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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  p r o c e s s   for   p r o d u c i n g  

e x t r u d e d   aluminum  a l l o y s   and  more  p a r t i c u l a r l y   to  a  p r o c e s s   f o r  
*  ' p roduc ing   e x t r u d e d   aluminum  a l l o y s   r e g a r d l e s s   of  the  e l e m e n t s  

c o n t a i n e d   in  r e l a t i v e l y   high  p e r c e n t a g e   so  as  to  improve  m e c h a n i c a l  

5  p r o p e r t i e s ,   where in   the  p e r c e n t a g e s   are  r e p r e s e n t e d   by  weight .   - 

To  produce   e x t r u d e d   aluminum  or  aluminum  a l l o y   the  common 

p r a c t i c e   is  to  make  b i l l e t s   f i r s t   and  ex t rude   them  a f t e r   h e a t i n g .  

More  s p e c i f i c a l l y ,   i ngo t s   of  aluminum  or  aluminum  a l l o y   are  m e l t e d  

in  a  f u r n a c e ,   cas t   in to   b i l l e t s   and  then  homogenized  in  a  

10  homogen iz ing   f u r n a c e .   F i n a l l y   the  b i l l e t s   are  h e a t e d   to  a  

t e m p e r a t u r e   at  which  they  can  be  e x t r u d e d   t h rough   an  e x t r u d i n g  

m a c h i n e .  

R e c e n t l y   t he re   is  an  i n c r e a s i n g   demand  for   e x t r u d e d   a luminum 

a l l o y s   hav ing   e x c e l l e n t   mechan ica l   p r o p e r t i e s ,   such  as  high  w e a r -  

15  r e s i s t a n c e ,   a n t i -   f r i c t i o n ,   h e a t - p r o o f n e s s   and  l u b r i c i t y .   These  

p r o p e r t i e s   are   e s p e c i a l l y   r e q u i r e d   in  the  p r o d u c t i o n   of  a u t o m o b i l e s ,  

machine  t o o l s   and  eng ines .   In  b u i l d i n g   s t o r a g e   houses   of  n u c l e a r  

was tes   an  e x c e l l e n t   n e u t r o n   a b s o r p t i v e   a b i l i t y   is  r e q u i r e d .  

In  o rde r   to  ach ieve   these   d e s i r e d   p r o p e r t i e s   v a r i o u s   s e c o n d  

20  phase  e l emen t s   are  added  in  the  aluminum.  For  example,   Zn,  Mg  a n d  

Cu  are  added  in  f a i r l y   high  p e r c e n t a g e   so  as  to  i n c r e a s e   t h e  

s t r e n g t h   of  the  a l l o y .   Si  is  added  when  h igh  w e a r - r e s i s t a n c e   i s  

r e q u i r e d   and  Ni,  Fe,  Cr  and  Mn.  are  added  in   h igh   p r o p o r t i o n s   t o  

enhance  the  h e a t - r e s i s t a n c e .   However  when  t he se   e lements   are  a d d e d  

25  in  the  aluminum  a l l o y   d i f f i c u l t i e s   are  i n v o l v e d   in  the  p r o d u c t i o n  

of  b i l l e t s ,   in  the  form  of  c racks   a n d / o r   e x c e s s i v e l y   i n c r e a s e d  

h a r d n e s s .   Because  of  these   d i f f i c u l t i e s   the  q u a n t i t i e s   a n d  

p r o p o r t i o n   of  these   e lements   to  be  added  must  be  l i m i t e d   so  t ha t   n o  

problem  is  i n v o l v e d   in  the  p r o d u c t i o n   of  b i l l e t s .  

50  When  low  m e l t i n g   po in t   m e t a l s ,   such  as  Pb  and  Sn,  are  added  t o  

improve  the  l u b r i c i t y   or  when  B  is  added  to  improve  the  n e u t r o n  

a b s o r p t i o n   a b i l i t y   the  s t r u c t u r a l   u n e q u a l n e s s   due  to  u n e v e n  

c r y s t a l l i z a t i o n   of  these   e lements   is   l i k e l y   to  a r i s e .   In  a d d i t i o n ,  

the  b i l l e t s   w i l l   become  d i f f i c u l t   to  c a s t .  
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An  o b j e c t   of  the  i n v e n t i o n   is  to"  solve  the  problems  p o i n t e d  

out  with  r e s p e c t   to  the  known  methods  of  p roduc ing   e x t r u d e d   a luminum 

a l l o y s   and  to  p rov ide   a  p r o c e s s   for   p roduc ing   e x t r u d e d   aluminum  a l l o y s  

h a v i n g   high  p e r c e n t a g e s   of  second  phase  e lements   i n t e n d e d   to  improve  

5  the  p r o p e r t i e s   of  the  a l l o y s   whereby  the  a l l o y s   have  a  homogen ized  

s t r u c t u r e .  

Accord ing   to  the  p r e s e n t   i n v e n t i o n   a  p roce s s   for   p r o d u c i n g   a n  

e x t r u d e d   aluminum  a l l o y   is  c h a r a c t e r i z e d   in  t ha t   the  aluminum  a l l o y  

is   m e l t e d   in  a  f u rnace ,   the  mo l t en   a l l o y   is  poured  i n to   a  c o n t a i n e r  

10  s e c t i o n   of  the  e x t r u d i n g   machine ,   p r e s s u r e   is  a p p l i e d   to  the  m o l t e n  

a l l o y   in  the  c o n t a i n e r   s e c t i o n   by  advanc ing   the  stem  of  t h e  

e x t r u d i n g   machine  with  the  c o n t a i n e r   being  c losed   so  as  to  al low  t h e  

m o l t e n   a l l o y   to  form  in to   a  mass  and  the  mass  is  then  e x t r u d e d  

t h r o u g h   the  e x t r u d i n g   m a c h i n e .  

15  S o l i d i f i c a t i o n   under   p r e s s u r e   t akes   p lace   in  the  c o n t a i n e r   o f  

the  e x t r u d i n g   m a c h i n e .  

Here in   the  s o l i d i f i c a t i o n   does  not   mean  a  comple te   s o l i d i f i c a t i o n  

but   i n c l u d e s   a  s t a t e   in  which  a  l i q u i d   phase  is  s t i l l   p r e s e n t   in  t h e  

b i l l e t - l i k e   mass,  t h a t   i s ,   a  s e m i - s o l i d   s t a t e .  

20  As  d e s c r i b e d   the  mol ten   aluminum  or  aluminum  a l l o y   is   i n t r o d u c e d  

i n t o   the  c o n t a i n e r   s e c t i o n   of  the  e x t r u d i n g   machine,   and  s o l i d i f i e d  

t h e r e i n   under   p r e s s u r e .   Tbla  is   a d v a n t a g e o u s   f i r s t l y ,   ±n  t ha t   t h e  

homogenizing1  p r o c e s s   is  d i s p e n s e d   w i th   and  second ly ,   in  t h a t   t h e  

homogenous  s t r u c t u r e   hav ing   f ine   g r a i n s   avoids   the  p o s s i b i l i t y   o f  

25  p r o d u c i n g   mold  c a v i t i e s .   A  f u r t h e r   advan tage   is  t h a t   the  a l l o y   i s  

e f f e c t i v e l y   s o l i d i f i e d   and  e x t r u d e d   r e g a r d l e s s   of  the  h igh   p e r c e n t a g e  

of  h igh   m e l t i n g   po in t   m e t a l s .   Under  the  known  methods  "the  e x t r u s i o n  

would  be  d i f f i c u l t   because   of  the  p r e s e n c e   of  o t h e r   e l e m e n t s .   I n  

a d d i t i o n ,   the  homogenous  s t r u c t u r e   hav ing   f ine   g r a i n s   makes  t h e  

30  e x t r u s i o n   smooth,  t h e r e b y   m i n i m i z i n g   the  e x t r u d i n g   f o r c e .   This  l e a d s  

to  e x c e l l e n t   mechan ica l   p r o p e r t i e s .   Fur the rmore ,   by  e l i m i n a t i n g   t h e  

n e c e s s i t y   for   the  homogeniz ing   p r o c e s s   the  pre—  hea t   t r e a t m e n t   can  b e  

a l s o   d i s p e n s e d   wi th ,   t h e r e b y   s a v i n g   the  energy  c o s t s .  

As  d e s c r i b e d   above,  the  mo l t en   a l l o y   can  be  fed  d i r e c t l y   to  t h e  

35  c o n t a i n e r   of  an  e x t r u d i n g   machine .   Under  the  known  methods  a n  
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i n t e r m e d i a t e   s o l i d i f y i n g   step  is  r e q u i r e d .   The  e l i m i n a t i o n   of  t h e  

i n t e r m e d i a t e   s tep   leads   to  the  s i m p l i f i e d   and  economical   p r o d u c t i o n  

of  ex t ruded   aluminum  a l l o y s .  

The  aluminum  a l l o y   to  be  e x t r u d e d ,   which  c o n t a i n s   a  r e l a t i v e l y  

5  l a r g e   q u a n t i t y   of  high  m e l t i n g   p o i n t   e l emen t s ,   is  mel ted   in  the  known 

manner  and  the  mol ten   a l l o y   is  poured   i n to   a  c o n t a i n e r   of  t h e  

e x t r u d i n g   machine  in  which  the  stem  is  wi thdrawn  so  as  to  c lose  t h e  

c o n t a i n e r .   P r e f e r a b l y   the  c o n t a i n e r   is   p r e v i o u s l y   h e a t e d   to  300  C 

to  350  C.  I f   the  c o n t a i n e r   has  a  lower   t e m p e r a t u r e   than  300  C,  t h e  

10  molten  a l l oy   is  l i k e l y   to  begin  s o l i d i f y i n g   immedia te ly   near   the  w a l l  

of  the  c o n t a i n e r ,   which  has  a  lower  t e m p e r a t u r e   than  t ha t   of  t h e  

molten  a l l o y .   „  Whereas,  i f   the  mol ten   a l l o y   has  a  h i g h e r   t e m p e r a t u r e  

than  350  C,  the  c o o l i n g   w i l l   take  t ime,   t he r eby   p r o l o n g i n g   the  t i m e  

for   which  the  mol ten   a l l oy   s o l i d i f i e s .   In  a d d i t i o n ,   the  r e s u l t i n g  

15  mass  is  l i k e l y   to  be  coarse   in  the  s t r u c t u r a l   g r a i n   because   of  t h e  

e x c e s s i v e   growth  of  the  c r y s t a l l i z a t i o n .  

Af te r   the  mol ten   a l l o y   is  poured   i n to   the  c o n t a i n e r   p r e s s u r e   i s  

a p p l i e d   t h e r e t o   by  moving  the  stem  f o r w a r d   over  a  p r e d e t e r m i n e d  

d i s t a n c e   so  as  to  s o l i d i f y   the  mo l t en   a l l o y   in to   b i l l e t - l i m e   m a s s e s  

20  hard  enough  to  be  ex t ruded   smoothly .   The  p r e s s u r i z e d   s o l i d i f i c a t i o n  

is  conduc t ive   to  the  t r a n s f e r   of  hea t   to  the  c o n t a i n e r   of  t h e  

e x t r u d i n g   machine ,   the reby   p r e v e n t i n g   the  growth  of  pr imary   a n d  

e u t e c t i c   c r y s t a l s .   As  a  r e s u l t   the  masses   have  a  d e s i r e d   s t r u c t u r e  

of  f ine   g r a i n s .   In  a d d i t i o n ,   du r ing   the  whole  p rocess   of  s o l i d i f y i n g  

25  the  molten  a l l o y   is  p r e s s u r i z e d ,   t h e r e b y   p r e v e n t i n g   c a v i t i e s   a n d  

ho les   from  be ing   produced.   The  c a v i t y -   f ree   masses  are  s u i t a b l e   f o r  

e x t r u s i o n .  

The  p r e s s u r e   r e q u i r e d   in  the  p r o c e s s   of  s o l i d i f y i n g   can  be  

50  kgf/cm2  or  more,  p r e f e r a b l y   500  to  1,000  kgf /cm2.   This  range  o f  

30  p r e s s u r e   is  e f f e c t i v e   to  produce  the  s t r u c t u r e   of  f ine   g r a i n s   in  t h e  

masses,   which  means  tha t   the re   is  no  need  for  p r o v i d i n g   an  a d d i t i o n a l  

homogenizing  p r o c e s s .   The  e l i m i n a t i o n   of  the  ex t r a   p rocess   s a v e s  

energy  and  t ime,   t he r eby   r e d u c i n g   the  p r o d u c t i o n   cos t .   The  d e g r e e  

of  p r e s s u r e   had  no  major  i n f l u e n c e   upon  the  q u a l i t y   of  the  m a s s e s ,  

35  but  the  e x p e r i m e n t s   have  d e m o n s t r a t e d   t h a t   the  range  s p e c i f i e d   a b o v e  
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is   c r i t i c a l ,   i f   the  p r e s s u r e   is  s m a l l e r   than  50  kgf /cm  ,  no  d e s i r e d  

s t r e n g t h   or  f i n e - g r a i n   s t r u c t u r e   of  the  p r o d u c t s   r e s u l t s   and  i f   i t  

is  g r e a t e r   than   1  ,  500-  kgf/em2  ,  i t   w i l l   not  p romise   an  i n c r e a s e d  

e f f e c t   p r o p o r t i o n a l   to  the  i n c r e a s e d   p r e s s u r e   but   i t   may  o n l y  

5  r e s u l t   in  the  waste  of  energy .   "When  the  m o l t e n   a l l o y   becomes  s o l i d  

to  a  d e s i r e d   h a r d n e s s ,   the  a p p l i c a t i o n   of  p r e s s u r e   is  suspended ."  

Then  the  c o n t a i n e r   is  opened,   the  a p p l i c a t i o n   of  p r e s s u r e   is  r e s u m e d  

by  advanc ing   the  stem  a g a i n .   In  t h i s   way  the  s o l i d   mass  is  o b t a i n e d .  

I t   is  p o s s i b l e   to  resume  the  forward   movement  of  the  stem  e i t h e r  

10  a f t e r   the  s o l i d   mass  is  a l lowed   to  cool  in to   a  comple te   s o l i d   s t a t e   o r  

a f t e r   the  t e m p e r a t u r e   f a l l s   up  to  1/3  to  2/3  of  the  l i q u i d   p h a s e  

t e m p e r a t u r e ,   p r e f e r a b l y   1/2  of  i t ;   the  l a t t e r   is  p r e f e r r e d .   In  a n y  

case  the  immediate   i n i t i a t i o n   of  e x t r u s i o n   by  the  stem  is  a d v a n t a g e o u s  

in  a v o i d i n g   the  f a l l   of  the  t e m p e r a t u r e   of  the  mass;  o the rwi se   t h e  

15  mass  would  be  n e c e s s a r i l y   h e a t e d   at   an  e x t r a   s t e p .  

The  f o l l o w i n g   a d v a n t a g e s   r e s u l t :  

(a)  I t   is  p o s s i b l e   to  o b t a i n   e x t r u d e d   aluminum  a l l o y s   h a v i n g  

e x c e l l e n t   m e c h a n i c a l   s t r e n g t h :  

As  aluminum  a l l o y s   hav ing   e x c e l l e n t   m e c h a n i c a l   p r o p e r t i e s   A l -  

20  Zn-Mg-Cu  a l l o y   is   known  under   i d e n t i f i c a t i o n   Hos.  A7O75,  A7178  a n d  

A7O5O,  but  r e c e n t l y   in  l i n e   wi th   the  demand  fo r   the  i n c r e a s e d   t e n s i l e  

s t r e n g t h   g r e a t e r   q u a n t i t i e s   of  Zn,  Mg  and  Cu  a re   added.   However  t h e  

i n c r e a s e s   in  the  q u a n t i t i e s   of  these   e lements   l e a d s   to  the  f r a g i l i t y  

or  l ack   of  t e n a c i t y .   When  the  p r o d u c t s   hav ing   such  d e f i c i e n c y   a r e  

25  l i a b l e   to  b r e a k a g e   du r ing   f o r g i n g   or  c a s t i n g .  

In  c o n t r a s t ,   the  p r e s e n t   i n v e n t i o n   has  a c h i e v e d   a  p roce s s   o f  

e x t r u d i n g   Al-Zn-Mg-Cu  a l l o y   wi thou t   t r a d i n g   o f f   the  d e s i r e d   p r o p e r t i e s  

a r i s i n g   from  the  a d d i t i o n   of  these   e l emen t s ,   w h e r e i n   the  p e r c e n t a g e  

of  t h e s e   e l emen t s   are  as  f o l l o w s :  

30  Zn:  7.0  to  12%  Mg:  2.0  to  7 . 0 %  

Cu:  0 .5  to  3-0% 

P r e f e r a b l y ,   one  or  more  e lements   s e l e c t e d   from  0.2  to  1.0%  o f  

Ha,  0.1  to  0.496  of  Cr,  and  0.05  to  0.3%  of  Zr  a re   a d d e d .  

The  Zn,  Mg  and  Cu  are  added  to  i n c r e a s e   the  m e c h a n i c a l   s t r e n g t h  

35  and  i f   the  q u a n t i t i e s   of  t hese   e lements   are  r e s p e c t i v e l y   l e s s   t h a n  
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7.0%,  2.096  and  0 .^6 ,   the  d e s i r e d   s t r e n g t h   w i l l   not  "be  a c h i e v e d .  
T h e r e f o r e   i f   the  q u a n t i t i e s   of  these   e lements   are   l e s s   than  t h e  
lower   l i m i t s   the  b i l l e t - l i k e   masses  can  be  cas t   by  the  known  me thod .  

I f   the  q u a n t i t i e s   of  these   e lements   exceed  each  upper   l i m i t ,  

5  t h a t   i s ,   12%  of  Zn,  7.0%  of  Mg  and  3.0%  of  Cu,  they   are  l i k e l y   t o  

c r y s t a l l i z e   in  l a rge   s i z e s ,   which  makes  i t   d i f f i c u l t   to  ach ieve   t h e  
d e s i r e d   s t r e n g t h   of  the  a l l o y .   The  optimum  range  of  q u a n t i t i e s   a r e  
8.0  to  10%  of  Zn,  3.0  to  5-0%  of  Mg,  and  1.0  to  2.0%  of  Cu. 

Op t iona l   e l emen t s ,   such  as  Mn,  Cr  and  Zr,  can  be  added  where  

10  n e c e s s a r y .   These  e l ements   are  e q u a l l y   c o n d u c t i v e   to  ihe  i n c r e a s e d  

f ine   c r y s t a l l i z a t i o n   and  mechan ica l   and  chemical   s t r e n g t h ,   s u c h  

as  a n t i - s t r e s s   and  a n t i - c o r r o s i o n ,   p r o v i d e d   t h a t   the  c o n t e n t s   o f  
them  are  in  the  ranges   of  0.2  to  1.0%  of  Mn,  0.1  to  0.4%  of  C r ,  
and  0.05  to  0.3%  of  Zn.  I f   the  r e s p e c t i v e   c o n t e n t s   are  l e s s   t h a n  

15  the  lower  l i m i t s ,   no  e f f e c t s   w i l l   r e s u l t   and  i f   they  exceed  t h e  

upper   l i m i t s ,   the  e lements   are  l i k e l y   to  c r y s t a l l i z e   in  u n f a v o u r a b l y  
l a r g e   s i z e s .  

(b)  I t   i s   p o s s i b l e   to  o b t a i n   e x t r u d e d   aluminum  a l l o y s   h a v i n g  
e x c e l l e n t   w e a r - r e s i s t a n c e :  

20  The  e x t r u s i o n   of  Al -S i   a l l o y s   is  made  easy,  which  would  be  

d i f f i c u l t   to  a ch i eve   under   the  known  methods.   As  well   known  in  t h e  

a r t ,   Al-Si   a l l o y s   have  the  improved  wear  and  h e a t -   r e s i s t a n c e   and  h a v e  

a  low  thermal   c o - e f f i c i e n t   of  expans ion ;   they  are   widely   used  i n  

v a r i o u s   f i e l d s   becuase   of  these   e x c e l l e n t   p r o p e r t i e s .  

25  In  o rder   to  improve  the  w e a r - r e s i s t a n c e   4.0  to  40%  of  Si  i s  

is  c o n t a i n e d   and  p r e f e r a b l y   4.0  to  20%  Cu  is  added.   In  a d d i t i o n   t o  

Si  and  Cu  the  f o l l o w i n g   e lements   can  be  added  s i n g l y   or  i n  

combina t ion   in  the  s p e c i f i c   ranges   of  the  f o l l o w i n g   p e r c e n t a g e s :  

Tez  0.5  to  20% 

30  Cr:  0.5  to  20% 

Mn:  1.0  to  20% 

Hi:  0.5  to  20% 

Ti:  0.5  to  10% 

Be:  1.0  to  20% 
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Y  :  1.0  to  20% 

Y  :  2.0  to  20% 

Zr:  0.5  to  10% 

Mg:  0 .3  to  2.0% 

5  4.0%  or  more  of  Si  is  c o n t a i n e d ,   t he reby   i n c r e a s i n g   the  w e a r -  

r e s i s t a n c e   in  p r o p o r t i o n   to  the  i n c r e a s e s   in  the  q u a n t i t y ;  

p r e f e r a b l y ,   12%  or  more  of  i t   is  c o n t a i n e d   in  the  h y p e r e u t e c t i c  

r e g i o n   of  the  a l l o y .   However,  i f   the  q u a n t i t y   exceeds  40%,  t h e  

e x t r u s i o n   "becomes  d i f f i c u l t .   The  e x p e r i m e n t s   have  r evea l ed   t h a t  

10  the  q u a n t i t y   is  p r e f e r a b l y   in  a  range  of  16  to  30%  in  the  l i g h t   o f  

the  d e s i r e d   w e a r - r e s i s t a n c e   and  e a s i n e s s   of  e x t r u s i o n .  

Fe,  Cr,  Mn,  Hi,  Ti,  Cu,  Be,  T,  Y  and  Zr  are  equa l ly   e f f e c t i v e  

to  improve  the  the rmal   c h a r a c t e r i s t i c s ,   such  as  h e a t - p r o o f   a b i l i t y  

and  lower  co—  e f f i c i e n t   of  e x p a n s i o n ,   so  t h a t   t hese   elements  a r e  

15  f u n c t i o n a l l y   e q u i v a l e n t s   to  each  o t h e r .   The  c o n t e n t s   of  t h e s e  

e l emen t s   should   be  not  l e s s   or  more  than  the  ranges   s p e c i f i e d   a b o v e ,  

t h a t   i s ,   i f   they  are  l e s s   than  the  lower  l i m i t s   no  d e s i r e d   e f f e c t  

w i l l   r e s u l t   in  the  the rmal   c h a r a c t e r i s t i c s   and  i f   they  are  more  t h a n  

the  upper  l i m i t s   the  e x t r u s i o n   w i l l   become  d i f f i c u l t   because  of  t h e  

20  p r o d u c t i o n   of  e u t e c t i c   c r y s t a l s   of  coarse   g r a i n .   Mg  is  e f f e c t i v e   t o  

i n c r e a s e   the  s t r e n g t h   of  the  a l l o y   but  i f   the  con t en t   of  i t   is  l e s s  

than   0.3%  no  e f f e c t   w i l l   r e s u l t .   I f   i t   exceeds  2%  the  m e c h a n i c a l  

p r o p e r t i e s   of  the   a l l o y   w i l l   d e g e n e r a t e   because   of  the  p r o d u c t i o n  

of  e u t e c t i c   c r y s t a l s .  

25  (c)  I t   is  p o s s i b l e   to  o b t a i n   e x t r u d e d   aluminum  a l loy   h a v i n g  

e x c e l l e n t   n e u t r o n   a b s o r p t i v e   p r o p e r t y ?  

According   to  t h i s   p r o c e s s   Al-B  a l l o y   c o n t a i n i n g   a  r e l a t i v e l y   l a r g e  

q u a n t i t y   of  boron  can  be  e x t r u d e d   w i thou t   any  problem.  The  Al-B  a l l o y  

c o n t a i n e s   0.5  to  12%  of  B,  and  when  n e c e s s a r y ,   0.5  to  6.0%  of  Mg  a n d  

*n  0.2  to  1.5%  of  Si  and  the  b a l a n c e   c o n s i s t s   of  aluminum  and  i m p u r i t i e s .  

B  is  e f f e c t i v e   to  impar t   the  n e u t r o n   a b s o r p t i v e   a b i l i t y   to  t h e  

a l l o y   and  a l so   to  i n c r e a s e   the  mechan ica l   s t r e n g t h   but  i f   the  c o n t e n t  

is  l e s s   than  0.5%,  no  d e s i r e d   e f f e c t   wi l l   r e s u l t ;   i f   i t   exceeds  12% 

the  e x t r u s i o n   of  the  a l l o y   w i l l   became  d i f f i c u l t .  

35  O p t i o n a l l y   0.5  to  6.0%  of  Mg  or  0.2  to  1.5%  of  Si  or  both  a r e  
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added.   ^Mg  i f   added  to  i n c r e a s e   the  m e c h a n i c a l   s t r e n g t h   and  m a i n t a i n  
the  r u s t - p r o o f n e s s   but  i f   the  con ten t   of  i t   is  l e s s   than  0.  5%  no  
d e s i r e d   " e f f e c t   of  i n c r e a s i n g   the  s t r e n g t h   w i l l   r e s u l t .   I f   i t  
exceeds   6%  the  e x t r u s i o n   w i l l   become  d i f f i c u l t   and  the  e x t r u d e d   a l l o y  

5  is  l i a b l e   to  crack  under   s t r e s s .   Si  is  e f f e c t i v e   to  i n c r e a s e   t h e  
s t r e n g t h   in  c o - o p e r a t i o n   wi th   the  Mg  con ten t   but  i f   the  c o n t e n t   "of 
Si  is  l e s s   than  0.2%  no  d e s i r e d   e f f e c t   wi l l   r e s u l t .   I f   i t   e x c e e d s  
1.5%  the  s t r e n g t h   of  the  a l l o y   wi l l   d e g e n e r a t e .  

O p t i o n a l l y   0.1  to  0.6%  of  Mn,  0.05  to  0.5%  of  Cr  and  0.05  t o  
10  0.5%  of  Zr  can  be  added  where  n e c e s s a r y ,   so  as.   to  produce  f i n e  

c r y s t a l l i z a t i o n   and  0.01  to  0.2%  of  Ti  can  be  added  to  o b t a i n   c a s i n g  
of  f ine   g r a i n .  

(d)  I t   is  p o s s i b l e   to  ob ta in   ex t ruded   aluminum  a l l o y s   h a v i n g  
e x c e l l e n t   l u b r i c i t y .  

15  L u b r i c i t y   is  p a r t i c u l a r l y   impor t an t   for   b e a r i n g s .   The  e x t r u d e d  
aluminum  a l l o y   p roduced   is  s u i t a b l e   for   p r o d u c i n g   b e a r i n g s   b e c a u s e  
of  i t s   e x c e l l e n t   l u b r i c i t y .  

In  o rder   to  ijnprove  the  l u b r i c i t y   of  the  e x t r u d e d   a l l o y s   1.5  t o  
7.0  of  Cu  is  added  and  o p t i o n a l l y ,   one  or  more  of  1  .0  to  15%  of  Pb ,  

20  1.0  to  15%  of  Sn,  1.0  to  15%  of  Bi  and  1.0  to  15%  of  In  are  a d d e d .  
When  n e c e s s a r y ,   5.0  to  20%  of  Si  or  0.1  to  3.0%  of  Mg  or  both  a r e  
added.   The  b a l a n c e   c o n s i s t s   of  aluminum  and  u n a v o i d a b l e   i m p u r i t i e s .  

Cu  is  e s s e n t i a l   for   i n c r e a s i n g   the  m e c h a n i c a l   s t r e n g t h   but  i f   t h e  
c o n t e n t   of  i t   is  l e s s   than  1.5%  no  d e s i r e d   e f f e c t   w i l l   r e s u l t .   I f  

25  i t   exceeds  7.0%  the  mechan ica l   s t r e n g t h   w i l l   be  l o s t .  
Low  m e l t i n g   p o i n t   e l emen t s ,   such  as  Pb,  Bi,  Sn  and  In,  a r e  

e q u a l l y   e f f e c t i v e   to  i n c r e a s e   the  l u b r i c i t y   of  the  a l l o y   p a r t i c u l a r l y  
r e q u i r e d   when  i t   is  used  in  f r i c t i o n a l   p l a c e s .   For  t h i s   use  t h e y  
are  e x c h a n g e a b l e   and  when  the  a l l oy   c o n t a i n s   at  l e a s t   one  of  them 

30  the  l u b r i c i t y   w i l l   be  improved.   If   the  con ten t   of  each  e lement   i s  
l e s s   than  1%  no  d e s i r e d   e f f e c t   w i l l   r e s u l t .   However  i f   i t   e x c e e d s  
15%  the  e x t r u s i o n   w i l l   become  d i f f i c u l t .  

O p t i o n a l l y   5.0  to  20%  of  Si  or  0.1  to  3.0%  of  Mg  or  both  a n d  
a d d i t i o n a l l y   one  or  more  of  0.1  to  0.8%  of  Mn,  0.05  to  0.35%  of  C r  

35  0.05  to  0.3%  of  Zr,  0.01  to  0.2%  of  Ti  and  0.002  to  0.04%  of  B  c a n  
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be  added  r e g a r d l e s s   of  whether   Si  a n d / o r   Mg  is  ' con ta ined .   Si  i s  

e f f e c t i v e   to  i n c r e a s e   the  w e a r - r e s i s t a n c e   of  the  a l l o y   "but  i f   t h e  

c o n t e n t   of  i t   is   l e s s   than  %  no  d e s i r e d   e f f e c t   w i l l   r e s u l t .   I t  

i t   exceeds  20%  the  e x t r u s i o n   w i l l   become  d i f f i c u l t .   Mg  is  e f f e c t i v e  

5  to.  i n c r e a s e   the  m e c h a n i c a l   s t r e n g t h   of  the  a l l o y   but  i f   the  c o n t e n t  

of  i t   is  l e s s   t han   0.1%  no  d e s i r e d   e f f e c t   w i l l   r e s u l t .   I f   i t   e x c e e d s  

3.0%  the  m e c h a n i c a l   s t r e n g t h   w i l l   be  l o s t ,   Mn,  Or  and  Zr  are  e q u a l l y  

e f f e c t i v e   to  o b t a i n   the  s t r u c t u r e   of  f ine  g r a i n   of  the  a l l o y   a n d  

Ti  and  B  are  e q u a l l y   e f f e c t i v e   to  secure   a  c a s t i n g   of  f i ne   g r a i n .  

10  However  i f   the  c o n t e n t   of  each  e lement   is  l e s s   than  the  lower  l i m i t  

no  d e s i r e d   e f f e c t   w i l l   r e s u l t   and  i f   i t   exceeds   the  upper   l i m i t ,  

Mn,  Or  or  Zr  is   l i k e l y   to  produce  u n f a v o u r a b l y   l a r g e   c r y s t a l s ,   t h e r e b y  

r e d u c i n g   the  m e c h a n i c a l   s t r e n g t h .  

The  i n v e n t i o n   w i l l   be  b e t t e r   u n d e r s t o o d   from  the  f o l l o w i n g  

15  e x a m p l e s :  
EXMPEE  1 

An  Al-Zn-Mg-Cu  base  a l l o y   was  used   in  Example  1  ,  whose  c h e m i c a l  

c o m p o s i t i o n   is  shown  in  Table  1  .  This   aluminum  a l l o y   is  known  f o r  

i t s   m e c h a n i c a l   s t r e n g t h .   I t   w i l l   be  a p p r e c i a t e d   from  the  t ab le   t h a t  

20  Zn  is  c o n t a i n e d   in  a  g r e a t e r   q u a n t i t y   than  t h a t   in  the  known 

No.  A7000  a l l o y s ,   which  would  be  d i f f i c u l t   to  e x t r u d e   by  known 
i 

methods:   •  j 
TABLE  1  i 

C h e m i c a l   C o m p o s i t i o n   (w t%)  
S p e c i m e n  

No*  Zn  Mg  Cu  Mn  Cr  Zr  A i  

1  8 . 7   3 . 6   1 . 1   -  -  -  B a l a n c e  

"o  §  2  8 . 3   3 . 0   1 .0   -  -  0 . 1 4   B a l a n c e  

«G  3  9 . 9   4 . 1   0 .9   0 . 8   -  -  B a l a n c e  
o  £  
g c   4  1 1 . 5   6 . 2   1 .3   -  0 . 2 5   -  B a l a n c e  
cw  — 

5  8 . 5   2 . 3   2 . 1   0 . 4   -  0 . 1 8   B a l a n c e  

to  6  6 . 4   2 . 5   1 .8   0 . 3   0 . 2   -  B a l a n c e  
•  m  .  ,  ■ 

EO  7  6 . 8   2 . 9   2 .0   0 . 2   ' -   B a l a n c e  
o  o  
° £   8  6 . 1   2 . 3   2 . 3   -  -  0 . 1 4   B a l a n c e  
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The  a l l o y s   from  Nos.  1  to  5  were-  d i s s o l v e d   at  a  t e m p e r a t u r e  
100  C  h ighe r   than  i t s   l i q u i d   phase  t e m p e r a t u r e   ( h e r e i n a f t e r  

e x p r e s s e d   as  "at   the   l i q u i d   phase  t e m p e r a t u r e   +  100°C"),   and  t h e  
mol ten   a l l o y   was  poured   i n t o   the  c o n t a i n e r   p r e v i o u s l y   h e a t e d   t o  

5  about   320°C.  I m m e d i a t e l y   i t   was  a l l o w e d   to  s o l i d i f y   at  a  p r e s s u r e  
of  1  ,  000  kgf  /cm2  by  a d v a n c i n g   the  stem.  When  the  t e m p e r a t u r e   of  t h e  
mol ten   mass  f e l l   to  1/2  of  the  l i q u i d   phase  t e m p e r a t u r e   t h e  
a p p l i c a t i o n   of  p r e s s u r e   was  s topped .   In  t h i s   way  a  mass  (75  mm  i n  
d i a m e t e r ,   and  100  mm  in  l e n g t h )   was  o b t a i n e d ,   which  was  p l a c e d   i n  

10  the  c o n t a i n e r   of  the  e x t r u d i n g   machine  and  e x t r u d e d   t h e r e t h r o u g h  
in to   a  rod  hav ing   a  d i a m e t e r   of  12  mm.  The  mass  was  f ree   from  a n y  
crack  and  the  e x t r u s i o n   was  smoothly  c a r r i e d   o u t .  

The  e x t r u d e d   a l l o y   was  s u b j e c t e d   to  s o l i d   s o l u t i o n   h e a t  
t r e a t m e n t   at  460°C  and  ag ing   at  120°C  for   24  Hours.   The  r e s u l t i n g  

15  mechan ica l   p r o p e r t i e s   are  shown  in  Table  2.  In  Tables  1  and  2 
each  of  the  c o m p a r a t i v e   a l l o y s   c o n t a i n e d   Zn,  Mg  and  Cu  to  t h e  
e x t e n t   tha t   i t   was  c o n s i d e r e d   as  the  upper   l i m i t   for  p r o d u c t i o n  
under   the  known  method  and  was  formed  in  a  b i l l e t   t h e r e u n d e r .   Then 
i t   was  s u b j e c t e d   to  homogeniz ing   hea t   t r e a t m e n t   and  ex t ruded   by  

20  an  e x t r u d i n g   m a c h i n e .  

TABLE  ■  2 

M e c h a n i c a l   P r o p e r t i e s  
S p e c i m e n   T e n s i l e   L o a d  NO*  

S t r e n g t h   S t r e n g t h   E l o n g a t i o n  
(Kgf  /mm2)  (Kgf   /mm2)  (%) 

1  6 4 . 9   5 6 . 9   6 . 9  

° §   2  6 8 . 0   6 5 . 0   8 . 1  

S «   3  8 1 . 5   7 8 . 3   5 . 9  

° C   4  8 3 . 4   7 9 . 1   4 . 7  

5  6 5 . 9   6 0 . 1   9 . 8  

w  6  6 3 . 1   5 8 . 9   1 0 . 2  
•  01 

§ §   7  6 2 . 8   5 9 . 0   1 0 . 4  

*  8  5 9 . 1   5 5 . 2   1 2 . 1  
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I t   w i l l   be  u n d e r s t o o d   from  Table  2  t ha t   the  a l l o y s   p r o d u c e d  

under   the  p r o c e s s   of  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  t e n s i l e  

s t r e n g t h   and  load   s t r e n g t h   though  i t   is  s l i g h t l y   i n f e r i o r   i n  

e l o n g a t i o n   to  the  compara t i ve   a l l o y s   because  of  the  Zn  c o n t e n t   in  a  

5  r e l a t i v e l y   h i g h   p e r c e n t a g e .  

EXAMPIE  2 

This  e x p e r i m e n t   was  conduc ted   to  ob t a in   aluminum  a l l o y   h a v i n g  

e x c e l l e n t   w e a r - r e s i s t a n c e   and  the  chemical   c o m p o s i t i o n   of  t h e  

spec imens   are  shown  in  f a b l e   3-  As  ev iden t   from  Table  3  « »  

10  p e r c e n t a g e s   of  twelve  e l emen t s ,   p a r t i c u l a r l y   Si,  are   h igh  to  s u c h  

an  e x t e n t   t h a t   the  e x t r u s i o n   would  become  d i f f i c u l t   under   t h e  

known  m e t h o d s .  
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The  a l l o y s   hav ing   the  chemica l   Composi t ions   shown  in  Table  3 

were  d i s s o l v e d   at   i t s   l i q u i d   phase  t e m p e r a t u r e   +  100  C  and  e a c h  

m o l t e n   a l l o y   was  poured  i n to   the  c o n t a i n e r   p r e v i o u s l y   hea t ed   t o  

abou t   320°C.  I m m e d i a t e l y   i t   was  a l l o w e d   to  s o l i d i f y   at  a  p r e s s u r e  

5  of  1,000  kgf /cm  by  a d v a n c i n g   the  stem.  When  the  mol ten  mass  was 

coo led   to  1/2  of  the  l i q u i d   phase  t e m p e r a t u r e ,   the  s o l i d i f y i n g  

p r o c e s s   was  f i n i s h e d .   Then  the  b i l l e t - l i k e   mass  of  75  mm  in  d i a m e t e r  

and  100  mm  in  l e n g t h   was  o b t a i n e d ,   which  was  immedia te ly   e x t r u d e d  

i n t o   a  rod  h a v i n g   a  d i a m e t e r   of  12  mm.  No  d i f f i c u l t y   arose   i n  

10  e x t r u d i n g   i t .  

Each  of  the  e x t r u d e d   a l l o y s   was  s u b j e c t e d   to  s o l i d   s o l u t i o n  

h e a t   t r e a t m e n t   at  490°C  and  ag ing   a t   180°C  for   7  hours .   Each  a l l o y  

was  t e s t e d   on  i t s   t e n s i l e   s t r e n g t h   a t   300°C,  c o - e f f i c i e n c y   o f  

e x p a n s i o n   and  w e a r - r e s i s t a n c e .   The  r e s u l t s   are  shown  in  Table  4 .  

15  The  w e a r - r e s i s t a n c e   t e s t   was  conduc t ed   at   a  rubb ing   s p e e d  

of  2  m/sec .   ,  w i th   the  use  of  an  "Ohkoshi"   a b r a s i o n   t e s t e r   (dry)  a n d  

a  r u b b i n g   m a t e r i a l   PC30  ( J I S ) .  
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TABLB  .4 

P r o p e r t i e s  

S p e c i m e n   T e n s i l e   C o e f .   o f   W e a r -  
No.  S t r e n g t h   E x p a n s i o n   R e s i s t a n c e  

Kgf /mm2  10  " * / ° C   m m 2 x k g x l 6   "7 
( 3 0 0 ° C )  

1  1 7 . 3   1 6 . 9   1 0  

2  1 8 . 2   1 5 . 5   12  

3  1 7 . 1   1 5 . 7   "  1 1  

4  1 7 . 5   1 3 . 5   9 

5  1 7 . 3   1 7 . 4   1 0  

6  1 9 . 2   1 4 . 2   9 

0  7  1 7 . 4   1 4 . 8   6 
•H 

g  8  1 8 . 5   1 5 . 1   9 

5  9  1 7 . 1   1 7 . 4   1 2  

o  10  1 8 . 1   1 6 . 9   9 

»  11  1 7 . 2   1 8 . 5   10  

2  12  1 8 . 4   1 7 . 5   8 
q»  -  -  ■—  - 

13  1 7 . 3   1 7 . 5   1 2  

14  1 9 . 1   1 4 . 4   1 0  

15  1 7 . 3   1 6 . 5   1 0  

16  1 9 . 2   1 4 . 6   9 

17  1 6 . 8   1 7 . 0   9 

18  1 7 . 4   1 6 . 6   8 

As  ev iden t   from  Table  4  "the  e x t r u d e d   aluminum  a l l o y   p r o d u c e d  

tinder  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  w e a r - r e s i s t a n c e ,   h e a t -  
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p r o o f   a b i l i t y   and  has  a  low  c o - e f f i c i e n t   of  e x p a n s i o n .  

-  -  -  -  EXAMPLE  3 

The  expe r imen t   -was  conduc t ed   to  produce  e x t r u d e d   aluminum  a l l o y s  

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

TABLE  5 

A l l o y   C o m p o s i t i o n   (Wt%) 
S p e c i m e n  

No-  b  Mg  S i   A£ '  

w  1 3   B a l a n c e  
° §  
oi  -h  2  5  1 . 0   0 . 8   . B a l a n c e  

o  ®  3  g  -  -  B a l a n c e  

ft  4  2  4 . 5   -  B a l a n c e  

The  a l l o y s   hav ing   the  chemica l   c o m p o s i t i o n s   shown  in  Table  5 

were  ex t ruded   i n to   a  rod  of  12  mm  in  d i ame te r   by  the  same  me thod  

as  t h a t   used  in   Example  2 .  

The  specimens  Sos.  1,  3  and  4  were  t e s t e d   on  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   w i t h o u t   s u b j e c t i n g   them  to  any  t r e a t m e n t .   The  s p e c i m e n  

No.  2  was  s u b j e c t e d   to  s o l i d   s o l u t i o n   hea t   t r e a t m e n t   at   520  C, 

f o l l o w e d   by  quench ing   in  wa t e r   and  ag ing   at  180  C  for   7  h o u r s .  

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

the  r e s u l t s   of  which  are  shown  in  Table   6 :  

1 0  
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TABLE  6 

A l l o y   C o m p o s i t i o n   (Wt%) 
S p e c i m e n   '  Z  71  T  1  " r  

N  T e n s i l e   0.2%  L o a d  NO*  
S t r e n g t h   S t r e n g t h   E l o n g a t x o n  
( K g f / m m 2 )   (Kgf /mm2)   (%) 

E g   
X  15  10  16 

S  +3  2  26  22  12 
0)  g 
0  >  3  17  12  '  S 
<£  H 

4  27  20  19  

Por  comparison  a  "Boral"  a l l oy   of  a  d i s p e r s e d   type  h a v i n g  
50  to  3%  of  B,C  was  t e s t e d   on  i t s   t e n s i l e   s t r e n g t h .   The  t e s t  
r e v e a l e d   tha t   i t   was  aixmt  10  kgf/mm2. 

As  ev iden t   from  Table  6  the  ex t ruded   aluminum  a l l oy   p r o d u c e d  
under  the  p roces s   of  the  p re sen t   i n v e n t i o n   has  e x c e l l e n t   m e c h a n i c a l  
s t r e n g t h   as  compared  with  the  "Boral"   a l l o y .   As  seen  from  the  No.  3 
specimen  the  a l l o y   was  ex t ruded  wi thou t   any  d i f f i c u l t y   r e g a r d l e s s  
of  the  r e l a t i v e l y   l a rge   q u a n t i t y   of  B.  

EXAMPLE  4 

This  exper iment   was  conducted  to  ob t a in   ex t ruded   a luminum 
a l loy   having  e x c e l l e n t   l u b r i c i t y .  

10 
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Nos  .  1  to  6  specimens   were  e x t r u d e d   in to   rods  having   a  d i a m e t e r  

of  12  mm  by  the  same  method  as  t h a t   used  in  Example  2 .  

Each  e x t r u d e d   a l l o y   was  s u b j e c t e d   to  s o l i d   s o l u t i o n   h e a t  

t r e a t m e n t   at  490°C  and  aging  at  180  C  for   7  hours .   Then  each  o f  

them  was  t e s t e d   on  i t s   mechan ica l   p r o p e r t i e s   and  w e a r - r e s i s t a n c e .  

The  w e a r - r e s i s t a n c e   t e s t   was  conduc ted   in  the  same  manner  as  t h a t  

in  Example  2 .  

Nos.  7  an<i  8  a l l o y s   were  cas t   in  the  known  manner  and  then  t h e y  

were  s u b j e c t e d   to  the  same  heat   t r e a t m e n t   as  in  Example  2.  The 

r e s u l t i n g   a l l o y s   were  t e s t e d   on  t h e i r   mechan ica l   p r o p e r t i e s   a n d  

wear-  r e s i s t a n c e   in  the  same  manner,  the  r e s u l t s   of  which  are  shown 

in  Table  8 :  

10 

TABLE  8 

M e c h a n i c a l   P r o p e r t i e s   Wear   R e s i s t a n c e  

S p e C ^ e n   T e n s i l e   0.2%  Load   E l o n -   S p e c i f i c  
S t r e n g t h   S t r e n g t h   q a t i o n   Wear  A m o u n t  

( K g f / m m 2 )   ( K g f / m m 2 )   (%)  ( * 1 0 - 7 m m 2 A g )  

1  35  27  12  12  

iu  2  39  33  11  1 1  
° §  

g'Jj  3  34  26  12  13  

8 >   4  33  25  11  1 2  

5  35  26  12  1 0  

6  40  34  11  1 0  

a S   7  27  22  10  1 5  
e  o  
8  U  8  29  23  9  14  

P4 
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As  e v i d e n t   from  Table  8  the  e x t r u d e d   aixminum  a l l y   p r o d u c e d  

under   the  p r e s e n t   i n v e n t i o n   has  e x c e l l e n t   m e c h a n i c a l   p r o p e r t i e s  

and  w e a r - r e s i s t a n c e   as  compared  wi th   the  c o m p a r a t i v e   a l l o y s   Hos.  7 

and  8.  P r e sumab ly   the  improved  w e a r - r e s i s t a n c e   is  d e r i v e d   f r o m  

the  l u b r i c i t y   enhanced   by  the  low  m e l t i n g   p o i n t   e l emen t s   so lved   b y  

f r i c t i o n a l   h e a t .  
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CLAIMS 

1.  A  p r o c e s s   for  p roduc ing   an  ex t ruded   aluminum  a l l o y ,  
c h a r a c t e r i z e d   in  t ha t   the  aluminum  a l l o y   is  me l t ed   in  a  f u r n a c e ,   t h e  
mol ten   a l l o y   is  poured  in to   a  c o n t a i n e r   s e c t i o n   of  the  e x t r u d i n g  
machine,   p r e s s u r e   is  a p p l i e d   to  the  mol ten  a l l o y   in  the  c o n t a i n e r  
s e c t i o n   "by  a d v a n c i n g   the  stem  of  the  e x t r u d i n g   machine  wi th   t h e  
c o n t a i n e r   be ing   c lo sed   so  as  to  a l l ow  the  mol ten  a l l o y   to  form  i n t o  
a  mass  and  the  mass  is  then  ex t ruded   through  the  e x t r u d i n g   m a c h i n e .  

2.  A  p r o c e s s   a c c o r d i n g   to  c la im  1,  c h a r a c t e r i z e d   in  t h a t  
the  c o n t a i n e r   s e c t i o n   is  p r e v i o u s l y   hea t ed   to  a  t e m p e r a t u r e   o f  
300°C  to  35O°C. 

3.  A  p r o c e s s   a c c o r d i n g   to  c l a im   1  or  2,  c h a r a c t e r i z e d   in  t h a t  
the  p r e s s u r e   a p p l i e d   to  the  molten  a l l o y   is  more  than  50  kg /cm2 
t h r o u g h o u t   the  s o l i d i f y i n g   p r o c e s s .  

4.  A  p r o c e s s   a c c o r d i n g   to  c la im  1  ,  2  or  3,  c h a r a c t e r i z e d   in  " 

t h a t   the  s o l i d i f y i n g   p roce s s   is  f i n i s h e d   when  the  t e m p e r a t u r e   of  t h e  
aluminum  a l l o y   has  f a l l e n   to  1/3  to  2/3  of  the  l i q u i d   p h a s e  
t e m p e r a t u r e   and  the  mass  o b t a i n e d   is  immedia te ly   e x t r u d e d .  

5.  A  p r o c e s s   a c c o r d i n g   to  any  of  c laims  1  to  4,  c h a r a c t e r i z e d  
in  t ha t   the  aluminum  a l l o y   c o n t a i n s   7.0  to  12%  of  Zn,  2.0  to  7.0% 
of  Mg  and  0.5  to  3.0%  of  Cu,  the  ba l ance   being  s u b s t a n t i a l l y  
a luminum.  

6.  A  p r o c e s s   a c c o r d i n g   to  c la im  5,  c h a r a c t e r i z e d   in  t h a t  
the  aluminum  a l l o y   c o n t a i n s   one  or  more  e lements   s e l e c t e d   from  0.2  . 
to  1.0%  of  Mn,  0.1  to  0.4%  of  Cr  and  0.05  to  0.3%  of  Z r .  

7.  A  p r o c e s s   a c c o r d i n g   to  c la im  1,  c h a r a c t e r i z e d   in  t h a t   t h e  

aluminum  a l l o y   c o n t a i n s   4«0  to  40%  of  Si,  the  ba l ance   b e i n g  

s u b s t a n t i a l l y   aluminum,  the reby   i n c r e a s i n g   the  w e a r - r e s i s t a n c e   o f  

the  e x t r u d e d   a l l o y .  

8.  A  p r o c e s s   a c c o r d i n g   to  c la im  7»  c h a r a c t e r i z e d   in  t h a t  

the  aluminum  a l l o y   f u r t h e r   con t a in s   4*0  to  20%  of  Cu. 

9.  A  p r o c e s s   a c c o r d i n g   to  c la im  7-or .&,   c h a r a c t e r i z e d   in  t h a t  

the  aluminum  a l l o y   f u r t h e r   con t a in s   at   l e a s t   one  e lement ,   s e l e c t e d  

from  0,5  to  20%  of  We,  0.5  to  20%  of  Cr,  1.0  to  20%  of  Mn,  0.5  t o  

20%  of  Ni,  0.5  to  10%  of  Ti,  1.0  to  20%  of  Be,  1.0  to  20%  of  V, 
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2.0  to  2O?6  of  Y,  0.5  to  1096  of  Zr  and  0.3  to  2.0%  of  Mg. 

10.  A  p r o c e s s   a c c o r d i n g   to  c la im  1,  c h a r a c t e r i z e d   in  t h a t  

the  aluminum  a l l o y   c o n t a i n s   0.5  to  12%  of  B,  the  ba l ance   -be ing 

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

a b i l i t y . . . .  

11.  A  p r o c e s s   a c c o r d i n g   to  claim  10,  c h a r a c t e r i z e d   in  t h a t  

the  aluminum  a l l o y   f u r t h e r   c o n t a i n s   at  l e a s t   one  e lement   s e l e c t e d  

from  0.5  to  6.0%  of  Mg  and  0.2  to  1.5%  of  S i .  

12.  A  p r o c e s s   a c c o r d i n g   to  claim  10  or  11,  c h a r a c t e r i z e d  

in  tha t   the  aluminum  a l l o y   f u r t h e r   c o n t a i n s   at  l e a s t   one  e l e m e n t  

s e l e c t e d   from  0.1  to  0.6%  of  Mn,  0.05  to  0.^6  of  Cr,  0.05  to  0 .3% 

of  Zr  and  0.01  to  0.2%  of  T i .  

13.  A  p r o c e s s   a c c o r d i n g   to  c la im  1,  c h a r a c t e r i z e d   in  t h a t  

the  aluminum  a l l o y   c o n t a i n s   1.5  to  7.0%  of  Cu  and  at  l e a s t   one  

element  s e l e c t e d   from  1.0  to  15%  of  Pb,  1.0  to  15%  of  Sn,  1.0  t o  

15%  of  Bi  and  1.0  to  15%  of  In,  the  ba l ance   be ing   s u b s t a n t i a l l y  

aluminum,  t h e r e b y   i n c r e a s i n g   the  l u b r i c i t y   of  the  a l l o y .  

14.  A  p r o c e s s   a c c o r d i n g   to  c la im  13,  c h a r a c t e r i z e d   in  t h a t  

the  aluminum  a l l o y   f u r t h e r   c o n t a i n s   at   l e s t   one  e lement   s e l e c t e d  

from  5.0  to  20%  of  Si  and  0.1  to  3-0%  of  Mg. 

15.  A  p r o c e s s   a c c o r d i n g   to  c la im  13  or  14»  c h a r a c t e r i z e d   i n  

t h a t   the  aluminum  a l l o y   f u r t h e r   c o n t a i n s   0.1  to  0.8%  of  Mn,  0.05  t o  

0.35%  of  Cr,  0 .05  to  0.3%  of  Zr,  0.01  to  0.2%  of  Ti  and  0.002  t o  

0.04%  of  B.  
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