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Fig. 1.1 Rearrangement of martensite variants under the magnetic field H.
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Fig. 1.2 Particle coarsening of Ni,Mo precipitates with isothermal ageing at 973K.
[Miyazaki and Doi 89]

0 1000 © 4000 25000

Fig. 1.3 Evolution patterns in the presence of elastic misfit in a cubic solids.
[Nishimori and Onuki 91]
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Fig. 1.4 Dark field micrograph from an FePd alloy aged for 3h at 723K. ‘a’ and ‘b’
show the different kinds of variants. [Zhang et al. 91]
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l: L 1: F!-ﬂﬂ

Fig. 1.5 Nucleation and growth of tetragonal domains as a function of time. [ Y amazaki 98]
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Fig. 1.6 Lennard-Jones type potential for Fig. 1.7 LRO parameters and the free
Cu-Au dloy. energies by the BWM and CVM.
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Fig. 180 0 000000,000000000000000D000000, Ih<T<T,000.0

oo, I'<l,0ooooOoOoO, Dooo0o0oO0OO0OO0OO0OO0OO0OOO0OOO0OO, D000O0OO0OOOOOOODOO
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00000, Tanakad 000, 2000 0000000 (00DO0O0O0)00000XO0O0O0O0OO000OODOOO

00000O000000,000000b00000O0O0O0OdOg [Tanakaetal. 98].

A T, : Transition temperature

Fig. 1.8 Landau type thermodynamic
h potential for the first-order transition. T, is
the transition temperature and T, is the
instability temperature of the disordered
phase.

T,<T<T,
Nucleation Process

T, : Instability temperature
Continuous Process

Fig. 1.9 Schematic figureindicating two
types of order-disorder transformation
process. (a) Nucleation and growth process
at atempreture within T, < T < T,and (b)
continuous process in spinodal ordering for
T < T,. The "black or dark" circles and
"white or bright" circles indicate the
different variants.
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FeRdOOO200000000000,1000000101000L1,00000,0010000
0103000, 0o0000000. 0000000FRg. 1.10@0 0 0. Fe50at%Pd] OO 0O OO Fig.
Lo Oooooo0oooioooL,ooo00oo, rFrOODOOPOOOCODOOOOOO0OO
ooooooobO.0b,FeA0C000OOCODOOOO,D00O00DO0OOOCcCOODOOD.ODOODO (OO
O)OfecOOOODO.fecddO0DOOO0OO0D0O0OO,FRPAOOOOS0% 000000, 000000012
O000rROOODODOOPMOOOOOOD.O0D0O0,0000000FRPMOOOCOOOOOOOODO

000 (@O)0 TableIODO O .

@ _
Disordered (g Fe, Pd)
(b)
T.:650°C
% ;
8
5 - A00°
— |Tp:490°C .
Magnetic
transformation ] . ]
Fig. 1.10 (a) Schematic phase diagram of
FePd alloy near the composition of 50 at%
Pd, and (b) L1, ordered structure.
50 75
Atomic parcent Palladium
Table 1-1 Lattice parameters of equiatomic FePd aloy.
Phase L attice constants / A cla Ref.
Disordered 3.805 —
Takezawaand
a=3.852
Ordered 0.962 Y okoyama 74
c=3.706
Disordered 3.835 —
a=3.881 Oshimaet a. 94
Ordered 0.966
c=3.748

14



1-5(2) 0D000o00o0obOooboooooDo

FePdOOOOOO,00000fcc000O00OLL,0000000,0000000000.000O
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al. 94, Sugiyama et a. 86, Muto et al. 90a, Muto et al. 90b] O OO .0 00000000 FePdOO OO OO
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00.00000000000000,Fg 1100000000000 00 (Tweed Pattern) 00 00O
ooooooooo,ogoooogobooogoooo.oooodoon, Lpgoboogoood
ooo0ooo, L,000000000 (00<101>00)000000000O0COOOOGC0OOOO
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0000000000000 00. DoooooooboOo{1o0000o0O00o00ooD0oo0oooon
gooobob.ooobbboooobobobooooobbobooo, bbb bbooLooo
gooo, bogooobobooooobobbooooob bbb bo, oo
gooooooo,b0booggooooboo. oo, oo bbooooobbbooooo
ggooboboboooooooooa.

000,00000000000000000d, Cheongd Laughlind,FePdO00O00O0OOOOO
g0, oooobobobooboooooboob, boboo3angoboobooooooooboooo
0000000000000 [Cheong and Laughlin 93]. OO OO OO, 00000003000000
gooooooboooooboboboooooboobb, oooub, bbb boboooobbDban
goooooooooo.ogoo, oo boooo, bbb bbb LoULbL,o0on
ggooboobobooooobobobooooobbboooooooboobooo.

GushchinD OFePdD OO 00O O00O0OO0DOOODOODODO,00000000D00000D00DO0O
000D0DDD [Guschinand Bersenevaet a. 87]. Fig. 1.11 ()0 0000,0 000000000000
0, Time-Temperature-Transformation (TTT) OO, 000. 0000000, 0000000000000
00000000000, 00000000000773-793K (500-520°C) D0 O OOO0OOO. 00O

ooTTT0d0oo0ocOobooo0ooboog, 000000 O0ODOOOOODOOOODOO
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gooooo.0cobobo0o0obooboob00bOoboobDOobDOo,boboboOg,s145) 000000

g, Jb0ooboobobobobooboob.bobooobo,TTTboocobobooooon.

@ (b)
Tweed Pattern
Transformation
[001] ¢
fce
C

[010],
[100],, L1

Fig. 1.11 (a) Three types of variants of tetragonal crystal in transforamation from a cubic phaseto a
tetragonal phase, and (b) the typical morpholgy "Tweed Pattern” observed in the order-disorder
transformation of Fe-55at%Pd alloy by the transmission electron microscopy (Ohshimaet al. 94).

Ean ‘ SN_ney A% A0

\ ]

s . \‘h\\*_
1 L1 1 i1 1 | ]
&M GETps o dagsnag & ion

'z:'i_n':r

(c) Volume fraction of the ordered phase as a function of temperature and annealing time.
[Guschin and Bersenevaet al. 87]

1-5@) FePdD O DO ODODOOODLI,O0O0D0O00D00O0DOOO

FePdO O OO OOOCoP, FePt, MNAl (DO O 0)000LLO0000, 001000000000
gooobooo,0obooboobcbobbooboob.booboobobobooboob, APBOO
00000O0bO000O0bD0bO0o0DO0bOo0o0O0bO0obO0O0bO0ODO [Klemmeretal. 95. 00,00
FeRtOCoPtOODOUOPOUODD, 000000000KerDOD 00000000, 0000000

0000000000 0D0O0 [watanabe and Homma 98].
16



goooboobobboobooboob,boboobooboobobboobooobooo
pooooooooo.oooooooooooOoOoO0OOOOOO00, Lnoooooooo, coo
0000000000000 00000U00U0U0U00UL.UU0D0UUUUOOE O,

E,.=K;sin®0 + K,sin*0 + - .- = K sin’0, (1.2.8)

o000,k 0K,00000000000. 000, 000000000000 UOLUODOOOOO.O
0,K,0K,0000000,FePd00DODO10000 0100000 [Zhangand Soffa92]. L1,0 000 0O
000 FePd, FePt, CoPt, MPAID OO (000D O00O0)000000O0OK,,0000M,,00000A4H,

[Klemmeretd. 95,0 00 00000000000000T(0)000T7T,(d)0OTablel-1100 0 [Shimizu
andHashimoto71]. 00, 0000000000 0ODO0O0OOCODOOOOODOODO. Feb0a%Pdd 00O O

O00000Fg. 1220 0 0O [Yermakov and Maykov 90].

Table 1-11 Magnetic properties of the several L1, ordered alloys.

K, M H, Te Tn
10’erg/cc emu/cc kOe K K
FePd 18 1100 33 760 673
FePt 6.6 1140 116 750 523
CoPt 4.9 800 123 840 unknown
MnAl 17 560 69 650 unknown

20
15 =
10 =
0.5
0.0 Fig. 1.12  Dependence of saturation
magnetization Is and magnetic anisotropy
constant Ki on temperature T of Fe-
50at%Pd, which is redrawn from the

previous reported data. (A. Ye Y ermakov
and V. V. Maykov 90).

m

Kyt
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Asahigh density memory material A A
Magnetic field

s | 4 4 4] ¥ ¥ ¥

After writing ; ; f ; ; ;

Fig. 1.13 Controlled L1, lattices with the c-axis in the same direction. The material with such
astructure has a high potential as a high density memory material.
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Elastic characteristics of FePd alloy (Chapter 2)

Tweed Pattern viewed from the elasticity theory
Prediction about external stress effects.

Monte Carlo simulation (Chapter 6)

Free energy calculation by the thermodynamic integration
with Monte Carlo simulation

Estimation of spinodal ordering temperature

Transition temperature under external stressfield

Effects of external stress (Chapter 3, 4)

Effects of magnetic field (Chapter 5)

Elucidation of external field effects external field (Chapter 7)

Change of internal structure
Changes of phase equilibrium or kinetics

Condition for remarkable effects Prediction about

(Transformation stage for remarkable effects)

Calculation of the nucleation rate with an

Based on the classical nucleation theory

Formation mechanism of the single-domain structure

under external field (Chapter 8)

[Comparai ng the experimental result

with simulation results

Sj Verifying the formation mechanism

Kineticsand simulation on formation of internal structure

Time-Dependent Ginzburg-Landau approach

—

Knowledge of the formation mechanism of microstructuresunder external fields

Fig. 1.14 Flow chart of this study.
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Fig. 2.3 Temperature dependence of elastic constants of a disordered phase of equiatomic FePd alloy.
(a) the three independent elastic constatns, ¢,;, ¢,, and ¢,,, and (b) the anisotropy factor Aandc.
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Fig. 2.5(a) The minimum strain energy as a function of the aspect ratio and the direction, and
(b) the elastically stable L 1, particle predicted by the strain energy calculations.
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Fig. 2.6 Diffraction pattern observed by transmission electropn microscopy. The
specimen was annealed at 673K for 2h. The streakings of the superlattice diffractions, 001
and 100, are observed in the direction of nearly <101>, but exactly, not <101> direction.

¢ [/ Degree

Aspect Ratio, ag/ a;

Fig. 2.7 Orientation of the particle, realizing the minimum strain
energy, as afunciton of the aspect ratio.
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Fig. 3.3 The plate-shape specimen cut out of the bulk specimen annealed under the compressive stress.
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Fig. 3.4 Schematic figure of 4-circle Xray diffractometer.
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Fig. 3.5 Schematic figure indicating the coordination of the crystallographic axis, [100],
[010] and [001], and the axis of the 4-circle Xray diffractometer, X, Y and Z for expalaining
the calculation method of the setting parameter.
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Fig. 3.6 Thethree kinds of variants of the ordered phase and fcc disordered matrix. This indicates
the relation between the three c-axes of the ordered phase and the axis of the fcc disordered matrix.
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Fig. 3.7 Illustration indicating the setting way of the plate specimens in the 4-circle Xray
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Table 3-1 Mass attenuation factors of Fe and Pd atoms against AgKa and MoK a.
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Table 3-11 Attenuation factors of FePd alloy against AgKa and MoKa.
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Fig. 3.8 Xray transmitting throughout the plate-shape specimen of thicknesst.
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Fig. 3.9 Analysisfor obatining the thermal correction factor T for FePd alloy.
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Table 3-111 The values of coefficient B of the superlattice and fundamental reflections in FePd.

AgKa MoKa

B (A2 B (A9 B (A2 B (A9
1.6587 0.5061 0.7337 0.3384

Table 3-1V Theratio of thermal correction factors.

T(8yp2) | T(Bo01) T(0302) | T(8y51)
AgKa 0.9876 0.9754
MoKa 0.9792 0.9587
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Table 3-V Anomalous dispersion factors of Fe and Pd atoms.

Fe Pd
Wave length (A) : - : -
Df Df D f Df
MoKa (0.709260) 0.3463 0.8444 - 0.9988 1.0072
AgKa (0.559360) 0.2886 0.5448 - 1.9556 0.6546
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Table 3-VI Results obtained for annealing at 723K with or without a compressive stress, which
were estimated using the columnar-shape samples.

Volume-ratio of the variants/ %

Condition Amount of the ordered phase / %
clIx clly cllz
sample 1 41 55 4 29
OMPa
sample 1' 39 54 7 32
sample 1 26 24 50 20
40MPa
sample 2 29 31 40 17
sample 1 35 30 35 4
80MPa
sample 2 30 29 41 46
OMPa (sample 1) M - B oy O
(sample 1)
40M Pa (sample 1)
723K, Columnar -Shape specimen
(sample 2)
80MPa (sample 1)
(sample 2)
0 20 40 60 80 100

Amount of the ordered phase / %

Fig. 3.10 Stress dependence of the degree of orientation of the three types of the variatns
(Columnar-shpae samples).
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Fig. 3.11 Schematic figure indicating the region (hatched) from which the transmission Xray-

diffraction can be detected.

Table 3-VII Results obtained for annealing at 723K with or without a compressive stress, which

were estimated using the plate-shape samples.

Volume-ratio of the variants/ %

Ageing condition

Amount of the ordered phase / %

clix clly cllz
sample 1 30 6 64 29
sample 1' 75 2 23 34
OMPa
sample 2 5 34 61 25
sample 2 11 57 32 24
40MPa 29 41 30 9
80MPa 24 52 24 3
OMPa (sample 1) B B oy O
(sample 1Y)
(sample 2) 723K, Plate-Shape specimen
(sample 2")
40MPa
80MPa
0 20 40 60 80 100

Amount of the ordered phase / %

Fig. 3.12 Stress dependence of the degree of orientation of the three types of the variatns for

annealing at 723K. (Plate-shape samples).
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Table 3-VIII Results obtained for annealing at 873K with or without a compressive stress, (a) the
columnar-shape samples and (b) the plate-shape samples.

(a) The columnar-shape samples

Volume-ratio of the variants/ %

Condition Amount of the ordered phase/ %
clix clly clliz
sample 1 22 35 44 8
OMPa
sample 1' 23 38 39 8
sample 1 26 36 38 23
40MPa sample 1" 29 31 40 22
sample 2 10 12 78 14
80MPa 1 1 98 36
(b) The plate-shape samples
Volume-ratio of the variants/ %
Ageing condition Amount of the ordered phase / %
clIx clly clliz
OMPa 19 57 24 2
40MPa 20 17 62 14
sample 1 0 0 100 57
80MPa
sample 1' 0 0 100 47
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Fig. 3.13 Stress dependence of the degree of orientation of the three types of the variatns for
annealing at 873K. (a) the columnar-shape samples and (b) the plate-shape samples.
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Fig. 3.15 Volume fractions of the three types of variants by the successive isothermal annealings
at 873K with or without the compressive stress. (a) After 0.5h and (b) after further 0.5h.
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Fig. 3.16 Xray pesk profile of {200} diffractionsin the ordered phase consisting of the three types
of variants. (a) Before and (b) after the annealing under 80M Pa.
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Fig. 3.17 Stress dependence of the volume fractions of the variants obtained for the slow-cooling
across the transition temperature.
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Fig. 3.18 Xray peak profiles of {200} diffractions for (&) the quenched disordered

phase, (b) the specimen slow-cooled across the transition temperature without the stress
and (c) with the stress of 40M Pa.
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Fig. 3.19 The Xray profile obtained for the isothermal annealing for 1h at 673K. This was
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ofvariants oriented favorably (c // z) and unfavorably (c” 2).
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Table 4-1 Transition temperature measured with or without stress of 40M Pa.

OMPa 40MPa (1st) 40MPa (2nd)

945K 939K

Transition temperature 941K
Average: 942 + 3K
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Fig. 4.8 Profile of the electrical resistance obtained for the measurement under the
compressive stress of 40MPa. (b) shows the magnified profile near the transition temperature.
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Fig. 4.10 Magnified profile of the electrical resistance near the transition temperature.
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Table4-11 Time for completing ordering at each temperature.

Temperature 828K 843K 853K 863K
Timefor . . . more than
completing ordering 8-10min 10-12min 50-60min 100min
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Fig. 4.11 Time variation of the electrical resistance for ordering at each temperature,
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Table 5-1 Magnetic properties of equiatomic FePd alloy.
Phase Temperature Ms/T Ky /MIm-3 Tm/K
Disordered R.T. 1.32101 e 673-693I1]
R.T. 1.381[11 1.8-2.0[11, 1]
Ordered 753-763[11]
673K 0.628-0.641[111] 0.4-0.5[11]

[l S Shimizuand E. Hashimoto, J. Jpn. Inst. Metals 35, 902 (1971).
[l T.Klemmer et al, ScriptaMetall. Mat. 33, 1793 (1995).
[ A.YeYermakov and V.V.Maykov, Phys. Met. Metall. 69, 198 (1990).
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Fig. 5.1(a) Heat treatment diagrams under external magnetic fields. The bold lines indicate the

duration when the external magnetic field was applied along the [001] direction. (b) Schematic
figure of the furnace equipped with the supreconducting magnet.
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Fig. 5.2 Dependence of the volume fraction of the three variants on external magnetic field.
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(b) 10T, 2h ageing

(a) OT, 2h ageing

(c) Dark field image using 001 superlattice reflection.

Fig. 5.3 Bright field images of the specimens after ageing (a) without and (b) with the magenetic
field of 10T for 2h. (c) Dark field image of the specimen after ageing for 1h under 6T, using 001

superlattice reflection.
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Fig. 5.7 Magnetization and magnetic anisotropy constant versus temperature cureves
obtained by the experiment (Yermakov 90) and the theoretical calculation (by the
Curie-Weiss molecular field approximation.
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Fig. 5.8 Magnetization and anisotropy constant versus temperature cureves for H =0, 4
and 10 [T] calculated by the Curie-Weiss molecular field approximation.
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793K, 773K, 673 K0 000 000OHOOOOOOOO0O0OMOO0O0O00O0O00O0O0O0O0KOOO
O0OTable51l 000. 00, 000000000000000000O00K(O)=22MIm°000,

0000000k, 00000000.

Table 5-11 Magnetization and anisotropy constant

At 793K Ordered phase Disordered phase
H/T Mg/ KAm-1 K1/MIm-3 Mg/ kKAm—1
0 0 0 0
2 78.9 0.000691 191
4 144 0.00420 35.3
6 196 0.0106 52,5
8 238 0.0190 69.5
10 273 0.0286 86.3
At 773K Ordered phase Disordered phase
H/T Mg/ KAm-1 K1/MIm-3 Mg/ kKAm—1
0 0 0 0
2 180 0.0082 21.8
4 249 0.0219 433
6 297 0.0369 64.4
8 333 0.0520 85.1
10 363 0.0675 105
At 673K Ordered phase Disordered phase
H/T Mg/ KAm-1 K1/MIm-3 Mg/ kKAm—1
0 657 0.398 0
2 667 0.418 224
4 677 0.438 281
6 687 0.456 320
8 696 0.475 351
10 703 0.490 377
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Fig. 5.9 The Gibbs free energy change as a function of magnetic field.
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as afunction of temperature.
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Fig. 6.3 The configurational free-energies as a function of temperature. The solid curve
indicates the free-energy by the thermodynamic integration combined with MC
simulation, and the broken curve indicates that by the CVM.
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Fig. 6.6 The average internal energy of the whole system and of the local systems
(below graph) per atom, and the deviation of the internal energy per atom at the
reduced temperatures (a) 0.833 and (b) 0.709.
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Table 7-1 Themodynamic and mechanical quantities for 723K and 873K.
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Fig. 7.2 Ratios of nucleation rates of the favorable variant to the unfavorable
variant under compressive stresses.
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Fig. 7.3 Ratios of nucleation rates of the favorable variant to the unfavorable
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parameter and the definition of the gradient of the order parameter.
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Fig. 8.2 Definition of the order parameter associated with the transformation from fcc
into tetragonal L1, lattice.
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Fig. 8.2 (a) The free energy calculated by the thermodynamic integration with Monte Calro simulation
and the fitted Landau's thermodynamic potential. (b) The fitted Landau's thermodynamic potential as a
function of the eigenstrain.

o0o00obO0obO0o0obO0oboU0ooOobOoboooboobooboobobooon, Coonnetti OO

ooooboobooo(h20bo0).obooO0,booo00obUobooUooOobO,oboboooooo

oooEsuoooooooooooo. 00, bbb ooo0obobDoooobOo, oo

gooobooobooboobooboobooboo,0bobooboobooboboooboo.

§2300000000,000000000r,000000e,(00000000,00000

00000O0bO0o0Db00oDO,000b00b00DO00b000O00DbO0O0DbD0n (Fe.24000). 0000

0000000000000, 00 (00D) vmO0000gm=v®m-ex000,00 (OO0O)

Y« r)OOOODOOOOOODODO [Kinoshitaand Mura71, Khachaturyan 83]:

Vil#) = zﬁ"

1C,8 (G 8+ Gk,-lé,-)é;n@} expiaTE ). (8.22)
ooo,e 40000, 0000000
£,(8) = #X e (r)exp(—i3TEr) (d0D0DD), (8.23)

oo0,6,00000000000000000O00O00OO0OOOOOOOOOOD:

Gy=Cie Sy - (8.24)

oo, ¢,00000,¢&,,§,000000080000000000000.0000000000,

131



g@22000@230,000booNo0booooboobogonoobooo.

DDDDDDDDDDD,DD'YPqDDDeigenDS;nDDDD,

F,= f dr[%Cpqmnqu(r)emn(r)}: f dr

%C € V(1) = C i€ L (00 (1) + écpqmqu(r)vm(r)} ., (8.25)

0o0o0000.00vV.mM=9d,4, (v, 00000000000000)00000, GaussJOODOOO

0000025000000 [Eshelby57, 000000000@O00):
F,= f drl%cpqm(e;qm —qu<r>)e;n(r>} . (8.26)

000,000e,m0¢00000000,0000000¢000000000DDOO.

8-33)UibuubnuoobobooboTbeLO g

gooOoooooTbeLO0O0O0,000D0O00D00DO0O0OO,DOD00D00DOO0OO0O0DOOD (O

0)yooooooooooo,

oh(r, 1
q)g; ) =-L a%(fm(‘b) + .}il(q))) —KV@) |[+0, 1), (8.27)

Jo00O00.00,00000000000 ApoOO@oo0000,0000000000 4@ 0O,
JA®= AC i 1OV, O (8.28)

0000000.0@82%)0erm 000000 (0O O00000001000).0f4/0¢00000000,

0@2)0T,, 000000000,

0o _ O 90 _ £19€m _ worn
30 = 3e. 96 = = ConlVu—€3) B = RO, (8.29)

ooo0.0o00,0@2nooooo0oooogooon:

Ad(r, 1) _

5 =—Lad- b+ cp® -, 0 TO? _g g, TED KV ()| +0(r, 1) . (8.30)

pq— pq

000,¢¢.n>00000TY,¢¢,Hn<00000T0000.

132



84 TDGLU O ODUOODOUOOoOOoouooooon
00000300, EueD 0000, 00, 0/ ot={¢r t+AN—¢@r 0}/ AM0D00000000.

000, t+A) 0,

O, t+ AD = 0@, 1) + At —Lgﬁﬁﬁ-Q—KV%@J)+wnn
AL . (8.31)
=00, 0= AL () + 4 [22 w0, D -0, 0|+ [ drea. ),

O00000.000A&D00000000000000000,<N=0,Fig. 8400000000, 0
drgs8obgogooobooboobobo,w dobobboboobooboboboobo. <o01>
Jooooow,=10000<011>0000000 w,=05000.00000,0@3n0030000
gooooo,

¢@+L©+¢@—1J)+M%Z+D+¢@J—14

2
3
KAfL

KALV9(r, 9= "5 +§[¢(y+1,z+1>+¢<y—1,z+1>+¢<y+1,z—1>+q>(y—1,z—1)] . (832)

-4y, 2)

oboo.0o0oo0obooo@e3uoobooooobooboobobobooboDobooooDboboog:

MLK

1 2 1
3 3 3

(y-Lz+| (hz+1) | (y+1z+1)

2112 | wa | o+1a| 3
~—
Dx

(y=-1,z-2)| (vz-1) |[((y+1,z-1)

1 2 1
3 3 3

Fig. 8.4 Theweights of the summation in the calculation of the gradient term.

133



O000D000O00D0O0Db0O0O0O0ODOOTahles (UOODOOODO)OOO Table 811 (FePdO O
ooooooboO)ooo.booboO0oboDoboobOoooboo.
(ooobOooooooboood

O00000OrRPAODOODOOOOO (K)ODOO.OOODOODOOO,OD00D00O0DOODOO

O0741KO000723K (kT /v=0691)00000000000000000823K (kI'/v=0786)0200
ggoooboooo.
(hODOoDOOoDOOooOoDOoDbOooo

g@g0000o0ofoogoboooooooooooooobooOobbooooOooooag,
NkT/V, (=RT/V)00D0O00O0.000,V,000md000000000, 0000FePdDOO
00,V,~=8324x10 °[m*/mol] 0O 0O.

((iND0o00ooO0obooooooboo
00D0000000,300000 (Ix)e4x64000002000000000,000000

oOoFFm000000D0.000,000000,00x0000000000O000O0ODO0O,[100]

000000000000 (Yyu=Ye=Ys=0)00000000.

(vwOOOOOOODOOO
0000000Y0D,0000E0000000KOOOOy=K¢,2/22000000 (OO0
02). 0000&0000000000000000AO00C00. 0000, 0000000000

000000000000:K=2yAx/92.

MOOOODOD0AxOOOO
O0000AxO,723K0000Ax=0.5nm,823KO0000Ax=05mm, Ax=1.0nmOd00.00

00,000000Ax=05nmmI00032nm000,Ax=1.0nmOI00064nmO00.
(viyooooooooood

000000000ooo0o0o00000ooooo0o00ooooooooooooooon
0O 0000000)000O0O0OoOoos0o5nmi0O0O0O0,000AxO00O00O0O0O0OOO.00O0
goobooooodoobobooooooobooooo.obbboooooobbobo,bb
gooooooo.

(vi)DOODOD (00OD0O0)oDooo

0000000000000000 (000,000,"000Gauss]0)0000.

134



Table 8-1 Parameters used in the calculations

T f e (f e) Dx g K € eOfe Sq
#
K — MJ/m?3 nm mJm 102 J/m — — —
1 723 08422 —64.70 56.40 0.008422
1.0 20 0.01 0
2 823 07947 -3421 63.33 0.007947
3 0 0 0
0.005
4 723 0842 —64.70 05 4 5.640 0.01  0.008422 0.01
5 10 14.10 0.02
6 0 0
0.01
7 83 07947 -3421 1.0 4 12.67 0.01  0.007947 0.02
8 10 31.66
9 723 08422 —6470 5.640 0.0126
05 4 0.015 0.02
10 823 07947 —3421 6.333 0.0119

Table 8-11 The elastic constants of the disordered phase of FePd aloy.

T/K ¢, / GPa cy, [ GPa C. | GPa
723 182 135 715
823 174 129 68.7
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Fig. 8.9 (a) Time evolution in ordering at 823K under 100MPafor eo = 0.01 and s(q) = 0.01. (b) The free
energy F and the mechanical interaction energy E,, the strain energy Eg, the voulme fraction V, and the
degree of orientation V, / V; for the case without stress (dashed-curves), the case with the stress of

100MPa (solid-curves) and the case where the stress of 100MPa isapplied until t = 2000 and then
unloaded (bold-curves).
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Fig. 8.10 Time evolutionsin ordering at 823K for s, = 0.02 under 50MPa or 100MPa.
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Fig. 8.14 Elastic interaction effect in the ordering via nucleation and growth process. (@) and (b)
explain the elastic interaction effect in the system (specimen) with the fixed surfaces. (c) indicates the
formation mechanism of the single-variant structure in the system (specimen) with the free surfaces.
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