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1.

BAEIRI2TESDHEDBOBRICE T, a2 —vIABEIRD, £ORMITD
2 ODHNBREZEICEAEES, BV HEANRRLBEED 7= v 27240 B /et
X 5 7ok (V@ B modulated structures E IR D DT, LIFEARTR—EL CBRKE
BEREZ LT D) REOHBROWTIL, FREBFOH/TTHEL OFFIIHE IR T
%7 (Miyazaki et al. (1979), Khachaturyan (1983)),

hboBRESED LS5 &0 A, BEEFEORTIEBELNIGEL TS EHD
h5,

¥z, AEORCOWT, ZOHSEEBR CHELLIEN R 2T 5 &, Lo EIEE
LT, BRESDLAEAMNREIND Z LRI T3S (Khachaturyan (1983)),

ThHOMESERBICE T, BEERORTHEE L HEDREERETOILENSH S LED
noH, LrLiasnd, EREIhTECHIBOBERIMAETIZD 2 OOBERICOWTOMR
iz s A EfThbhTIkdot, BT - T, Srolovitz & 4% Monte-Calro-simulation
PR WROEHBEO—HEER L 4 (Gayda and Srolovitz (1989)), MR DRI
BEDPPREIC I -7 LT 270\, BEHEEZEE L b 0 & LT Khachaturyan (1983) H D
i, H D\, off criticality O EA 2358\ & D minor AHATEE T 2 B O O AHEIE B
7 % Miyazaki et al. (1979), # %\~ Yamanouchi and de Fontaine (1979) DOFE#H B 5.
1, BRBEE LT, JIE - BERASOBREDHHR (Kawasaki and Enomoto (1988))
2BY, 2 BEOBRFEETERDOT—EARICHEELER L, ThAh S hicE Wit
2 ODEDORICE < B Eshelby HAEIEAY, BERRICE 2 5EEBZHLE T\ 5,

DX IR - TN REYER L IcHSEEREO BRI 1 b fTibh b
IOChoTERD, $ETDLIA, FREITCROBNLHE=F L F-DREIILL -
% ® morphology #HBAT 52 &, b L, 2HOKBORINIAESERSLR, Evfizh
¥, off criticality DEADIEH IRV ROBEEERCEOI T3, £ 2 TRIFHHEEDE
B EEIC AN, 2D critical quench 13T\ REIL T DFE 5 8 D @R 1T 5 B R s BRI ER 2 0%
Hrinh, '

&0 1 ANEEE, Ginzburg-Landau O FEic X » T, EFHBESHELZERE L HS
= FA%E L7 (Onuki (1989a, 1989b,1990)). ¥ bz, FH 4 iEL iz-2WT cell dynamics
Iz X % simulation #EfT L, EEE OXEREW D0 RE B (Nishimori and Onuki
(1990)). LUFoET, =7 40P & simulation DFERERT.

* AT, HEBEWRED ZRME Q-HE5D Kk ARRCESLDTHS.
* 19914F 4 A XL b WK BEER.
** 19914F 4 A X b FHEKE BEE.
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2. Model

Fx OB Y /5 FEE, cubic REFMEE b -7, coherent 7r 2 A S OHESTHERBETH 5.
BT 2 — & — c(r) RHESEERD 2 SOREMTOMBILE +1 & LTHEBLL %, Z204%
RTOMERILC L > CTRES, Fi, ulr) TW{A%%?@EL 738 & RS D coupling & &
T5 &, RDH DO free energy 1%

(@AD) F=fdr[f(c)+%(Vc)2+ac(v-u)+fet]

ties, ZzT, flc)ik cimoT D Ginzburg-Landau free energy ©, a (it c EFH ulc
BId B2HAER, fallc &D coupling PEBR L CBEOEEE = RIAF —THH, HIEH
DRI —RE O TF % reference I8 F L LT, T2 b TFRIER LS DTH S, B
b, :

(2.2) fél:% (Cu'—‘ CIZ) Zz: (5%%1‘)24“ % CIZ(V . u)2+ % Cu l% th;

T ITC, wi VR Oudox;+0ui/ox: THDY, Cu IHEERTH S, i, F D morphology X
THENEL DN OEELYE 2 DB, TOBEL, 2HETHEINELHES, Alb, BtE
B ICRTE T 2B 8 ORTL 5, £ DEREML, linear H#HATE 2 5L LT

(2.3) Cij:C?j‘l‘CC}j

tFELEINS, L, COLBIVCLIEHLETS.
HA«DWIBRETRLLL I, BHELTHRE (¢) EBFOER (u) D 2% FLT
WA, S (¢) kounwTid, ko X 57 Cahn-Hilliard & o R,

2.4 | aatc AVUSFISC)=AV 2] F — V2c+ pel]

RS ERBNE Zbh b, & 8T AXMERE, f/=0dfdc, e e ZRTEDLEND LD
72/t potential DML RICBITHMATH 5.

. 2
2.5  pa=aV-utt (c;l—cmzr(—‘9 u) +Leonveour+r ton s w
2 i axi 2 4 i%j

ERZ, clizoWTE U TR, LA LTS, et BRE(LT 5858 (¢) kx LT
BALE (u) BIFEREE O &

(2.6) SF/Sui=— 2 8‘3]
e T X S ToEL BT A% T, BRALEERYS 2 TEDN, EXXEZBCCuitc
DN E s b, ROBRFEER, c BT LHERTELERLZ LD, COEK
DEIR D B e FR XL, kO L 5 REHELRYRL CThbh s,

Y, cREDOFHECDELYIRELCc=C+ciexp (k- r) LB, TRFEHBHL
Th AR Qu:/ox;=Autiksuriexp (Ghr) &35, 2 2T Ayu=<K0u:/0x;> (%, HEH B DG
NEZE->TOERZ SNCHEREDOFHETHS., “hrX Q.60 TRATSE, TS uwn
Do OEEELTChHIND, ZHREIY, w o TRLIN, R Q.4 DBEBALI WL

0:;=0
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2.7 8—301:—/Uez[f”+k2+rez(l$)]cl

BEAIND, ZIT, ff=0%f0c (12, re i, BEMERREICEET S effective iR EZEL
TH 5 (BEMIE Onuki(1989a, 1990) # £H8)., * 1, B=k/k T hit vector D FAI%EFEHT,
MWC, Tet % cubic fiijﬂ’_ﬂﬁo)gﬁ§%§ﬂ’)?/‘ TA=K = éaz(CM_ C12_2044)/C44 (73[’@0:.1
ZHEIDEVERLLTED E—0 TEFEMEMAR L), I U shear modulus Cse I2D4>
<, 1RECEHTS L,

(2.8 Z'ez(ie)zconst.-i-%fa = BE+g X Sukdk A+
& ) EAIERDE S e B, AT 1R, @5 E D, HH vector D HEIC L &7\
SCEFRBED> 7 F D, Z0ER, Cahn OSFOHR X TERE I (Cahn (1961)), £
2IHIX, D cubic mEBFHICHEFETLLD, FLEIHINREHOEE L LIAELDTHSD,
72l Sy XROBED TH B,

2.9 Sij:Aij+Aji_%8ijZAjj
ZIT, dEERTEEFEDLT.

EA%E, FEMoRRCREL €, ROoRFEREEHEX

2.10 aitclevz[ro—vz—kcz]c+ %/Ira g ViVio+Ag 2 SiiV:Vic
2HBL 2T, V. =0/0x: THB, Fi, w oW Tikc &

(2.1D Viw=c—<c>

DEARDE D B, {c> 1k c DEMEHETH 5. 1o 1k effective IMBETH B, kI, £D 1 D
BEHOZERLLHLM X 51, X (Q2.10) DE2HEELFIBEOROBEFTUNF5/NEL, D
HHEEHOMBEKEE CHOBEIDE) /I wEE, Bib

(2.12) ‘§a| = 1C11_C12“ZC44|/C44<<1 and |Ci47’|<<|a/l
DEZRXDLZEDIDHDTH A, ik, y MEENEREOKRXTZITH S,

3. Simulations

Hxx, ECTEHLULCHHERBBIER Y, celldynamics (Oono and Puri (1988)) # A%
T ERL o THERNCHE e, T A —2—L LT, U, 2ToEE A=1, r.=0675 & L,
mesh DZILIEIZ 1 & LT, 128X128 DA X XOEFKF & H o, WAL L LTy, EHE
2X¢—1DFbHIL +0.3 DFO—FIAKLEEL, JHBEEORBICXIE X,

ERABRX (2.10) OELE 2HOHEFRD X 5 12fTle -1z,

Y, EENCER L HBAL, o/’ =D(Vie— V.V, c) CEALTEEI R c Db & T
+ o7 step B FHEAETIRLOD, FO LT

3.D EEV2VVyc=ViVy @
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B Yo T 5 EE 2T, 2RTRDEE, 1uViViw=1.ViV5Vic THHDT, Thék
REMEGRT, VVou=ViVioxEik, LKL V2RV OMEETFETS, 20 (B2R
BRET B IHD) —ED substep %, cell dynamics ® (¢ HHEET 5 7HD) 1 main step
LT o e, BEEHE, [10] & [01] AR E S s WEiE b DRFIEEARICOWT, D
HE2 SO E T RVEE, 2) [10] FAK 1 8GN % 20784, 3 [10] & X 00 [01]
FECEE 7o A b shear stress R BED 3 DDBFEDTEFTLI,

D K1, 21 b, SOOI OHEMARVIREE, BbeTo i, j OfGRIERL
T Sy;=0 DHEDOHELSEEECTH S, Hic, K1 M)() 13, critical quench (¢=1/2,<c>
=BT HRBERERBOBETEELL TV, K1) 1%, ¢ PEELRLZBEHEETEI O5L
dhDThHDH, ZONTIE, FETERLRLL S nBREE (modulated structure) 23R b
5. BREEIIROWH/WHIC X - T [10] Arb L X [01] ARSFATIRIERYD, 7v v 2%

(01]

[10]

(b)

) T T T T
{013 3
TIE |
t =1200 3 1
- ] ]
—— [ ]
ol »n | i

t =1700
(a) (c)

1. (a) Evolution patterns in cubic alloys at ¢ =1/2 without external stresses. The numbers
below the figures are the times after the quench. (b) The structure factor S(kx, £») at ¢
=1400 defined on the %x—k» plane. The origin is located at the center of the plane. (¢)
Isointensity curves of S(kx, ky).
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Kl 2. Evolution patterns in cubic alloys at ¢ =0.3 without external stresses.

———

t=1500
(a)

(10]

[01]

[01] T L e T T

3. (a) Lamellar patterns under uniaxial stress. The system is compressed or stretched along
[10]. (), (¢) S(kx, k») and its isointensity curves at ¢=2000.
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RLTW3, ¥, 121 2o0BORLELTE, 2R ¥BLTRIE—ETHY, ThiZRy
BESTAEITHHEELD., C0Z &, R1M(E@ TRUCEREMTORAN7 + L
EAfnLLRTERS. Bic, K1) TOA~s P AMREDHEEFHEIE, RO cubic
BREFHESARKIEN TS, HFEORITFELE LEDCHRL V2 X5 THEL, ZhiLD
WTIRRI R NS X S M e BT 277 - 7. K 21X, off critical quench T ¢=0.3¢e>=
—0.4) OBEOREERBOBFELEHLL T3, minor HTH % B VHEEKIZ, BHOERLF
RUBRE EBEELTWL,

2) K 3@ Mb)(C) i, [10] FHiic 1 #5112 I LicE4a, BlH Sepx=0.15 D& O critical
quench (¢=1/2) HORHBROKT TH S, K 3@ »bHIGHOEIIMEK LCFTRITRE
(0] FED o ABRESENER EhA2ORRE LIS, K30 () BFEAT » 7 £=2000 12
BT HEREBMTORASs PABRESTTH S,

3 K4@ M &, [10] 38 X 0* [01] FFANCEEE 7 E 4> © shear stress & N L7854, B
% gSxy=—0.225 DRI BT 5 critical quench ($=1/2) HDOROKHMEBOKET TH 5.

t =500

o1 ]

_— [10]

X 4. (a) Patterns under shear stress. The system is softest in the two directions making angles
of 21° and 69" with respect to the horizontal axis. (b), (¢) S(kx, k») and its isointensity
curves at £ =1000.
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ZOBE, W EhAEREEO AL, K (2.8)
DELE2HEEEIHEOBOBTEILL » TREE
N5, Thrbihbnb ki, BRESCE
EimE s 10l FHmEoMOAEY 0 LT L
(R5&1), BREIND 0 XKkOBER

3.2 sin (20)=—2gSx/7a

WX oTHRED, &, —28Sx/7a=0.67 T =21
F 7t (90—21) A3 D 32D, 7835, | 28Sxy/Ta | >
1D Y IE>BER, K Q2.8 OFEIHOFED
Eo2HOFEERE L 1] 24k 1 —1] FAEo
O vector b oBREE L5 (K6(a)
M) BR). D&%, 61%28Sw/ta DHFEIT
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[10]

[01]

X 6. (a) Lamellar patterns induced by shear stress.

————

(c)
Here 7.=0.3375 and gSxy= —10.225, so that

(10]

the softest directionis [11]. (b), (¢) S(kx, ky) and its isointensity curves at {=1000. The

two peaks are in the [11] direction.
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X 7. Coarsening of Ri1(¢) for the cubic case without external
stress( 0 ), the uniaxial case (0), the shear case (®), and
the isotropic case (A). The three anisotropic cases
correspond to Figs. 1, 3, and 4.

DEERELC, ThER—FBRE4 LI —45" L7,

BRI, B X 5, ROBEIRE L Ru(t) ORBERICO\W TR, £RFEA 7 »
7T, K1), M3, M4(a) w2\ [11] HH scan L, domain EFRICHE 5 B %
ai(t) & LTS EBAETRY, Ru(t)=a(an()? & Lic (o 3#4 7080, BRI,
R7TOBYTH5B, EFEEDEXZRLALRTE, LEOK 1(a), K 3(a), M 4(a) TFEb
EhicwThoBad, RANERSRIZRIhVBEORENRE I OE(L, o« (RF
DATRbLIND HORKHEE LRRLZHFHMFBRETT. WThOBED, P Ichk~aiD
EBWHHZELE - TED, HRARINTCELREROESERRE L1, HLLER -
LbDEE XD, '

4. FELHLRE

Txix, BAEEO LI APRELL, BAWEEGOHESBLARO 7 LI LT, FEK
ER7BA LRSI, ZORR, €BOHESELER TLIELIXERE I 1 % BIREE (modulated
structure) @ molphology 23, ZDEFATH K LLPIBETCTHEINSLZ E2ibho
Tz, 2T [HAHRBRE] Moy, BAxOWHENF LB OWIENY T, Zhll#
BRINDIREFEFLEOERLED 1L TH S, flz X, BEHRI Ibolcd EiL, F
DEBH IR I DB DCTH LW P UNORERERIFEET 500, Thid, free
energy B8 L T local minimum 7R R > TROBEERVBEE >TLES>O0ED
BERNCE 2 2 HTiE, o LEORHBEEZFAND LR, £ DT 4 =2 —FHATOE
Brdoi iy, ALRABERHEXERT S, ¥/, SEF T AVT, BFD 1o D
BHOBER S, RAERPE I OMRKFE L SBET2BROBELRC 1 s EEY
RIETHIEERE, BIeBEORBOWRICO W TRBRELETFTH Y, 3 TR network
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pattern DB pattern DREREIRBEOEIE R ERR S, SBRMICLALERSEETE S,
R E O DB O\ T, FFROBEFIIE VD, WERBERICIEIO B SEHHRE K-
TWhb o eaE2DE, BEIHSEICHSALRERIZOWTL, LIES < ORIEE 4
HEROH B EZRELEFT ST 5 TH 5.
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Numerical Analysis of the Elastic Effects on Spinodal
Decomposition of Alloys

Hiraku Nishimori
Akira Onuki

(Research Institute for Fundamental Physics, Kyoto University)

Numerical analyses of spinodal decomposition of alloy are performed. We use a
model which takes into account the effects of elastic anisotoropy and external stresses.
Morphologies of modulated structures are studied and some quantitative correspondences
to experimental results are obtained.

Key words : Elastic effects, spinodal decomposition.



