBB(F T )apj(};",t)] + 5(77; t)

A HF, kg & Boltzmann ¥#( Lag(7 — 77/) sk A
[, —% o f1 B ETFERSME 7/ 7 RAscHIL
KA HH O, o, B=A, B8 C; F REAH S E i
B, fE PRI T i Ftaae (12

F———ZZVABF 7 )pa (Pps (7 )+

Vic (7 — 7 )ps(Mpc (7)) + Vac(F — 7 )pa (P)pc (7)) +
ksT Z[PA(F)ln(pA(F)) + pa(7)In(ps (7)) +

po(F)n(pc ()] (2)

Vap(F—7) = Vag(F =7 Ve + Vag(F— 7 )t (3)

Vg (F=7 Vet = Wea(F=7 )+ Wag(F—7 ) —2Wop(F—7")
(4)

R, Vog(F — 7)) KETHEBAEHEE, Vas(F — 7 )en
WAL A EAE IS, Vap(F — 7 el NBAHEAR A AE,
Wos(F — 7)) BT IATH A L BE.

ZEE IR AT 3 MR TRBRE L T RERHEAT, R
JH DS AR ST A AR L. 8 Vi, V2, Vi3, Vi 43
SRS 1, 2, 3, 4 JEARIE T AR AR B, AL
{9 JEL TV I R R FH Sk [13, 15) RS,

TR OB ELAE I, A8 T4 TR S %
E@éﬁ'&*ﬁﬁﬂ?ﬂi Ee 2y 110

el = Z Vaﬁ 7? 7? ch + Vaﬁ(F_ 7:}I)el (5)

Fourier 284 )5 A

Fa= 5o > VBl (

R, N MKERE; B THRAREAES k=0 LEHFR
P, SRAFFSA L A B S RS e R A R P B HERR I
V(k)el J5ERERE BERREYL, 72 V (7)el B Fourier 254, 1
KPR T RR R

Vas (I;)el ~ M(i) = Meminf/ag (7)

o, 7t = k/k, R G2EE K i AR n,
ny AR T« Fly BRI ES €0 = dac/(aode),
RS BUE B ER S I R B (H, ac MR S S 5
B, a0 MEA SR ¢ MIETRHIET50).
FAESEPEME A S0 4% R EC R A BES RO
4(C11 + 2C12)? (8)
C11(Ci1 + Cra +2Cu4)

K, ( = Ci1 — Cra — 20w, BRFERBZFENHES T
YREEG C ) RIS, TR St [17)
R ELE.

Melz_




632 & &8

EE %45 %

KX (4) #1 (5) WA (2), Bk E2IRR (2) &
AR (1) 47 Fourier A54k, SRJE7E 40 EHGE)E
K Euler iR, 22 RRBZIAE T 5 AL, A
75 H Bt RO 4 2 A e AL 1R

KT R AR AT AL RS, BIATEIE Lo
SRR AE TN KT SE AEW R L,
SERR TP AR B B A A A B e AR AR, BINE R RY
BHORFAAER E WTE N E T8 P g s, 2 Pk
FEHRFRERER 8, HHRHESCRMA, HRERN
o p(i,j) — C(i,j

n(i.j) = C’(i(, j)():os[(i(+ j))7r] ©)
TR FHNKRETFSE 10, §) FRERE—NETFHE
W (i,7) BBIAEFEE, p(i,7) RNTERFHNE B 7
HIEMA & MILE, C(i,7) A FHNEESKE. 3T
HARKBEFSE, (i, j) BRETFHNEREEN (4,7)
WHIAETFREE, p(i, ) RAEREE T NS R T E ALY
B ALILE, C(i,7) AR T1ERF & BT AT
R KR RFSEHIE, REAEA PR
T3 LR T B, BEAT AR K MO T A
JPEE.

AR R, fEfE T AR R AT A
JFPAHEA Llo S5RRHE, (HHEA PR, XA
T, ASCHRERRVISA PR Lo ik AH.

(@)

2 RMERRSH

Bl 1 Z&Xf NigoAli3Crr H487E 873 K THEA TR
RSB R ot . BBCR A 128%128 #% %, B
[E264 At 2y 0.001, BRI A REMR K 200 25, J5
T ALLRDUKER MR, MRS A MKEARR, BagR
& Ni Ji7, KEkgaRER Cr i1, BEgRRR Al
ST b T RESETE A Hh W B Wb HE AR R B B R, HEOR
T EUR AT B

M 1 AT, 78 t=1200 8, FIEETC/FHY NigoAlr-
Criz SRR R A& —RIEALFEAE, JFa6 1B
mE la FETEREA A, (HIE A 7 ERRA. R
YA AR —4EBOE R, BT RIWX FiAT B 4024 Llo
45k, BUERT —FKAETFEER Llo 25t di4H. BE
F TR, XAHAT AR R E B 2, Rt
BWHEK, JLPA TEAMER (B 1b), FeEFAHR
HIFEWBERR. BRI EEE, WE T E LA
H (B 1b, ), BT AP EFREESEWEY, Blk4
T ZWIRALEEAE, Llo 25k Wit thAHZ Win Ly S54%%
AR, RAME t=3000 B747, RAFIFGHHBLAR LR i
Wiy L1y 454, W lc urlEmR.  FHEE I E 2P E0r
K, AFETHERIA Ll AFHAZH AL T AL,
WM T KREMAFEIT R Ll FFMH, Wi 1d
B,

B 1 NigoAli3Crr B4&1E 873 K MG RMARG LR
Fig.1 Temporal evolution of the microstructure of NiggAli3Cr7 alloy at 873 K aging for t=1200 step (a), t=2000

step (b), t=3000 step (c) and ¢=4000 step (d)
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Fig.2 Radial distribution of the composition order parameter (a) and long range order parameter (b) in Ni3 (Al Cr)

phase of NiggAl;j3Cr7 alloy at 873 K aging for different time steps (t)

(@)

Composition order parameter

t 10* step

1.0

08 |

0.6 |

04

Long range order parameter

0.2

0.0
0

t 10* step

3 NigoAli3Cr7 §&7E 873 K MU+ Nis(ALCr) My Al JHT7E (100) 1 (200) H HAYFSEH L
Fig.3 Temporal evolution of the composition order parameter (a) and long range order parameter (b) of Al in
(100) and (200) of Niz(Al, Cr) phase of NiggAl;13Cr7 alloy with time steps at 873 K aging



634 & @

S (¢ %45 %

At e EIH foc TP (B ba) E S8 A PR
HEEE—RIRALEEAR, AR M TLRAEYT Lo Z5MTid il (1&

0.12

—

(@)
0.10 -

0.08 -

0.04 -

Composition order parameter

0.02 -

0.00 : : : :

t 10* step
1.0

0.8 |-

0.6 |-

0.4

Long range order parameter

0.2

0.0

t, 10* step

B 4 NiggAli13Cr7 §4&1F 873 K T EH Nig(Al,CI‘)
P Cr T2 (100) 1 (200) T -89 F SR IHHY
L1
Fig.4 Temporal evolution of the composition order param-
eter (a) and long range order parameter (b) of Cr in
(100) and (200) of Nig(Al, Cr) phase of NiggAl13Crz
alloy with time step at 873 K aging

(c)
o
© =
(o)
o
@ Al/Cr
) O Ni

B 5 fec &5 Ll LR RER
Fig.5 Structure evolution scheme from fcc to Llg
(a) 3D lattice of the fcc disorder phase
(b) 3D lattice of the L1g structure order phase
(c) 3D lattice of the L1g structure order phase
(d—f) the projection of the fcc disorder , L1g and
L15 structure order phase on [010], respec-

tively

5b), RIG LM LR, K4S WIELFEAE, 54K
fahy L1y 4549 (& 5¢). & 5d—f 2530 3 42514
16 [010] 771 A —4EBOR .

3 &

(1) #E Nig(Al, Cr) M fcc 25 L1y Ztlsidl
HoatRErR, KA 2 WIRALEEAS.

(2) ZEBTR BRAIMIBE, (100) F1 (200) M LA F
BTSR[] G, (ERA RS, HLLERS AT
I R R A 58— KR 678, JE A PR Lo 45
BT A 244 R KR — @ EE, AL Cr KT
o F SRR SHAE (100) T A mRaEsg K, mqE
(200) T RS, KAES WRIFEMEAS, Ll 45
HZ T Lo Sith%4k.

(3) EEABHARES, Cr HTHWFSEHmE/ N T
Al JFF AR ALIRBE, DL RATRE Ll 45#R Nis(Al
Cr) #i G B EEH Al JFF5H, Cr KT H2EN

— AT
SE K
[1] Chen L Q, Khachaturyan A G. Phys Rev, 1991; 44B: 4681
[2] Reinhard L, Turchi P E A. Phys Rev Lett, 1994; 72: 120
[3] ShiZ L, LiuJY, GuMY, Zhang D, Wu R J. Acta Metall
Sin, 1999; 35: 430
(EBR, XIRK, BT, 5k %k RAW. &E%H, 1999; 35:
430)
[4] Shi H T, Ni J. Phys Rev, 2002; 65B: 115422
[5] Ni J, Gu B L. J Chem Phys, 2000; 113: 10272
[6] NiJ, GuB L, Ashino T, Iwata S. Phys Rev Lett, 1997; 79:
3922
[7] Pareige C, Soisson F, Martin G, Blavette D. Acta Mater,
1999; 47: 1889
[8] Saito Y, Harada H. Mater Sci Eng, 1997; A223: 1
[9] Menand A, Cadel E, Pareige C, Blavette D. Ultrami-
croscoy, 1999; 78: 63
[10] Lu Y L, Chen Z, Li Y S, Wang Y X. Acta Metall Sin,
2007; 43: 291
(TN, BR 8, 2K, KK @B %R, 2007; 43: 291)
[11] Ling B, Zhong P, Zhong B W, Gu B Z. Acta Metall Sin,
1995; 31: 209
(G W B T B, HER SRR, 1995; 31 200)
[12] Khachaturyan A G. Theory of Structural Transformations
in Solids. New York: Wiley, 1983: 129
[13] Poduri R, Chen L Q. Acta Mater, 1998; 46: 1719
[14] Chen L Q. Scr Metall Mater, 1993; 29: 683
[15] Caudron R, Barrachin M, Finel Y. Phsica, 1992; 180B:
822
[16] Li Y C, Chen Z, Lu Y L, Wang Y X. Acta Metall Sin,
2006; 42: 239
(ERME, Br &, S, TAK. SE%¥M, 2006; 42: 239
[17] Prikhodko S V, Carnes J D, Isaak D G, Ardell A J. Scr
Mater, 1998; 38: 67



