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BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s ,   in  g e n e r a l ,   t o  a   h e a t -  

r e s i s t i n g   a l u m i n u m   a l l o y   w h i c h   i s   h i g h   in   m e c h a n i c a l  

s t r e n g t h   no t   o n l y   a t   o r d i n a r y   t e m p e r a t u r e s   but   a l s o  

at   h i g h   t e m p e r a t u r e s ,   and  more  p a r t i c u l a r l y   to  t h e  

h e a t - r e s i s t i n g   a l u m i n u m   a l l o y   s u i t a b l e   f o r   t he   m a t e r i a l  

of  a u t o m o t i v e   e n g i n e   c o m p o n e n t   p a r t s   s u b j e c t e d   t o  

o r d i n a r y   to  h i g h   t e m p e r a t u r e s .  

2.  D e s c r i p t i o n   of  the   P r i o r   A r t  

I t   is   a  r e c e n t   t e n d e n c y   t h a t   i m p r o v e d   f u e l  

e c o n o m y   has  been   e a g e r l y   d e s i r e d   p a r t i c u l a r l y   i n  

t h e   f i e l d   of  a u t o m o t i v e   v e h i c l e s .   As  a  m e a s u r e  

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

r e d u c t i o n   of  t h e   a u t o m o t i v e   v e h i c l e s   has   been   m a d e  

by  u s i n g   l i g h t   w e i g h t   c o m p o n e n t   p a r t s   made ,   f o r  

e x a m p l e ,   of  a l u m i n u m   a l l o y .   T h u s ,   a l u m i n u m   a l l o y  

has   been   e x t e n s i v e l y   u s e d   as  t h e   m a t e r i a l   of  t h e  

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

of  e n g i n e   c o m p o n e n t   p a r t s .  

H o w e v e r ,   i t   is  d i f f i c u l t   to  e m p l o y   u s u a l   a l u m i n u m  

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

w h i c h   a r e   r e q u i r e d   to   have  a  h i g h   m e c h a n i c a l   s t r e n g t h  

t h r o u g h o u t   a  w i d e   t e m p e r a t u r e   r a n g e   f rom  n o r m a l  

t e m p e r a t u r e s   to   a b o u t   2 5 0 ° C .  

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

a l u m i n u m   a l l o y   s u c h   as  one  whose   d e s i g n a t i o n   n u m b e r  

is   7075  has   a  good  s t r e n g t h   c h a r a c t e r i s t i c s   a t   n o r m a l  

t e m p e r a t u r e s   bu t   is  s h a r p l y   l o w e r e d   in  s t r e n g t h  

in  a  t e m p e r a t u r e   r a n g e   f rom  n o r m a l   t e m p e r a t u r e s  

to  2 0 0 ° C .   In  t h i s   r e g a r d ,   s u c h   h i g h   s t r e n g t h   a l u m i n u m  



a l l o y   i s   n o t   s u i t a b l e   f o r   t he   m a t e r i a l   of  t he   c o m p o n e n t  

p a r t s   of  a u t o m o t i v e   e n g i n e s .   The  d e s i g n a t i o n   n u m b e r s  

of  a l u m i n u m   a l l o y s   m e n t i o n e d   h e r e i n a b o v e   and  h e r e i n a f t e r  

a r e   a d o p t e d   by  the   Aluminum  A s s o c i a t i o n   in  t h e   U n i t e d  

S t a t e s   of  A m e r i c a .  

R e g a r d i n g   s o - c a l l e d   h e a t - r e s i s t i n g   a l u m i n u m  

a l l o y ' s u c h   as  one  whose   d e s i g n a t i o n   number   is  2 2 1 8 ,  

i t   is  e x c e l l e n t   in  s t r e n g t h   at   h i g h   t e m p e r a t u r e s  

but   is  l o w e r   in  s t r e n g t h   a t   n o r m a l   t e m p e r a t u r e s .  

As  a  r e s u l t ,   s u c h   h e a t - r e s i s t i n g   a l u m i n u m   a l l o y  

is  a l s o   n o t   s u i t a b l e   f o r   t h e   m a t e r i a l   of  a u t o m o t i v e  

e n g i n e   c o m p o n e n t   p a r t s .  

SUMMARY  OF  THE  INVENTION 

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

t he   p r e s e n t   i n v e n t i o n   c o n t a i n s   m a n g a n e s e   r a n g i n g  

from  6  to   8%  by  w e i g h t ,   i r o n   r a n g i n g   from  0 .5   t o  

2%  by  w e i g h t ,   z i r c o n i u m   r a n g i n g   f rom  0 . 0 3   to  0 . 5 %  

by  w e i g h t ,   and  c o p p e r   r a n g i n g   f rom  2  to  5%  by  w e i g h t .  

The  b a l a n c e   is   e s s e n t i a l l y   a l u m i n u m .   By  v i r t u e  

p a r t i c u l a r l y   of  t he   l o w e r e d   u p p e r   l i m i t   of  c o n t e n t  

of  m a n g a n e s e   and  i r o n   and  t h e   i n c r e a s e d   c o n t e n t  

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

in  s t r e n g t h   a t   o r d i n a r y   and  h i g h   t e m p e r a t u r e s   a n d  

b e c o m e s   s u i t a b l e   f o r   t he   m a t e r i a l   of  an  a r t i c l e  

p r o d u c e d   by  u s i n g   s o - c a l l e d   a t o m i z a t i o n   p r o c e s s  
in  w h i c h   m o l t e n   m e t a l   of  t h e   p a r e n t   m e t a l   is   s p r a y e d  

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

c o m p r e s s i o n - f o r m e d   i n t o   a  d e s i r e d   a r t i c l e .  

DESCRIPTION  OF  THE  INVENTION 

A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   a  h e a t -  

r e s i s t i n g   a l u m i n u m   a l l o y   c o m p r i s e s   m a n g a n e s e   r a n g i n g  

from  6  to  8%  by  w e i g h t ,   i r o n   r a n g i n g   from  0 .5   t o  

2%  by  w e i g h t ,   z i r c o n i u m   r a n g i n g   f rom  0 .03   to  0 . 5 ,  



c o p p e r   r a n g i n g   f rom  2  to  5%  by  w e i g h t ,   and  t he   b a l a n c e  

e s s e n t i a l l y   a l u m i n u m   in  wh ich   t he   b a l a n c e   may  i n c l u d e  

i m p u r i t i e s .   In  t h i s   a l u m i n u m   a l l o y ,   t he   u p p e r   l i m i t  

of  t he   a d d e d   a m o u n t   or  c o n t e n t   of  m a n g a n e s e   (Mn)  

and  i r o n   (Fe )   i s   k e p t   l o w e r   t h e r e b y   to   s u p p r e s s  

c y s t a l l i z a t i o n   of  b u l k y   p h a s e   and  s e g r e g a t i o n   o f  

Mn  c o m p o u n d ,   w h i l e   i n c r e a s i n g   t he   a d d e d   a m o u n t   o r  

c o n t e n t   of  c o p p e r   (Cu)  wh ich   is  an  a d d i t i v e   e l e m e n t  

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

t e m p e r a t u r e   r a n g e   f rom  o r d i n a r y   t e m p e r a t u r e s   t o  

a b o u t   250°C  w i t h o u t   a f f e c t i n g   Mn  c o m p o u n d .   T h i s  

make  p o s s i b l e   to  o b t a i n   t he   h e a t - r e s i s t i n g   a l u m i n u m  

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

t e m p e r a t u r e s   and  h i g h   t e m p e r a t u r e s   w i t h o u t   u s i n g  

q u e n c h   s o l i d i f i c a t i o n   s u c h   as  s o - c a l l e d   s p l a t   c o o l i n g  

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

The  a b o v e - s t a t e d   r a n g e   of  c o n t e n t   of  t h e   c o m p o n e n t s  
of  t he   h e a t - r e s i s t i n g   a l u m i n u m   a l l o y   of  t h e   p r e s e n t  

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

h e r e i n a f t e r .  

Mn :  6  to  8%  by  w e i g h t  

Mn  is   an  e l e m e n t   e f f e c t i v e   f o r   i m p r o v i n g   h e a t  

r e s i s t a n c e   and  wea r   r e s i s t a n c e   of  a l u m i n u m   a l l o y .  

H o w e v e r ,   i f   t he   c o n t e n t   of  Mn  is   l e s s   t h a n   6%,  s u f f i c i e n t  

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

e x c e e d s   8%,  t h e r e   o c c u r s   c r y s t a l l i z a t i o n   of  t h e  

b u l k y   p h a s e   and  s e g r e g a t i o n   of  Mn  compound   a t   t h e  

c o o l i n g   r a t e   o b t a i n e d   by  the   a t o m i z a t i o n   p r o c e s s .  

As  a  r e s u l t ,   t h e   c o n t e n t   of  Mn  has  b e e n   l i m i t e d  

w i t h i n   t h e   r a n g e   f rom  6  to  8%  by  w e i g h t .  

F e  :   0 . 5   to  2%  by  w e i g h t  

Fe  is   an  e l e m e n t   e f f e c t i v e   f o r   i m p r o v i n g   h i g h  



t e m p e r a t u r e   s t a b i l i t y   of  s u p e r s a t u r a t e d   s o l i d   s o l u t i o n  

( o b t a i n e d   by  q u e n c h i n g )   of  At-Mn  a l l o y   and  f i n e  

Al-Mn  i n t e r m e t a l l i c   c o m p o u n d .   H o w e v e r ,   i f   t h e  

c o n t e n t   of  Fe  is  l e s s   t h a n   0 . 5 % ,   s u c h   an  e f f e c t  

c a n n o t   be  o b t a i n e d ,   w h i l e   i f   i t   e x c e e d s   2%,  b r i t t l e  

p h a s e   of  A l - M n - F e   and  A t - F e   i s   c r y s t a l l i z e d   i n  

t h e   a t o m i z a t i o n   p r o c e s s .   As  a  r e s u l t ,   t h e   c o n t e n t  

of  Fe  has   been   l i m i t e d   w i t h i n   t h e   r a n g e   f rom  0 . 5  

to  2%  by  w e i g h t .  

Z r  :   0 . 0 3   to  0.5%  by  w e i g h t  

Zr  i s   an  e l e m e n t   e f f e c t i v e   f o r   m a k i n g   f i n e  

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

t e m p e r a t u r e   s t a b i l i t y   of   s u p e r s a t u r a t e d   s o l i d   s o l u t i o n  

of  Al-Mn  a l l o y   and  f i n e   Al-Mn  i n t e r m e t a l l i c   c o m p o u n d .  

H o w e v e r ,   t h e   c o n t e n t   of   Zr  i s   l e s s   t h a n   0 . 0 3 % ,   s u c h  

an  e f f e c t   c a n n o t   be  o b t a i n e d ,   w h i l e   i f   i t   e x c e e d s  

0.5%,  t h e r e   o c c u r s   e n l a r g e m e n t   of  A l - Z r   p h a s e .  

As  a  r e s u l t ,   t h e   c o n t e n t   of  Zr  has   been  l i m i t e d  

w i t h i n   t he   r a n g e   f rom  0 . 0 3   to   0.5%  by  w e i g h t .  

C u  :   2  to  5%  by  w e i g h t  

Cu  i s   an  e l e m e n t   w h i c h   i s   e f f e c t i v e   f o r   i m p r o v i n g  

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

by  w h i c h   the   h e a t - r e s i s t i n g   a l u m i n u m   a l l o y   a c c o r d i n g  

to  t h e   p r e s e n t   i n v e n t i o n   i s   m o s t   c h a r a c t e r i z e d .  

In  o t h e r   w o r d s ,   t h e   p r e s e n t   i n v e n t i o n   i s   i n t e n d e d  

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

r a n g e   f rom  o r d i n a r y   t e m p e r a t u r e s   to  250°C  w i t h o u t  

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

of  Cu  in   o r d e r   to  c o m p e n s a t e   a  d e c r e a s e   of  Mn,  F e  

c o n t e n t   w h i c h   d e c r e a s e   i s   made  f o r   t h e   p u r p o s e   o f  

s u p p r e s s i n g   c o a r s e n i n g   and  s e g r e g a t i o n   of  Mn  c o m p o u n d  

in  p o w d e r   fo rm  p r o d u c e d   by  t h e   a t o m i z a t i o n   p r o c e s s .  
I t   w i l l   be  n o t e d   t h a t   i f   t he   c o n t e n t   of  Cu  i s   l e s s  



t h a n   2%,  t he   e f f e c t   of  s t r e n g t h   i m p r o v e m e n t   c a n n o t  
be  e x p e c t e d ,   w h i l e   i f   i t   e x c e e d s   5%,  c o r r o s i o n   r e s i s t a n c e  

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

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

t h e   s u p e r s a t u r a t e d   s o l i d   s o l u t i o n   of  A1-Mn  a l l o y  
and  v e r y   f i n e   Al-Mn  i n t e r m e t a l l i c   c o m p o u n d .   As 

a  r e s u l t ,   t he   c o n t e n t   of   Cu  has   been   l i m i t e d   w i t h i n  
t h e   r a n g e   f rom  2  to   5%  by  w e i g h t .  

Now,  a d d i t i o n   of  s i l i c o n   ( S i )   and  m a g n e s i u m  
(Mg)  o t h e r   t h a n   Cu  i s   t h i n k a b l e .   H o w e v e r ,   i f   S i  

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

d e g r e e   s t r e n g t h   i m p r o v e m e n t   as  in  t h e   c a s e   of  Cu 

a d d i t i o n ,   Si  is   u n a v o i d a b l y   c o n t a i n e d   in   t h e   f o r m  

of  a - A t ( F e , M n ) S i   p h a s e   in  Mn  compound   and  t h e r e f o r e  

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

to  s o l i d   s o l u t i o n   h a r d e n i n g   and  p r e c i p i t a t i o n  

h a r d e n i n g .  

Mg  is   an  e l e m e n t   w h i c h   i m p r o v e s   m e c h a n i c a l  

s t r e n g t h   a t   o r d i n a r y   t e m p e r a t u r e s   by  age   h a r d e n i n g  

upon   b i n d i n g   of  Mg  w i t h   S i .   H o w e v e r ,   as  s t a t e d  

a b o v e ,   Si  t e n d s   to  t a k e   t he   form  @ - A l ( F e , M n ) S i  

p h a s e   and  t h e r e f o r e   s t r e n g t h   i m p r o v e m e n t   due  t o  

t h e   p r e c i p i t a t i o n   of  Mg2Si  p h a s e   is   d e g r a d e d   a s  
c o m p a r e d   w i t h   t h a t   due   Cu  a d d i t i o n .  

In  o r d e r   to  e v a l u a t e   t he   h e a t - r e s i s t i n g   a l u m i n u m  

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

( S a m p l e   Nos.   1  to   5)  of   t he   p r e s e n t   i n v e n t i o n   w i l l  

be  d i s c u s s e d   h e r e i n a f t e r   in  c o m p a r i s o n   w i t h   C o m p a r a t i v e  

E x a m p l e s   ( S a m p l e   Nos .   6  to   12)  w h i c h   a r e   ou t   o f  

t h e   s c o p e   of  t h e   p r e s e n t   i n v e n t i o n .   The  c h e m i c a l  

c o m p o s i t i o n s   of  t he   E x a m p l e s   and  C o m p a r a t i v e   E x a m p l e s  

a r e   shown  in  T a b l e   1 .  



The  a l u m i n u m   a l l o y s   of  S a m p l e   Nos.   1  to  5  a n d  

of  S a m p l e   Nos.   8  to  12  were   p r e p a r e d   as  f o l l o w s :  

A  b i n a r y   a l l o y   i n g o t   c o n t a i n i n g   Al  and  an  i n d i v i s u a l  

c o m p o n e n t   o t h e r   t h a n   Al,   and  an  At  i n g o t   were   w e i g h e d  

and  m o l t e n   to   be  m i x e d   w i t h   e a c h   o t h e r   t h e r e b y   t o  

p r o d u c e   a  p a r e n t   m e t a l   h a v i n g   a  c h e m i c a l   c o m p o s i t i o n  
shown  in  F i g .   1.  T h e r e a f t e r ,   t h e   p a t e n t   m e t a l   w a s  

m o l t e n   in  a  m e l t i n g   f u r n a c e   of  an  a t o m i z i n g   d e v i c e ,  

and  t he   t h u s   p r e p a r e d   m o l t e n   m e t a l   was  s p r a y e d   u p o n  



b e i n g   s u p e r h e a t e d   150°C  o v e r   the  m e l t i n g   p o i n t   o f  

t h e   p a r e n t   m e t a l ,   t h e r e b y   o b t a i n i n g   a t o m i z e d   p o w d e r .  

The  a t o m i z e d   p o w d e r   h a v i n g   a  p a r t i c l e   s i z e   no t   l a r g e r  

t h a n   120  mesh  was  u s e d   f o r   p r e p a r i n g   a  s p e c i m e n  

s u b j e c t e d   to  t e s t s   d i s c u s s e d   b e l o w .   S u b s e q u e n t l y ,  

t h e   a t o m i z e d   p o w d e r   was  f o r m e d   i n t o   a  c y l i n d r i c a l  

s h a p e   u n d e r   t he   c o m p r e s s i o n   of  3 .5   t o n f / c m 2   to  o b t a i n  

a  b i l l e t .   The  b i l l e t   was  t h e n   s u b j e c t e d   to  an  e x t r u s i o n  

p r o c e s s   at  a  t e m p e r a t u r e   l o w e r   t h a n   400°C  and  a t  

an  e x t r u s i o n   r a t i o   ( t h e   r a t i o   b e t w e e n   t h e   c r o s s -  

s e c t i o n a l   a r e a s   of  t h e   b i l l e t   and  an  e x t r u d e d   p r o d u c t )  

of  1 2 : 1 .   The  e x t r u d e d   p r o d u c t   was  cu t   ou t   i n t o  

a  p r e d e t e r m i n e d   s h a p e   to  o b t a i n   t h e   s p e c i m e n   f o r  

t h e   t e s t s .  

The  S a m p l e   Nos.   6  and   7  c o r r e s p o n d   to  a l u m i n u m  

a l l o y s   whose   d e s i g n a t i o n   n u m b e r s   a r e   2218  and  7 0 7 5 ,  

r e s p e c t i v e l y .   T h e s e   we re   p r e p a r e d   as  f o l l o w s :  

The  m o l t e n   m e t a l   of  t h e   p a r e n t   m e t a l   c o r r e s p o n d i n g  

to  e a c h   S a m p l e   No.  was  f o r m e d   i n t o   an  i n g o t   f o r  

r o l l i n g   wh ich   i n g o t   t h e r e a f t e r   u n d e r w e n t   ho t   r o l l i n g .  

S u b s e q u e n t l y ,   a  p r o d u c t   c o r r e s p o n d i n g   to  S a m p l e  

N o .  6   was  s u b j e c t e d   to  s o l i d   s o l u t i o n   t r e a t m e n t  

at   510°C  f o r   4  h o u r s   and  to   a r t i f i c i a l   a g i n g   t r e a t m e n t  

a t   1750C  f o r  4   h o u r s ,   w h e r e a s   a  p r o d u c t   c o r r e s p o n d i n g  

to  S a m p l e   N o .  7   was  s u b j e c t e d   to  s o l i d   s o l u t i o n  

t r e a t m e n t   a t   460°C  f o r  4   h o u r s   and  to  a r t i f i c i a l  

a g i n g   t r e a t m e n t   at   120°C  f o r   24  h o u r s .   T h e r e a f t e r ,  

each   p r o d u c t   were   e u t   p u t   i n t o   t h e   p r e d e t e r m i n e d  

s h a p e   to  o b t a i n   e a c h   s p e c i m e n   f o r   t he   t e s t s .  

N e x t ,   a  t e n s i o n   t e s t   was  c o n d u c t e d   on  e a c h  

of  t h e   t h u s   o b t a i n e d   s p e c i m e n s   at  an  o r d i n a r y   ( o r  

room)  t e m p e r a t u r e   and  at   20Q°C,   in  wh ich   t e n s i o n  

v a l u e   m e a s u r e m e n t   in  t e s t   at   200°C  was  made  a f t e r  



e a c h   s p e c i m e n   had  been   kep t   h e a t e d   f o r   1  h o u r .  

The  t e s t   r e s u l t   is  shown  in  T a b l e   2  in  w h i c h   S a m p l e  

Nos.   c o r r e s p o n d   to  t h o s e   in  T a b l e   1 .  



As  shown  in  T a b l e   2,  a l l   the   S a m p l e   Nos.  1 

to  5  a l u m i n u m   a l l o y s   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n  

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

o r d i n a r y   t e m p e r a t u r e s   and  a t   2000C  t h a n   t h e   d e s i g n a t i o n  

n u m b e r   2218  h e a t - r e s i s t i n g   a l u m i n u m   a l l o y   ( S a m p l e  

N o .  6 ) .   P a r t i c u l a r l y ,   t h e   s t r e n g t h   a t   o r d i n a r y  

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

t h e   p r e s e n t   i n v e n t i o n   can  s t a n d   c o m p a r i s o n   w i t h  



t h a t   of  the   d e s i g n a t i o n   number   7075  h i g h   s t r e n g t h  

a l u m i n u m   a l l o y   ( S a m p l e   N o .  7 ) .   T h u s ,   i t   has   b e e n  

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

the   p r e s e n t   i n v e n t i o n   is  e x c e l l e n t   in  s t r e n g t h   a t  

o r d i n a r y   t e m p e r a t u r e s   and  a t   h i g h   t e m p e r a t u r e s .  
The  S a m p l e   Nos.   8  and  9  a l u m i n u m   a l l o y s   ( C o m p a r a t i v e  

E x a m p l e s )   whose   Mn  and  Fe  c o n t e n t s   a r e   l e s s   t h a n  

t h o s e   of  t he   a l u m i n u m   a l l o y   of  t h e   p r e s e n t   i n v e n t i o n  

a r e   s l i g h t l y   l o w e r   in  s t r e n g t h   a t   2 0 0 ° C   as  c o m p a r e d  

w i t h   t h e   a l u m i n u m   a l l o y   of  t h e   p r e e n t   i n v e n t i o n .  

The  S a m p l e   Nos.   10,  11  and  12  a l u m i n u m   a l l o y s   ( C o m p a r a t i v e  

E x a m p l e s )   whose   Mn  and  Fe  c o n t e n t s   a r e   more   t h a n  

t h o s e   of  the   a l u m i n u m   a l l o y   of  t h e   p r e s e n t   i n v e n t i o n  

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

a l l o y   of  the   p r e s e n t   i n v e n t i o n   b e c a u s e   c o a r s e n i n g  

and  s e g r e g a t i o n   of  Mn  compound   u n a v o i d a b l y   o c c u r s  

at   t h e   c o o l i n g   r a t e   o b t a i n e d   by  t h e   a t o m i z a t i o n  

p r o c e s s .   Thus ,   t h e   S a m p l e   Nos.  8  to  12  a l u m i n u m  

a l l o y s   have  been   c o n f i r m e d   to  be  i n f e r i o r   as  c o m p a r e d  

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

i n v e n t i o n .  

As  w i l l   be  a p p r e c i a t e d   from  t h e   a b o v e   d i s c u s s i o n ,  

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

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

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

and  at   h i g h   t e m p e r a t u r e s   as  c o m p a r e d   w i t h   c o n v e n t i o n a l  

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

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

not   o n l y   to  be  h e a t - r e s i s t a n t   bu t   a l s o   to   be  h i g h  

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

w e i g h t   r e d u c t i o n   of  t h e   c o m p o n e n t   p a r t s   and  an  a s s e m b l e d  

p r o d u c t .   A d d i t i o n a l l y ,   an  a r t i c l e   made  of  t he   a l u m i n u m  

a l l o y   of  the   p r e s e n t   i n v e n t i o n   can   be  p r o d u c e d   w i t h  



powder   p a r t i c l e s   p r e p a r e d   by  t h e   a t o m i z a t i o n   p r o c e s s ,  
t h u s   o f f e r i n g   an  a d v a n t a g e   of  o m i t t i n g   q u e n c h   s o l i d i f i -  

c a t i o n   such   as  t r o u b l e s o m e   s p l a t   c o o l i n g   p r o c e s s .  



1.  A  h e a t - r e s i s t i n g   a l u m i n u m   a l l o y   c o m p r i s i n g  

m a n g a n e s e   r a n g i n g   f rom  6  to  8%  by  w e i g h t ,   i r o n   r a n g i n g  

f rom  0 .5   to  2%  by  w e i g h t ,   z i r c o n i u m   r a n g i n g   f r o m  

0 . 0 3   to  0.5%  by  w e i g h t ,   c o p p e r   r a n g i n g   f rom  2  t o  

5%  by  w e i g h t ,   and  t h e   b a l a n c e   e s s e n t i a l l y   a l u m i n u m .  

2.  A  h e a t - r e s i s t i n g   a l u m i n u m   a l l o y   as  c l a i m e d  

in  C la im   1,  f u r t h e r   c o m p r i s i n g   s i l i c o n ,   and  m a g n e s i u m .  

3.  A  m a t e r i a l   s u i t a b l e   f o r   m a k i n g   an  a r t i c l e   b y  

e m p l o y i n g   an  a t o m i z a t i o n   p r o c e s s   in  w h i c h   m o l t e n  

m e t a l   of  p a r e n t   m e t a l   of  the   m a t e r i a l   is   a t o m i z e d  

to  o b t a i n   p o w e r   p a r t i c l e s ,   s a i d   m a t e r i a l   c o m p r i s i n g  

m a n g a n e s e   r a n g i n g   from  6  to  8%  by  w e i g h t ,   i r o n   r a n g i n g  
f rom  0 . 5   to  2%  by  w e i g h t ,   z i r c o n i u m   r a n g i n g   f r o m  

0 . 0 3   to  0.5%  by  w e i g h t ,   c o p p e r   r a n g i n g   f rom  2  t o  

5%  by  w e i g h t ,   and  t h e   b a l a n c e   e s s e n t i a l l y   a l u m i n u m .  

4.  A  c o m p o n e n t   p a r t   of  an  a u t o m o t i v e   e n g i n e   m a d e  

of  a  m a t e r i a l   w h i c h   c o m p r i s e s   m a n g a n e s e   r a n g i n g  

f rom  6  to  8%  by  w e i g h t ,   i r o n   r a n g i n g   f rom  0 .5   t o  

2%  by  w e i g h t ,   z i r c o n i u m   r a n g i n g   f r o m   0 . 0 3   to  0 . 5 %  

by  w e i g h t ,   c o p p e r   r a n g i n g  f r o m   2  t o   5%  by  w e i g h t ,  

and  t h e   b a l a n c e   e s s e n t i a l l y   a l u m i n u m .  

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

a l l o y   a r t i c l e ,   c o m p r i s i n g :  

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

c o m p r i s i n g   m a n g a n e s e   r a n g i n g   f rom  6  to  8%  by  w e i g h t ,  

i r o n   r a n g i n g   f rom  0 .5   to  2%  by  w e i g h t ,   z i r c o n i u m  

r a n g i n g   f rom  0 . 0 3   to  0.5%  by  w e i g h t ,   c o p p e r   r a n g i n g  

from  2  to  5%  by  w e i g h t ,   and  t h e   b a l a n c e   e s s e n t i a l l y  



a l u m i n u m ;  

m e l t i n g   s a i d   p a r e n t   m e t a l   to  o b t a i n   a  m o l t e n  

m e t a l   of  s a i d   p a r e n t   m e t a l ;  

s p r a y i n g   s a i d   m o l t e n   m e t a l   to  o b t a i n   a t o m i z e d  

p o w e r   p a r t i c l e s ;   a n d  

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

s h a p e .  

6.  A  m e t h o d   as  c l a i m e d   in  C l a i m   5,  w h e r e i n   s t e p  

of  s p r a y i n g   is   c a r r i e d   ou t   in  a  c o n d i t i o n   w h e r e  

s a i d   m o l t e n   m e t a l   is  s u p e r h e a t e d   150°C  o v e r   m e l t i n g  

p o i n t   of  s a i d   p a r e n t   m e t a l .  

7.  A  m e t h o d   as  c l a i m e d   in  C la im   6,  f u r t h e r   c o m p r i s i n g  

s t e p   of  s e l e c t i n g   power   p a r t i c l e s   h a v i n g   p a r t i c l e  

s i z e s   s m a l l e r   t h a n   120  mesh  a f t e r   s t e p   of  s p r a y i n g .  

8.  A  m e t h o d   as  c l a i m e d   in  C l a i m   7,  w h e r e i n   s t e p  

of  f o r m i n g   is   c a r r i e d   ou t   by  c o m p r e s s i n g   s a i d   p o w d e r  

p a r t i c l e s   u n d e r   p r e s s u r e   of  a b o u t   3 .5   t o n f / c m 2 .  

9.  A  m e t h o d   as  c l a i m e d   in  C l a i m   8,  f u r t h e r   c o m p r i s i n g  

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

a  p r e d e t e r m i n e d   s h a p e   a f t e r   s t e p   of  f o r m i n g .  

10.  A  m e t h o d   as  c l a i m e d   in  C la im  9,  w h e r e i n   t h e  

s t e p   of  e x t r u d i n g   is   c a r r i e d   ou t   a t   a  t e m p e r a t u r e  

l o w e r   t h a n   4 0 0 ° C .  
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