
研究課 題 : ナノ ス ケ
ー ル 組織を有す る軽量材料の 開発 とそ の構造解析に 関す る研究

H R T E M i m a g e s si m ul ati o n o f A トM g
- Si G P Z o n e

非常勤研究員 Y b n g Z o u

1 . I n t r o d u c ti o n

A トM g
- Si all o y s ar e a n i m p o rt a nt g r o u p o f all o y s th at a r e w id ely u s e d in b o th c a st a n d w r o u g h t

fo r m ･ T h e all o y s ar e ag e h a rd e n ab l e ･ T h e a g e
- h a r d e n i n g r e s p o n s e o f t h e all o y s is v e ry s lg nifi c a nt

a n d h e n c e c o n t r ol o f p r e cipit ati o n d u ri n g h e at t r e at m e n t is c ritic al fo r att ai n l n g o p t
i m al all o y

p e rfb r m a n c e ･ I n g e n e r ally , th e p r e c lp it a土i o n s e q u e n c e w a s s u m m a ri z ed a s fbll o w l n g : Cl u st e r s o f Si

at o m s - G P z o n e s - B
"

-

B
I

-

B M g 2 Si . T h e fo r m ati o n o f G P z o n e s i s th e i niti ati v e s t a g e o f

p r e cip it ati o n ･ B ut s o m e o f t h e at o m i c st r u c t u r e o f G P z o n e s is u n k n o w n , b e c a u s e t h e siz e o f t h e s e

z o n e s is v e r y fi n e ( u s u ally s e v e r al n a n o - m e t e r o r e v e n m o r e s m all) . S i m u l at e d H R T E M i m ag e is a

p o w e r ful t e c h niq u e t o b e u s e d t o st u d y th e u n k n o w n st r u c t u r e ･ W e c a n c o n st r u ct s o m e p o s sibl e

at o m i c st r u c t u r al m o d el i n a d v a n c e , th e n si m u l at e d H R T E M i m a g e s o f t h e s e m o d els a n d c o m p a r e d

w it h e x p e ri m e n t al i m ag e s ･ B y t h e c o m p a r e d r e s ult s , s o m e u n k n o w n st r u ct u r e c a n b e c o n fir m e d ･

2 . C o n st r u c ti o n o f m o d el s a n d si m u l ati o n c o n diti o n

l n st u d y , w e c o n st r u ct t h e fbll o w lr 唱 m O d els :

a 1 O n e li n e o f M g o r Si at o m s w e r e p l a c e d at th e fc c A l m atrix
'

s l atti c e p oi nt s , a n d fo r m atio n

v e rti c al si n gl e l ay er G P z o n e , a s sh o Ⅵ′n i n Fig .1( a) .

b , T w o li n e s o f M g o r S i at o m s w e r e pl a c e d at th e fc c A l m at rix
'

s l atti c e p oi nt s , f o r m ati o n t w o

li n e s a n d t w o r o w s G P z o n e
,
a s s h o w n i n F ig . 1(b) .

c ･ S e v e r al M g o r Si at o m s o f t w o l a y e r s w e r e p l a c e s at th e fc c A l m at rix
'

s l atti c e p o l n t S ,

f o r m ati o n cl o s e d G P z o n e
,
a s sh o w n i n Fig .1( c) .

d . O n e sli c e o f G P z o n e s i n F ig . 1( c) w e r e e m b e d d e d i n A l m atri x , si m ul at ed th e i m a g e s o f

v ari o u s th i c k n e s s o f A l m at ri x a n d G P z o n e i n d i ff e r e n t p o siti o n w h ic h t h e G P z o n e s w e r e pl a c e d

th e t o p , m id d le a n d b o tt o m o f A l m at ri x , a s s h o w n i n Fig ･2 ･

1 2 0 K v a c c el e r at e d v olt a g e w a s ad o pt e d ･ A n d th e 7 ×7 is a s th e b a sis u n it
- c ells

,
o n e sli c e is

0 .4 0 5 n m .

3 . Si m u l at e d r e s ult s

F ig . 3 ( a) , ( b) a n d ( c) s h o w s th e H R T E M si m u l ati o n i m a g e s o f v e rti c al si n gl e l a y e r ( m o d el a)

c o r r e s p o n di n g t o M g
- ri c h G P z o n e s , S i

- ri ch G P z o n e a n d M g
- Si G P z o n e

,
r e s p e cti v ely ･ M g

- ric h o r

Si - ri c h is th at M g at o m s o r Si at o m s r ep l a c e d all th e at o m s i n G P z o n e ･ M g
- Si G P z o n e m e a n s th at

o n e l ay e r is M g at o m s a n d t h e s e c o n d l a y e r i s S i at o m s i n G P z o n e ･ T h e s e i m a g e s i n d ic at e d th at

M g
- ri c h G P z o n e a n d S トri c h G P z o n e h a v e i n v er s e c o n tr a st ･ F ig ･4 s h o w s t h e si m ul a土e d H R T E M

i m a g e s o f di ff e r e n t t hi c k n e s s c o rr e s p o n di n g t o m o d el b ･
Fig ･5 s h o w s th e si m ul at ed H R T E M

i m a g e s o f d i ff e r e n t A l th ic k n e s s c o r r e s p o n di n g t o F ig ･2 ( a) , w h i ch t h e m o d el o f G P z o n e i s as

s h o w n i n Fig .1( c) a n d G P z o n e l o c at e d o n th e t o p o f A l m at ri x ･ Si m ul at e d r e s u lt s i n Fig ･6

c o r r e s p o n d in g t o Fig .2( b) , w hi c h G P z o n e w a s l o c at e d i n t h e m id dl e o f A l m atri x ･ Si m u l a土e d

H R T E M i m a g e s i n F ig . 7 c o r r e s p o n di n g t o t h e Fi g .2( c) , w hi c h G P z o n e w a s lo c at e d o n th e b ott o m

o f A l m at ri x . F r o m th e s e r e s u lt s
,
it in di c at e d t h at G P z o n e i m a g e s c o u ld b e o b s e rv e d o n ly i n Fig ･5

,

n o cl e a r G P i m a g e s w e r e o b s e Ⅳ ed w h e n G P z o n e w a s l o c a土e d i n th e m id dl e a n d o n th e b ott o m o f

A l m at ri x ･ T h e si m ul at e d i m a g e s o f M g
- ri c h a n d S i - ri ch c o r r e s p o n di n g t o Fig ･2 als o s h o w th e
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s a m e r e s u lt s
,
o n ly th e G P z o n e c a n b e o b s e Ⅳ e d w h e n G P z o n e lo c at e d o n t h e t o p o f A l m at ri x .

b c

l ay e r fir st l ay e r

p . ･■.
:

I.■･ IIち
<
<

リ
〉 窃 ･3
u
l

s e c o n d l a y e r

F ig .1 T h e m o d els w e r e c o n st r u ct e d . W hit e s p h e r e s

r ep r e s e nt A l at o m s , l a rg e b la c k o n e s r e p r e s e n t M g
at o m s ; a n d s m all b l a c k o n e s r e p r e s e n t S i at o m s .

a . v e rtic al si n gl e li n e G P z o n e

b . v e rtic al t w o li n e s G P z o n e

c . cl o s e d G P z o ll e

F ig .3 S i m u l at e d H R T E M i m ag e s o f m o d el a .

a . M g
- ric h G P z o n e

b . b . S i - ri c h G P z o n e

c . c . M g
- S i G P z o n e .

Fig ･5 Si m ul at e d H R T E M i m ag e s o f F ig .2

( a) .

b . T h e t hi c k n e s s is 1 0 slic e

h T h e t hi c k n e s s is 5 0 sli c e

c . T h e th ic k n e s s is 1 5 0 sli c e

F ig .2 T h e m o d els o f t w o p h a s e s si m u l atio n .

a . G P z o n e o n t h e t o p o f A l m atri x

b . G P z o n e i n th e m id d l e o f A l m at ri x

c . G P z o n e o n t h e b o tt o m o f A l m atri x .

F ig . 4 S i m u l at e d H R T E M i m a g e s o f m o d el b .

a . T h e thi c k n e s s is 1 0 sli c e

b . T h e th ic k n e s s i s 5 0 sli c e

c . T h e･thi ck n e s s is 1 0 0 sli c e

F ig .6 Si m u la t e d H R T E M Fig .7 Si m u l at e d H R T E M

i m ag e s o f Fig .2 (b) . i m a g e s o f F ig .2 ( c) .
a . T h e th ic k n e s s is 2 0 sli c e a . T h e t hi c k n e s s is 2 0 sli c e

b . T h e t hi c k n e s s is 1 0 0 sli c e b . T h e t hi c k n e s s is 1 0 0 sli c e
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