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©  Process  for  producing  a  compacted  powder  metal  part. 

A  process  for  producing  a  powder  metal  part  uses  a 
powder  metal  composition  substantially  comprising  1.0 - 
2.5%  Ni,  0.3 -  0.7%  Mo,  0.15 -  0.30% Mn,  0.5  -1.5%Cu,  0.3 - 
0.7%C, and 0.5 -1.0%zinc  stearate,  the  balance  being  Fe.  This 
is  first  compacted.  The  compacted  mass  is  sintered  at  a  temp- 
erature  in  the  range  about  2000°F  to  2150°F  for  a  time  in  the 
range  about  15  to  30  minutes  in  a  furnace  having  a  dew  point 
ranging  from  about  20°F  to  60°F  and  under  an  endothermic 
atmosphere.  The  part  as  sintered  has  good  strength  and  the 
product  has  improved  machineability. 



This  i n v e n t i o n   r e l a t e s   to  a  process   for  p roduc ing   compacted  

powder  metal  pa r t s   from  an  Fe-Ni-Mn-Mo  powder  c o m p o s i t i o n .  

Many  commercial  powder  metals   are  a v a i l a b l e   for   f a b r i c a -  

t i on   of  metal  p a r t s   by  compacting,   s i n t e r i n g ,   and  heat   t r e a t i n g .  

One  of  the  more  f r e q u e n t l y   used  and  r e a d i l y   a v a i l a b l e   metal  powders 

is  manufac tured   and  marketed  by  Hoeganaes  Corp.  of  U.S.A.  under  t h e  

t r ade   name  ' A n c o r s t e e l   4.600V.  Although  th i s   metal  powder  when 

used  in  the  f a b r i c a t i o n   of  p a r t s   has  shown  good  r e s u l t s ,   i t   h a s  

c e r t a i n   shor tcomings   which  would  be  advantageous  to  e l i m i n a t e .   The 

s p e c i f i c   composi t ion   of  Ancors t ee l   4600V  is  1.8%  Ni,  0.25%  Mn, 

0.5% Mo  and  the  ba lance   being  Fe.  This  composi t ion  with  a p p r o p r i a t e  

amounts  of  carbon  and  zinc  s t e a r a t e   wil l   h e r e i n a f t e r   be  r e f e r r e d   t o  

as  the  known  compos i t ion .   It  has  been  found  tha t   u s ing   th i s   compo- 

s i t i o n   r e s u l t s   in  too  much  shr inkage  during  the  s i n t e r i n g   stage  and 

the  pa r t s   are  g e n e r a l l y   d i f f i c u l t   to  machine.  Obviously,   i t   would 

be  a d v a n t a g e o u s  i f   these   shor tcomings   could  be  e l i m i n a t e d   w i t h o u t  

s a c r i f i c i n g   the  g e n e r a l l y   high  s t r e n g t h   and  d u c t i l i t y   possessed   i n  

p a r t s   made  from  such  a  metal  powder  c o m p o s i t i o n .  

In  accordance  with  the  p resen t   i n v e n t i o n ,   i t   has  b e e n  

found  u n u s u a l l y   advantageous  to  add  a  small  q u a n t i t y   ( i . e .   0.5  t o  

1.5%  by  weight)   of  copper  to  the  known  composi t ion   when  metal  p a r t s  

are  to  be  f a b r i c a t e d .   I n c l u d i n g   the  small  q u a n t i t y   of  copper  to  t h e  

known  composi t ion   and  p r o c e s s i n g   pa r t s   made  from  these   c o m p o s i t i o n s  



in  accordance  with  the  process   d e s c r i b e d   here inbe low  has  not  o n l y  

r e s u l t e d   in  b e t t e r   m a c h i n a b i l i t y   and  r e d u c t i o n   of  shr inkage  o f  

the  p a r t s ,   but  s u r p r i s i n g l y   has  y i e l d e d   p a r t s   with  h igher   t e n s i l e  

s t r e n g t h s   and  h igher   toughness .   The  known  composi t ion   having  a  

small  amount  of  copper  added  t h e r e t o   wi l l   h e r e i n a f t e r   be  r e f e r r e d  

to  as  the  d i s c l o s e d   compos i t ion .   Fur the rmore ,   a l l   percent   compos i -  

t ion   f i g u r e s   mentioned  he re in   are  p e r c e n t   by  weight  un less   s t a t e d  

o t h e r w i s e .  

In  accordance  with  t h i s   i n v e n t i o n ,   there   is  p rovided   a  

process   for   p roduc ing   a  powder  metal   pa r t   i nvo lv ing   the  s teps   o f  

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

1 . 0  -   2.5%  Ni,  0 . 3  -   0.7%  Mo,  0 . 1 5  -   0.30%  Mn,  0 . 3  -   0.7%  C,  and 

0 . 5  -   1.0%  zinc  s t e a r a t e ,   the  ba lance   being  Fe;  and  is  c h a r a c t e r -  

i sed  in  tha t   the  composi t ion   a d d i t i o n a l l y   comprises  s u b s t a n t i a l l y  

0.5  to  1.5%  Cu  and  in  tha t   the  compressed  par t   is  s i n t e r e d   at  a  

t empera tu re   r ang ing   from  about  2000°F  to  about  2150°F  for  about  15 

to  about  30  minutes   in  a  furnace   having  a  dew  point   ranging   f rom 

about  20°F  to  about  61°F  and  under   an  endothermic  a t m o s p h e r e .  

I t   is  p r e f e r r e d   tha t   the  powder  be  compacted  under  s u f f i -  

c ien t   p r e s s u r e   to  form  a  par t   having  a  d e n s i t y   ranging   from  a b o u t  

6.4  g/cc  to  about  7.1  g/cc.   Fur the rmore ,   a  s i n t e r i n g   t empera tu re   o f  

about  2050°F  with  a  dew  point   of  about  30 -   35°F  has  been  found  t o  

be  very  well  su i t ed   for  t h i s   p r o c e s s .   Although  many  of  the  known 

endothermic  type  atmospheres  can  be  used,  i t   has  been  found  tha t   an  

atmosphere  compr is ing   n i t r o g e n ,   hydrogen  and  carbon  monoxide  i s  

p r e f e r r e d .  



The  copper  con ten t   is  p r e f e r a b l y   s u b s t a n t i a l l y  

0 . 7 5  -   1.0%.  The  carbon  content   is  p r e f e r a b l y   0 . 4 5  -   0.55%.  The 

par t   may  be  cooled  a f t e r   s i n t e r i n g   s u b s t a n t i a l l y   at  a  coo l ing   r a t e  

of  1.5  to  10OF  per  second.  The  compaction  step  may  be  c a r r i e d   o u t  

s u b s t a n t i a l l y   at  a  p r e s s u r e   in  the  range  of  28  to  50  t . s . i .  

P r e f e r r e d   embodiments  of  the  i n v e n t i o n   wi l l   now  be  

d e s c r i b e d .  

It  has  been  found  tha t   adding  an  amount  in  the  r a n g e  

0 . 5  -   1.5%  copper  to  known  metal  powder  mixtures   of  1 . 0  -   2.5%  Ni ,  

0 . 1 5  -   0.30%  Mn,  0 . 3  -   0.7%  Mo,  0 . 3  -   0.7%  C  and  0 . 5  -   1.0%  z i n c  

s t e a r a t e ,   the  balance  being  i ron ,   has  r e s u l t e d   in  a  metal  powder  

which,  when  compacted,  s i n t e r e d   and  heat  t r e a t e d ,   r e s u l t s   in  a  m e t a l  

par t   having  u n u s u a l l y   and  s u r p r i s i n g l y   good  p r o p e r t i e s .   This  i s  

p a r t i c u l a r l y   t rue  of  the  metal  par t   that   r e s u l t s   from  the  s i n t e r i n g  

s tage .   As  is  known,  i t   is  advantageous  to  have  a  s i n t e r e d   p i e c e  

with  high  s t r e n g t h   as  the  same  may  be  sub jec ted   to  s t r e s s e s   d u r i n g  

the  heat  t r e a t   s t a g e .  

In  adding  the  copper  to  the  known  composi t ion   and  s i n t e r i n g  

in  accordance  with  the  process   desc r ibed   he re in ,   i t   was  found  t h a t  

the  t e n s i l e   s t r e n g t h   i n c r e a s e d   a f t e r   heat  t r e a t i n g   and  the  f r a c t u r e  

toughness  i n c r e a s e d   a f t e r   heat  t r e a t i n g .   With  regard   to  m a c h i n e -  

a b i l i t y ,   i t   was  found  tha t   d r i l l   b i t s   used  to  machine  the  h e a t  

t r e a t e d   p roduc ts   made  in  accordance  with  th i s   i n v e n t i o n   l a s t e d   from 

50 -  100%  longer   than  those  used  to  machine  products   made  in  l i k e  

manner  but  from  the  known  c o m p o s i t i o n .  



A  1.25"  x  0.5"  x  .25"  t r a n s v e r s e   r u p t u r e   bar  was  compacted 

at  50  t s i   ( tons   per  square  inch)  and  s i n t e r e d   at  2050°F  for  15  -   30 

minu tes ,   with  a  dew  po in t   of  350 -  55°F  and  under  e n d o t h e r m i c  

a tmosphere .   There  was  on ly   0.0006"  shr inkage   in  l e n g t h .   A f t e r  

c a r b o n i t r i d i n g   a t  1550°F   for  30  minutes,   the  bar  was  oi l   quenched 

and  tempered  at  350°F  for   one  hour.  There  was  only  0 . 0008"  

e x p a n s i o n .  

In  a d d i t i o n   to  m a i n t a i n i n g   s t a b l e   d imensions ,   high  s t r e n g t h  

and  touchness   was  also  a c h i e v e d .  

A  number  of  samples  having  the  above  dimensions  from  b o t h  

the  known  and  the  d i s c l o s e d   composi t ions   were  made  by  the  p r o c e s s  



desc r ibed   above.  In  one  s e r i e s   of  t e s t s   the  pe rcen tages   o f  

i n g r e d i e n t s   (except   copper)  as  s t a t e d   above  were  kept  cons tan t   and 

the  amount  of  copper  was  va r i ed   from  0.77  to  1.22%.  In  a n o t h e r  

s e r i e s   of  t e s t s   the  pe r cen t ages   of  i n g e d i e n t s   (except   carbon)  were  

kept  cons tan t   as  s t a t e d   above  and  the  carbon  content   was  v a r i e d  

from  0.35  to  0.55%.  All  such  samples  of  the  d i s c l o s e d   c o m p o s i t i o n  

were  found  to  give  supe r io r   r e s u l t s .  

The  samples  of  the  d i s c l o s e d   composi t ion   r e s u l t i n g   f rom 

Example  I  were  found  to  have  a  t r a n s v e r s e   rup tu re   s t r e n g t h   o f  

approx ima te ly   160,000  psi  a f t e r   s i n t e r i n g   and  a  t r a n s v e r s e   r a p t u r e  

s t r e n g t h   of  approx imate ly   200,000  psi  a f t e r   heat  t r e a t i n g .   T h i s  

compares  with  a  t r a n s v e r s e   rup tu re   s t r e n g t h   of  a p p r o x i m a t e l y  

141,000  psi  for  the  known  composi t ion   in  the  s i n t e r e d   c o n d i t i o n  

and  app rox ima te ly   196,000  psi  in  the  heated   t r e a t e d   cond i t i on .   The 

d i s c l o s e d   composi t ion  was  found  to  have  a  f r a c t u r e   toughness  a s  

s i n t e r e d   of  app rox ima te ly   21,000  p s i - i n 1 / 2   and  23,000  p s i - i n 1 / 2   i n  

t h e   heat  t r e a t e d   c o n d i t i o n .   This  compares  with  the  known  c o m p o s i t i o n  

having  a  s i n t e r e d   f r a c t u r e d   toughness   of  app rox ima te ly   21 ,000 

p s i - i n 1 / 2   both  in  the  s i n t e r e d   and  heat   t r e a t e d   c o n d i t i o n .  

With  r e spec t   to  m a c h i n e a b i l i t y ,   a  t e s t   was  run  wherein  a  

d r i l l   b i t   with  a  load  of  24  lbs .   was  appl ied   to  the  above  samples  

and  r o t a t e d   at  a  speed  of  1,000  RPM.  These  loads  were  appl ied   t o  

samples  which  had  a  t h i cknes s   of  app rox ima te ly   1/4" .   For  t h e  

d i s c l o s e d   composi t ion   i t   was  found  tha t   approx imate ly   11  seconds  

.were  r equ i r ed   to  d r i l l   through  a  sample  and  for  the  known  c o m p o s i t i o n  



approx ima te ly   15  seconds  were  r e q u i r e d .   Even  more  s i g n i f i c a n t   was 

tha t   the  d r i l l   b i t   showed  c o n s i d e r a b l y   more  wear  a f t e r   d r i l l i n g  

through  the  known  composi t ion   than  i t   did  a f t e r   d r i l l i n g   t h r o u g h  

the  d i s c l o s e d   c o m p o s i t i o n .  

The  t e n s i l e   s t r e n g t h s   of  samples  made  from  the  d i s c l o s e d  

compos i t ion   were  measured  and  found  to  be  81,000  psi  s i n t e r e d   and 

125,000  psi   heat  t r e a t e d   whereas  samples  made  from  the  known 

compos i t ion   were  found  to  be  75,000  psi  and  110,000  psi  r e s p e c -  

t i v e l y .  

EXAMPLE  I I  

A  compos i t ion   was  prepared  having  the  f o l l o w i n g   i n g r e d i e n t s :  



The  composi t ion  was  s i n t e r e d   in  a  moving  be l t   s i n t e r i n g  

furnace   under  the  fo l lowing   c o n d i t i o n s :  

The  p r o p e r t i e s   of  the  s i n t e r e d   composi t ion   were  a s  

f o l l o w s :  

When  pa r t s   formed  of  the  Ancor s t ee l   4600V  a l loy   with  0.45% 

carbon  (known  composi t ion)   was  s i n t e r e d   by  the  process   d e s c r i b e d  

h e r e i n   the  fo l lowing   p r o p e r t i e s   were  o b s e r v e d .  



E x a m p l e   I I I  

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

The  a b o v e   c o m p o s i t i o n   was  c o m p a c t e d   as  f o l l o w s :  

The  c o m p o s i t i o n   was  s i n t e r e d   in  a  m o v i n g   b e l t   s i n t e r i n g  

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

The  p r o p e r t i e s   of  t h e   s i n t e r e d   c o m p o s i t i o n   w e r e   as  f o l l o w s  :  



It   wi l l   be  seen  from  the  fo rego ing   d i s c l o s u r e   t h a t  

s u b s t a n t i a l l y   b e t t e r   r e s u l t s   are  achieved  by  making  pa r t s   us ing  t h e  

compos i t ion   having  0 . 5  -   1.5%  of  copper  added  t h e r e t o ,   and  by  

employing  the  s i n t e r i n g   process   as  d i s c l o s e d .   These  f i n d i n g s   have 

been  unexpec ted   and  g r a t i f y i n g ,   in  tha t   d e s i r a b l e   i n c r e a s e d  

p h y s i c a l   p r o p e r t i e s   have  been  ob ta ined   wi thout   undue  c o m p l e x i t y  

or  expense  of  p r o c e s s i n g .  

In  the  second  and  t h i r d   paragraph  of  t h i s   s p e c i f i c a t i o n ,  

r e f e r e n c e   is  made  to  the  known  compos i t ion .   Said  known  c o m p o s i t i o n  

is  the  sub jec t   of  European  Pa ten t   A p p l i c a t i o n   No.  79 -302280 .7  

p u b l i s h e d   under  number  10442  on  30th  Apri l ,   1980. 



1 .  A   p rocess   for   p roduc ing   a  powder  metal  par t   i n v o l v e s  

the  s teps  of  compacting  a  powder  metal  composi t ion   s u b s t a n t i a l l y  

compris ing  1 . 0  -   2.5%  Ni,  0 . 3  -   0.7%  Mo,  0 . 1 5  -   0.30%  Mn,  0 . 3  -   0.7%  C, 

and  0 . 5  -   1.0%  zinc  s t e a r a t e ,   the  ba lance   being  Fe;  and  is  c h a r a c -  

t e r i s e d   in  tha t   the  compos i t i on   a d d i t i o n a l l y   comprises  s u b s t a n t i a l l y  

0.5  to  1.5% Cu  and  in  t ha t   the  compressed  par t   is  s i n t e r e d   at  a  

t empera ture   ranging   from  about  2000 F  to  about  2150°F  for   about  15  t o  

about  30  minutes  in  a  f u rnace   having  a  dew  point   ranging   from  a b o u t  

20°F  to  about  61°F  and  under   an  endothermic   a t m o s p h e r e .  

2.  A  p rocess   for   p roduc ing   a  powder  metal  par t   c o m p r i s i n g  

the  s teps  of  compacting  a  powder  metal  composi t ion   compris ing   1 . 0  -   2.5% 

Ni,  0 . 3  -   0.7%  Mo,  0 . 1 5  -   0.30%  Mn,  0 . 5  -   1.5%  Cu,  0 . 3  -   0.7%  C, 

0 . 5  -   1.0%  zinc  s t e a r a t e ,   the  ba lance   being  Fe  under  s u f f i c i e n t  

p r e s su re   to  form  a  pa r t   hav ing   a  d e n s i t y   ranging   from  about  6.4  g / c c  

to  about  7.1  g/cc;  and  s i n t e r i n g   the  compressed  par t   at  a  t e m p e r a t u r e  

ranging   from  about  2000°F  to  about  2150°F  for  about  15  to  about  30 

minutes  in  a  furnace   having   a  dew  poin t   ranging   from  about  20°F  t o  

about  61°F  and  under  an  endothermic   a t m o s p h e r e .  

3 .  A   p rocess   a c c o r d i n g   to  claim  1  or  2,  wherein  s a i d  

s i n t e r i n j   t empera ture   is  about  2050°F.  



4.  A  p rocess   accord ing   to  claim  1,  2  or  3,  wherein  s a i d  

dew  p o i n t  r a n g e s  f r o m   about  30 -  3 5  F .  

5.  A  process   accord ing   to  claim  1,  2,  3  or  4,  w h e r e i n  

said  endothermic  atmosphere  is  formed  of  a  gas  compris ing  n i t r o g e n ,  

hydrogen  and  carbon  monoxide .  

6.  A  process   accord ing   to  any  p reced ing   claim  in  which  

the  pe rcen tage   of  copper  is  in  the  range  s u b s t a n t i a l l y   0.75  to  1.0%. 

7.  A  process   accord ing   to  any  p reced ing   claim  in  which  

the  pe rcen tage   of  carbon  is  in  the  range  s u b s t a n t i a l l y   0.45  to  0.55%. 

8.  A  process   accord ing   to  any  p reced ing   claim  in  which  

the  part   is  cooled  a f t e r   s i n t e r i n g   s u b s t a n t i a l l y   at  a  cool ing   r a te   o f  

1.5  to  10°F  per  s e c o n d .  

9.  A  p rocess   accord ing   to  any  p reced ing   claim  in  which  

the  compaction  step  is  c a r r i e d   out  at  a  p r e s su re   s u b s t a n t i a l l y   in  t h e  

range  of  28  to  50  t s i .  

10.  A  process   accord ing   to  any  p reced ing   claim  in  which  

the  compacted  metal  powder  part   has  a  dens i ty   s u b s t a n t i a l l y   in  t h e  

range  6.4  to  7.1  grams  per  c c .  
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