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2
t Xs S 

.1 1

t Xs S t

Xs 15 T t s Rτ t Sτ R

45 T t S

h t ZR

S CALPHAD(CALculation of 

PHAse Diagram) s S

Du [1.28] S 

2.1.1  Δ [2.1]
β Rε A1RA2 Δ t

e Sβ ε Fig. 2.1 hSA1 RA2 l

disorder fcc bcc t S  

Δ Xs h SFig2.1 Mn Al

Xs Z S i Mn Al

!!!"  

 

!!!" = !!!"(!,!!)+ !!!"(!,!)         (2.1) 

 

!!!" = !!!"(!,!!)+ !!!"(!,!)         (2.2) 

 

  R !!!" Mn t R

tR t S s 105 Pa Z tR

t S h R h

h S 

!!! = !!"! !!" + !!"! (1− !!")+ !!!"#         (2.3) 
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h Mn !!" sRβ !!!

h S !!!"# t S 

X ( )

Z X t 

 

!!!"# = −!"!!"#          (2.4) 

 

ST R!!!"# t S

i W h  

 

!!!"# = !!!"#(!) = −! !!!"# (!!)!
!!!     (2.5) 

 

!! RR RARB l t

1 mol S Xs  

 

!!! = !!"! !!" + !!"! (1− !!")+ !"[!!"!"# (!!")+ (1− !!")!"# (1− !!")]  (2.6) 

 

t R Z

S !!!"#!$$ s Bragg-Williams-Gorsky (BWG) S 

BWG rXsX S

t S h S 2

Mn Al ω s Z  

 

!!!"#!$$ = !!(1− !!")Zω            2.7  

 

Ζ t S s  

 

!!! !!"! !!" + !!"! 1− !!" +  !"[!!"!"# (!!")+ (1− !!")!"# (1−
!!")] !!(1− !!")Zω        (2.8) 
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S t Δ X S

Δ t S 

β Xs Rε A1 2 t

t e S 

Xs

Rτ t Redlich-Kister(R-K)

X sX [2.2]S Zs!!!  

 

!!! =
!!"! !!" + !!"! 1− !!" + !"[!!"!"# (!!")+ (1− !!")!"# (1− !!")] !!"(1−
!!") !!",!"!!

!!! (!!"−!!")!      (2.9) 

 

t e S!!",!"! sX S t R

8.314472 J/K mol S 

 

 

 

 

Fig. 2.1 (a)β (b)ε [2.3, 2.4]S 
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2.1.2  γ2 [2.1]
γ Fig. 2,2 h[2.5]Sγ AC ABB

e [2.6, 2.7]S

 

!!!! = (1− !!")!!":!":!"!! +!!"!!":!":!"!! + 9/26!"[!!"!"# (!!")+ (1−
!!")!"# (1− !!")] !!(1− !!") !!",!"!!

!!! (!!"−!!")!             (2.10) 

S t 3 Z s R!!":!":!"!! AlR

MnRAl R!!":!":!"!! AlRMnRMn

t SAl 13 RMn 5 RMn Al

9 S 

 

 

 

 

 

 

 

 

Fig. 2.2 γ2 [2.5]S 
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2.1.3  h [2.1]
Β2 τ Xs Z S t τ Δ t R

Xs c X Zs s S

Xs Mn55Al45 X R55 at%t t 5%

X h 20 R t Mn50Al50 t

S 

h Split-CEF (Split compound energy formalism)

t e S h

!!!"#$" R t Z S sR 

 

!!!"#$" = !!!"#$%!&%(!!)+ ∆!!!"#$"     (2.11) 

 

SFig2.3 (2.11) S t!! t S

R!!!"#$%!&%(!!) (2.9)t e (A1RA2 ) t

S∆!!!"#$" t S 

 

 

Fig. 2.3 [2.1]S 
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2.1.4  [2.1]
2.1.3 XsR h S t

Xs S s A2

B2 h SB2 2 a S

(Mn,Al)0.5 t Z S !!!"#$" B2 t 

!!!! = !!!!
!"

!!!"

!"

!!!"
!!:!!! + !"

1
2 !!!"#!!

!"

!!!"

+ !!"(1− !!") !!!!",!":!!
!"

!!!"
+ !!"(1

− !!") !!!!:!",!"! +
!"

!!!"
!!"(1− !!")!!",!",!",!"!     (2.12) 

 

S2 t R

h  

 

!!":!"!! !!":!"!!  

!!",!":!"! = !!",!":!"! = !!",!":∗!  

!!":!",!"! = !!":!",!"! = !∗:!",!"!  

!!",!":∗! = !∗:!",!"!         (2.13) 

 

t X hS (2.13) (2.12) h S 

 

!!!! = !!"!!":!"!! + !!"!!":!"!! + 2!!"!!"!!":!"!!  

+!"(!!"!"#!!" + !!"!"#!!")+ 2!!"!!"!!",!":∗! + !!"! !!"! !!",!":!",!"!  (2.14) 

 

(2.14) (2.9) h B2 A2

R-K S 
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!!",!"! = 2!!!"!.!!"!.! + 2!!",!":∗! + 1/4!!",!":!",!"!  

!!",!"! = 0 

!!",!"! = −1/4!!",!":!",!"!             (2.15) 

 

R t

R h t S

, !!!"#$%!&%(!!) ∆!!!"#$" h

X

!!":!"!! !!":!"!! = 0 

!!":!"!! !!":!"!! = 4! 

!!!!!!" !!!!!!" = 0 

!!":!"! = 2!!!"!.!!"!.! = 8! 

!!",!"! = !!",!"! = 0     (2.16) 

 

ω Mn Al t S      

τ R [2.8, 2.9] X S R

!!!!" = !!! !!! !!! !!!
!"

!!!"

!"

!!!"

!"

!!!"

!"

!!!"
°!!:!:!:! + !"

1
4 !!! !"!!!

!"

!!!"

!

!!!
 

+ !!"
(!)!!"(!)!!"

(!)!!"(!)!!
(!)!!

(!) !!",!":!",!":!:!!
!"

!!!"

!"

!!!"!!!!!!!!!!
 

(2.17) 

!! m i t S (2.12) sX S 

Z R S

 

°!!":!":!":!" = °!!":!":!":!" = °!!":!":!":!" = °!!":!":!":!" = 3!
°!!":!":!":!" = °!!":!":!":!" = °!!":!":!":!" = °!!":!":!":!" = °!!":!":!":!"

= °!!":!":!":!" = 4!
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°!!":!":!":!" = °!!":!":!":!" = °!!":!":!":!" = °!!":!":!":!" = 3!
!!",!":!",!":∗:∗! = !!",!":∗:!!,!":∗! = !!",!":∗:∗:!",!"! = !∗:!",!":!",!":∗! =

= !∗:!",!":∗:!",!"! = !∗:∗:!",!":!",!"! = !
(2.18) 

2.17 s S 2.18

R Zs

X sX S 
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2.1.5  [2.1]
R

Z S t Hillert Jarl [2.1] s e

S !!!"#  

 

!!!"# = !"#$%(! + 1)!(!)             (2.19) 
 

t b t S!(!) !
t a t S! < 1 XsR 

! ! = 1−
!"
!"#!!

!!!!"!!"#
!
!!!

!!
! !

!!
!"#!

!!"
!""

!     (2.20) 

! > 1 XsR 

! ! = −
!!!
!" !

!!!"
!"# !

!!!"
!"##

!     (2.21) 

n R 

A !"#
!!"# +

!!"#$
!"#$"

!
! − 1     (2.22) 

tR! T/TCRTC Rf

h t SInden t bcc XsRf = 0.4R

f = 0.28 t [2.1]S Xs bcc XsRf = -1R

f = 1/3 t S Xs Rτ ε s

Zs S 
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2.1.6   [2.1]
tR a S

t t h S !!!"#R
!!!"# Z  τ  

 

!! = !!! + ∆!!!"#$" − !!!"# − !!!"#    (2.23) 

 

R  

!!!"# = ! !"
!

!
          (2.24) 

t Z Sm RB t S 
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2.1.7  [2.1]
Al-Mn R Thermo-Calc S

Mn Al SGTE(Science Group for Therodata Europe)

STable 2.1 t τ

R hS R

t XSMn Al R

h tτ e S 

hS 

 

!!"#$%! = !!"!!"# !!"!!"# !!"!!"!!"#$% (2.25) 
!!"#$! = !!"!!" !!"!!" !!"!!"!!"#$   (2.26) 

 

Table 2.1 s e 3 t SAl t R

R Xi  !! = 0,! = 0 SMn

t Mn Table 2.2 hSτ 2.1.1 t

Mn:Al=1:1 t S h R 

 

!!"#$%! = 0.5 ∗ −1620 + 0 ∗ 0+ 0.5 ∗ 0.5 ∗ 5850  = 652.5 

!!"#$! = 0.5 ∗ −1.86 + 0 ∗ 0+ 0.5 ∗ 0.5 ∗ 15  = 2.72 

S τ Ms = 2.4 µB/ f.u.[1.22]R Tc = 

650 K[1.23]t S R X ° °

S 

Xs Z Xs h S4

t R4 t τt

RMn0.25Al0.75RMn0.5Al0.5RMn0.75Al0.25 t S (2.18) R

Mn0.25Al0.75RMn0.5Al0.5RMn0.75Al0.25 Xi ! =-10230

S s! Z t XS t

d RMn0.5Al0.5 Z

S4 ° 1/4 s
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Table 2.1 τ Sω RTc

RBMAGN t S 

Evaluated parameters 

!!",!" = −10230 

!!(FCC_A1,AL,MN;0)=5850 

BMAGN (FCC_A1,AL,MN;0)=15 

 

Table 2.2 Mn STc RBMAGN

t S 

Evaluated parameters 

!!(MN)=-1620 

BMAGN(Mn)=-1.86 
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.2

t RMn-Al-Zn R t

Mn-Al-C Ni2MnAl l

h S 

 

2.2.1  1 7 	

Mn53Zn2Al45 e STable 2.3

Xs hS Mn53Zn2Al45 t S

t 15 Rφ10 mmR e 5mm e e S

2 t/cm2 tR 20 S h

12 mm S RAr (3N)t 6 S

t Mn-Al t Ar sX RMn53Zn2Al45 Xs R

h S 

Zn h R

R 773 K t 10 R1373 K t 48

R s S X

(XRD) ε t e S 

s SFig. 2.4 (Mn,Zn)-Al

hS 0R10R15 TR Ta = 623 KR

t 12 S XRD t e R

(VSM)t S Fig. 2.5 t e S

R e R

Zs S XRD t e RVSM

t S 
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Table 2.3 Mn53Zn2Al45 S 

    

Mn 3N < 75 µm  

Zn 3N < 75 µm  

Al 4N < 75 µm  

 

 

Fig. 2.4 (Mn,Zn)-Al S 
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Fig. 2.5 (Mn,Zn)-Al S 
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2.2.2  1 -

  Mn55Al45Cx(x=2, 4, 6) e STable 2.4

Xs hS Mn55Al45Cx(x=2, 4, 6) t

S t 15 Rφ10 mmR e 8 mm e e

S 2 t/cm2 tR 20 S h

12 mm S RAr t 4 S 

Fig. 2.6 Mn-Al-C hS Ta = 873-1173 

KR t 48 S XRD t e R

(VSM)t S 

  Mn-Al-C R s

e [2.10, 2.11]S t Fig. 2.7

hS t e 1323-1473 K t R ε

h S 933-1023 K t h t e S

h 573 K t R

e s sX [2.11]S 

  s t Fig. 2.8

hS 873 -1273 K t R 12 as

t h sX S

X t R4 t h t R t

h t S s h t

t S 

 

 

Table 2.4. Mn55Al45Cx(x=2, 4, 6) S 

    

Mn 3N < 75 µm  

Al 4N < 75 µm  

C 4N 2-10 µm  
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Fig. 2.6 e Mn-Al-C  [2.11]S 

 

 
Fig. 2.7 Mn-Al-C S 
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2.2.3  2 1

Ni2MnAl e SNi Mn

e S Ni2MnAl t S e S

φ10 mm e e S e 2 mm t

h 12 mm S R

Ar t 6 S R1373 K t 48 R s

S X (XRD) Β2 t

e S 

s SFig .2.5 Ni2MnAl

hS 0, 15 TR Ta=673 KR

t 12 S XRD t e R  

(VSM)t S 

 

2.2.4  
l X (XRD) 

t X Xi h t S t

h S s XRD S

e Xs

S s X R e S 

 

l (Mn,Zn)-Al MnAlC   

2×2×2 mm e X

s e R Xs VSM Xs e

S 

 

l Ni2MnAl   

2×2×2 mm e X

s e R 300 K K t PPMS(

) VSM Xs e S 
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1 h

3.1  

3.1.1  
XsRτ R

!! = !!! + ∆!!!"#$" − !!!"# − !!!"# 	 

t e 2.1.6 t S Xs !!!"#

Xs SMn-Al Xsτ

t Rτ

τ t Z Sτ

l R2.4µB/f.u R650 K t [1.22, 1.23]S

S = 1RMn-Mn ) S

98D8B Rε−τ 67.85 J/g t [1.37]S

s Z MnAl 81.9g t R1 mol 5556.9 

J t Z SFig.3.1 Fig.3.2

hSε-τ Du

[1.28] 873 K tR Xs 1 mol 5556.9 J

Z S sRFig. 3.2 

873 K t 1 mol 5556.9 J Z  τ

S R600 T t ZR 1000 T t

S Xs Mn50Al50 tε τ h t

[1.28]S Kobayashi t Rε τ t

° s e sX XS 

Fig. 3.3 hST<TC XsR

S Xs sX

!!!"#  

!!!"# = !"  (3.1) 

M tRB t S s TC < T Xs
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t t 

!!!"# = !
!!!

!  (3.2) 

 

t! t S s 950 K t

2 h S 200 T Zs h R

e !!!"# h S 

 

 

 

 

 

 

 

 

Fig. 3.1 S 
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Fig. 3.2 S 

 

Fig. 3.3 S 
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3.1.2  
t Fig. 3.4 hS

Du [1.28] Sτ τ i

t e sX S e sX RFig. 3.5 660 T

hS660 T t s τ t S

sτ 670 T t s τ SFig. 3.6 660 T

hSτ γ τ S Mn:Al=50:50

t Z S a γ γ β d

R [1.28, 3.1, 3.2]S s h

sX XS t s a

XS Z τ fcc s t

R t bcc Z t

h t S s

sX a XS s 670 T t τ

t S t t X τ

s t Se

Fig. 3.7 Fig. 3.10 hSFig. 3.7 750 T tτ

t SFig. 3.8 875 T t τ

300 K 1131 K e Se

e 900 T (Fig. 3.9) h R300 K 1150 K t tτ

e S1000 T (Fig. 3.10)t s tτ

Sβ γ β 1000 T Xsβ τ β

R ( at% 77.9 at% S 

670 T τ h t

e S 



 54 

 

 

Fig. 3.4 S 

 
Fig. 3.5 660 T S 
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Fig. 3.6 670 T S 

 
Fig. 3.7 750 T S 
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Fig. 3.8 875 T S 

 

 
Fig. 3.9 900 T S 
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Fig. 3.10 1000 T S 
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3.2 (Mn, Zn)-Al  

3.2.1  
  Fig. 3.11 Mn53Zn2Al45 XRD hS

s ε t ° S 2.2.1 t

t S R ε SEM

R sX e [3.3]S

Zn 1373 K Xs t R10 773 K t

SMn Al e S

XRD

Mn55Al45 Table 3.1 hSMn55Al45 sRMn53Zn2Al45 c

S tε

e S 

 

 

 

 

 

 

 

Fig. 3.11 t e XRD S 

 
Table 3.1 Mn53Zn2Al45 Mn55Al45[2.5] ε S 

 a (nm) c (nm) Rwp 

Mn53Zn2Al45 0.2698 0.4368 10.23 

Mn55Al45 0.2697 0.4357  
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3.2.2  6 .

 s X SFig.3.12 Mn53Zn2Al45

Xs h XRD hS

R PCW

Powder Cell Xs [1.20, 2.3-5]SFig.3.13 (a) 

(0 TFA)R(b) 10 T (10 TFA)R(c) 15 T

(15 TFA) X hS Table 3.2

hS a Rwp t R

Xs Rwp e h S

Fig.3.12 s ° SFig. 3.13 (a) XsR3 h

t ε Rτ R β h ° S s

e 6 h t ε Rτ e Se

e 12 h Xsβ e S

3-6 h Xsε−τ s R6-12 h Xsτ−β

sX e SFig.3.13 (b) XsR10 T R3 h t

ε Rτ R β h ° S t 3 h tτ

e S ε−τ e ° S

Xsβ e s τ−β

e SFig.3.13 (c) Xs 15 T ε h

ε−τ X X S 
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Fig. 3.12(a)ε R(b)τ R(c)β R (d)γ2 XRD S 
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Fig. 3.13 (a) (0 TFA)R(b) 10 T (10 

TFA)R (c) 15 T (15 TFA) XRD S 
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Table 3.2 XRD S 

( hours) 

 

(T) 

ε  

(%) 

τ

 (%) 

β

 (%) 

Rwp (%) 

3 0 5.50 37.90 56.80 6.13 

6 0 5.50 66.10 28.40 4.48 

12 0 9.30 14.10 76.50 6.36 

3 10 29.30 59.90 10.80 6.98 

6 10 9.10 32.90 58.00 6.48 

12 10 3.30 29.40 67.30 6.45 

3 15 6.60 48.50 44.94 5.87 

6 15 9.00 45.90 45.50 6.15 

12 15 15.20 29.60 55.20 3.66 
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3.2.3  41

s VSM SFig. 3.14

hSPareti Mn55Al45 5 T t e s

X [1.23]SZn Xs 1.5 T Xs S 

s t e t ° S 

  t R e t S t 1.0 -1.5 

T sX S t 1.5 T a

S 

Fig. 3. 15 hS0 T Xs 6 h t

S s 10 T t 6 h 12 h S15 T

Xs 3 h t tR S

Fig. 3.13 h S15 T 0 T h R15 TR3h 0 TR

6 h t ε−τ e S

Kobayashi [1.35] Mn55Al45 (Fig. 3.16)

R 15 TR48 h t t 74.9 Am2/kg t S Mn53Zn2Al45

Xs 15 TR3 h t t 72.6 Am2/kg t S s

Mn55Al45 Mn53Zn2Al45 t XS sRZn h t

s 6.3% h t S Mn55Al45

0 TR168h Xs 71.1 Am2/kg t RZn °

t 1.7% t h t S 

Fig. 3.17 hS 10 TR15 T 0 T

t SKobayashi Mn55Al45 XsR

X [1.35]S t Kobayashi

3 t

sX R

Z S   
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Fig. 3.14 S (a)0 TR

(b)10 TR c 15 TS(b) 1.5 T t S 
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Fig. 3.15 S 

 

 
Fig. 3.16 Kobayashi e Mn55Al45

[1.35]S 
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Fig. 3.17 (Mn,Zn)-Al S 
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3.3  Mn-Al-C  

3.3.1  Mn-Al-C XRD  
ε τ t R τ

SFig. 3.18 Mn55Al45 XRD

hSMn55Al45 Xs 1273 K t s τ S

s Mn55Al45C2 XRD Fig. 3. 19 hS1073 K

Xsτ t e S τ C

t Z S R τ 55Mn+45Al+2C

τ-Mn55Al45C2 t t S C

τ SFig. 3.20 Fig.3.21 C e

XRD hSFig. 3.20 XsRC = 2 tτ sX °

SFig. 3.21 C = 2 XsRe τ

e e S Rτ h RMn55Al45 t β

S s C h γ τ sX S

Table 3.3 hSC = 6

Xsγ 50 wt. %t sX ° S 
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Fig. 3.18 Mn55Al45 XRD S 

 
Fig. 3.19 Mn55Al45C2 XRD S 
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Fig. 3.20 Mn55Al45Cx(x = 0.0 -2.0) XRD S 

 
Fig. 3.21 Mn55Al45Cx (x = 2.0 -6.0) XRD S 
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Table 3.3 XRD S 

 ( K) C  

(%) 

ε  (%) τ  (%) β (%) γ2 (%) Rwp (%) 

873 0.0 2.70 0.56 54.0 43.0 4.53 

873 2.0 2.80 5.00 52.0 40.0 4.81 

973 0.0 0.60 0.30 67.0 32.0 4.82 

973 2.0 1.60 1.00 61.0 36.1 5.51 

1073 0.0 0.40 0.30 82.0 17.0 4.12 

1073 0.5 0.50 0.48 79.4 19.6 4.30 

1073 1.0 1.90 4.20 79.6 14.3 4.28 

1073 1.5 0.20 7.20 56.0 37.0 7.41 

1073 2.0 4.0 26.6 42.6 27.0 4.81 

1073 4.0 15.0 43.0 20.0 23.0 11.32 

1073 6.0 5.0 42.0 2.0 50 11.54 

1173 0.0 0.4 0.3 82 17.0 5.33 

1173 2.0 5.7 81.3 6.1 6.8 4.68 

1273 0.0 1.32 1.21 81.6 15.9 7.66 

1273 2.0 1.7 81.1 8.0 9.2 4.15 
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3.3.2  Mn-Al-C  
Fig3.22 Mn55Al45 Mn55Al45C2

hSMn55Al45 XsR1273 K t s h

e S t Xi t S 1273 K t

1.5 T Xs 0.8 Am2/kg eXS sRMn55Al45C2

873 K t t ° SFig. 3.23

Mn55Al45 Mn55Al45C2 hSMn55Al45 R

s S s

Mn55Al45C2 t XR1073 K t e

S 1273 K t R 1.5 T 75.8 Am2/kg

S 

C x h Xs SMn55Al45Cx (x = 0.0-6.0)

C hSx 1.5-2.0 t Se

x e x = 4.0 t SPareti sRMn55Al45

C h x = 2.0 t h e [1.23]S

Z τ s iR a τ Z

S XRD XS Zs x 2.0-6.0

TC (Fig. 3.25)S0.05 T t m

Xs dm/dT R TC Sx 2.0 TC 556 K t

Pareti 550 K t Sx 4.0 x 6.0 TC R l

570 K 573 K RPareti 550 K X

S 
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Fig. 3.22 Mn55Al45 Mn55Al45C2

S (a)873KR(b)973 KR(c)1073 KR (d)1173 KR(e)1273 K t

S(f) 1273 K Mn55Al45 t S 
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Fig. 3.23 Mn55Al45 Mn55Al45C2

S 1.5 T t S 
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Fig. 3.24 Mn55Al45Cx (x=0.0-6.0) C

S 1.5 T t S 
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Fig.3.25 S  0.05 T t S t dm/d

R S 
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3.3.3  Mn-Al-C  
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° S τ t

Z S
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Fig. 3.27 BSE (a)MnR(b)AlR(c)CS  
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3.4   
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Fig. 3.28 hS t 300 K

a cubic Mn fcc Al t S500 K Xsτ

γ2 9000 J/mol t S 1100 K X
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15 Tt80 kJ/mol 0 T sX [1.38]S 

sε−τ s s sX

e S 

    a τ X Xs h Sτ 670 T t

s R 875 T t 1131 K τ Sτ

t s Fig.3.29 hS670 T tτ

R 1.34 K/T t h S 875 T Xs

τ τ 960 T t 300 -1200 K t S t 875 T

a Fig.3.30 hSε Rβ R γ2
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t sR Mn Al

t e sX t h Sγ2 Mn Al
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Fig. 3.28 (a)500 K (b)1100 K a S 
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Fig. 3.29 Mn50Al50 S 
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Fig. 3.30 875 T a S

a sX S 
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3.4.2 Zn  
Mn53Zn2Al45 ε−τ τ−β h Xs h S

Mn55Al45 h Kobayashi t ε-τ Rτ-β
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i Zn ε−τ 3.2.3 t S

e 573 K h [3.3]SFig. 3.32 e

Mn53Zn2Al45 Xs hS623 K (Fig. 3.15) 573 K 
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sX Z S eX X h
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e R 48 h 24 h S sRτ−β

e Z S 623 K Xs Rε−τ

h Rτ−β t XS RFig. 3.13
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Fig. 3.31 Mn55Al45 Mn53Zn2Al45 ε t S 

  

 
Fig. 3.32 (Mn,Zn)-Al S5 T,10 T s

e [3.3]S0 T, 15 T t e t S 
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3.4.3 Mn-Al-C  
Mn55Al45C2 XsR873 K t S

R873 K t R1273 K t 75.8 Am2/kg S R
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Fig. 3.33 Mn55Al45C2 1073 K t 48 t(a)12 h t

(b) XRD S  
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3.4.4 (Mn,Zn)-Al Mn-Al-C h  
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s Mn-Al-C h t ε−τ Rτ−β
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s SFig. 3.34 (a)Mn55Al45R(b)Mn53Zn2Al45R

(c)Mn55Al45C2 DSC hSDSC ε t R X

sτ β e [1.37]S s t
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Fig. 3.34 (a)Mn55Al45R(b)Mn53Zn2Al45R(c)Mn55Al45C2 DSC S(a)(b)
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3.4.5 Mn-Al a  
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3.5   
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τ S 

5. tR670 T X ε−τ 15 T
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h S 

 



 91 

9. Zn nat β τ s Rτ−β e
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4 Ni2MnAl  

4.1  B2 h Ni2MnAl  

B2 h Ni2MnAl h Kainuma

1373 K [4.1]S48 XRD

Fig4.1(a) hS Fig4.1(b) PCW(powder cell) t e

hS s B2 t rah t

S L21 Ni2MnAl t τ t

e S s B2 Ni2MnAl t

° S s S 

 

 
Fig. 4.1 Ni2MnAl XRD S(a) t XRD

R b PCW t e XRD S  
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4.2  Ni2MnAl  

4.2.1  XRD  
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t XRD t e S s
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(4.1) S 

! = K!
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! X ( )R! (2 ! ) S 

0.9 X S 

Table 4.1 hS R

15 T 0 T s eX
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Fig. 4.2 673 K t XRD S l R(a) 

(0 T, 0 h)R b 0 T, 24 hR(c) 15 T, 24 hR d 0 T, 72 hR(e) 15 T, 72 h t S 

43-45 h S 
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Fig. 4.3 PCW t e B2 L21 Ni2MnAl
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Table 4.1. S 

 2θ (°)  (°) (nm) 

0 T, 24 h 44.027 0.357 25.0 

15 T, 24 h 44.016 0.649 13.8 

0 T, 72 h 44.057 0.159 56.4 

15 T, 72 h 44.041 0.260 34.4 
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Fig. 4.4 673 K t S (a)5 KR
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Fig. 4.5 Ni2MnAl a S 
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Fig. 4.6 S 0.05 T t S
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Table 4.2. S 

  

0 T, 24 h 310 K 

15 T, 24 h 317 K 

0 T, 72 h 310 K 

15 T, 72 h 321 K 
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4.3   

4.3.1  Ni2MnAl  
Z s 3 Z S1)
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Fig. 4.10 Ni2MnAl S 



 106 
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