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S P E C I F I C A T I O N  

HEAT  RESISTANT  ALUMINUM  ALLOY  AND  PREPARATION  THEREOF 

FIELD  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  h e a t   r e s i s t a n t  

a l u m i n u m   a l l y   wh ich   can  be  used   in  a u t o m o b i l e   e n g i n e   p a r t s  

and  a i r c r a f t   p a r t s .  

CONVENTIONAL  ART 

H i t h e r t o ,   as  h e a t   r e s i s t a n t   a l u m i n u m   a l l o y s ,   2 2 1 8 ,  

2219 ,   2618  and  the   l i k e   a r e   known.  H o w e v e r ,   t he   a l u m i n u m  

a l l o y s   a r e   r e q u i r e d   to  have   much  b e t t e r   h e a t   r e s i s t a n c e   i n  

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

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

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

s t r e n g t h   by  the   a d d i t i o n   of  a  c o n s i d e r a b l e   amoun t   of  a  t r a n -  

s i t i o n   m e t a l   such   as  i r o n ,   which   has  been   a v o i d e d   s i n c e   i t  

d e t e r i o r a t e s   t he   p r o p e r t i e s   of  the   a l l o y s ,   to  t he   a l l o y s .  

S i n c e   such   k i n d s   of  a l u m i n u m   a l l o y s   c o n t a i n   t h e  

c o n s i d e r a b l e   amount   of  the   t r a n s i t i o n   m e t a l   such   as  i r o n ,  

t h e y   c a n n o t   be  p r o d u c e d   by  the   c o n v e n t i o n a l   c a s t i n g   m e t h o d .  

T h e r e f o r e ,   t h e y   a re   p r o d u c e d   by  c o n s o l i d a t i n g   the   a l l o y  

p o w d e r   p r e p a r e d   by  the   m e l t   a t o m i z i n g   m e t h o d .  

In  f a c t ,   such   the   a l u m i n u m   a l l o y s   have   i m p r o v e d  

h e a t   r e s i s t a n c e   as  r e p o r t e d   in  " A d v a n c e d   in  Powder   T e c h n o -  

l o g y " ;   " A d v a n c e d   P/M  Aluminum  A l l o y s " ,   2 1 3 - 2 1 4 ,   1981 :   ASM 

M a t e r i a l   S c i e n c e   S e m i n o r   p u b l i s h e d   by  AMERICAN  SOCIETY  FOR 
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METALS,  and  some  of  them  a r e   r e p o r t e d   to  have   t e n s i l e  

s t r e n g t h   of  a b o u t   30  kg/mm2  at   300°C.   H o w e v e r ,   s u c h   a l l o y s  

c a n n o t   be  p r e p a r e d   w i t h   good  r e p r o d u c i b i l i t y   and  have   n o t  

been   p r a c t i c a l l y   u s e d .  

For  p a r t s   which   a r e   e x p o s e d   to  h i g h   t e m p e r a t u r e s  

such   as  t he   a i r c r a f t   e n g i n e   p a r t s ,   i m p e l l e r s   of  gas   t u r b i n e  

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

t e n s i l e   s t r e n g t h   of  25  kg/mm  or  l a r g e r ,   p r e f e r a b l y   l a r g e r  

t h a n   30  kg/mm  at   300°C.   H o w e v e r ,   none  of  t he   a l r e a d y   d e v e -  

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

ment   p r a c t i c a l l y .  

DISCLOSURE  OF  THE  INVENTION 

In  v iew  of  the   above   c i r c u m s t a n c e s ,   an  o b j e c t   o f  

the   p r e s e n t   i n v e n t i o n   is  to  p r o v i d e   a  h e a t   r e s i s t a n t   a l u m i -  

num  a l l o y   w h i c h   has  h igh   t e n s i l e   s t r e n g t h   of  l a r g e r   t h a n   26 

kg/mm2  at   h i g h   t e m p e r a t u r e   of  3 0 0 ° C .  

The  h e a t   r e s i s t a n t   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   c o m p r i s e s   5  to  10  %  by  w e i g h t   of  i r o n ,   0 .5   to  3  % 

by  w e i g h t   of  m o l y b d e n u m ,   0.5  to  3  %  by  w e i g h t   of  a t   l e a s t  

one  e l e m e n t   s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   of  c h r o m i u m ,  

z i r c o n i u m   and  v a n a d i u m   and  r e s t   of  a l u m i n u m ,   p r o v i d e d   t h a t  

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

and  v a n a d i u m   is  f rom  6  to  16  %  by  w e i g h t ,   and  has   the   t e n -  

s i l e   s t r e n g t h   of  l a r g e r   t h a n   26  kg/mm2  at   3 0 0 ° C .  

Such  the   h e a t   r e s i s t a n t   a l u m i n u m   a l l o y   can  b e  

p r o d u c e d   f rom  powder   of  an  a l u m i n u m   a l l o y   c o m p r i s i n g   5  to  10  
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%  by  w e i g h t   of.  i r o n ,   0 .5   to  3  %  by  w e i g h t   of  m o l y b d e n u m ,   0 . 5  

to  3  %  by  w e i g h t   of  a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of  c h r o m i u m ,   z i r c o n i u m   and  v a n a d i u m   a n d  

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

i r o n ,   m o l y b d e n u m ,   c h r o m i u m ,   z i r c o n i u m   and  v a n a d i u m   is   f r om  6 

to  16  %  by  w e i g h t .   The  powder   is  p r o d u c e d   by  a  m e l t   a t o m i -  

z ing   m e t h o d   and  c o n s o l i d a t e d   by  hot   w o r k i n g   m e t h o d   at   a  

t e m p e r a t u r e   of  400  to  5 8 0 ° C .  

The  " m e l t   a t o m i z i n g   m e t h o d "   h e r e i n   u sed   i n c l u d e s  

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

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

q u i c k l y ,   and  an  a i r   a t o m i z i n g   m e t h o d ,   a  gas  a t o m i z i n g  

m e t h o d ,   a  c e n t r i f u g a l   a t o m i z i n g   m e t h o d   and  a  r o t a t i o n a l   r o l l  

a t o m i z i n g   m e t h o d   a r e   e x e m p l i f i e d .  

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

p o w d e r ,   e x t r u s i o n ,   f o r g i n g ,   hot   p r e s s   and  HIP  a r e   e x e m p l i -  

f i e d .  

As  d e s c r i b e d   a b o v e ,   in  the   c o n v e n t i o n a l   t e c h n i q u e s  

for   i m p r o v i n g   t he   h e a t   r e s i s t a n c e   of  the   a l u m i n u m   a l l o y ,   t h e  

t r a n s i t i o n   m e t a l   e l e m e n t   such   as  i r e n   is  added   to  t he   a l u m i -  

num  a l l o y   so  as  to  i n c r e a s e   the   s t r e n g t h   of  m a t r i x   and  a l s o  

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

A c c o r d i n g   to  the   s t u d y   by  the   p r e s e n t   i n v e n t o r s ,  

i t   was  f o u n d   t h a t   t he   t r a n s i t i o n   m e t a l s   have   two  k i n d s   o f  

the  e f f e c t s   on  the   s t r e n g t h   of  the   a l l u m i n u m   a l l o y s .   One  i s  

i n c r e a s e   of  t he   s t r e n g t h   of  the   a l u m i n u m   a l l o y   and  a n o t h e r  
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i s   m a i n t e n a n c e   and  i m p r o v e m e n t   of  the   t h e r m a l   s t a b i l i t y   o f  

the   a l u m i n u m   a l l o y s .   Then ,   the   c o m b i n a t i o n   of  t h e s e   t w o  

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

a l l o y   w i t h   much  h i g h e r   h e a t   r e s i s t a n c e .  

I t   is   g e n e r a l l y   known  t h a t ,   among  the   a d d i t i v e  

e l e m e n t s ,   the   a d d i t i o n   of  i r o n   g i v e s   the   l a r g e s t   s t r e n g t h  

and  h e a t   r e s i s t a n c e   among  the   t r a n s i t i o n   e l e m e n t s .   The  i r o n  

a  t e n s   form  the  i n t e r m e t a l l i c   c o m p o u n d :   A l 3 F e ,   t he   p r e c i p i -  

t a t e s   a r e   d i s p e r s e d   in  t he   m a t r i x ,   and  t h e n   i n c r e a s e s   t h e  

s t r e n g t h   of  t he   m a t r i x .   S i n c e   s a i d   i n t e r m e t a l l i c   c o m p o u n d  

has  l a r g e   h e a t   r e s i s t a n c e ,   i t   e f f e c t i v e l y   i m p r o v e   the   h i g h -  

t e i r . p e r a t u r e   s t r e n g t h   of  t he   a l l o y .  

M o l y b d e n u m   c o n t r i b u t e s   to  the   i m p r o v e m e n t   of  t h e  

s t r e n g t h   of  the   a l l o y .   M o l y d b e n u m   fo rms   an  A l - F e - H o   b a s e  

c o m p o u n d ,   wh ich   is  u n i f o r m l y   d i s p e r s e d   in  the   m a t r i x   a n d  

i m p r o v e s   no t   o n l y   t he   s t r e n g t h   of  the   m a t r i x   but   a l s o   t h e  

h e a t   r e s i s t a n c e   of  the   a l l o y .  

To  f u r t h e r   i n c r e a s e   t he   t h e r m a l   s t a b i l i t y ,   a t  

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

c h r o m i u m /   z i r c o n i u m   and  v a n a d i u m   is   added   to  the   a l u m i n u m  

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

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

e x c e s s i v e   g r o w t h   of  c r y s t a l   g r a i n s   and  the   d i s p e r s e d   A l - F e -  

Mo  compound   a t   h i g h   t e m p e r a t u r e s .   T h e r e b y ,   t h e y   s i g n i f i -  

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

a l l o y .  
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The  c o n t e n t s   of  t h e s e   e l e m e n t s   in  the   a l u m i n u m  

a l l o y   a r e   as  s p e c i f i e d   a b o v e .   If   any  one  of  t he   a d d i t i v e  

e l e m e n t s   i s   c o n t a i n e d   in  an  amount   of  l e s s   t h a n   t he   a b o v e  

l o w e r   l i m i t ,   t he   s t r e n g t h   and  h e a t   r e s i s t a n c e   of  t he   a l u m i -  

num  a l l o y   a r e   i n s u f f i c i e n t l y   i m p r o v e d .   I f   any  one  of  t h e  

a d d i t i v e   e l e m e n t   is   u sed   in  an-  amount   of  l a r g e r   t h a n   t h e  

above   u p p e r   l i m i t ,   p l a s t i c   w o r k i n g   of  t he   a l u m i n u m   a l l o y  

b e c o m e s   d i f f i c u l t   and ,   t o u g h n e s s   and  d u c t i l i t y   of  t he   a l u m i -  

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

c a n n o t   be  p r a c t i c a l l y   u s e d ,   a l t h o u g h   the   - s t r e n g t h   and  h e a t  

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   a re   h i g h l y   i m p r o v e d .  

The  a l u m i n u m   a l l o y   powder   p r o d u c e d   by  the   m e l t  

a t o m i z i n g   m e t h o d   is   more  f i n e   and  h o m o g e n e o u s   and  has   l e s s  

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

the   c o o l i n g   r a t e   d u r i n g   s o l i d i f i c a t i o n   is  l e s s   t h a n   1 0 2  

° C / s e c ,   t he   a d d i t i v e   e l e m e n t   such   as  i r o n f   m o l y b d e n u m ,  

v a n a d i u m ,   z i r c o n i u m   or  c h r o m i u m   is  s e g r e g a t e d   to  make  t h e  

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

m a t i o n   of  the   a l u m i n u m   a l l o y   powder   become  d i f f i c u l t .   E v e n  

i f   t he   c o m p a c t i n g   is  p o s s i b l e ,   the   s t r e n g t h   and  e l o n g a t i o n  

of  the   a l u m i n u m   a l l o y   a re   u n d e s i r a b l y   d e c r e a s e d .  

D u r i n g   hot   p l a s t i c   w o r k i n g   of  t he   a l u m i n u m   a l l o y  

powder   f o r   c o n s o l i d a t i n g ,   at  a  t e m p e r a t u r e   of  l o w e r   t h a n  

400°C,   d e f o r m a t i o n   r e s i s t a n c e   is   too  h igh   to  p r o d u c e   a l l o y s  

w i t h   s u f f i c i e n t   s t r e n g t h ,   w h i l e   at  a  t e m p e r a t u r e   of  h i g h e r  

t h a n   580°C ,   the   p r e c i p i t a t e s   and  the  c r y s t a l   g r a i n s   grow  s o  
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l a r g e   t h a t   s u f f i c i e n t   h i g h - t e m p e r a t u r e   s t r e n g t h   of  t h e  

a l u m i n u m   a l l o y   is   no t   a c h i e v e d .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  i l l u s t r a t e d   b y  

f o l l o w i n g   E x a m p l e s .  

E x a m p l e s  

Aluminum  a l l o y   powder   h a v i n g   the   c o m p o s i t i o n   o f  

T a b l e   1  was  p r e p a r e d   by  the   a i r   a t o m i z i n g   m e t h o d   and  s c r e e -  

ned  to  100  mesh  or  l e s s .   The  a l l o y   p o w d e r   was  c o n s o l i d a t e d  

by  zone   ho t   p l a s t i c   w o r k i n g   m e t h o d   at   t he   t e m p e r a t u r e   s p e c i -  

f i e d   in  T a b l e   1.  In  e x t r u s i o n ,   t he   a l l o y   was  c o n s o l i d a t e d  

a t   t h e   e x t r u s i o n   r a t i o   of  13  to  form  a  rod  of  21  mm  in  d i a -  

m e t e r .  
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T a b l e   1 

Sample   C o m p o s i t i o n   (wt%)  M o l d i n g   m e t h o d   T e m p e r a t u r e  
No  .  (  °C)  

1  A l - 8 F e - 2 M o - 2 C r   E x t r u s i o n   4 8 0  

2  A l - 8 F e - 2 M o - 2 V   E x t r u s i o n   480  

3  A l - 8 F e - 2 M o - 2 Z r   E x t r u s i o n   480  

4  A l - 8 F e - 2 M o - l V - l C r   E x t r u s i o n   450  

5  A l - 8 F e - 2 . M o - 2 C r   F o r g i n g   5 2 0  

6  A l - 8 F e - 2 M o - 2 C r   HIP,  4  t o n / c m 2   550  j 
,  .  i 

7  A l - 8 F e - 2 M o - 2 C r   HIP,  2  t o n / c m 2   500  | 

8*  A l - 1 0 F e - 5 M o - 5 C r   E x t r u s i o n   ...  5 5 0  

9*  A l - 4 F e - 0 . 2 M o - 0 . 2 C r   E x t r u s i o n   \  450  

10*  A l - 8 F e - 2 M o - 2 C r   E x t r u s i o n   620  

11  A l - 8 F e - 2 M o   E x t r u s i o n   480  

12*  A l - 8 F e - l Z r   E x t r u s i o n   480  

13"  A l - 8 F e - 3 C r   E x t r u s i o n   480  

■14*  A l - 1 0 F e - 2 C r   E x t r u s i o n   500  

No te :   Sample   Nos.  w i t h   *  were   the  c o m p a r a t i v e   e x a m p l e s .  

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

at   room  t e m p e r a t u r e   and  a t   300°C  was  m e a s u r e d .   The  r e s u l t s  

a r e   shown  in  T a b l e   2.  The  t e n s i l e   s t r e n g t h   at   300°C  w a s  

m e a s u r e d   a f t e r   k e e p i n g   the   a l u m i n u m   a l l o y   s a m p l e   at   3 0 0 ° C  

f o r   100  h o u r s .  
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T a b l e   2 

Sam-  T e n s i l e   s t r e n g t h   (kg/mm2)  R e m a r k s  
p i e  
No.  At  room  temp.   At  3 0 0 ° C  

1  57  33  "  E l o n g a t i o n ,   2 .3   % 

2  55  31  E l o n g a t i o n ,   3 .6   % 
i 

3  58  30  E l o n g a t i o n ,   2 .1   % 

4  53  27 

5  56  29 

6  55  27  j 

7  55  28  | 

8*  58  34  E l o n g a t i o n   l e s s   t h a n   1  % 
E x t r u s i o n   c l o g   at   5 0 0 ° C  

9*  42  22 

10*  j  52  24 

11*  40  21 

12*  31  16 

13*  36  21 

14*  43  24 

15*  52  26 

16*  45  29  ' 

N o t e :   S a m p l e   Nos.   w i t h   *  were  the   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.  15  and  16  had  the   c o m p o s i t i o n s   of  A l -  

8 F e - 3 . 4 C e   and  A l - 8 F e - 2 M o ,   r e s p e c t i v e l y   and  c o r r e s p o n d e d   t o  

t he   c o n v e n t i o n a l   a l l o y s   d i s c l o s e d   in  A d v a n c e d   P/M  A l u m i n u m  

A l l o y s ,   p a g e s   2 1 3 - 2 1 4 .  
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The  t e n s i l e   s t r e n g t h   of  the   a l u m i n u m   a l l o y s   o f  

e x a m p l e s   a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n   was  l a r g e r   t h a n  

50  kg/mm2  a t   room  t e m p e r a t u r e   and  l a r g e r   t h a n   26  kg/mm2  a t  

300°C.   From  t h e s e   r e s u l t s ,   i t   is  u n d e r s t o o d   t h a t   the   a l u m i -  

num  a l l o y s   of  the   p r e s e n t   i n v e n t i o n   have  e x c e l l e n t   h i g h -  

t e m p e r a t u r e   s t r e n g t h .   On  the   c o n t r a r y ,   the   a l u m i n u m   a l l o y s  

Of  the   c o m p a r a t i v e   e x a m p l e s   had  i n f e r i o r   h i g h - t e m p e r a t u r e  

s t r e n g t h   in  p a r t i c u l a r .   A l t h o u g h   Sample   No.  8  had  g o o d  

s t r e n g t h ,   i t   had  poor   p l a s t i c   w o r k a b i l i t y   and  c o n s i d e r a b l y  

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

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

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

good  room  t e m p e r a t u r e   s t r e n g t h   but   a l s o   such   e x c e l l e n t   h i g h -  

t e m p e r a t u r e   s t r e n g t h   t h a t   i t s   t e n s i l e   s t r e n g t h   e x c e e d s   26 

kg/mm2  at  3 0 0 ° C .  

T h e r e f o r e ,   the   h e a t   r e s i s t a n t   a l u m i n u m   a l l o y   c a n  

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

c r a f t   p a r t s ,   gas  t u r b i n e   e n g i n e   p a r t s ,   e t c ,   w h i c h   a r e   c o n -  

v e n t i o n a l l y   p r o d u c e d   from  i r o n   b a s e   a l l o y s   or  n i c k e l   b a s e  

a l l o y s ,   w h e r e b y   i t   is  p o s s i b l e   to  make  t h o s e   p a r t s   l i g h t   a n d  

h i g h l y   e f f i c i e n t .  
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What  i s   c l a i m e d   i s :  

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

5  to   10  %  by  w e i g h t   of  i r o n ,   0 .5   to  3  %  by  w e i g h t ,   of  m o l y b -  

denum,   0 .5   to  3  %  by  w e i g h t   of  at   l e a s t   one  e l e m e n t   s e l e c t e d  

f rom  t h e   g r o u p   c o n s i s t i n g   of  c h r o m i u m ,   z i r c o n i u m   and  v a n a -  

d ium  and  r e s t   of  a l u m i n u m ,   p r o v i d e d   t h a t   t he   t o t a l   amoun t   o f  

i r o n ,   m o l y b d e n u m ,   c h r o m i u m ,   z i r c o n i u m   and  v a n a d i u m   is   f rom  6 

to  16  %  by  w e i g h t ,   wh ich   a l l o y   has  t e n s i l e   s t r e n g t h   o f  

l a r g e r   t h a n   26  kg/mm-  at   3 0 0 ° C .  

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

num  a l l o y ,   w h i c h   c o m p r i s e s -   p r e p a r i n g   powder   of  an  a l u m i n u m  

a l l o y   c o m p r i s i n g   5  to  10  %  by  w e i g h t   of  i r o n ,   0 .5   to  3  %  b y  

w e i g h t   of  m o l y b d e n u m ,   0.5  to  3  %  by  w e i g h t   of  a t   l e a s t   o n e  

e l e m e n t   s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   of  c h r o m i u m ,  

z i r c o n i u m   and  v a n a d i u m   and  r e s t   of  a l u m i n u m   w i t h   t he   p r o v i s o  

t h a t   t h e   t o t a l   amount   of  i r o n ,   m o l y b d e n u m ,   c h r o m i u m ,   z i r c o -  

n ium  and  v a n a d i u m   is  f rom  6  to  16  %  by  w e i g h t   by  a  m e l t  

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

a t   a  t e m p e r a t u r e   of  400  to  5 8 0 ° C .  

3.  The  p r o c e s s   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   t h e  

c o o l i n g   r a t e   in  the   s o l i d i f i c a t i o n   of  the   a l u m i n u m   a l l o y  

p o w d e r   i s   not   l e s s   t h a n   102  ° C / s e c .  
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V.Q  OBSERVATIONS  WHERE  CERTAIN  CLAIMS  WERE  FOUND  UNSEARCHABLE 

This  international  search  report  has  not  been  established  in  respect  of  certain  claims  under  Article  17(2)  (a)  for  the  following  reasons: 
1.1  |  Claim  numbers  because  they  relate  to  subject  matter  not  required  to  be  searched  by  this  Authority,  namely: 

2.\  j  Claim  numbers  »  because  they  relate  to  parts  of  the  international  application  that  do  not  comply  with  the  prescribed 
requirements  to  such  an  extent  that  no  meaningful  international  search  can  be  carried  out.  specifically: 

3.j  j  Claim  numbers  because  they  are  dependent  claims  and  are  not  drafted  in  accordance  with  the  second  and  third 
sentences  of  PCT  Rule  6.4(a). 

VI.Q  OBSERVATIONS  WHERE  UNITY  OF  INVENTION  IS  LACKING 

This  International  Searching  Authority  found  multiple  inventions  in  this  international  application  as  follows: 

l.Q  As  all  required  additional  search  fees  wera  timely  paid  by  the  applicant,  this  international  search  report  covers  all  searchable 
claims  of  the  international  application. 

2.Q  As  only  some  of  the  required  additional  search  fees  were  timely  paid  by  the  applicant,  this  international  search  report  covers  only 
those  claims  of  the  international  application  for  which  fees  were  paid,  specifically  claims: 

3.|  \  No  required  additional  search  fees  were  timely  paid  by  the  applicant.  Consequently,  this  international  search  report  is  restricted  to 
the  invention  first  mentioned  in  the  claims:  it  is  covered  by  claim  numbers: 

4.F]  As  all  searchable  claims  could  be  searched  without  effort  justifying  an  additional  fee,  the  International  Searching  Authority  did  not 
invite  payment  of  any  additional  fee. 

Remark  on  Protest 
|  |  The  additional  search  fees  were  accompanied  by  applicant's  protest. 
Q  No  protest  accompanied  the  payment  of  additional  search  fees. 

Form  PCT/1SA/210  (supplemental  sheet  (2))  (January  1985) 
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yQ  OBSERVATIONS  WHERE  CERTAIN  CLAIMS  WERE  FOUND  UNSEARCHABI  F  ■ 

This  imernationa.  search  report  has  no.  been  established  in  respen  of  cenain  claims  under  Artic.e  ,7,2,  (a,  for  the  Mowing  reasons- 1.Q  Cla.m  numbers  because  they  re!a,e  ,o  subject  matter  no.  required  ,o  be  searched  by  this  Authority,  namely: 

2 °   s s s t l - s - . ;   i z ^ i ? ^ ^ = ^   r   k #   : s r   -   • « - * -  

3.Q  Claim  numbers  because  they  are  dependent  claims  and sentences  of  PCT  Rule  6.4{a). are  not  drafted  in  accordance  with  the  second  and  third 

VlQ  OBSERVATIONS  WHERE  UNITY  OF  INVENTION  IS  LACKING  2 

This  international  Searching  Authority  found  multiple  inventions  in  this  international  applicati, ion  as  follows: 

1-D  a s T f f i S s a r s s i ^   timely  paid  bv  the  applicam-  this  imernationai  seareh  -»°n  «»»   a»  - « * - « .  

30  s s s r ; s r s s a r f c i ~  is  restricted  to 

Remark  on  Protest 
Q  The  additional  search  fees  were  accompanied  by  applicant's  protest. 
□  No  protest  accompanied  the  payment  of  additional  search  fees. 
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