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No. 1 

I n  r e c e n t  y e a r s ,  t h e r e  h a s  b e e n  a n  i n c r e a s i n g  d e m a n d  f o r  l i g h t e r,  

m o r e  f u n c t i o n a l ,  a n d  m o r e  d u r a b l e  m a t e r i a l s  t o  r e d u c e  e n v i r o n m e n t a l  l o a d .  

A l u m i n u m  a l l o y  f o a m s  c a n  s a t i s f y  t h e s e  d e m a n d s  b e c a u s e  t h e y  a r e  u l t r a l i g h t  

a n d  e x h i b i t  s e v e r a l  m e c h a n i c a l  p r o p e r t i e s ,  s u c h  a s  s h o c k  a b s o r b a n c e  a n d  

h e a t  i s o l a t i o n ,  b e c a u s e  o f  t h e i r  c l o s e d  c e l l  s t r u c t u r e .  A l u m i n u m  a l l o y  f o a m s  

a r e  f a b r i c a t e d  b y  a d d i n g  Ti H 2  a s  a  b l o w i n g  a g e n t ,  w h i c h  g e n e r a t e s  H 2  g a s  b y  

t h e r m a l  d e c o m p o s i t i o n ,  i n t o  t h e  m e l t  a n d  a l l o w i n g  t h e  f o a m  t o  s o l i d i f y  w h i l e  

r e t a i n i n g  t h e  b u b b l e s .  T h e  u n i f o r m i t y  a n d  r e p r o d u c i b i l i t y  o f  f o a m s  a r e  

e s s e n t i a l  f o r  f u t u r e  i n d u s t r i a l  a p p l i c a t i o n s .  H o w e v e r,  t h e  d r a i n a g e  a t  t h e  

c e l l  w a l l  d e c r e a s e s  b o t h  u n i f o r m i t y  a n d  r e p r o d u c i b i l i t y  o f  f o a m s  b e c a us e  t h e  

d r a i n a g e  r u p t u r e s  t h e  c e l l  w a l l s  a n d  l e a d s  t o  p o r e  c o a r s e n i n g .  T h e  m e l t  

r o u t e ,  w h i c h  i s  a  c o n v e n t i o n a l  f a b r i c a t i o n  m e t h o d ,  u s e s  a  t h i c k e n i n g  a g e n t  

t o  i n c r e a s e  t h e  a p p a r e n t  v i s c o s i t y  o f  t h e  m e l t ,  t h e r e b y  p r e v e n t i n g  d r a i n a g e .  

A s e m i - s o l i d  r o u t e  d o e s  n o t  u s e  a n y  a d d i t i o n a l  t h i c k e n i n g  a g e n t ;  i n s t e a d ,  i t  

c r y s t a l i z e s  t h e  p r i m a r y  c r y s t a l s  i n h e r e n t l y  i n c l u d e d  i n  t h e  a l l o y,  t h e r e b y  

d i s c a r d i n g  t h e  n e e d  f o r  a d d i n g  i m p u r i t y  e l e m e n t s .  T h e  p o r e  s t a b i l i z a t i o n  

m e c h a n i s m  i n  t h e  m e l t  r o u t e  a n d  t h e  p r e f e r r e d  r a n g e  f o r  t h e  f r a c t i o n  o f  

t h i c k e n i n g  a g e n t  a r e  a l r e a d y  k n o w n .  I n  c o n t r a s t ,  t h e  p o r e  s t a b i l i z a t i o n  

m e c h a n i s m  i n  t h e  s e m i - s o l i d  r o u t e  i s  u n l i k e  t h a t  o f  t h e  m e l t  r o u t e  b e c a u s e  

t h e  a v e r a g e  d i a m e t e r  o f  t h e  p r i m a r y  c r y s t a l s  i s  t e n  t i m e s  l a r g e r  t h a n  t h a t  o f  

t h e  t h i c k e n i n g  a g e n t .  T h i s  s t u d y  f o c u s e d  o n  t h e  s e m i - s o l i d  r o u t e  a n d  s e t  a n  

o b j e c t i v e  t o  r e v e a l  t h e  s t a b i l i z a t i o n  m e c h a n i s m  o f  t h e  s e m i - s o l i d  r o u t e  t o  

f a b r i c a t e  s t a b l e  a l u m i n u m  a l l o y  f o a m s .  

A c c o r d i n g  t o  a  p r e v i o u s  s t u d y  o n  t h e  s e m i - s o l i d  r o u t e ,  t h e  p r i m a r y  

c r y s t a l s  g a t h e r  i n  t h e  c e l l  w a l l  a n d  p r e v e n t  d r a i n a g e  p h y s i c a l l y.  T h i s  

m e c h a n i s m  i s  r e f e r r e d  t o  a s  t h e  c l o g g i n g  e f f e c t ,  w h i c h  i s  c o n s i d e r a b l y  

d i f f e r e n t  f r o m  t h e  p o r e  s t a b i l i z a t i o n  m e c h a n i s m  o f  t h e  m e l t  r o u t e .  H o w e v e r,  

t h e r e  i s  s t i l l  n o  c l a r i t y  r e g a r d i n g  w h y  t h e  p r i m a r y  c r y s t a l s  p r e v e n t  t h e  

d r a i n a g e  a n d  h o w  m a n y  p r i m a r y  c r y s t a l s  a r e  r e q u i r e d  t o  p r e v e n t  t h e  

d r a i n a g e  i n  o n e  c e l l  w a l l .  I n  a d d i t i o n ,  t h e  c l o g g i n g  e f f e c t  d o e s  n o t  a c t  o v e r  

t h e  e n t i r e  f o a m .  P e r c o l a t i o n  t h e o r y  c a n  p r o v i d e  c l a r i t y  o n  b o t h  p o i n t s  

b e c a u s e  i t  i n d i c a t e s  t h e  m i n i m u m  f r a c t i o n  o f  o b s t a c l e s  r e q u i r e d  t o  s t o p  t h e  

l i q u i d  f l o w  i n  a n y  s t r u c t u r e .  

T h e  p r e v e n t i o n  o f  d r a i n a g e  b a s e d  o n  t h e  c l o g g i n g  e f f e c t  c a n  i m p r o v e  

b o t h  t h e  u n i f o r m i t y  a n d  r e p r o d u c i b i l i t y  o f  t h e  f o a m .  T h e  v o l u m e  f r a c t i o n  o f  

s o l i d  v a r i e s  e a s i l y  w i t h  t e m p e r a t ur e ,  a n d  t h e r e f o r e ,  t h e  t e m p e r a t u r e  o f  t h e  

s e m i - s o l i d  s l u r r y  d u r i n g  t h e  f o a m i n g  p r o c e s s  i n  t h e  s e m i - s o l i d  r o u t e  c a n  
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a f f e c t  f a b r i c a t i o n .  T h u s ,  e v e n  a  s m a l l  f l u c t u a t i o n  i n  t e m p e r a t u r e  c a n  

s i g n i f i c a n t l y  a f f e c t  t h e  p o r e  m o r p h o l o g y  o f  t h e  f o a m .  T h e r e f o r e ,  t h e  

t e m p e r a t u r e  f l u c t u a t i o n  a l l o w a n c e  n e e d s  t o  b e  i d e n t i f i e d  t o  a v o i d  c h a n g e s  i n  

t h e  p o r e  m o r p h o l o g y.  T h e  l o w e r  t h e  c o n c e n t r a t i o n  o f  o x y g e n  d u r i n g  

f a b r i c a t i o n ,  t h e  l o w e r  i s  t h e  s t a b i l i t y  o f  t h e  f o a m  f a b r i c a t e d  i n  t h e  m e l t  

r o u t e .  F u r t h e r m o r e ,  t h e  r e p r o d u c i b i l i t y  n e e d s  t o  b e  i m p r o ve d  f o r  

c o m p a r a t i v e  e x p e r i m e n t s  t o  c l a r i f y  t h e  e f f e c t  o f  o x y g e n .  

T h e  i n t e r n a l  s t r u c t u r e  o f  t h e  s t a b l e  f o a m  h a s  g a i n e d  c o n s i d e r a b l e  

r e s e a r c h  a t t e n t i o n .  T h e  X - r a y  c o m p u t e d  t o m o g r a p h y  ( C T )  t e c h n i q u e  i s  

c o m m o n l y  e m p l o y e d  t o  o b s e r v e  t h e  m o v e m e n t  o f  p o r e s  d u r i n g  t h e  

c o m p r e s s i o n  t e s t  a n d  t h e  d y n a m i c s  o f  t h e  f o a m i ng  p r o c e s s .  H o w e v e r,  n o  

r e s e a r c h  h a s  f o c u s e d  o n  t h e  i n t e r n a l  s t r u c t u r e  o f  t h e  f o a m  a s  o n e  p a r a m e t e r  

q u a n t i t a t i v e l y.  

C h a p t e r  1  p r o v i d e s  a n  o v e r v i e w  o f  a l u m i n u m  a l l o y  f o a m s .  T h e  e x i s t i n g  

i s s u e s  r e l a t e d  t o  t h e  m e c h a n i s m  o f  d r a i n a g e  p r e v e n t i o n ,  r e p r o d u c i b i l i t y  o f  

t h e  s e m i - s o l i d  r o u t e ,  a n d  i n t e r n a l  s t r u c t u r e  o f  t h e  s t a b l e  a l u m i n u m  a l l o y  

f o a m  a r e  a l s o  d i s c u s s e d .  A d d i t i o na l  r e l e v a n t  t o p i c s ,  i n c l u d i n g  t h e  f o a m  

f a b r i c a t i o n  m e t h o d s ,  i n t e r n a l  s t r u c t u r e  o f  t h e  f o a m ,  s e m i - s o l i d  p r o c e s s i n g ,  

p e r c o l a t i o n  t h e o r y,  a n d  M o n t e  C a r l o  m e t h o d ,  a r e  a l s o  p r e s e n t e d .  

I n  C h a p t e r  2 ,  t h e  o b j e c t i v e  w a s  s e t  t o  e x t e n d  t h e  c l o g g i n g  e f f e c t  f r o m  

t h e  c e l l  w a l l  t o  t he  e n t i r e  f o a m .  T h e  a r e a  f r a c t i o n  o f  t h e  p r i m a r y  c r y s t a l s  i n  

e a c h  c e l l  w a l l  o f  t h e  f a b r i c a t e d  a l u m i n u m  a l l o y  f o a m  i s  m e a s u r e d ,  a n d  t h e  

c e l l  w a l l s  w h e r e i n  t h e  d r a i n a g e  i s  p r e v e n t e d  b y  t h e  c l o g g i n g  e f f e c t  a r e  

r e f e r r e d  t o  a s  c l o g g e d  c e l l  w a l l s .  A c c o r d i n g  t o  t h e  p e r c o l a t i o n  t h e o r y,  t h e  

c l o g g e d  c e l l  w a l l s  c a n  b e  c o n s i d e r e d  a s  o b s t a c l e s  f o r  t h e  d r a i n a g e  i n  t h e  

e n t i r e  f o a m .  T h u s ,  t h e  c l o g g i n g  e f f e c t  w o r k s  i n  b o t h  c e l l  w a l l s  a n d  t h e  f o a m .  

M o r e o v e r,  t h e  c l o g g e d  c e l l  w a l l s  c a n  e n s u r e  t h a t  t h e  n o n - c l o g g e d  c e l l  w a l l s  

d o  n o t  d e v e l o p  d r a i n a g e .  

C h a p t e r  3  r e v e a l s  t h e  p r e f e r r e d  r a n g e  o f  t h e  p r i m a r y  c r y s t a l s  i n  

v o l u m e  f r a c t i o n  o f  s o l i d  a n d  t h e  e f f e c t  o f  o x y g e n  o n  t h e  s t a b i l i t y  o f  t h e  p o r e s .  

A l u m i n u m  a l l o y  f o a m s  w e r e  f a b r i c a t e d  u n d e r  s a m e  s e t t i n g  c o n d i t i o n s  o r  

u n d e r  d i f f e r e n t  o x y g e n  c o n c e n t r a t i o n s .  T h e  a l l o w a n c e  f l u c t u a t i o n  o f  t h e  

t e m p e r a t u r e  w a s  o b t a i n e d  f o r  c o m p a r a t i v e  e x p e r i m e n t s  b y  f a b r i c a t i n g  f i v e  

a l u m i n u m  a l l o y  f o a m s  u n d e r  t h e  s a m e  s e t t i n g  c o n d i t i o n s .  T h r e e  f o a m s  w e r e  

c o m p a r e d  u n d e r  d i f f e r e n t  t e m p e r a t u r e .  T h e  o b t a i n e d  r e s u l t s  i n d i c a t e  t h a t  

t h e  n u m b e r  o f  c l o g g e d  c e l l  w a l l s  i n c r e a s e s  w i t h  a n  i n c r e a s e  i n  t h e  v o l u m e  

f r a c t i o n  o f  s o l i d .  B a s e d  o n  t h i s  r e s u l t ,  t h e  p r e f e r r e d  r a n g e  o f  t h e  v o l u m e  
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f r a c t i o n  o f  s o l i d  i s  c a l c u l a t e d  t o  b e  1 5–3 5 %  o f  t h e  v o l u m e  f r a c t i o n  o f  s o l i d .  

I n  a d d i t i o n ,  t h e  a r e a  r a t i o  o f  p r i m a r y  c r y s t a l s  i n  a l l  c e l l  w a l l s  i n c r e a s e s ,  

a n d  t h e r e f o r e ,  a  h i g h e r  v o l u m e  f r a c t i o n  o f  s o l i d s  i n  t h e  p r e f e r r e d  r a n g e  i s  

c o n s i d e r e d  t o  b e  m o r e  e f f e c t i v e  f o r  p o r e  s t a b i l i z a t i o n .  F o a m s  f a b r i c a t e d  

u n d e r  1 8 %  o x y g e n  a n d  1 0  p p m  o x y g e n  r e v e a l e d  t h a t  t h e  o x y g e n  i n  t h e  

f u r n a c e  i n c r e a s e d  t h e  s t a b i l i t y  o f  t h e  p o r e s  a n d  t h e  p r i m a r y  c r y s t a l s .  

C h a p t e r  4  d e f i n e s  t h e  i n t e r n a l  c e l l  w a l l  s t r u c t u r e  q u a n t i t a t i v e l y.  T h e  

i n t e r n a l  c e l l  w a l l  s t r u c t u r e  i s  o b s e r v e d  u s i n g  X - r a y  C T.  T h e  n e w  p a r a m e t e r,  

c e l l  w a l l  s t r u c t u r e  δ ,  i s  d e f i n e d  a s  t h e  v a l u e  o b t a i n e d  b y  s u b t r a c t i n g  t h e  

n u m b e r  o f  o u t f l o w s  c o n n e c t e d  t o  t h e  d r a i n a g e  f r o m  t h e  n u m b e r  o f  i n f l o w s .  

A c c o r d i n g  t o  t h e  M o n t e  C a r l o  s i m ul a t i o n ,  a  l a r g e r  va l u e  o f  δ  h a s  a  s m a l l e r  

p e r c o l a t i o n  t h r e s h o l d ,  w h i c h  m e a n s  t h a t  i t  i s  e a s y  t o  p r e v e n t  d r a i n a g e .  A 

p a i r  d i s t r i b u t i o n  f u n c t i o n  g ( r )  w a s  o b t a i n e d  f o r  e a c h  t a r g e t  c e l l  w a l l  

s t r u c t u r e  δ  t o  r e v e a l  t h e  a r r a n g e m e n t  o f  t h e  c e l l  w a l l  s t r u c t u r e .  Ea c h  c e l l  

w a l l  s t r u c t u r e  δ  w a s  a r r a n g e d  t o  s u p p l e m e n t  t h e  e x c e s s  c e l l  w a l l s  t h a t  d o  

n o t  c o n n e c t  t o  a n y  c e l l  w a l l s .  

C h a p t e r  5  p r e s e n t s  t h e  t h r e e  i m p o r t a n t  c o n c l u s i o n s  o f  t h i s  t h e s i s .  

P r i m a r y  c r y s t a l s  w h o s e  p r e s e n c e  e x c e e d s  t h e  p e r c o l a t i o n  t h r e s h o l d  c a n  

p r e v e n t  d r a i n a g e  i n  t h e  e n t i r e  f o a m .  T h e r e f o r e ,  t he  c l o g g i n g  e f f e c t  c a n  b e  

a p p l i e d  n o t  o n l y  t o  o n e  c e l l  w a l l  b u t  a l s o  t o  t h e  e n t i r e  f o a m .  F u r t h e r,  t h e  

p r e f e r r e d  r a n g e  o f  t h e  p r i m a r y  c r y s t a l s  i n  v o l u m e  f r a c t i o n  i s  o b t a i n e d  a s  

1 5–3 5 % .  T h e  c l o g g i n g  e f f e c t  w o r k s  m o r e  e f f e c t i v e l y  w i t h  a  h i g h e r  v o l u m e  

f r a c t i o n  o f  s o l i d  i n  t h e  p r e f e r r e d  r a n g e .  I n  a d d i t i o n ,  t h e  a l l o w a n c e  

f l u c t u a t i o n  o f  t h e  t e m p e r a t u r e  t o  f a b r i c a t e  t h e  f o a m  w i t h  h i g h  

r e p r o d u c i b i l i t y  i s  d e t e r m i n e d .  F i n a l l y,  i t  i s  d e t e r m i n e d  t h a t  t h e  o x y g e n  i n  

t h e  a t m o s p h e r e  c a n  i m p r o v e  t h e  s t a b i l i t y  o f  t h e  f o a m .  

T h e  f i n d i n g s  o f  t h i s  s t u d y  a r e  e x p e c t e d  t o  f a c i l i t a t e  t h e  c o m m e r c i a l  

u s e  o f  a l u m i n u m  a l l o y  f o a m .  M e t h o d s  t o  i m p r o v e  t h e  u n i f o r m i t y  a n d  

r e p r o d u c i b i l i t y  o f  t h e  f o a m  a r e  p r e s e n t e d  i n  t h i s  s t u d y.  T h e r e f o r e ,  a  s t a b l e  

f o a m  c a n  b e  f a b r i c a t e d  u s i n g  t h e  m e t h o d s  p r e s e n t e d  i n  t h i s  s t u d y.  Fu r t h e r,  

s t a b l e  a l u m i n u m  f o a m s  w i t h  a  v a r i e t y  o f  p o r e  m o r p h o l o g i e s  c a n  b e  

f a b r i c a t e d ,  a n d  t h e i r  m e c h a n i c a l  p r o p e r t i e s  c a n  b e  m e a s u r e d .  F i n a l l y,  a  s a f e  

a n d  r e l i a b l e  s o c i e t y  c a n  b e  e s t a b l i s h e d  b e c a u s e  m a n y  p r o d u c t s ,  s u c h  a s  

t r a n s p o r t a t i o n  v e h i c l e s ,  h e a t  e x c h a n g e r s ,  a n d  a r c h i t e c t u r a l  m a t e r i a l s ,  u s e  

t h e  f o a m s .  M o r e o v e r,  t h e  c o m b i n a t i o n  o f  t h e  m e t a l  a n a l y s i s  t e q u n i q u e  a n d  

p h y s i c a l  a p p r o a c h  i s  e x p e c t e d  t o  h e l p  e s t a b l i s h  n e w  m a t e r i a l  p r o c e s s i n g  

t e c h n i q u e s .  
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[10] The Stabilization Mechanism of Semi-solid Foaming Method by Primary Crystals, MetFoam2019
11th International Conference on Porous Metals and Metallic Foams, August 2019, S. Takamatsu, T.
Kuwahara, R. Kochi and S. Suzuki.

[11] Pore morphology of aluminum alloy foam changing with fabrication conditions of semi-solid
route, 144th JILM Annual Meeting, May 2023, S. Takamatsu, A. SAYAMA, T. ARAI and S. Suzuki.

[12] Clogging effect with primary crystals in aluminum alloy foam based on percolation theory, 139th
JILM Annual Meeting, November 2020, S. Takamatsu, T. Kuwahara, R. Kochi and S. Suzuki.

[13] Stabilization mechanism of cell wall in aluminum alloy foamed in semi-solid state, 9th Porous
Materials Research Symposium, March 2019, S. Takamatsu, T. Kuwahara, R. Kochi and S. Suzuki.

[14] Stability of Cell Wall in Aluminum Alloy foamed in Semi-Solid State, 6th Poster Conference for
Young Researcher JILM Kanto BRanch, August 2018, S. Takamatsu, T. Kuwahara, R. Kochi and S.
Suzuki.

[15] Application of semi-solid forming to fabrication of aluminum foam, Seminar at Technische
Universitat Dortmund, July 2023, S. Takamatsu
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[3] Stabilization mechanism of semi-solid film simulating the cell wall during fabrication of aluminum
foam, Metals, March 2020, vol. 10,  pp. 333-345, T. Kuwahara, A. Kaya, T. Osaka, S. Takamatsu
and S. Suzuki.

[5] Relationship between Fabrication Conditions of Semi-solid Route and Morphology of Aluminum
Alloy Foam, MetFoam2023 12th International Conference on Porous Metals and Metallic Foams, July
2023, S. Takamatsu, T. Arai, A. Sayama and S. Suzuki.

[6] Effect of fabrication conditions of semi-solid route on stability of aluminum alloy foam, 143rd
JILM Annual Meeting, November 2022, S. Takamatsu, T. Arai and S. Suzuki.

[7] Stabilization Mechanism of Aluminum Alloy Foam affected by Primary Crystals and Cell Wall
Structure, CellMAT2022 7th International Conference on Cellular Materials, October 2022, S.
Takamatsu, T. Arai and S. Suzuki.

[8] Effect of cell wall structure on stability of aluminum alloy foam, 142nd JILM Annual Meeting,
May 2022, S. Takamatsu, T. Arai and S. Suzuki.

[9] Stabilization mechanism and cell wall structure of alminum alloy foam in semi-solid route, 141st
JILM Annual Meeting, November 2021, S. Takamatsu, T. Arai and S. Suzuki.

○[1] Characteristics of Pore Morphology in Aluminum Alloy Foams Fabricated by Semi-Solid Route
among Multiple Experimental Runs, Metals, September 2023, vol. 13, pp. 847-859, S. Takamatsu, T.
Arai, A. Sayama and S. Suzuki

○[2] Percolation of Primary Crystals in Cell Walls of Aluminum Alloy Foam via Semi-Solid Route,
Metals, June 2020, vol. 10, pp. 1654-1669, S. Takamatsu, T. Kuwahara, R. Kochi and S. Suzuki
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[4] Aluminum alloy foams fabricated by semi-solid route in various atmosphere changing oxygen
concentration, 145th JILM Annual Meeting, November 2023, S. Takamatsu, N. Tsuchida, M.
Tsutsumi and S. Suzuki.
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[22] Excellent Woman Award, 6th Poster Presentation of Young Scientists JILM Kanto Branch,
August 2018, S. Takamatsu.

[23] JILM Kanto Branch Special Award, 6th Poster Presentation of Young Scientists JILM Kanto
Branch, August 2018, S. Takamatsu.

[24] JILM Kanto Branch Award, 6th Poster Presentation of Young Scientists JILM Kanto Branch,
August 2018, S. Takamatsu.
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[16] Allowance range of fabrication temperature for pore stabilization mechanism to work in semi-
solid route, Seminar at Deutsches Zentrum fur Luft- und Raumfahrt (German Aerospace Center), July
2023, S. Takamatsu.

[17] Recent Progress of Porous Metals in Japan, Seminar at Technische Universitat Berlin, October
2022, S. Takamatsu.

[18] Recent progress in porous metals for aerospace and other applications, Seminar at Deutsches
Zentrum fur Luft- und Raumfahrt (German Aerospace Center), October 2022, S. Takamatsu.

[19] Excellent English Poster Award, 144th JILM Annual Meeting, May 2023, S. Takamatsu.

[20] Excellent Materials Science Acdemic Award, Graduate School of Fundamental Science and
Engineering Waseda University, March 2021, S. Takamatsu.

[21] Excellent Student Award, 6th Poster Presentation of Young Scientists JILM Kanto Branch,
August 2018, S. Takamatsu.
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