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FIG.  7  

©  Composite  material  including  silicon  nitride  whisker  type  short  fiber  reinforcing  material  and  aluminum  alloy  matrix  metal 
with  moderate  copper  and  magnesium  contents. 

©  A  composite  material  is  made  from  silicon  nitride 
whisker  type  short  fiber  material  embedded  in  a  matrix  of 
metal.  The  matrix  metal  is  an  alloy  consisting  essentially  of  FIG.  7  
from  approximately  2%  to  approximately  6%  of  copper,  from 
approximately  0.5%  to  approximately  3%  of  magnesium,  and  '  
remainder  substantially  aluminum.  The  fiber  volume  propor- 
tion  of  the  silicon  nitride  type  short  fibers  is  between  app- 
roximately  5%  and  approximately  50%,  and  may  more  desi-  , rably  be  between  approximately  5%  and  approximately  40%.  j 
The  magnesium  content  of  the  aluminum  alloy  matrix  metal  ! 
may  desirably  be  between  approximately  0.5%  and  app-  j  J 
roximately  2.5%.  And,  in  the  desirable  case  that  the  fiber  j  j 
volume  proportion  of  the  silicon  nitride  whisker  type  short 
fiber  material  is  between  approximately  30%  and  app- 
roximately  40%,  then  the  copper  content  of  the  

a l u m i n u m �  

alloy  matrix  metal  is  desired  to  be  between  approximately  2% 
and  approximately  5%. 

Croydon  Priming  Company  Ltd. 



0 2 3 6 7 2 9  

C O M P O S I T E   M A T E R I A L   I N C L U D I N G  

S I L I C O N   N I T R I D E   W H I S K E R   T Y P E   S H O R T  

F I B E R   R E I N F O R C I N G   M A T E R I A L   A N D  

A L U M I N U M   A L L O Y   M A T R I X   M E T A L   W I T H  

M O D E R A T E   C O P P E R   A N D   M A G N E S I U M  

C O N T E N T S  

B A C K G R O U N D   O F   T H E   I N V E N T I O N  

The  present   invention  relates  to  a  composite  mater ia l   made  up 

from  re inforc ing   f ibers   embedded  in  a  matrix  of  metal,  and  m o r e  

par t icular ly   re lates   to  such  a  composite  mater ia l   utilizing  silicon  n i t r i de  

wh i ske r   type  mater ia l   as  the  re inforc ing  fiber  mater ia l ,   and  a luminum 

alloy  as  the  matrix  metal,  i.e.  to  a  silicon  nitride  w h i s k e r   r e i n f o r c e d  

aluminum  a l loy.  

The  present   invention  has  been  described  in  Japanese  P a t e n t  

Application  Serial   N o . . . S ^ ^ . ^ i r . P i i . f . ^ . . . .   (1986),  filed  by  an  



appl icant   the  same  as  the  applicant  or  the  entity  assigned  or  owed  duty  o f  

a s s ignmen t   of  the  present   patent  application;  and  the  present   pa t en t  

appl icat ion  hereby  incorpora tes   into  i tse l f   by  r e f e r e n c e   the  text  of  s a i d  

J apanese   Patent   Application  and  the  claims  and  the  drawings  thereof;   a  

;  copy  is  appended  to  the  present   ^application. 

F u r t h e r ,   the  present   inventors  wish  hereby  to  at tract   the  a t ten t ion  

of  the  examining  author i t ies   to  copending  Patent   Applications  Serial   Nos .  

.  
and 

q  v  ,  which  may  be  considered  to  b e  

m a t e r i a l   to  the  examination  of  the  present   patent  appl ica t ion.  

In  the  pr ior   art,  the  following  aluminum  alloys  of  the  cast  type  and 

of  the  wrought   type  have  been  utilized  as  ma t r ix   metal  for  a  c o m p o s i t e  

.5  ma te r i a l   incorpora t ing   r e in fo rc ing   f iber   m a t e r i a l :  

Cas t   t y p e   a l u m i n u m   a l l o y s  

JIS  s tandard   AC8A  ( f rom  about  0.8%  to  about  1.3%  Cu,  from  about  11.0% 

20  to  about  13.0%  Si,  f rom  about  0.7%  to  about  1.3%  Mg,  from  about  0.8%  to  

about  1.5%  Ni,  r emainder   substantial ly  A l )  

JIS  s tandard  AC8B  ( f rom  about  2.0%  to  about  4.0%  Cu,  from  about  8.5% 

to  about  10.5%  Si,  f rom  about  0.5%  to  about  1.5%  Mg,  from  about  0.1%  to  

25  about  1%  Ni,  r emainder   substantially  A l )  
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JIS  standard  AC4C  (Not  more  than  about  0.25%  Cu,  from  about  6.5%  to 

about  7.5%  Si,  from  about  0.25%  to  about  0.45%  Mg,  r e m a i n d e r  

substantial ly  A l )  

5  AA  standard  A201  ( f rom  about  4%  to  about  5%  Cu,  from  about  0.2%  to 

about  0.4%  Mn,  f rom  about  0.15%  to  about  0.35%  Mg,  f rom  about  0,15%  to  

about  0.35%  Ti,  r emainder   substantially  A l )  

AA  standard  A356  ( f rom  about  6.5%  to  about  7.5%  Si,  f rom  about  0.25% 

10  to  about  0.45%  Mg,  not  more  than  about  0.2%  Fe,  not  more  than  about  

0.2%  Cu,  r emainder   substantially  Al)  

Al  -  from  about  2%  to  about  3%  Li  alloy  ( D u P o n t )  

15  W r o u g h t   type   a l u m i n u m   a l l o y s  

JIS  standard  6061  ( f rom  about  0.4%  to  about  0.8%  Si,  f rom  about  0.15% 

to  about  0.4%  Cu,  from  about  0.8%  to  about  1.2%  Mg,  from  about  0.04%  to  

about  0.35%  Cr,  r emainder   substantially  A l )  

20 

JIS  standard  5056  (not  more  than  about  0.3%  Si,  not  more  than  about  0.4% 

Fe,  not  more  than  about  0.1%  Cu,  from  about  0.05%  to  about  0.2%  Mn, 

from  about  4.5%  to  about  5.6%  Mg,  f rom  about  0.05%  to  about  0.2%  C r ,  

not  more  than  about  0.1%  Zn,  remainder   substantially  Al )  

25 
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JIS  s tandard  2024  (about  0.5%  Si,  about  0.5%  Fe,  f rom  about  3.8%  to 

about  4.9%  Cu,  from  about  0.3%  to  about  0.9%  Mn,  f rom  about  1.2%  to  

about  1.8%  Mg,  not  more  than  about  0.1%  Cr,  not  more  than  about  0.25% 

Zn,  not  more  than  about  0.15%  Ti,  remainder   substant ia l ly   Al )  

5 

JIS  s tandard  7075  (not  more  than  about  0.4%  Si,  not  more  than  about  0.5% 

Fe,  f rom  about  1.2%  to  about  2.0%  Cu,  not  more  than  about  0.3%  Mn, 

from  about  2.1%  to  about  2.9%  Mg,  from  about  0.18%  to  about  0.28%  C r ,  

f rom  about  5.1%  to  about  6.1%  Zn,  about  0.2%  Ti,  r emainder   subs tan t i a l ly  

10  A l )  

Prev ious   r e sea rch   relating  to  composite  ma te r i a l s   i nco rpo ra t i ng  

aluminum  alloys  as  their  matr ix  metals  has  general ly   been  carr ied  out  

f rom  the  point  of  view  and  with  the  object  of  improving  the  strength  and 

15  so  forth  of  existing  aluminum  alloys  without  changing  their  composi t ion ,  

and  t h e r e f o r e   these  aluminum  alloys  conventionally  used  in  t h e  

m a n u f a c t u r e   of  such  prior   art  composite  ma te r i a l s   have  not  n e c e s s a r i l y  

been  of  the  optimum  composition  in  relation  to  the  type  of  r e i n f o r c i n g  

f ibers   utilized  therewi th   to  form  a  composite  mater ia l ,   and  the re fore ,   in  

20  the  case  of  using  one  or  the  other  of  such  conventional  above  ment ioned  

aluminum  alloys  as  the  matr ix  metal  for  a  composite   material ,   the  

opt imizat ion  of  the  mechanical   cha rac t e r i s t i c s ,   and  par t icu la r ly   of  t h e  

strength,   of  the  composite  mater ia l   using  such  an  aluminum  alloy  a s  

matr ix  metal  has  not  he r e to fo re   been  s a t i s f ac to r i l y   a t t a ined .  

25  
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S U M M A R Y   O F   T H E   I N V E N T I O N  

The  inventors  of  the  present   application  have  considered  the  above  

mentioned  problems  in  composite  mater ia ls   which  use  such  convent ional  

5  aluminum  alloys  as  matrix  metal,  and  in  par t icu lar   have  considered  t h e  

par t i cu la r   case  of  a  composite  mater ia l   which  util izes  silicon  n i t r i d e  

w h i s k e r   type  mater ia l   as  re inforc ing   fiber  mater ia l ,   since  such  s i l i con  

nitride  w h i s k e r s ,   among  the  various  types  of  re inforc ing   f ibers   u s e d  

conventionally  in  the  manufac ture   of  a  fiber  re inforced   metal  compos i t e  

10  mater ia l ,   have  par t icular ly   high  strength  and  are  exceedingly  e f fec t ive   in  

improving  the  high  t empera tu re   stability  and  the  strength  of  the  compos i t e  

mater ia l .   And  the  present   inventors,   as  a  result  of  various  e x p e r i m e n t a l  

r e s e a r c h e s   to  determine  what  composition  of  the  aluminum  alloy  to  b e  

used  as  the  matrix  metal  for  such  a  composite  mater ia l   is  optimum,  have  

15  discovered  that  an  aluminum  alloy  having  a  content  of  copper  and  a  

content  of  magnesium  within  certain  limits,  and  containing  substantially  no 

silicon,  nickel ,   zinc,  and  so  forth  is  optimal  as  matrix  metal,  p a r t i c u l a r l y  

in  view  of  the  bending  strength  cha rac te r i s t i c s   of  the  resulting  compos i t e  

mater ia l .   The  present   invention  is  based  on  the  knowledge  obtained  f r o m  

20  the  resul ts   of  the  various  experimental   r e sea rches   carr ied  out  by  the  

inventors  of  the  present   application,  as  will  be  detailed  later  in  t h i s  

s p e c i f i c a t i o n .  

Accordingly,   it  is  the  p r imary   object  of  the  present   invention  to 

25  provide  a  composite  mater ia l   utilizing  silicon  nitride  w h i s k e r s   a s  



e inforc ing   mater ia l   and  aluminum  alloy  as  matrix  metal,  which  en joys  

uper ior   mechanical   c h a r a c t e r i s t i c s   such  as  bending  s t r e n g t h .  

It  is  a  fur ther   object  of  the  present   invention  to  provide  such  a  

:omposite  mater ia l   utilizing  silicon  nitride  w h i s k e r s   as  r e i n f o r c i n g  

nater ia l   and  aluminum  alloy  as  matr ix   metal,  which,  for  s imi lar   v a l u e s  

)f  mechanica l   cha rac t e r i s t i c s   such  as  bending  strength,  can  incorpora te   a  

ower   volume  proportion  of  r e in forc ing   fiber  mater ia l   than  prior  art  s u c h  

:omposite  m a t e r i a l s .  

It  is  a  fur ther   object  of  the  present   invention  to  provide  such  a  

composite  mater ia l   utilizing  silicon  nitride  w h i s k e r s   as  r e i n f o r c i n g  

mater ia l   and  aluminum  alloy  as  matr ix   metal,  which  is  improved  a s  

regards   w o r k a b i l i t y .  

It  is  a  fur ther   object  of  the  present   invention  to  provide  such  a  

composi te   mater ia l   utilizing  sil icon  nitride  w h i s k e r s   as  r e i n f o r c i n g  

ma te r i a l   and  aluminum  alloy  as  matr ix  metal,  which  is  improved  a s  

r ega rds   mach inab i l i ty .  

It  is  a  fur ther   object  of  the  present   invention  to  provide  such  a  

composi te   mater ia l   utilizing  silicon  nitride  w h i s k e r s   as  r e i n f o r c i n g  

ma te r i a l   and  aluminum  alloy  as  matr ix   metal,  which  has  reduced  c o s t .  

It  is  a  fur ther   object  of  the  present   invention  to  provide  such  a  

composi te   mater ia l   utilizing  silicon  nitride  w h i s k e r s   as  r e i n f o r c i n g  
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mater ia l   and  aluminum  alloy  as  matrix  metal,  which  has  i m p r o v e d  

cha rac te r i s t i c s   with  regard  to  wear   upon  a  mating  m e m b e r .  

According  to  the  most  general   aspect  of  the  present   invention,  t h e s e  

5  and  other  objects  are  attained  by  a  composite  mater ia l   compris ing  a  m a s s  

of  silicon  nitride  w h i s k e r s   embedded  in  a  matrix  of  metal;  said  m a t r i x  

metal  being  an  alloy  consisting  essent ial ly  of  from  approximately   2%  to  

approximately  6%  of  copper,  from  approximately  0.5%  to  approximately   3% 

of  magnesium,  and  remainder   substantial ly  aluminum;  and  the  vo lume 

10  proportion  of  said  silicon  nitride  w h i s k e r s   being  from  about  5%  to  about  

50%. 

According  to  the  present   invention  as  descr ibed  above,  a s  

re inforc ing  f ibers   there  are  used  silicon  nitride  w h i s k e r   type  s h o r t  

15  f ibers ,   which  have  high  strength,   and  are  exceedingly  e f fec t ive   in  

improving  the  high  t empera tu re   stability  and  strength  of  the  r e s u l t i n g  

composite  material ,   and  as  matrix  metal  there  is  used  an  aluminum  a l loy  

with  a  copper  content  of  f rom  approximately  2%  to  approximately  6%,  a  

magnesium  content  of  from  approximately  0.5%  to  approximately  3%,  and 

20  the  remainder   substantially  aluminum,  and  the  volume  proport ion  of  the  

silicon  nitride  w h i s k e r s   is  desirably  from  approximately  5%  to  

approximately  50%,  whereby,   as  is  clear  from  the  results   of  e x p e r i m e n t a l  

r e sea rch   carr ied  out  by  the  inventors  of  the  present   application  as  w i l l  

be  described  below,  a  composite  material   with  super ior   m e c h a n i c a l  

25  cha rac t e r i s t i c s   such  as  strength  can  be  obtained.  As  stated  above,  the  

f iber  volume  proportion  of  said  silicon  nitride  wh i ske r   type  f ibers   should 
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be  between  approximate ly   5%  and  approximately   50%;  but,  m o r e  

p re fe rab ly ,   said  f iber  volume  proport ion  of  said  silicon  nitride  w h i s k e r  

type  f ibers   should  be  be tween  approximately  5%  and  approximately  40%. 

5  Also  according  to  the  present   invention,  in  cases  where  it  i s  

s a t i s f ac to ry   if  the  same  degree  of  s trength  as  a  conventional  s i l i con  

nitride  wh i ske r   type  short  f iber  re in forced   aluminum  alloy  is  obtained,  

the  volume  propor t ion   of  silicon  nitride  type  short  f ibers   in  a  compos i t e  

mater ia l   according  to  the  present   invention  may  be  set  to  be  lower  than  

[0  the  value  required  for  such  a  conventional  composite  material ,   and 

the re fore ,   since  it  is  possible  to  reduce  the  amount  of  silicon  n i t r i d e  

w h i s k e r s   used,  the  machinabil i ty  and  workab i l i ty   of  the  compos i t e  

mater ia l   can  be  improved,   and  it  is  also  possible  to  reduce  the  cost  o f  

the  composite  ma te r i a l .   Fur the r ,   the  c h a r a c t e r i s t i c s   with  regard  to  w e a r  

15  on  a  mating  member   will  be  i m p r o v e d .  

As  will  become  clear  from  the  exper imenta l   resul ts   de ta i l ed  

he re ina f t e r ,   when  copper  is  added  to  aluminum  to  make   the  matrix  m e t a l  

of  the  composite  mate r ia l   according  to  the  present   invention,  the  s t r e n g t h  

20  of  the  aluminum  alloy  matr ix   metal  is  increased   and  thereby  the  s t r e n g t h  

of  the  composite  mate r ia l   is  improved,  but  that  e f fec t   is  not  suff ic ient   i f  

the  copper  content  is  less  than  2%,  whereas   if  the  copper  content  is  m o r e  

than  6%  the  composi te   mater ia l   becomes  very  brit t le,   and  has  a  t endency  

rapidly  to  d i s in tegra te .   T h e r e f o r e   the  copper  content  of  the  a luminum 

25  alloy  used  as  matr ix   metal  in  the  composite  mater ia l   of  the  p r e s e n t  

invention  is  required  to  be  in  the  range  of  f rom  approximately  2%  to  
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approximately  6%,  and  more  p re fe rab ly   is  desired  to  be  in  the  range  o f  

from  approximately  2%  to  approximately  5%. 

F u r t h e r m o r e ,   oxides  or  O  radicals  are  inevitably  always  present   on  

5  the  su r faces   of  such  silicon  nitride  w h i s k e r s   used  as  r e in forc ing   f i b e r s ,  

and  if,  as  is  contemplated  in  the  above  presented  discussion,   m a g n e s i u m ,  

which  has  a  strong  tendency  to  form  oxides,  is  contained  within  t he  

molten  matrix  metal,  such  magnesium  will  react  with  the  oxides  or  O  

radicals  on  the  s u r f a c e s   of  the  silicon  nitride  wh i ske r s ,   and  will  r e d u c e  

10  the  su r faces   of  the  silicon  nitride  w h i s k e r s ,   as  a  result  of  which  t he  

affini ty  of  the  molten  aluminum  alloy  matrix  metal  and  the  silicon  n i t r i d e  

w h i s k e r s   will  be  improved,  and  by  this  means  the  s t rength  of  the  

composite  mater ia l   will  be  improved  along  with  an  increase   in  the  conten t  

of  magnesium,  as  experimental ly  has  been  established  as  will  b e  

15  described  in  the  following,  up  to  a  magnesium  content  of  a p p r o x i m a t e l y  

2%.  If,  however ,   the  magnesium  content  is  less  than  approximately   0.5%, 

then  this  e f fec t   is  insuf f ic ien t   and  is  insignificant;   while,  on  the  o t h e r  

hand,  if  the  magnesium  content  exceeds  approximately  3%,  as  will  also  be  

described  in  the  following,  the  strength  of  the  composite  mater ia l   on  t he  

20  contrary  dec reases   rapidly.  T h e r e f o r e   the  magnesium  content  of  the  

aluminum  alloy  used  ^s  matrix  metal  in  the  composite  mate r ia l   of  the  

present   invention  is  desired  to  be  from  approximately  0.5%  to  

approximately  3%,  and  p re fe rab ly   from  approximately   0.5%  to  

approximately  2.5%,  and  even  more  p re fe rab ly   from  approximately  0.5%  to  

25  approximately  2%. 
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F u r t h e r m o r e ,   in  a  composite  mater ia l   with  an  aluminum  alloy  o f  

the  above  composit ion  as  matr ix  metal,   as  also  will  become  clear  f r o m  

the  exper imenta l   r e s e a r c h e s   given  he r e ina f t e r ,   if  the  volume  p r o p o r t i o n  

of  the  silicon  nitride  w h i s k e r   type  short  f ibers   is  less  than  5%,  a  

5  su f f i c i en t   s t rength   cannot  be  obtained;  while,  if  said  volume  p r o p o r t i o n  

of  the  silicon  ni tr ide  w h i s k e r   type  short  f ibers   is  between  about  5%  and 

about  40%,  the  s t rength  of  the  composite  mater ia l   increases   greatly  and 

substant ia l ly   l inear ly  along  with  inc rease   in  said  silicon  nitride  w h i s k e r  

volume  proport ion;   and,  if  said  volume  proport ion  of  the  silicon  n i t r i d e  

10  w h i s k e r   type  short   f ibers   exceeds  40%,  and  par t icular ly   if  it  exceeds  

50%,  even  if  said  volume  proport ion  of  the  silicon  nitride  wh i ske r   type 

short   f ibers   is  fu r the r   increased,   the  s trength  of  the  composite  m a t e r i a l  

is  not  very  s ignif icant ly   improved.  Also,  the  wear   res is tance   of  t he  

composite  ma te r i a l   i nc reases   with  the  volume  proport ion  of  the  s i l i con  

15  nitr ide  w h i s k e r   type  short  f iber  mater ia l ,   but  when  the  volume  p r o p o r t i o n  

of  the  silicon  nitride  w h i s k e r   type  short  f ibers   is  in  the  range  f r o m  

zero  to  approximate ly   5%  said  wear   r es i s tance   increases   rapidly  with  a n  

inc rease   in  the  volume  proport ion  of  the  silicon  nitride  w h i s k e r   type 

short   f ibers ,   whe rea s ,   on  the  other  hand,  when  the  volume  proport ion  o f  

20  the  silicon  ni tr ide  w h i s k e r   type  short  f ibers   is  in  the  range  of  at  l e a s t  

approximate ly   5%,  the  wear   res i s tance   of  the  composite  mater ia l   does  not  

very  s igni f icant ly   increase   with  an  increase   in  said  volume  proport ion  o f  

said  silicon  ni tr ide  w h i s k e r   type  short  f ibers .   T h e r e f o r e ,   according  to  

one  c h a r a c t e r i s t i c   of  the  present   invention,  the  volume  proportion  of  the  

25  silicon  nitride  w h i s k e r   type  short  f ibers   is  required  to  be  in  the  r a n g e  

of  f rom  approximate ly   5%  to  approximately   50%,  and  p r e f e r a b l y   i s  
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required  to  be  in  the  range  of  from  approximate ly   5%  to  a p p r o x i m a t e l y  

40%. 

as  a  result   or  other  exper imental   r e sea rch   carr ied  out  by  the  

5  inventors  of  the  present   application,  when  the  volume  proport ion  of  the  

silicon  nitride  w h i s k e r s   is  in  the  relat ively  high  portion  of  the  above  

described  desirable   range,  that  is  to  say  is  f rom  approximately  30%  to  

approximately  40%,  it  is  p r e f e r a b l e   that  the  copper  content  of  t he  

aluminum  alloy  should  be  f rom  approximately   2%  to  approximately  5%. 

10  T h e r e f o r e ,   according  to  another  detailed  cha rac te r i s t i c   of  the  p r e s e n t  

invention,  the  volume  proport ion  of  the  silicon  nitride  w h i s k e r s   should  b e  

from  approximately  30%  to  approximately  40%,  and  the  copper  content  o f  

the  aluminum  alloy  should  be  f rom  approximately  2%  to  approximately  5%. 

15  If,  f u r the rmore ,   the  copper  content  of  the  aluminum  alloy  used  a s  

matrix  metal  of  the  composite  mater ia l   of  the  present   invention  has  a  

relatively  high  value,  if  there  are  unevennesses   in  the  concentrat ion  o f  

the  copper  or  the  magnesium  within  the  aluminum  alloy,  the  p o r t i o n s  

where  the  copper  concentrat ion  or  the  magnesium  concentration  is  h igh  

20  will  be  brittle,   and  it  will  not  t he re fo re   be  possible  to  obtain  a  u n i f o r m  

matrix  metal  or  a  composite  mater ia l   of  good  and  uniform  qua l i ty .  

T h e r e f o r e ,   according  to  another  detailed  cha rac te r i s t i c   of  the  p r e s e n t  

invention,  in  order  that  the  concentrat ion  of  copper  within  the  a l u m i n u m  

alloy  matrix  metal  should  be  uniform,   such  a  composite  mater ia l   o f  

>5  which  the  matrix  metal  is  aluminum  alloy  of  which  the  copper  content  i s  

at  least  0%  and  is  less  than  3.5%  is  subjected  to  liquidizing  p r o c e s s i n g  



for  f rom  about  2  hours  to  about  8  hours  at  a  t empera tu re   of  from  about  

480°C  to  about  520°C,  while  on  the  other  hand  such  a  composite  m a t e r i a l  

of  which  the  matr ix   metal  is  aluminum  alloy  of  which  the  copper  content  

is  at  least  3.5%  and  is  less  than  6%  is  subjected  to  liquidizing  p r o c e s s i n g  

5  for  from  about  2  hours  to  about  8  hours  at  a  t empera tu re   of  from  about 

460°C  to  about  510°C.  In  either  case,  these  ma te r i a l s   are  a l so ,  

p r e fe rab ly ,   fu r the r   subjected  to  aging  process ing   for  about  2  hours  to  

about  8  hours  at  a  t e m p e r a t u r e   of  from  about  150°C  to  200°C. 

0  Fur ther ,   the  f iber   length  of  the  silicon  nitride  w h i s k e r   type  s h o r t  

f ibers   is  p r e f e r a b l y   f rom  approximately   10  microns  to  approximately  5 

cm,  and  pa r t i cu la r ly   is  f rom  approximately  50  microns  to  approximately  2  

cm,  and  the  f iber   d iamete r   of  said  silicon  nitride  w h i s k e r   type  f ibers   i s  

fu r the r   desired,   p r e f e r a b l y ,   to  be  f rom  approximately  0.1  micron  to  

[5  approximately   25  mic rons ,   and  par t icu lar ly   is  more  p r e f e r a b l y   desired  to 

be  f rom  approximate ly   0.1  micron  to  approximately  20  m i c r o n s .  

As  fiber  r e i n f o r c e d   aluminum  alloys  which  may  be  considered  to 

be  related  to  the  p resen t   invention,  there  have  been  disclosed  in  the  

20  fol lowing  Japanese   patent  applications  filed  by  an  applicant  the  same  a s  

the  applicant  of  the  parent  Japanese  patent  application  of  w h i c h  

Convention  pr ior i ty   is  being  claimed  for  the  present   patent  application  -  

Japanese   Patent  Applications  (1)  Sho  60-120786  (1985),  (2)  Sho 

60-120787  (1985),  (3)  Sho  60-120788  (1985),  and  (4)  Sho  61-19793 

25  (1986)  -  respect ively:   (1)  a  composite  mater ia l   including  silicon  c a r b i d e  

short  f ibers   in  a  matr ix   of  aluminum  alloy  having  a  copper  content  o f  
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from  approximately  2%  to  approximately   6%,  a  magnesium  content  o f  

from  approximately  2%  to  approximately   4%,  and  remainder   subs tan t i a l ly  

aluminum,  with  the  volume  proport ion  of  said  silicon  carbide  short  f i b e r s  

being  f rom  approximately  5%  to  approximately  50%;  (2)  a  compos i t e  

5  mater ia l   including  alumina  short  f ibers   in  a  matrix  of  aluminum  a l loy  

having  a  copper  content  of  f rom  approximately  2%  to  approximately  6%,  a  

magnesium  content  of  f rom  approximately  0.5%  to  approximately  4%,  and 

remainder   substantially  aluminum,  with  the  volume  proportion  of  s a i d  

alumina  short  f ibers  being  f rom  approximately  5%  to  approximately  50%, 

10  (3)  a  composite  mater ia l   including  silicon  carbide  short  f ibers   in  a  

matrix  of  aluminum  alloy  having  a  copper  content  of  from  app rox ima te ly  

2%  to  6%,  a  magnesium  content  of  from  approximately  0%  to  

approximately  4%,  and  remainder   substantial ly  aluminum,  with  the  vo lume  

proport ion  of  said  silicon  carbide  short  f ibers   being  from  app rox ima te ly  

15  5%  to  approximately  50%;  and  (4)  a  composite  mater ial   inc luding  

a lumina-s i l i ca   short  f ibers   in  a  matrix  of  aluminum  alloy  having  a  c o p p e r  

content  of  from  approximately  2%  to  6%,  a  magnesium  content  of  f r o m  

approximately  0.5%  to  approximately  3.5%,  and  remainder   subs tan t i a l ly  

aluminum,  with  said  a lumina-s i l i ca   short  f ibers   having  a  composition  o f  

20  from  about  35%  to  about  65%  A1203,  from  about  65%  to  about  35%  S i 0 2 ,  

and  from  about  0%  to  about  10%  of  other  constituents,   and  with  the  

volume  proportion  of  said  a lumina-s i l i ca   short  f ibers   being  f r o m  

approximately  5%  to  approximately  50%.  However ,   it  is  not  h e r e b y  

intended  to  admit  any  of  the  above  identified  documents  as  prior  art  to  

25  the  present   patent  application  except  to  the  extent  in  any  case  o t h e r w i s e  

mandated  by  applicable  l a w .  
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It  should  be  noted  that  in  this  spec i f ica t ion   all  percentages ,   excep t  

in  express ions   of  volume  proportion  of  r e in forc ing   fiber  mater ia l ,   a r e  

pe rcen tages   by  weight,  and  in  express ions   of  the  composition  of  an  

aluminum  alloy,  "substant ia l ly   aluminum"  means  that,  apart  f r o m  

5  aluminum,  copper  and  magnesium,  the  total  of  the  inevitable  m e t a l l i c  

e lements   such  as  silicon,  iron,  zinc,  manganese,   nickel,   titanium,  and 

chromium  included  in  the  aluminum  alloy  used  as  matrix  metal  is  not  

more   than  about  1%,  and  each  of  said  impuri ty   type  elements  individual ly  

is  not  p resen t   to  more  than  about  0.5%.  It  should  fur ther   be  noted  that ,  

10  in  this  spec i f ica t ion ,   in  descr ipt ions   of  ranges  of  compos i t ions ,  

t e m p e r a t u r e s   and  the  l ike,  the  express ions   "at  least",  "not  less  than",  " a t  

most" ,   "no  more  than",  and  " f rom  ...  to  ..."  and  so  on  are  intended  to  

include  the  boundary  values  of  the  respect ive   r a n g e s .  

15  B R I E F   D E S C R I P T I O N   O F   T H E   D R A W I N G S  

The  present   invention  will  now  be  descr ibed  with  respect   to  the  

p r e f e r r e d   embodiments   thereof ,   and  with  r e f e r ence   to  the  i l l u s t r a t i v e  

d rawings   appended  hereto,  which  however   are  provided  for  the  p u r p o s e s  

20  of  explanation  and  exempl i f ica t ion   only,  and  are  not  intended  to  b e  

l imita t ive   of  the  scope  of  the  present   invention  in  any  way,  since  t h i s  

scope  is  to  be  delimited  solely  by  the  accompanying  claims.  W i t h  

relat ion  to  the  f igures ,   spatial  terms  are  to  be  understood  as  r e f e r r i n g  

only  to  the  or ientat ion  on  the  drawing  paper  of  the  i l lustrat ions  of  the  

25  re levant   par ts ,   unless   o therwise   specif ied;   like  r e f e rence   n u m e r a l s ,  
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unless  o therwise   so  speci f ied ,   denote  the  same  parts   and  gaps  and  s p a c e s  

and  so  on  in  the  various  f igures;   and: 

Fig.  1  is  a  set  of  graphs  in  which  magnesium  content  in  percent   i s  

5  shown  along  the  horizontal  axis  and  bending  strength  in  kg/mm2  is  s h o w n  

along  the  vert ical   axis,  derived  from  data  relating  to  bending  s t r e n g t h  

tests  for  a  f i r s t   group  of  the  f i r s t   set  of  p r e f e r r e d   embodiments   of  the  

mater ia l   of  the  present   invention  (in  which  the  volume  proport ion  o f  

re inforc ing   silicon  nitride  wh i ske r   mater ial   was  approximately   20%),  

10  each  said  graph  showing  the  relation  between  magnesium  content  and 

bending  strength  of  certain  composite  mater ia l   test  pieces  for  a  

par t i cu la r   fixed  percentage  content  of  copper  in  the  matrix  metal  of  the  

composite  m a t e r i a l ;  

15  Fig.  2  is  a  set  of  graphs,  s imi lar   to  Fig.  1  for  the  f i r s t   group  o f  

said  f i r s t   set  of  p r e f e r r e d   embodiments,   in  which  magnesium  content  in  

percent   is  shown  along  the  horizontal  axis  and  bending  s t r e n g t h  

in  kg/mm2  is  shown  along  the  vertical   axis,  derived  from  data  relating  to  

bending  strength  tests  for  a  second  group  of  said  f i rs t   set  of  p r e f e r r e d  

20  embodiments  of  the  mater ia l   of  the  present   invention  (in  which  the 

volume  proportion  of  re inforc ing   silicon  nitride  w h i s k e r   mater ia l   w a s  

now  approximately  10%),  each  said  graph  again  showing  the  r e l a t i on  

between  magnesium  content  and  bending  strength  of  certain  compos i t e  

mater ia l   test  pieces  for  a  par t icular   fixed  percentage  content  of  copper  

25  in  the  matrix  metal  of  the  composite  m a t e r i a l ;  
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Fig.  3  is  a  set  of  graphs,   s imi la r   to  Fig.  1  for  the  f i r s t   group  o f  

said  f i r s t   set  of  p r e f e r r e d   embodiments   and  to  Fig.  2  for  the  s econd  

group  of  said  f i r s t   p r e f e r r e d   embodiment  set,  in  which  m a g n e s i u m  

content  in  percent   is  shown  along  the  horizontal   axis  and  bending  s t r e n g t h  

5  in  kg /mm2  is  shown  along  the  vert ical   axis,  derived  f rom  data  relating  to  

bending  s t rength  tests  for  a  third  group  of  said  f i r s t   set  of  p r e f e r r e d  

embodiments   of  the  mater ia l   of  the  present   invention  (in  which  t h e  

volume  propor t ion  of  r e in forc ing   silicon  nitride  w h i s k e r   mater ia l   w a s  

now  approximate ly   5%),  each  said  graph  s imi lar ly   showing  the  r e l a t i o n  

10  be tween   magnesium  content  and  bending  strength  of  certain  c o m p o s i t e  

ma te r i a l   test  pieces  for  a  pa r t i cu la r   fixed  percentage  content  of  c o p p e r  

in  the  matr ix   metal  of  the  composite  m a t e r i a l ;  

Fig.  4  is  a  set  of  graphs,  s imi la r   to  Figs.  1,  2,  and  3  for  t he  

15  f i r s t   through  the  third  groups  of  said  f i r s t   set  of  p r e f e r r e d   e m b o d i m e n t s  

respec t ive ly ,   in  which  again  magnesium  content  in  percent   is  shown  a long 

the  horizontal   axis  and  bending  s t rength  in  kg/mm2  is  shown  along  t h e  

ver t ical   axis,  derived  f rom  data  relating  to  bending  strength  tests  for  a  

f i r s t   group  of  the  second  set  of  p r e f e r r e d   embodiments  of  the  m a t e r i a l  

20  of  the  p resen t   invention  (in  which  the  volume  proport ion  of  r e i n f o r c i n g  

sil icon  ni tr ide  w h i s k e r   mater ia l   was  now  approximately  40%),  each  s a i d  

graph  s imi la r ly   showing  the  relation  between  magnesium  content  and 

bending  s t rength  of  certain  composite  mater ia l   test  pieces  for  a  

pa r t i cu l a r   fixed  percentage  content  of  copper  in  the  matrix  metal  of  the  

25  composi te   m a t e r i a l ;  
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Fig.  5  is  a  set  of  graphs,  s imi lar   to  Figs.  1,  2,  and  3  for  the  

three  groups  of  the  f irst   set  of  p r e f e r r e d   embodiments  and  to  Fig.  4  f o r  

the  f i r s t   group  of  the  second  set  of  p r e f e r r e d   embodiments   r e spec t i ve ly ,  

in  which  again  magnesium  content  in  percent  is  shown  along  the  

5  horizontal   axis  and  bending  s trength  in  kg/mm2  is  shown  along  the  

vert ical   axis,  derived  from  data  relating  to  bending  s trength  tests  for  a  

second  group  of  said  second  set  of  p r e f e r r e d   embodiments   of  the  

mater ia l   of  the  present  invention  (in  which  the  volume  proport ion  o f  

r e in fo rc ing   silicon  nitride  w h i s k e r   mater ia l   was  now  approximately  30%), 

10  each  said  graph  s imilarly  showing  the  relation  between  magnesium  content  

and  bending  strength  of  certain  composite  mater ia l   test  pieces  for  a  

pa r t i cu la r   fixed  percentage  content  of  copper  in  the  matrix  metal  of  the  

composite  m a t e r i a l ;  

15  Fig.  6  is  a  graph  relating  to  a  set  of  tests  in  which  the  f i b e r  

volume  proport ion  of  re inforc ing   silicon  nitride  w h i s k e r   mater ia l   w a s  

varied,  in  which  said  re inforc ing   fiber  proport ion  in  percent   is  s h o w n  

along  the  horizontal  axis  and  bending  strength  in  kg/mm2  is  shown  a long 

the  vert ical   axis,  derived  from  data  relating  to  bending  strength  tests  f o r  

20  a  third  set  of  p r e f e r r e d   embodiments  of  the  mater ia l   of  the  p r e s e n t  

invention,  said  graphs  showing  the  relation  between  volume  proport ion  o f  

the  re in forc ing   silicon  nitride  w h i s k e r   mater ial   and  bending  strength  o f  

test  pieces  of  composite  mater ia l   including  it;  

25  Fig.  7  is  a  perspect ive  view  of  a  p r e fo rm  made  of  silicon  n i t r i de  

type  short  fiber  material ,   with  said  silicon  nitride  type  short  f ibers   be ing  



aligned  substant ia l ly   randomly  in  three  dimensions,   for  incorpora t ion   into 

composi te   ma te r i a l s   according  to  various  p r e f e r r e d   embodiments   of  the  

presen t   invent ion;  

5  Fig.  8  is  a  perspect ive   view,  showing  said  p r e f o r m   made  o f  

silicon  ni t r ide  w h i s k e r   type  mater ia l   enclosed  in  a  s ta in less   steel  c a s e  

both  ends  of  which  are  open,  for  incorporat ion  into  said  compos i t e  

ma te r i a l s ;   and:  

0  Fig.  9  is  a  schematic  sectional  diagram  showing  a  high  p r e s s u r e  

casting  device  in  the  process   of  pe r fo rming   high  p r e s s u r e   casting  f o r  

manufac tu r ing   a  composite  mater ia l   with  the  silicon  ni t r ide  w h i s k e r   type 

mate r ia l   p r e f o r m   of  Figs.  18  and  19  (enclosed  in  its  s ta in less   s t ee l  

case)  being  incorporated  in  a  matr ix   of  matrix  me ta l .  

L5 

D E S C R I P T I O N   O F   T H E   P R E F E R R E D  

E M B O D I M E N T S  

The  p resen t   invention  will  now  be  described  with  r e f e r e n c e   to  the  

20  various  p r e f e r r e d   embodiments  thereof .   It  should  be  noted  that  all  of  the  

tables  r e f e r r e d   to  in  this  spec i f ica t ion   are  to  be  found  at  the  end  of  the  

spec i f i ca t ion   and  before   the  claims  thereof:   the  present   spec i f ica t ion   i s  

a r ranged   in  such  a  manner  in  order  to  maximize  ease  of  paginat ion.  

Fu r the r ,   the  p r e f e r r e d   embodiments  of  the  present   invention  a r e  

25  conveniently  divided  into  three  groupings  of  sets  thereof ,   as  will  be  s e e n  

in  what  f o l l o w s .  
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In  order   to  assess   what  might  be  the  most  suitable  composition  f o r  

an  aluminum  alloy  to  be  utilized  as  matrix  metal  for  a  contempla ted  

5  composite  mater ia l   of  the  type  described  in  the  p reamble   to  t h i s  

specif icat ion,   the  re inforcing  f iber  mater ia l   of  which  was  to  be  s i l i con  

nitride  w h i s k e r s ,   the  present   inventors  manufac tured   by  using  the  h igh  

p re s su re   casting  method  samples  of  various  composite  ma te r i a l s ,   u t i l iz ing  

as  re inforc ing   mater ial   silicon  nitride  wh i ske r   mater ia l   (manufac tu red   by 

10  Tateho  Kagaku  K.K.)  which  had  composition  at  least  99%  Si3N4  and  w h i c h  

had  average  fiber  length  about  150  microns  and  average  f iber  d i a m e t e r  

about  1  micron,  and  utilizing  as  matrix  metal  Al-Cu-Mg  type  a luminum 

alloys  of  various  compositions.  Then  the  present   inventors  conducted 

evaluations  of  the  bending  s trength  of  the  various  resul t ing  compos i t e  

15  mater ia l   sample  p i ece s .  

F i rs t ,   a  set  of  aluminum  alloys  designated  as  Al  through  A42  w e r e  

produced,  having  as  base  mater ia l   aluminum  and  having  various  quant i t i es  

of  magnesium  and  copper  mixed  therewith ,   as  shown  in  the  appended 

20  Table  1;  this  was  done  by,  in  each  case,  combining  an  a p p r o p r i a t e  

quantity  of-  substantially  pure  aluminum  metal  (purity  at  least  99%),  an  

appropriate   quantity  of  substantial ly  pure  magnesium  metal  (purity  a t  

least  99%),  and  an  appropria te   quantity  of  a  mother   alloy  o f  

approximately  50%  aluminum  and  approximately  50%  copper.  And  t h r e e  

25  sets,  each  containing  an  appropr ia te   number  (actually,  forty  two),  o f  

silicon  nitride  wh i ske r   mater ial   p r e f o r m s   were  made  by,  in  each  c a s e ,  
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subject ing  a  quantity  of  the  above  specif ied  silicon  nitride  w h i s k e r  

ma te r i a l   to  compress ion   forming  without  using  any  binder.  Each  of  t h e s e  

sil icon  nitride  w h i s k e r   mate r ia l   p r e f o r m s   was,  as  s c h e m a t i c a l l y  

i l lus t ra ted   in  perspec t ive   view  in  Fig.  7  wherein  an  exemplary  such  

5  p r e f o r m   is  designated  by  the  r e f e r ence   numeral   2  and  the  silicon  n i t r i d e  

w h i s k e r s   therein  are  general ly   designated  as  1,  about  38  x  100  x  16  m m  

in  d imensions ,   and  the  individual  silicon  nitride  w h i s k e r s   1  in  s a id  

p r e f o r m   2  were  oriented  in  a  substantial ly  three  dimensionally  r a n d o m  

manner .   And  the  f iber  volume  proport ion  in  a  f i r s t   set  of  said  p r e f o r m s  

0  2  was  approximately  20%,  in  a  second  set  of  said  p r e f o r m s   2  w a s  

approximate ly   10%,  and  in  a  third  set  of  said  p r e f o r m s   2  w a s  

approximate ly   5%;  thus,  in  all,  there  were   a  hundred  and  twenty  six  such  

p r e f o r m s .  

[5  Next,  each  of  these  silicon  nitride  w h i s k e r   mater ia l   p r e f o r m s   2  

was  subjected  to  high  p r e s s u r e   casting  together  with  an  a p p r o p r i a t e  

quantity  of  one  of  the  aluminum  alloys  Al  through  A42  descr ibed  above,  

in  the  following  manner .   F i r s t ,   the  p r e f o r m   2  was  was  inserted  into  a  

s t a in less   steel  case  2a,  as  shown  in  perspect ive   view  in  Fig.  8,  w h i c h  

20  was  about  38  x  100  x  16  mm  in  internal  dimensions  and  had  both  of  i t s  

ends  open.  After   this,  each  of  these  s tainless   steel  cases  2a  with  i t s  

p r e f o r m   2  held  inside  it  was  heated  up  to  a  t empera tu re   of  app rox ima te ly  

600°C,  and  then  as  shown  in  schematic   sectional  view  in  Fig.  9  said  c a s e  

2a  and  said  p r e f o r m   2  were   placed  within  a  mold  cavity  4  of  a  ca s t ing  

25  mold  3,  which  i t se l f   had  previously  been  preheated  up  to  a  t e m p e r a t u r e  

of  approximate ly   250°C.  Next,  a  quantity  5  of  the  appropriate   one  of  the  



0 2 3 6 7 2 9  

aluminum  alloys  Al  to  A42  descr ibed  above,  molten  and  maintained  at  a  

t empera tu re   of  approximately  700°C,  was  relatively  rapidly  poured  into 

said  mold  cavity  4,  so  as  to  surround  the  case  2a  and  the  p r e f o r m   2  

therein,   and  then  a  p r e s su re   plunger  6,  which  i tself   had  previously  been  

5  preheated  up  to  a  t empera tu re   of  approximately  200°C,  and  which  c lose ly  

cooperated  with  the  upper  portion  of  said  mold  cavity  4,  was  i n s e r t e d  

into  said  upper  mold  cavity  portion,  and  was  p ressed   downwards   by  a  

means  not  shown  in  the  f igure  so  as  to  p r e s su r i ze   said  molten  a luminum 

alloy  quantity  5  and  said  p r e f o r m   2  to  a  p r e s s u r e   of  app rox ima te ly  

10  1000  kg/cm2.  Thereby,   the  molten  aluminum  alloy  was  caused  to 

percolate   into  the  in te rs t ices   of  the  silicon  nitride  wh i ske r   m a t e r i a l  

p r e f o r m   2.  This  p re s su r i zed   state  was  maintained  until  the  quantity  5  o f  

molten  aluminum  alloy  had  completely  solidified,  and  then  the  p r e s s u r e  

plunger  6  was  removed  and  the  solidified  aluminum  alloy  mass   with  the 

15  s ta inless   steel  case  2a  and  the  p r e f o r m   2  included  therein  was  r e m o v e d  

f rom  the  casting  mold  3,  and  the  per ipheral   portion  of  said  so l id i f i ed  

aluminum  alloy  mass  and  also  the  s tainless   steel  case  2a  were  mach ined  

away,  leaving  only  a  sample  piece  of  composite  mater ial   which  had 

silicon  nitride  wh i ske r   mater ia l   as  re inforc ing  material   and  the 

20  appropria te   one  of  the  aluminum  alloys  Al  through  A42  as  matrix  me ta l .  

The  volume  proportion  of  silicon  nitride  wh i ske r   mater ia l   in  each  of  the 

result ing  composite  mater ia l   sample  pieces  thus  produced  from  the  f i r s t  

set  ( for ty   two  in  number)   of  said  p r e f o r m s   2  was  approximately  2056,  in  

each  of  the  resulting  composite  mater ia l   sample  pieces  thus  p roduced  

25  from  the  second  set  (also  forty  two  in  number)  of  said  p r e f o r m s   2  w a s  

approximately  10%,  and  in  each  of  the  resulting  composite  m a t e r i a l  
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ample  pieces  thus  produced  from  the  third  set  ( l i k e w i s e   forty  two  in  

umber)   of  said  p r e f o r m s   2  was  approximately  5%. 

Next  the  following  post  p rocess ing   steps  were  p e r i o r m e a   on  m e  

5  composite  ma te r i a l   samples.   Fi rs t ,   i r r e spec t ive   of  the  value  for  the 

magnesium  content:  those  of  said  composite  mater ia l   samples  w h i c h  

incorpora ted   an  aluminum  alloy  matr ix   metal  which  had  copper  content  

less  than  about  2%  were   subjected  to  liquidizing  process ing  at  a  

t e m p e r a t u r e   of  approximately   530°C  for  approximately  8  hours,  and  then 

0  were  subjected  to  a r t i f ic ia l   aging  process ing   at  a  t e m p e r a t u r e   o f  

approximate ly   160°C  for  approximately  8  hours;  and  those  of  sa id  

composite  ma te r i a l   samples  which  incorporated  an  aluminum  alloy  m a t r i x  

metal  which  had  copper  content  of  at  least  about  2%  and  less  than  about  

3.5%  were   subjected  to  liquidizing  process ing  at  a  t empera tu re   o f  

15  approximately   500°C  for  approximately  8  hours,  and  men  were   sub jec t ed  

to  a r t i f i c i a l   aging  process ing   at  a  t empera tu re   of  approximately  160°C  f o r  

approximately   8  hours;  while  those  of  said  composite  mater ia l   s a m p l e s  

which  incorpora ted   an  aluminum  alloy  matrix  metal  which  had  coppe r  

content  more  than  about  3.5%  and  less  than  about  6.5%  were   subjected  to 

20  liquidizing  p rocess ing   at  a  t empera tu re   of  approximately  480°C  f o r  

approximately   8  hours,  and  then  were   subjected  to  a r t i f ic ia l   aging 

process ing   at  a  t empera tu re   of  approximately  160°C  for  approximately   8 

hours.  Then,   in  each  set  of  cases,  f rom  each  of  the  composite  m a t e r i a l  

sample  pieces  manufac tu red   as  descr ibed  above,  to  which  heat  t r e a t m e n t  

25  had  been  applied,  there  was  cut  a  bending  strength  test  piece  of  length  

approximate ly   50  mm,  width  approximately  10  mm,  and  t h i c k n e s s  
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approximately  2  mm,  and  for  each  of  these  composite  mater ial   bending 

strength  test  pieces  a  three  point  bending  strength  test  was  carried  out, 

with  a  gap  between  supports  of  approximately  40  mm.  In  these  bending 

strength  tests,   the  bending  strength  of  the  composite  material   bending 

5  strength  test  pieces  was  measured  as  the  sur face   s t ress   at  b r e a k i n g  

point  M/Z  (M  is  the  bending  moment  at  the  breaking  point,  while  Z  i s  

the  cross  section  coeff icient   of  the  composite  mater ia l   bending  s t rength  

test  p i e c e ) .  

10  The  results   of  these  bending  strength  tests  were  as  shown  in  the 

f i rs t   three  columns  of  the  appended  Table  2,  and  as  summarized  in  the 

line  graphs  of  Figs.  1  through  3,  which  relate  to  the  cases  of  f i b e r  

volume  proportion  being  equal  to  20%,  10%,  and  5%  respectively.   T h e  

f i r s t   through  the  third  columns  of  Table  2  show,  for  the  respec t ive  

15  cases  of  5%,  10%,  and  20%  volume  proportion  of  the  re inforcing  s i l icon 

nitride  fiber  material ,   the  values  of  the  bending  strength  (in  k g / m m 2 )  

for  each  of  the  test  sample  pieces  made  from  the  aluminum  al loys 

designated  as  Al  through  A42.  And  each  of  the  line  graphs  of  Fig.  1 

shows  the  relation  between  magnesium  content  (in  percent)   and  the 

20  bending  strength  (in  kg/mm2)  shown  along  the  vertical  axis  of  those  o f  

said  composite  material   test  pieces  having  as  matrix  metals  aluminum 

alloys  with  percentage  content  of  magnesium  as  shown  along  the 

horizontal  axis  and  with  percentage  content  of  copper  fixed  along  sa id  

line  graph,  and  having  as  re inforc ing  material   the  above  specified  s i l icon 

25  nitride  f ibers   in  volume  proportion  of  20%;  each  of  the  line  graphs  o f  

Fig.  2  l ikewise   shows  the  relation  between  magnesium  content  ( in  



percen t )   and  the  bending  s t rength  (in  k g / m m ' )   shown  along  the  v e r t i c a l  

axis  of  those  of  said  composite   mater ia l   test  pieces  having  as  m a t r i x  

meta ls   aluminum  alloys  with  percentage   content  of  magnes ium  as  s h o w n  

along  the  horizontal   axis  and  with  percentage  content  of  copper  f ixed  

>  along  said  line  graph,  and  having  as  re inforc ing  mate r ia l   the  above 

spec i f ied   silicon  nitride  f ibers   in  volume  proportion  of  10%;  and  each  o f  

the  line  graphs  of  Fig.  3  s imi la r ly   shows  the  relation  be tween  magnes ium 

content  (in  percent)   and  the  bending  strength  (in  kg /mm2)   shown  along 

the  ver t ical   axis  of  those  of  said  composite  mater ia l   test  pieces  having 

0  as  matr ix   metals  aluminum  alloys  with  percentage  content  of  magnes ium 

as  shown  along  the  horizontal   axis  and  with  percentage  content  of  copper  

fixed  along  said  line  graph,  and  having  as  re inforc ing   ma te r i a l   the  above 

spec i f ied   silicon  nitride  f ibers   in  volume  proportion  of  5%. 

[5  From  Table  2  and  f rom  Figs.  1  through  3  it  will  be  unders tood  

that  for  all  of  these  composi te   mater ia l s ,   when  as  in  these  cases  the  

volume  proport ion  of  the  r e in fo rc ing   silicon  nitride  w h i s k e r   mater ial   o f  

these  composite  mate r ia l   bending,  strength  test  sample  pieces  w a s  

approximate ly   20%,  was  approximately   10%,  or  was  approximately  5%, 

20  substant ia l ly   i r r e spec t ive   of  the  magnesium  content  of  the  aluminum  al loy 

mat r ix   metal,  when  the  copper  content  was  either  at  the  low  extreme  o f  

approximate ly   1.5%  or  was  at  the  high  extreme  of  approximate ly   6.5%,  the  

bending  s trength  of  the  composite   mater ial   test  sample  pieces  had  a  

re la t ively  low  value;  and,  substant ial ly  i r respec t ive   of  the  copper  content 

25  of  the  aluminum  alloy  matr ix   metal,  when  the  magnesium  content  w a s  

ei ther   at  the  lower  value  of  approximately  0%  or  at  the  higher  value  o f  
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approximately  4%,  the  bending  strength  of  the  composite  mater ia l   t e s t  

sample  pieces  had  a  relatively  low  value.  Fur ther ,   it  will  be  seen  that ,  

when  the  magnesium  content  was  in  the  range  of  from  approximately  1% 

to  approximately   2%,  the  bending  strength  of  the  composite  mater ia l   t e s t  

5  sample  pieces  attained  a  substantial ly  maximum  value;  and,  when  the 

magnesium  content  increased  above  or  decreased  below  this  range,  then 

the  bending  strength  of  the  composite  mater ia l   test  sample  p i e c e s  

decreased   gradually;  while,  when  the  magnesium  content  was  either  in  

the  low  range  below  approximately  0.5%  or  was  in  the  high  range  above 

10  approximately  3%,  the  bending  strength  of  the  composite  mater ia l   t e s t  

sample  pieces  reduced  relatively  suddenly  with  dec rease   or  i n c r e a s e  

respect ively   of  the  magnesium  content;  and,  when  the  magnesium  content 

was  approximately   4%,  the  bending  strength  of  the  composite  mater ia l   t e s t  

sample  pieces  had  substantially  the  same  value  as,  or  at  any  rate  a  not  

15  greater   value  than,  when  the  magnesium  content  was  approximately  0%. 

From  the  results  of  these  bending  strength  tests  it  will  be  s e e n  

that,  in  order  to  provide  for  a  good  and  appropriate   bending  strength  f o r  

a  composite  mater ia l   having  as  re inforc ing   fiber  mater ia l   such  s i l icon 

20  nitride  w h i s k e r s   in  volume  proport ions  of  approximately  20%, 

approximately  10%,  and  approximately  5%,  and  having  as  matrix  metal  an 

Al-Cu-Mg  type  aluminum  alloy,  it  is  p r e fe rab l e   that  the  copper  content  o f  

said  Al-Cu-Mg  type  aluminum  alloy  matrix  metal  should  be  in  the  r ange  

of  from  approximately  2%  to  approximately  6%;  while  the  m a g n e s i u m  

25  content  of  said  Al-Cu-Mg  type  aluminum  alloy  matrix  metal  should  be  in 

the  range  of  from  approximately  0.5%  to  approximately  3%,  m o r e  
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p r e f e r a b l y   should  be  in  the  range  of  f rom  approximately  U.5%  to  

approx imate ly   2.5%,  and  even  more  pref   erably  should  be  in  the  range  o f  

f rom  approximate ly   0.5%  to  approximate ly   2%. 

5  T H E   S E C O N D   SET  OF  P R E F E R R E D   E M B O D I M E N T S  

Next,  the  present   inventors  manufac tured   fu r the r   samples  o f  

var ious  composite   ma te r i a l s ,   again  utilizing  as  r e in forc ing   mater ia l   the 

same  sil icon  nitride  short  type  f iber  mater ia l ,   and  utilizing  as  m a t r i x  

[0  metal   substant ia l ly   the  same  forty  two  Al-Cu-Mg  type  aluminum  a l loys ,  

but  this  t ime  employing,  for  the  one  set,  f iber  volume  proport ions  o f  

approx imate ly   40%,  and,  for  another  set,  f iber  volume  proport ions   o f  

approx imate ly   30%.  Then  the  present   inventors  again  conducted 

evaluat ions  of  the  bending  s t rength  of  the  various  resul t ing  compos i t e  

15  ma te r i a l   sample  p i ece s .  

F i r s t ,   a  set  of  forty  .two  quantities  of  aluminum  alloy  mater ia l   the 

same  as  those  utilized  in  the  f i r s t   set  of  p r e f e r r e d   embodiments   w e r e  

produced  in  the  same  manner  as  before ,   again  haying  as.  base  m a t e r i a l  

20  a luminum  and  having  various  quantit ies  of  magnesium  and  copper  mixed  

the rewi th .   And  an  appropr ia te   number  (actually  eighty  six)  of  s i l icon  

ni tr ide  w h i s k e r   type  fiber  mate r ia l   p r e f o r m s   were  as  before   made  by  

the  method  disclosed  above  with  respect   to  the  f i r s t   set  of  p r e f e r r e d  

embodiments ,   one  group  of  said  silicon  nitride  short  w h i s k e r   type  f i b e r  

25  ma te r i a l   p r e f o r m s   now  having  a  f iber   volume  proport ion  of  app rox ima te ly  

40%,  and  another  set  of  said  silicon  nitride  short  w h i s k e r   type  f i b e r  
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mater ia l   p r e f o r m s   now  having  a  fiber  volume  proport ion  of  a p p r o x i m a t e l y  

30%,  by  contrast  to  the  f i r s t   set  of  p r e f e r r e d   embodiments  d e s c r i b e d  

above.  These   p r e f o r m s   had  substantial ly  the  same  dimensions  as  t he  

p r e f o r m s   of  the  f i rs t   set  of  p r e f e r r e d   e m b o d i m e n t s .  

5 

Next,  substantially  as  before,   each  of  these  silicon  nitride  w h i s k e r  

type  mater ia l   p r e f o r m s   was  subjected  to  high  p r e s s u r e   casting  t o g e t h e r  

with  an  appropriate   quantity  of  one  of  the  aluminum  alloys  Al  t h r o u g h  

A42  described  above,  utilizing  operational   p a r a m e t e r s   substantial ly  a s  

10  before .   In  each  case,  the  solidified  aluminum  alloy  mass  with  the  

p r e f o r m   included  therein  was  then  removed  f rom  the  casting  mold,  and 

the  per ipheral   portion  of  said  solidified  aluminum  alloy  mass  and  the  

s ta inless   steel  case  were  machined  away,  leaving  only  a  sample  piece  o f  

composite  mater ial   which  had  silicon  nitride  short  wh i ske r   type  f i b e r  

15  mater ia l   as  re inforc ing  mater ia l   and  the  appropr ia te   one  of  the  a l u m i n u m  

alloys  Al  through  A42  as  matrix  metal.  The  volume  proportion  of  s i l i con  

nitride  short  w h i s k e r   type  f ibers   in  each  of  the  one  group  of  t he  

result ing  composite  mater ia l   sample  pieces  was  thus  now  a p p r o x i m a t e l y  

40%,  and  in  each  of  the  other  group  of  the  result ing  composite  m a t e r i a l  

20  sample  pieces  was  thus  now  approximately  30%.  And  post  p r o c e s s i n g  

steps  were  pe r fo rmed   on  the  composite  mater ia l   samples,   substantial ly  a s  

before .   From  each  of  the  composite  mater ia l   sample  p i e c e s  

manufac tured   as  descr ibed  above,  to  which  heat  t reatment   had  b e e n  

applied,  there  was  cut  a  bending  s t rength  test  piece  of  dimensions  and 

25  p a r a m e t e r s   substantially  as  in  the  case  of  the  f i r s t   set  of  p r e f e r r e d  

embodiments,   and  for  each  of  these  composite  mater ia l   bending  s t r e n g t h  
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e f o r e .  

The  resul ts   of  these  bending  s trength  tests  were   as  shown  in  the  

>  last  two  columns  of  Table  2  and  as  summar i zed   in  the  graphs  of  Figs.  4 

and  5,  which  relate  to  the  cases  of  f iber   volume  proport ion  being  equal  • 

to  40%  and  30%  respect ively;   thus;  Figs. '   4  and  5  correspond  to  Figs.  1 

through  3  relating  to  the  f i r s t   set  of  p r e f e r r e d   embodiments.   In  t he  

graphs  of  Figs.  4  and  5,  there  are  again  shown  relations  b e t w e e n  

0  magnesium  content  and  the  bending  s t rength  (in  kg /mm2)   of  certain  o f  

the  composite  mater ia l   test  pieces,  for  percentage   contents  of  copper  

fixed  along  the  various  lines  t h e r e o f .  

From  Table   2  and  f rom  Figs.  4  and  5  it  Will  be  understood  tha t  

15  for  all  of  these  composite  mater ia l s ,   when  as  in  these  cases  the  volume 

proport ion  of  the  re inforc ing   silicon  nitride  w h i s k e r   mater ia l   of  t h e s e  

bending  s trength  composite  mater ia l   test  sample  pieces  was  approx imate ly  

40%  or  was  approximately  30%,  substantial ly  i r respec t ive   of  the  

magnesium  content  of  the  aluminum  alloy  matrix  metal,  when  the  copper  

20  content  was  either  at  the  low  extreme  of  approximately  1.5%  or  was  a t  

the  high  ext reme  of  approximately  6.5%,  the  bending  strength  of  t he  

composite  mater ia l   test  sample  pieces  had  a  relat ively  low  value;  and, 

substantial ly  i r r e spec t ive   of  the  copper  content  of  the  -  aluminum  al loy 

matrix  metal,  when  the  magnesium  content  was  either  at  the  lower  value  

25  of  approximately   0%  or  at  the  higher  value  of  approximately  4%,  t he  

bending  strength  of  the  composite  mater ia l   test  sample  pieces  had  a  



relatively  low  value.  Fu r the r ,   it  will  be  seen  that,  when  the  m a g n e s i u m  

content  was  in  the  range  of  from  approximately  0.5%  to  a p p r o x i m a t e l y  

2%,  the  bending  strength  of  the  .  composite  material   test  sample  p i e c e s  

attained  a  substant ial ly  maximum  value;  and,  when  the  magnesium  content  

5  increased  above  or  decreased-  belovy  this  range,  then  the  bending  s t r e n g t h  

of  the  composite  mater ia l   test  sample  pieces  decreased  gradually;  wh i l e ,  

when  the  magnesium  content  was  either  in  the  low  range  be low 

approximately  0.5%  or  was  in  the  high  range  above  approximately  3%,  the  

bending  strength  of  the  composite  mater ia l   test  sample  pieces  r educed  

[0  relatively  suddenly  with  .  decrease   or  increase  respect ively  of  the  

magnesium  content;  and,  when  the  magnesium  content  was  app rox ima te ly  

4%,  the  bending  s t rength   of  the  composite  material   test  sample  pieces  had 

substantially  the  same  value  as,  or  at  least  a  value  not  grea ter   than,  

when  the  magnesium  content  was  approximately  0%. 

15 

From  the  resul ts   of  these-  bending  strength  tests  it  will  be  s e e n  

that,  in  order  to  provide  for  a  good  and  appropriate  bending  strength  f o r  

a  composite  mate r ia l   having  as  re inforc ing   fiber  mater ia l   such  s i l i con  

nitride  w h i s k e r s   in  volume  proportion  of  approximately  40%  and 

20  approximately  30%  and  having  as  matrix  metal  an  Al-Cu-Mg  type 

aluminum  alloy,  it  is  p r e f e r ab l e   that  the  copper  content  of  said  A l - C u - M g  

type  aluminum  alloy  matrix  metal  should  be  in  the  range  of  f r o m  

approximately  2%  to  approximately  6%,  and  par t icular ly   should  be  in  the 

range  of  from  approximately  2%  to  approximately  5%,  while  the 

25  magnesium  content  of  said  Al-Cu-Mg  type  aluminum  alloy  matrix  me ta l  

should  be  in  the  range  of  from  approximately  0.5%  to  approximately  3%, 
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and  pa r t i cu l a r ly   should  be  in  the  range  of  f rom  approximate ly   0.5%  to 

approximate ly   2.5%,  and  even  more  par t icu la r ly   should  be  in  the  range  o f  

f rom  approximate ly   0.5%  to  approximately   2%. 
i I 

-  '  '  ! 

5  T H E   T H I R D   S E T   OF  P R E F E R R E D   E M B O D I M E N T S  

Varia t ion  of  f iber   volume  proport ion  
 ̂

Since  f rom  the  above  descr ibed  f i r s t   and  second  sets  of  p r e f e r r e d  

10  '  embodiments   the  fact  has  been  amply  es tabl ished  and  demonst ra ted   that  i t  

is  p r e f e r a b l e   for  the  copper  content  of  the  Al-Cu-Mg  type  aluminum  al loy 

matr ix   metal  to  be  in  the  range  of  f rom  approximately  2%  to 

approximate ly   6%,  and  that  it  is  p r e f e r a b l e   for  the  magnesium  content  o f  

said  Al-Cu-Mg  type  aluminum  alloy  matr ix  metal  to  be  in  the  range  o f  

15  f rom  approximate ly   0.5%  to  approximately   3%,  it  next  was  d e e m e d  

germane   to  provide  a  set  of  tests  to  es tabl ish  what  f iber  vo lume 

propor t ion   of  the  re inforc ing   silicon  nitride  w h i s k e r   type  short   f ibers   i s  

most  appropr ia te .   This   was  done,  in  the  third  set  of  p r e f e r r e d  

embodiments   now  to  be  descr ibed,   by  varying  said  fiber  vo lume 

20  propor t ion   of  the  re in forc ing   silicon  nitride  w h i s k e r   type  short  f i b e r  

ma te r i a l   while  using  an  Al-Cu-Mg  type  aluminum  alloy  matrix  m e t a l  

which  had  the  propor t ions   of  copper  and  magnesium  which  had  a s  

descr ibed   above  been  established  as  being  quite  good,  i.e.  which  had 

copper  content  of  approximately   4%  and  magnesium  content  o f  

25  approximate ly   1%,  and  whose  remainder   content  was  subs tan t i a l ly  

aluminum.  In  other  words,   an  appropr ia te   number  (in  fact  six)  o f  
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p r e f o r m s   made  of  the  w h i s k e r   type  silicon  nitride  mater ial   used  in  the  

p r e f e r r e d   embodiments  detailed  above,  he re ina f t e r   denoted  respect ively   a s  

Bl  through  B6,  were  made  by  subjecting  quantities  of  said  short  f i b e r  

mater ia l   to  compress ion  forming  without  using  any  binder,  in  the  s a m e  

5  manner  as  in  the  above  descr ibed  two  sets  of  p r e f e r r e d   embodiments,   the  

six  ones  in  said  set  of  silicon  nitride  w h i s k e r   type  short  fiber  m a t e r i a l  

p r e f o r m s   having  fiber  volume  proport ions   of  approximately  5%,  10%,  20%, 

30%,  40%,  and  50%.  These   p r e f o r m s   had  substantially  the  s a m e  

dimensions  and  the  same  type  of  three  dimensional  random  f i b e r  

10  orientation  as  the  p r e f o r m s   of  the  above  described  sets  of  p r e f e r r e d  

embodiments.   And,  substantial ly  as  before,   each  of  these  silicon  n i t r i de  

w h i s k e r   type  short  f iber  mater ia l   p r e f o r m s   was  subjected  to  high 

p r e s s u r e   casting  together  with  an  appropria te   quantity  of  the  a luminum 

alloy  matrix  metal  descr ibed  above,  utilizing  operational  p a r a m e t e r s  

15  substantially  as  before.   In  each  case,  the  solidified  aluminum  alloy  m a s s  

with  the  p re fo rm  included  therein  was  then  removed  from  the  cas t ing  

mold,  and  as  before   the  per iphera l   portion  of  said  solidified  a luminum 

alloy  mass  was  machined  away  along  with  the  stainless  steel  case  which  

had  been  utilized,  leaving  only  a  sample  piece  of  composite  m a t e r i a l  

20  which  had  silicon  nitride  w h i s k e r   type  short  fiber  mater ia l   a s  

re inforc ing   mater ial   in  the  appropr ia te   fiber  volume  proportion  and  had 

the  described  aluminum  alloy  as  matrix  metal.  And  post  process ing  and 

ar t i f ic ia l   aging  process ing   steps  were  pe r fo rmed   on  the  compos i t e  

mater ia l   samples,  s imi lar ly   to  what  was  done  before.   From  each  of  the  

25  composite  mater ial   sample  pieces  manufac tured   as  described  above,  to  

which  heat  t reatment   had  been  applied,  there  was  then  cut  a  bending 
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strength  test  piece,  each  of  d imensions   substantial ly  as  in  the  case  of  the  

above  descr ibed   sets  of  p r e f e r r e d   embodiments,   and  for  each  of  t h e s e  

composite  mate r ia l   bending  s trength  test  pieces  a  bending  strength  t e s t  

was  car r ied   out,  again  substant ia l ly   as  before .   Also,  for  r e f e r e n c e  

5  purposes ,   a  s imi lar   test  sample  was  cut  from  a  piece  of  a  c a s t  

aluminum  alloy  mater ia l   which  included  no  re inforc ing   f iber   mater ia l   a t  

all,  said  aluminum  alloy  mater ia l   having  copper  content  of  about  4%, 

magnesium  content  of  about  1%,  and  balance  substant ia l ly   aluminum,  and 

having  been  subjected  to  post  p rocess ing   and  a r t i f i c i a l   aging  p r o c e s s i n g  

.0  steps,  s imi la r ly   to  what  was  done  before .   And  for  this  c o m p a r i s o n  

sample,  r e f e r r e d   to  as  BO,  a  bending  strength  test  was  ca r r ied   out,  aga in  

substant ial ly  as  before .   The  resul ts   of  these  bending  s t rength  tests  w e r e  

as  shown  in  the  graph  of  Fig,  6;  the  zero  point  of  said  g r a p h  

cor responds   to  the  test  sample  BO  with  no  r e in forc ing   silicon  n i t r i d e  

L5  w h i s k e r   type  f iber  mater ia l   -at  all.  This  graph  shows  the  r e l a t i o n  

between  the  volume  proport ion  of  the  silicon  nitride  w h i s k e r   type  s h o r t  

r e in forc ing   f ibers   and  the  bending  strength  (in  kg /mm2)   of  the  compos i t e  

mater ia l   test  p i e c e s .  

20  F rom  Fig.  6,  it  will  be  understood  that:  when  the  vo lume 

proport ion  of  the  silicon  nitride  w h i s k e r   type  short  r e in forc ing   f i b e r s  

was  in  the  range  of  up  to  and  including  approximate ly   5%  the  bending 

strength  of  the  composite  mater ia l   hardly  increased   along  with  an  

increase   in  the  fiber  volume  proport ion,   and  its  value  was  close  to  the  

25  bending  s t rength  of  the  aluminum  alloy  matrix  metal  by  i tse l f   with  no 

re in fo rc ing   f iber  mater ia l   admixtured  therewith;   when  the  volume 
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proport ion  of  the  silicon  nitride  w h i s k e r   type  short  re inforc ing   f i b e r s  

was  in  the  range  of  5%  to  40%  the  bending  s trength  of  the  compos i t e  

mater ia l   increased  relatively  greatly  and  substantial ly  linearly  along  w i t h  

increase   in  the  fiber  volume  proportion;  and,  when  the  volume  p ropor t ion  

5  of  the  silicon  nitride  wh i ske r   type  short  re inforc ing   f ibers   i n c r e a s e d  

above  40%,  and  par t icular ly   when  said  volume  proport ion  of  said  s i l icon  

nitride  wh i ske r   type  short  re inforc ing   f ibers   increased  above  50%,  the  

bending  s trength  of  the  composite  mater ia l   did  not  increase   very  much  

even  with  fur ther   increase  in  the  fiber  volume  proportion.   From  t h e s e  

10  results   described  above,  it  is  seen  that  in  a  composite  mater ial   having 

silicon  nitride  wh i ske r   type  short  fiber  re inforc ing   mater ial   and  having 

as  matrix  metal  an  Al-Cu-Mg  type  aluminum  alloy,  it  is  p re fe rab le   tha t  

the  fiber  volume  proportion  of  said  silicon  nitride  type  short  f i b e r  

re inforc ing   mater ial   should  be  in  the  range  of  from  approximately  5%  to 

15  approximately  50%,  and  more  p re fe rab ly   should  be  in  the  range  of  f r o m  

approximately  5%  to  approximately  40%. 

C O N C L U S I O N  

20  Although  the  present  invention  has  been  shown  and  described  in 

terms  of  the  p r e f e r r e d   embodiments  thereof ,   and  with  r e f e r ence   to  t he  

appended  drawings,   it  should  not  be  considered  as  being  p a r t i c u l a r l y  

limited  thereby,  since  the  details  of  any  par t icular   embodiment,  or  of  the  

drawings,   could  be  varied  without,  in  many  cases,  departing  from  the  

25  ambit  of  the  present   invention.  Accordingly,  the  scope  of  the  p r e s e n t  

invention  is  to  be  considered  as  being  delimited,  not  by  any  p a r t i c u l a r  



srhaps  ent irely  tor tu i tous   details  or  uie  oiscioseu  p i c i c u c u  

mbodiments ,   or  of  the  d rawings ,   but  solely  by  the  scope  of  t he  

ccompanying  claims,  which  follow  a f te r   the  T a b l e s .  
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ALLOT  NO. 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AS  , 

A9 

A10 

A l l  

A12 

A13 

A14 

A15 

A16 

A17 

A18 

T A B L E   1 

COPPER 
CONTENT 

(WTX) 

"L52 

1.52 

1.51 

1.49 

1.47 

1.46 

1.99 

1.99 

1.97 

1.96 

1.96 

1.95 

3.04 

3 .02 

3.02 

3 .00 

2 .98 

2 .97  

MAGNESIUM 
CONTENT 

(WTX) 

0.03 

0 .47  

1.01 

1.99 

2 .98  

4 .02  

0 .04  

0.52 

1,03 

2.00 

2 .96 

3.95 

0 .03 

0.51 

0 .99 

1.96 

2 .98  

4.01 
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L5 

M9  4.03  O.OZ 

\20  4.02  0 . 5 2  

\21  4.01  1.01 

\22  3.98  2 . 0 3  

[\23  3.96  3 . 0 0  

A24  3,95  3 . 9 7  

A25  5.03  0 . 0 3  

A26  5.02  0 . 5 2  

A27  5.02  1 .04  

A28  5.00  2 .01 

A29  4.99  2 . 9 9  

A30  4.96  3 . 9 6  

A31  6.03  0 . 0 3  

A32  6.02  0 . 4 9  

A33  6.00  0 . 9 8  

A34  5.98  2 . 0 2  

A35  5.96  3 .01  

A36  5.95  4 . 0 4  

A37  6.51  0 . 0 3  

A38  6.50  0.51 

A39  6.50  1 .02  

A40  6.49  1 . 9 3  

25 
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A41  6.47  2 .98  

A42  6.47  4 .00  
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T A B L E   2  

SILICON  NITRIDE  FIBER  VOLUME  P R O P O R T I O N  

ALLOY  5%  10%  20%  30%  40% 
NO. 

Al  41  48  60  63  73 

LO  A2  44  53  64  67  78 

A3  46  65  67  69  80 

A4  48  55  68  70  81 

A5  47  53  65  68  79 

A6  40  47  59  61  74 

15  A7  42  50  61  65  75 

A8  51  59  70  76  92  

A9  53  62  73  79  94 

A10  54  63  74  80  95 

A11  50  58  69  75  88 

20  A12  43  49  60  65  77  

A13  44  51  62  67  76 

A14  53  61  72  78  94 

A15  56  63  75  81  96 

A16  57  64  76  81  96 

25  A17  51  58  70  74  88 

A18  43  48  60  64  76  
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10 

A19  45  53  63  68  78  

A20  55  63  -74  81  96 

A21  59  65  77  85  97 

A22  59  65  77  82  96 

A23  51  59  71  73  87 

A24  42  48  61  63  75 

A25  46  54  65  70  80 

A26  57  65  76  85  98 

A27  60  67  78  83  98 

A28  59  65  77  79  97 

A29  50  57  70  73  87 

A30  41  47  59  63  75 

A31  48  55  67  71  82 

A32  60  67  77  74  89 

A33  61  68  78  74  88 

A34  59  64  76  73  86 

A35  49  57  68  72  83 

A36  40  46  58  62  73 

A37  43  52  62  66  79 

A38  49  57  67  71  83 

A39  49  56  66  70  82 

A40  48  54  64  68  80 

25 
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A41  46  51  62  66  7 7  

A42  39  46  58  62  70  

-  O  ft  O  -  

25 



W H A T   I S   C L A I M E D   I S :  

0 2 3 6 7 2 9  

1.  A  composite   mater ia l   comprising  a  mass  of  silicon  n i t r i d e  

w h i s k e r s   embedded  in  a  matrix  of  metal;  said  matrix  metal  being  an  

alloy  consist ing  essent ia l ly   of  from  approximately   2%  to  approximately  6%:;: 

of  copper,  f rom  approximately  0.5%  to  approximately   3%  of  m a g n e s i u m ,  

and  remainder   substant ial ly  aluminum;  and  the  volume  proport ion  of  sa id . ,  

silicon  nitride  w h i s k e r s   being  from  about  5%  to  about  50%. 

I.  A  composite  mate r ia l   according  to,  claim  1,  where in   the.  volume,,, 

proportion  of  said  silicon  nitride  w h i s k e r s   is  from  about  5%  to  abou t?  

40%. 

i.  A  composite  mater ia l   according  to  claim  1,  wherein  the  m a g n e s i u m  

content  of  said  aluminum  alloy  matrix  metal  is  between  a p p r o x i m a t e l y  

\5%  and  approximately   2.5%. 
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A  composi te   ma te r i a l   according  to  claim  2,  where in   the  m a g n e s i u m  

ontent  of  said  aluminum  alloy  matrix  metal  is  be tween  app rox ima te ly  

1.5%  and  approximate ly   2.5%. 

I.  A  composi te   mate r ia l   according  to  claim  1,  wne rem  xne  m a g n e s i u m  

an ien t   of  said  aluminum  alloy  matrix  metal  is  between  a p p r o x i m a t e l y  

1.5%  and  approximate ly   2%. 

S.  A  composi te   mate r ia l   according  to  claim  4,  wne rem  xne  m a g n e s i u m  

content  of  said  aluminum  alloy  matr ix   metal  is  between  a p p r o x i m a t e l y  

D.5%  and  approximate ly   2%. 

7.  A  composi te   mater ia l   according  to  any  one  oi  claims  i  mrougn  o, 

whe re in   the  f iber  volume  propor t ion   of  said  silicon  nitride  w h i s k e r s   i s  

be tween   approximately   30%  and  approximately   40%,  and  the  copper  content  

of  said  aluminum  alloy  matr ix   metal  is  between  approximately   2%  and 

approx imate ly   5%. 



0 2 3 6 7 2 9  

F I G .   1  

S I L I C O N   N I T R I D E   W H I S K E R S  

AT  V O L U M E   P R O P O R T I O N   2 0 %  

90   r  

A l - 6 C u - M g  

Mg  C O N T E N T   ( % )  



0 2 3 6 7 2 9  

80  r  

F I G .   2  

S I L I C O N   N I T R I D E   W H I S K E R S  

AT  V O L U M E   P R O P O R T I O N   1 0 %  

A t - 6 C u - M g  

Mg  C O N T E N T   ( % )  



0 2 3 6 7 2 9  

F I G .   3  

S I L I C O N   N I T R I D E   W H I S K E R S  

AT  V O L U M E   P R O P O R T I O N   5 %  

7 0   r  



0 2 3 6 7 2 9  

F I G .   4  

S I L I C O N   N I T R I D E   W H I S K E R S  

AT  V O L U M E   P R O P O R T I O N   4 0 %  

CM 

ho 
M 

CO 
cu 

A l - 4 C u - M g  

Mg  C O N T E N T   ( % )  



0 2 3 6 7 2 ©  

F I G .   5  
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