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©  Alloy  and  process  for  producing  ductile  and  compacted  graphite  cast  irons. 

  This  invention  relates  to  an  alloy  composition  and  to  the 
method  of treating  molten  cast  iron  with  such  alloyto  produce 
ductile  and  compacted  graphite  cast  irons.  The  alloy  is  a 
predominantly  iron  alloy  having  the  essential  elements  by 
weight  of  from  about  0.1  to  about  10.0%  silicon,  from  about 
0.5  to  about  4.0%  magnesium,  up  to  about  10.0%  nickel  and 
optionally  from  up  to  about  2.0%  cerium  and/or  other  rare 
earth  elements.  Small  amounts  of  calcium,  barium  or 
stronium  and  trace  elements  customarily  found  in  conven- 
tional  raw  materials  used  in  producing  the  alloy  may  also  be 
present.  The  characteristics  of  the  alloy  make  is  possible  to 
establish  a  ready  supply  of treated  molten  iron  in  the  foundry 
in  holding  vessels  with  a  selected  chemical  composition  at  a 
given  temperature.  It  also  makes  possible  semi-continuous 
casting  of  ductile  and  compacted  graphite  cast  irons. 



This  i nven t ion   r e l a t e s   to  an  a l loy   of  e x c e p t i o n a l   u t i l i t y  

more  p a r t i c u l a r l y   but  not  e x c l u s i v e l y   for  producing  d u c t i l e   cast  i r o n  

or  compacted  g r aph i t e   cast   i rons ,   to  a  method  of  making  the  a l l o y  

to  a  process   of  t r e a t i n g   cast   iron  with  said  a l loy   and  also  to  

d u c t i l e   or  compacted  cast  iron  produced  by  the  p r o c e s s .  

It  is  known  to  i n t r o d u c e   magnesium  in  c o n t r o l l e d   q u a n t i t i e s  

into  a  melt  of  o rd ina ry   gray  cast   iron  in  order  to  cause  t h e  

carbon  to  s o l i d i f y   in  a  s p h e r o i d a l   form  and  thereby  produce  d u c t i l e  

cast   iron  with  g r e a t l y   improved  t e n s i l e   s t r e n g t h   and  d u c t i l i t y  

over  that   exh ib i t ed   by  o rd ina ry   cast  i ron.   The  amount  o f  

magnesium  r e t a i n e d   in  the  cast   iron  for  th is   purpose  is  g e n e r a l l y  

from  about  0.02  to  about  0.08%  by  weight  of  i r o n .  

Compacted  g r a p h i t e   cast   i ron,   also  known  as  v e r m i c u l a r  

g r a p h i t e   i ron,   is  also  produced  by  a d d i t i o n   of  magnesium.  The 

amount  of  magnesium  r e t a i n e d   in  cast   iron  for  this   purpose  is  much 

less  and  of  the  order  of  about  0.015%  to  about  0.035%  based  on 
the  weight  of  i ron.   In  the  case  of  compacted  g r a p h i t e   cast   i r o n ,  

the  magnesium  causes  the  carbon  in  the  cast   iron  to  become  more 

chunky  and  stubby  but  short   of  going  over  to  the  complete  s p h e r o i d a l  

form  of  d u c t i l e   cast   i ron.   Compacted  g r a p h i t e   cast   iron  has  

improved  t e n s i l e   s t r e n g t h   compared  to  gray  cast  iron  and  may 

possess   g r e a t e r   r e s i s t a n c e   to  thermal  shock  and  g r e a t e r   t h e r m a l  

c o n d u c t i v i t y   than  d u c t i l e   cast   i r o n .  

The  commercial  p r o d u c t i o n   of  d u c t i l e   and  compacted  g r a p h i t e  

cast   i rons  is  well-known  and  as  is  known,  d i f f i c u l t i e s   are  e n c o u n t e r e d  



by  v i r tue   of  the  pyrotechnics  that  occur  when  magnesium  is  added 

to  molten  cast  iron.  The  molten  iron  bath  fumes,  smokes  and  f l a r e s  

with  resu l t ing   uneconomical  loss  of  magnesium,  air  pol lu t ion   and 

d i f f i c u l t y   in  con t ro l l ing   the  addition  of  measured  amounts  of  magnesium 

to  the  molten  iron  for  the  desired  resu l t .   Typically  in  the  e x i s t i n g  

processes  with  conventional  t rea t ing   materials   such  as  e lementa l  

magnesium  and  magnesium  a l loys ,   there  may  be  less  than  50%  by  weight 

of  supplied  magnesium  recovered  in  the  molten  i r o n .  

Conventional  f e r r o s i l i c o n   alloys  containing  5%  or  more 

magnesium  by  weight  allow  for  somewhat  higher  magnesium  r e c o v e r i e s ,  

and  may  approach  50%,  than  processes  in  which  elemental  magnesium 

is  used.  However,  among  other  things  these  have  the  drawback  o f  

a  high  s i l icon  content  which  reduces  f l e x i b i l i t y   in  the  foundry 

with  respect   to  using  scrap  since  the  s i l icon  content  in  the  f i na l  

product  must be  maintained  at  a known  acceptable  level  to  avoid 

impairing  the  impact  c h a r a c t e r i s t i c s   of  the  final  product.   Magnesium- 

f e r r o s i l i c o n   alloys  of  high  s i l icon  content  have  a  tendency  to  f l o a t  

on the  surface  of  a  molten  iron  bath  which  fur ther   cont r ibutes   to 

the  loss  of  magnesium  (see  U.S.  Patents  3,177,071;  3,367,771;  and 

3 , 3 7 5 , 1 0 4 ) .  

Magnesium-nickel  alloys  have  also  been  used  but  the  excep t i ona l l y  

high  nickel  content  in  the  alloy  r e s t r i c t s   the  use  to  those  s p e c i a l ,  

l imi ted   cases  where  a  high  nickel  cast  iron  is  desired.   Otherwise,  

the  cost  of  nickel  in  the  alloy  makes  it  too  expensive  for  general 

use  in  producing  ordinary  duct i le   and  compacted  graphite   cast  irons  (see  

U.  S.  Patents  3,030,205;  3,544,312).  The  use  of  coke  and  charcoal 

b r i q u e t t e s   impregnated  with  magnesium  (U.S.  Patents  3 ,290 ,142 ;  

4,309,216)  has  been  suggested  as  well  as  compacted  p a r t i c u l a t e   metals  



(U.K.  Patents   1,397,600;  2,066,297).  While  these  may  ass i s t   somewhat 

in  reducing  the  loss  of  magnesium,  special  processing  techniques  a re  

required  for  producing  the  specif ied   s t ruc tu res   and  special  handl ing  

techniques  are  required  in  the  foundry.  

Mechanical  approaches  have  also  been  suggested  wherein  a  magnesium 

composition  is  introduced  or  posi t ioned  below  the  surface  of  t he  

molten  iron  bath  (U.S.  Patents  2,896,857;  3,080,228;  3 ,157,492;  

3,285,739;  4 ,147,533;   4,166,738;  and  4,261,740).   While  these  mechanical 

approaches  tend  somewhat  to  inh ib i t   pyrotechnics  caused  by  the  v i o l e n t  

reaction  of  magnesium,  subs tant ia l   quan t i t i e s   of  magnesium  vapor 

s t i l l   escape  into  the  atmosphere  and  the  added  steps  incident  to  a 

mechanical  approach  do  not  adequately  compensate  for  the  l o s s .  

Another  drawback  to  prior  art   processes  is  the  use  of  a 

single  batch  operat ion  wherein  the  quanti ty  of  magnesium  r equ i r ed  

for  convert ing  ordinary  cast  iron  to  duct i le   or  compacted  g r a p h i t e  

iron  is  usually  introduced  in  a  single  addit ion  below  the  s u r f a c e  

of  the  molten  iron  in  a  foundry  ladle.   The  magnesium  alloy  may  be 

held  in  a  plunging  bell  that  is  immersed  below  the  surface  of  the  

molten  iron  or  the alloy may  be  placed  in  the  bottom  of  the  ladle  and 

covered  with  scrap  in  a  sandwich  technique  or  positioned  in  a  submerged 

reaction  chamber  posi t ioned  in  the  gating  system  of  a  mold.  Some 

form  of  c o n s t r a i n t   is  customarily  used  to  prevent  the  high  s i l i c o n -  

iron-magnesium  alloy  from  f loat ing  on  the  surface  of  the  molten  ba th .  

Periodic  addi t ions   of  conventional  alloys  having  a  high  l eve l  

of  s i l i con   to  a  bath  of  molten  cast  iron  are  not  pract ical   in  e x i s t i n g  

foundry  p r ac t i c e s .   Such  alloys  carry  in  subs tant ia l   quant i t i es   o f  

s i l icon  with  r esu l t ing   increase  in  s i l icon   concentrat ion  which  soon 

exceeds  the  acceptable  level  in  the  duct i le   or  compacted  graphite  i r o n s .  



It  is  an  ob jec t   of  the  p r e s e n t   i nven t ion   to  produce  a l l o y s  

and  methods  of  use  thereof   which  remove  or  at  l e a s t   m i t i g a t e   some 

or  a l l   of  the  d i sadvan tages   of  the  p r io r   a r t .  

Accord ing   to  one  aspect  of  the  inven t ion   an  i ron  a l l o y  

compr ises   by  weight  from  0.1  to  10.0%  s i l i c o n ,   from  0.5  to  4.0% 

magnesium,  and  up  to  10%  n i c k e l .   The  a l loy  is  in tended   more 

p a r t i c u l a r l y   but  not  e x c l u s i v e l y   for  t r e a t i n g   molten  iron  t o  

produce  d u c t i l e   cast  iron  c o n t a i n i n g   nodular   carbon,  or  compacted 

cast   i ron .   The  lower  l imi t   of  n i c k e l   content   is  p r e f e r a b l y  

0-1%  by  weigh t .   There  may  also  be  up  to  2%  by  weight  e . g . 0 . 1  

to  2%,  of  one  or  more  rare  ear th   e lements   present   in  the  a l l oy ,   w i t h  

cerium  p r e f e r a b l y   as  the,  or  the  p redominan t ,  r a re   ea r th   m e t a l  

p r e s e n t .   The  balance  of  the  a l loy   is  p r e f e r a b l y   i ron.   Carbon 

may  also  be  p re sen t   in  the  a l loy   e.g.   in  an  amount  from  0.5  t o  

6.5%.  Small  amounts  of  other  e lements   such  as  calcium  (0  to  0.05%) 

barium,  or  s t r on t i um  and  t race   e lements   c o n v e n t i o n a l l y   p r e s e n t  

in  the  raw  m a t e r i a l s   used  in  producing  the  a l loy .   All  p e r c e n t a g e s  

are  based  on  the   weight  of  the  a l l o y .  

P r e f e r r e d   a l loys   according  to  the  i nven t ion   a r e :  

(i)  p r e d o m i n a n t l y   iron  compr i s ing   from  3.0  to  6.0%  s i l i c o n ,   up 

to  0.6%  n i c k e l   and  0.9%  to  2.0%  magnesium; 

( i i )   compr i s ing   0.1  to  10%  s i l i c o n ,   0.5  to  4,0%  magnesium, 

0.1  to  10%  n i c k e l ,   0.1  to  2.0%  cerium,  0.5  to  6.5%  carbon,   t h e  

ba lance   be ing   i r o n ;  

( i i i )   compr i s ing   from  3.0  to  6.0%  s i l i c o n ,   up  to  2.0%  c e r i u m ,  

0.9  to  2.0%  magnesium  and  up  to  0.6%  n i cke l ,   the  ba lance   being  i r o n .  

The  a l l o y s   p re fe rab ly   have  a  dens i t y   g r e a t e r   than  that   o f  

the  mol ten   i ron  it  may  be  used  to  t r e a t ,   e.g.  a  d e n s i t y   be tween  

6.5  and  7.5  gm/cm .  

According  to  a  fu r the r   aspect   of  the  i n v e n t i o n   of  making 

an  a l l oy   as  def ined  above  comprises   the  steps  of  forming  a  m o l t e n  

bath  of  the  c o n s t i t u e n t s ,   m a i n t a i n i n g   the  bath  under  s u p e r a t m o s p h e r i c  



p r e s s u r e   of  an  i n e r t   gas  while  r e a c t i o n   takes  place  and  t hen  

r a p i d l y   s o l i d f y i n g   the  melt  to  form  the  iron  a l l oy .   The  i n e r t  

gas  p r e s su re   is  p r e f e r a b l y   main ta ined   at  3515  to  5273  gm/cm  gauge 
while  r e a c t i o n   takes  p lace .   The  p r o p o r t i o n   of  the  metal  c o n s t i t u e n t s  

are  p r e f e r a b l y   ad ju s t ed   to  produce  an  iron  a l loy   with  a  d e n s i t y  

from  6.5  to  7.5  g m s / c m  .  

According  to  a  s t i l l   f u r t h e r   aspect   of  the  i nven t ion   a 

method  of  producing  d u c t i l e   or  compacted  i rons  comprises  the  s t e p s  
of  ho ld ing   carbon  c o n t a i n i n g   molten  iron,  adding  to  the  mo l t en  

iron  an  al loy  as  def ined   above,  con t inu ing   t o  

hold  the  molten  iron  and  a l loy   toge the r   and  t h e r e a f t e r   add ing  

more  of  the  said  a l loy   to  e s t a b l i s h   the  des i r ed   c h e m i c a l  

compos i t ion   of  the  i ron.   The  iron  and  the  a l loy   may  be  h e l d ,  

e .g.   u n t i l   r e a c t i o n   between  the  magnesium  and  iron  has  taken  p l a c e .  

The  method  may  involve  ho ld ing   the  m a t e r i a l s   in  a  vesse l   such 

as  a  furnace  v e s s e l .   The  method  may  f u r t h e r   c o m p r i s e  

(i)  c o n t i n u i n g   to  hold  the  molten  i ron  and  the  a l loy  u n t i l  

the  magnesium  from  the  a l loy   has  inc reased   the  magnesium  c o n t e n t  

of  the  t r e a t e d   molten  iron  and  t h e r e a f t e r   adding  more  u n t r e a t e d  

carbon  con t a in ing   molten  iron  to  the  mixture  along  with  more  o f  

the  a l loy   to  i n c r e a s e   the  magnesium  content   of  the  u n t r e a t e d  

added  i r o n ,  

( i i )   r e a c t i n g   the  magnesium  and  n icke l   of  the  a l loy  w i t h  

the  molten  iron  to  i n c r e a s e   the  magnesium  con ten t   of  the  iron  to  a 

d e s i r e d ,   s e l ec t ed   l e v e l ,   c o n t i n u i n g   to  hold  the  said  t r e a t ed   m o l t e n  

iron  u n t i l   the  magnesium  con ten t   in  the  t r e a t e d   molten  i r o n  

f a l l s   below  the  s e l e c t e d   level   and  then  adding  more  of  the  a l l o y  

to  the  molten  iron  to  i n c r e a s e   the  magnesium  conten t   t he reo f   a t  

l e a s t   to  the  s e l e c t e d   l e v e l ,  

( i i i )   where  the  molten  iron  conta ins   carbon  and  s u l p h u r ,  

c o n t i n u i n g   to  hold  the  t r e a t e d   molten  iron  u n t i l   the  s u l p h u r  



conten t   in  the  t r e a t e d   iron  is  reduced  and  t h e r e a f t e r   add ing  

more  of  the  a l loy  to  the  molten  iron  to  i nc rea se   the  magnesium 

conten t   t h e r e o f ,  

( iv)   A g i t a t i n g   the  molten  iron  to  e s t a b l i s h   c i r c u l a t i o n  

in  a  downward  flow  in  the  middle  of  the  bath,   adding  the  a l l o y  

t o  t h e   sur face   of  the  middle  of  t h e  b a t h   whereby  the  a l loy  is  c a r r i e d  

below  the  sur face   of  the  bath  by  the  downward  flow  of  mo l t en  

i ron ,   the  a g i t a t i o n   being  p r e f e r a b l y   provided  by  an  e l e c t r i c  

s t i r r i n g   i nduc t ion   c o i l ,  

(v)  A g i t a t i n g   the  molten  iron  to  flow  upwardly  in  the  m i d d l e  

of  the  bath  and  downwardly  on  oppos i te   s ides  of  the  bath  the  a l l o y  

being  added  to  the  molten  iron  in  the  downward  flow  to  be  c a r r i e d  

under  the  surface   of  the  b a t h ,  

(vi)   Flowing  a  stream  of  molten  iron  c o n t a i n i n g   ca rbon  

into  a  mold  and  adding  the  a l loy   to  the  stream  of  molten  i r o n  

as  it   en te rs   the  mold  whereby  the  a l loy   is  c a r r i e d   into  the  mold 

by  the  flowing  stream  of  molten  i r o n ,  

( v i i )   The  s teps  of  f lowing .a   stream  of  molten  iron  c o n t a i n i n g  

carbon  into  a  holding  v e s s e l ,   adding  the  a l loy   to  the  stream  o f  

molten  iron  whereby  said  a l loy   is  c a r r i e d   by  the  stream  of  m o l t e n  

iron  into  the  hold ing   vesse l   and  below  the  su r face   of  the  b a t h  

e s t a b l i s h e d   t h e r e i n ,  

( v i i i )   The  p roduc t ion   of  c a s t i n g s   of  the  said  d u c t i l e   and 

compacted  g r aph i t e   cast   i rons ,   by  supplying  carbon  c o n t a i n i n g  

molten  iron  to  at  l e a s t   one  holding  v e s s e l ,   t r e a t i n g   said  m o l t e n  

iron  by  adding  the  a l loy   to  the  molten  iron  bath  in  the  v e s s e l ,  

moving  a  p l u r a l i t y   of  c a s t i n g   molds  in  sequence  to  br ing  one  at  a 

time  into  p o s i t i o n   below  the  vesse l   to  r ece ive   t r e a t e d   molten  i r o n  

from  the  vesse l   and  adding  more  u n t r e a t e d   molten  i ron  c o n t a i n i n g  

carbon  into  the  hold ing   vesse l   along  with  more  of  the  a l loy  in  an  i r o n  

c a s t i n g   o p e r a t i o n ,   in  which  a  p l u r a l i t y   of  molds  are  h e l d  

s t a t i o n a r y  a n d   the  hold ing   vesse l   being  moved  i n t o p o s i t i o n   to  s u p p l y  



the  t r e a t e d   iron  to  the  molds  or  in  which  the  vesse l   is  h e l d  

s t a t i o n e r y   and  the  p l u r a l i t y   of  molds  are  more  into  p o s i t i o n   to  r e c e i v e  

the  t r e a t e d   iron  from  i t ,  

( ix)  a g i t a t i o n   of  the  bath  to  c i r c u l a t e   the  molten  i r o n  

downwardly  in  the  middle  of  the  bath  and  a d d i t i o n   of  the  a l l o y  

at  the  sur face   in  the  middle  of  the  bath  where  it  can  be  c a r r i e d  

below  the  sur face   t h e r e o f   by  the  downward  flow  of  m e t a l ,  

(x)  the  p r o d u c t i o n   of  c a s t i n g s   in  which  there  are  a  p l u r a l i t y  

of  ho ld ing   v e s s e l s   for  t r e a t i n g   the  molten  iron  with  a l loy  and  f o r  

supp ly ing   the  t r e a t e d   iron  to  the  molds ,  

(xi)  the  p roduc t i on   of  c a s t i n g s   in  which  a  p l u r a l i t y   o f  

ho ld ing   ves se l s   are  moved  in  a  f i r s t   c i r c u l a r   path,   a  p l u r a l i t y   o f  

c a s t i n g   molds  are  moved  in  a  second  c i r c u l a r   path  to  bring  t h e  

p l u r a l i t y   of  molds  into  p o s i t i o n   below  the  said  p l u r a l i t y   of  h o l d i n g  

v e s s e l s   to  rece ive   t r e a t e d   molten  iron  the re f rom,   e s t a b l i s h i n g  

in  said  p l u r a l i t y   of  ho ld ing   v e s s e l s   a  supply  of  molten  i r o n  

c o n t a i n i n g   carbon  which  has  been  t r e a t e d   with  the  said  a l l o y ,  

i n t e r r u p t i n g   the  movement  of  said  holding  v e s s e l s   and  molds  to  h o l d  

them  in  s t a t i o n a r y   p o s i t i o n   while  at  l eas t   one  mold  r e c e i v e s  

t r e a t e d   molten  iron  from  at  l eas t   one  hold ing   v e s s e l ,   and  r e -  

e s t a b l i s h i n g   the  supply  of  t r e a t e d   molten  iron  in  said  h o l d i n g  

v e s s e l s   when  held  in  s t a t i o n a r y   p o s i t i o n   as  r equ i r ed   for  a  c a s t i n g  

o p e r a t i o n .   Here  the  u n t r e a t e d   molten  iron  may  be  suppl ied   to  s a i d  

p l u r a l i t y   of  holding  v e s s e l s   and  said  a l loy  added  to  the  u n t r e a t e d  

molten  iron  to  e s t a b l i s h   and  r e - e s t a b l i s h   said  supply  of  t r e a t e d  

molten  iron  in  said  p l u r a l i t y   of  ve s se l s   for  t r a n s f e r   to  s a i d  

molds  or  the  molten  iron  t r e a t e d   with  said  a l loy   in  one  or  more 

s e p a r a t e   supply  v e s s e l s   which  supply  the  t r e a t e d   molten  i r o n  

to  said  p l u r a l i t y   of  ho ld ing   ve s se l s   to  e s t a b l i s h   and  r e - e s t a b l i s h  

the  s u p p l y  o f   t r e a t e d   molten  iron  for  t r a n s f e r   to  said  molds,  t h e  

a d d i t i o n a l   a l loy   being  added  p r e f e r a b l y   to  the  t r e a t e d   molten  i r o n  



in  said  ho ld ing   ves se l s   to  ob ta in   a  s e l e c t e d   chemical  c o m p o s i t i o n  

of  t r e a t e d   molten  iron  for  t r a n s f e r   to  the  molds.  Fur thermore   t h e  

u n t r e a t e d   molten  iron  may  be  p a r t i a l l y   t r e a t e d   with  said  a l loy   i n  

one  or  more  s epa ra t e   supply  v e s s e l s   which  supply  the  p a r t i a l l y  

t r e a t e d   molten  iron  to  said  p l u r a l i t y   of  holding  v e s s e l s   and 

a d d i t i o n a l   a l loy   is  added  to  said  p a r t i a l l y   t r e a t e d   molten  i r o n  

in  said  ho ld ing   ves se l s   to  complete  the  t r ea tmen t   of  the  m o l t e n  

iron  t h e r e i n   and  e s t a b l i s h   and  r e - e s t a b l i s h   the  supply  o f  

molten  i ron  for  t r a n s f e r   to  said  molds.  Where  a  p l u r a l i t y   o f  

ho ld ing   v e s s e l s   and  p l u r a l i t y   of  c a s t i n g   molds  are  provided  t h e y  

are  p r e f e r a b l y   moved  in  s e l e c t e d   i n t e r s e c t i n g   paths  tha t   are  n o t  

c i r c u l a r   and  t r e a t e d   molten  iron  is  t r a n s f e r r e d   from  the  v e s s e l s  

.to  the  molds  where  the  s e l e c t e d   paths  i n t e r s e c t .   Moreover  t h e  

paths  may  be  oblong  and  the  t r e a t e d   molten  iron  t r a n s f e r r e d   t o  

the  molds  while   the  holding  ve s se l s   and  molds  are  moving  a l o n g  

a  f i r s t   s t r a i g h t   por t ion   of  the  oblong  path  where  the  paths  of  t h e  

hold ing   v e s s e l s   and  molds  i n t e r s e c t   and  wherein  a  s e p a r a t e   s u p p l y  

c o n t a i n e r   moving  along  a  path  that   i n t e r s e c t s   a  second  s t r a i g h t  

p o r t i o n   of  the  oblong  path  of  said  hold ing   ve s se l s   is  employed 

for  e s t a b l i s h i n g   and  r e - e s t a b l i s h i n g   the  supply  of  t r e a t e d   m o l t e n  

iron  for  t r a n s f e r   to  said  molds .  

( x i i )   adding  the  iron  a l loy  to  the  molten  iron  in  an  amount 

s u f f i c i e n t   to  provide  in  the  molten  iron  from  about  0.015%  t o  

about  0.08%  magnesium  based  on  the  weight  of  the  t r e a t e d   m o l t e n  

i r o n .  

The  i n v e n t i o n   also  extends  to  d u c t i l e   or  compacted  g r a p h i t e  

cast   i rons   and  ca s t ings   t he reo f   produced  by  any  of  the  above 

def ined  m e t h o d s .  

Thus  t he   molten  cast  iron  to  be  t r e a t e d   with  magnesium 

may  be  held  in  a  furnace  or  foundry  ladle   while  the  a l loy   i s  

p e r i o d i c a l l y   added  to  the  molten  iron  over  an  extended  per iod  of  t ime 



as  compared  to  c o n v e n t i o n a l   foundry  p r a c t i c e s .   The  a l loy  may  be 

j u d i c i o u s l y   added  p e r i o d i c a l l y   in  p rede te rmined   amounts  t o  

e s t a b l i s h   and  m a i n t a i n   the  des i r ed   chemical  compos i t ion   of  t he  

melt  at  a  given  t e m p e r a t u r e .   The  pe r iod i c   a d d i t i o n   of  the  a l l o y  

can  also  be  timed  to  make  up  for  such  magnesium  that  may  be 

vapor i zed   from  the  melt  during  the  holding  per iod   of  t ime .  

If  des i r ed   the  melt  may  be  d e s u l p h u r i z e d   which  is  of  advantage  i n  

those  cases  where  the  molten  cast  iron  has  a  r e l a t i v e l y   h i g h  

sulphur   conten t   which  may  i n h i b i t   n o d u l a t i o n   or  compaction  o f  

the  carbon.  When  t r e a t e d   metal  is  tapped  from  a  molten  bath,  an 

a d d i t i o n a l   q u a n t i t y   of  molten  cast  iron  to  be  t r e a t e d   w i t h  

magnesium  may  be  added  to  the  bath  to  provide  a  s e m i - c o n t i n u o u s  

process   or  the  m a g n e s i u m - n i c k e l - s i l i c o n - i r o n   a l loy   may  be  added 

to  a  flowing  s t ream  of  molten  cast  iron  to  e s t a b l i s h   a  c o n t i n u o u s  

t r ea tment   p rocess .   Another  advantage  of  the  process   of  t h e  

i n v e n t i o n   is  that   is  p rovides   a  ready  supply  of  molten  d u c t i l e   o r  

compacted  g r a p h i t e   cast   i rons  and  it  reduces  the  handl ing  o f  

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

These  advantages   are  made  p o s s i b l e   by  using  an  al loy  which 

is  p r edomina te ly   iron  and  has  a  low  s i l i c o n ,   low  magnesium  and  low 

n icke l   content   as  the  e s s e n t i a l   elements  t h e r e o f .   When  this  a l l o y  
is  added  to  molten  cast   i ron,   the  smoke,  fumes  or  f l a r i n g   i s  

reduced  as  compared  to  the  conven t iona l   magnesium  or  some  of  t h e  

magnes ium-nicke l   a l l o y s .   The  recovery  of  magnesium  in  the  m o l t e n  

cast   iron  is  at  l e a s t   equal  to  conven t iona l   a l l oys   and  may  r a n g e  

up  to  about  60%  percen t   by  way  and  more  of  the  a v a i l a b l e   magnesium 

in  the  a l loy  added  to  the  melt .   There  is  no  s i g n i f i c a n t  

f l u c t u a t i o n   in  the  s i l i c o n   content   of  the  t r e a t e d   molten  i r o n  

caused  by  a d d i t i o n   of  the  a l loy .   Since  the  a l l oy   may  be  p e r i o d i c a l l y  

added  to  the  ho ld ing   vesse l   d e s u l p h u r i z i n g   a c t i on   and  t r e a t m e n t  



to  produce  d u c t i l e   and  compacted  g r a p h i t e   cast   i rons  may  be 

combined  in  a  s ing le   vesse l   in  a  s ing le   o p e r a t i o n .  

The  very  low  amount  of  s i l i c o n   in  the  a l loy   is  of  p a r t i c u l a r  

advantage  in  that   scrap  metals  of  r e l a t i v e l y   high  s i l i c o n   c o n t e n t  

may  be  used  in  the  cast   iron  melt ,   and  s t i l l   provide  a  f ina l   p r o d u c t  

with  a  commerc ia l ly   accep tab le   level   of  s i l i c o n .   Excess  s i l i c o n  

in  the  f i n a l   d u c t i l e   or  compacted  g r a p h i t e   cast   iron  tends  t o  

give  the  i ron  low  impact  c h a r a c t e r i s t i c s   which  are  u n d e s i r a b l e  

in  some  a p p l i c a t i o n s .   The  high  c o n c e n t r a t i o n   of  iron  in  t h e  

a l loy  of  the  p re sen t   inven t ion   is  of  f u r t h e r   advantage  for  i n c r e a s i n g  

the  d e n s i t y   of  the  a l loy  which  reduces  the  tendency  to  f l oa t   w i t h  

a  c o n c u r r e n t   r e d u c t i o n   in  py ro t echn ic s   and  i n c r e a s e d   recovery  o f  

magnesium  in  the  molten  iron.  Convent iona l   magnesium  a l l o y s  

c o n t a i n i n g   t w e n t y - f i v e   and  more  pe rcen t   by  weight  of  s i l i c o n   have  

a  dens i ty   of  about  3 . 5 -  



to  about  4.5  gms/cm3  which  does  not  provide  the  advantages  and 

f l e x i b i l i t y   of  the  low  s i l i con   alloy  of  the  present   invention.  In 

general ,   molten  cast  iron  has  a  density  of  about  6.0  to  6.5  gms/cm3 

whereas  the  alloy  of  the  present  invention  may  have  a  density  from 

about  6.5  gms/cm3  to  about  7.5  gms/cm3  achieved  by  se lec t ing   the 

proper  proportion  of  ingred ien ts   within  the  spec i f ied   ranges  in 

known  manner  for  the  se lec ted   alloy  d e n s i t y .  

For  example,  an  alloy  of  the  present  invention  containing  from 

about  0.9  to  about  2.0%  magnesium,  from  about  3.0  to  about  6.0% 

carbon,  from  about  3.0  to  about  6.0%  s i l icon  and  up  to  about  0.6% 

nickel  and  op t iona l ly   from  about  0.1  to  about  2.0%  cerium  and/or  o t h e r  

rare  earth  elements  (all  in  percent  by  weight)  and  balance  of  i ron  

will  have  a  density  of  about  7 .0  t   0.5  gms/cm3. 

Best  resul t s   are  achieved  when  the  density  of  the  alloy  of  t he  

present   invention  approaches  and  preferably  exceeds  the  density  of  

the  molten  iron  to  be  t r ea t ed .   In  such  case  the  alloy  does  not  tend 

to  f loa t   and  it  may  be  readi ly   c i rcu la ted   through  the  melt  by  g e n t l e  .  

a g i t a t i o n .  

The  low  magnesium  content  of  the  alloy  of  this  i nven t ion  

m a t e r i a l l y   cont r ibutes   to  a  high  recovery  of  magnesium  in  the  t r e a t e d  

molten  cast   iron  accompanied  by  a  highly  des i rable   reduction  in 

pyro technics .   The  high  and  r e l a t i v e l y   cons i s ten t   recoveries  r e s u l t i n g  

from  the  low  magnesium  content  of  the  alloy  also  f a c i l i t a t e   cont ro l  

of  the  amount  of  magnesium  retained  in  the  melt  which  a s s i s t s   in  

providing  the  proper  amount  of  magnesium  within  the  narrow  range 

required  to  produce  compacted  graphite  cast  i r o n .  

Nickel  is  important  since  it  a ss i s t s   in  achieving  a  high  recovery 

of  magnesium  in  the  molten  cast  iron  and  the  low  nickel  content  of  

the  a l loy  keeps  the  input  of  nickel  in  the  duct i le   and  compacted 

graphi te   cast  irons  at  acceptable  levels.   The  nickel  is  also  o f  



advantage  in  p r e p a r i n g   the  a l loy  in  that   is  provides   a  high  l e v e l  

of  r ecove ry   of  magnesium  in  the  a l l o y .  

The  cerium  and/or  other  rare   ea r th   element  conten t   of  t h e  

a l loy  c o u n t e r a c t s   the  d e l e t e r i o u s   e f f e c t   of  tramp  e lements   such  

as  lead,   b ismuth,   t i t an ium  and  antimony  which  tend  to  i n h i b i t  

n o d u l i z a t i o n   of  g r a p h i t e   that   p r e c i p i t a t e s   from  the  melt  f o r  

p r o d u c t i o n   of  d u c t i l e   cast  iron.  The  cerium  and/or  o ther   r a r e  

ear th   e lements   also  have  n u c l e a t i n g   and  n o d u l i z i n g   e f f e c t s   in  t h e  

melt  and  a  tendency  to  reduce  the  format ion  of  u n d e s i r a b l e   c a r b i d e s  

in  d u c t i l e   cast   i ron.   Cerium  is  the  p r e f e r r e d   rare  ea r th   e l e m e n t .  

The  a l loy   of  the  present   i n v e n t i o n   may  be  made  in  c o n v e n t i o n a l  

manner  with  conven t iona l   m a t e r i a l s   known  in  the  a r t .   In  a  p r e f e r r e d  

procedure   t h e  v e s s e l   in  which  the  a l loy   is  formed  is  held  u n d e r  

a  p r e s s u r e  o f   an  i n e r t  g a s   such  as  argon  at  about  3515  to  5273 

g/cm3  gauge  (50  to  75  p . s . i . g . ) .   Conven t iona l ly   a v a i l a b l e  

magnesium  scrap ,   magnesium  s i l i c i d e   or  magnesium  metal  may  be  u s e d  

in  p roduc ing   the  a l loy .   The  rare  ea r th   elements  may  be  i n t r o d u c e d  

as  e lements   per  se  into  the  a l loy ,   or  mischmetal   may  be  employed ,  

or  cerium  metal  or  cerium  or  rare  ear th   s i l i c i d e s   may  be  u s e d .  

S i l i c o n   meta l ,   f e r r o s i l i c o n ,   s i l i c o n   carbide   and  o rd ina ry   p i g  

iron  or  s t e e l   scrap  may  be  used  in  producing  the  a l loy .   N i c k e l  

scrap,   n i c k e l   metal  per  se  or  n icke l   bear ing   a l loys   may  be  

used  in  p roducing   the  a l loy  of  the  p resen t   i nven t ion .   The  amounts  

of  raw  m a t e r i a l s   are  c o n t r o l l e d   in  known  manner  to  form  an  

a l loy   w i th in   the  s p e c i f i e d   range  of  e lements .   Best  r e s u l t s   a r e  

achieved  by  rapid  s o l i d i f i c a t i o n   of  the  a l loy  m e l t .  

One  p r e f e r r e d   form  of  appara tus   and  process   for  p r o d u c i n g  

the  a l l oy   of  the  p resen t   i nven t ion   is  desc r ibed   in  our  c o - p e n d i n g  

a p p l i c a t i o n   s e r i a l   no:  ( r e f :   T-128)  f i l ed   today.  As 

d e s c r i b e d   in  more  d e t a i l   in  the  co-pending  a p p l i c a t i o n ,   the  c o n t e n t s  

of  which  are  hereby  i n c o r p o r a t e d   by  r e f e r e n c e   into  th i s   a p p l i c a t i o n ,  

the  a l l o y s  



of  the  present  invention  may  be  produced  in  a  t i l t i n g   induct ion 

furnace  having  a  graphi te   receiver   mounted  in  a  sealed  and  ho r i zon ta l  

posi t ion  on  top  of  the  induction  furnace  enclosed  inside  an  o u t e r  

pressure  vessel .   After  the  alloy  melt  is  formed,  the  induction  furnace 

is  rotated  to  pour  the  melt  into  the  receiver   which  has  thereby  been 

rota ted  to  pour  the  melt  into  the  receiver   which  has  thereby  been 

rota ted  into  a  ve r t i ca l   posi t ion.   While  the  apparatus  and  process  

described  in  the  copending  appl ica t ion   is  of  great  advantage  in 

producing  the  alloy  of  this  invent ion,   i t   need  not  be  used  and 

conventional  apparatus  may  be  employed. 

For  example,  the  alloys  of  the  present  invention  may  be 

produced  in  conventional  apparatus  by  charging  the  following  i n g r e d i e n t s  

into  a  su i t ab le   vessel  where  the  ingredients   were  heated  to  1350°C 

while  held  under  argon  gas  pressure  of  5273  g/cm3  guage  (75  p . s . i . g . )  

for  three  minutes ,   Thereupon,  the  melt  was  r a p i d l y   s o l i d i f i e d  

by  pouring  into  a  c y l i n d r i c a l   g r a p h i t e   c h i l l   mold  dish  8  i n c h e s  
in  d i a m e t e r .  

The  alloy  ingot  was  produced  in  the  chil l   mold  with  the  fo l lowing 

composi t ion:  



The  alloy  exhibited  an  excep t iona l ly   high  recovery  of  magnesium 

in  the  charge.  In  alloy  2314-76,  the  magnesium  recovery  was  79% 

by  weight,   67%  by  weight  of  magnesium  was  recovered  in  alloy  2314-57 

and  60%  by  weight  of  the  magnesium  charge  was  recovered  in  a l l o y  

2314-54.  

As  a  r e su l t   of  rapid  s o l i d i f i c a t i o n ,   the  magnesium  in  the  a l l o y  

of  the  p resen t  inven t ion   i s  r e t a i n e d   as  a  fine  dispersion  or  s e p a r a t e  

phase  within  the  i r o n - c a r b o n - s i l i c o n   matrix.  Since  the  magnesium 

exis t s   as  a  fine  dispersion  in  the  alloy,  the  i n t e r a c t i o n   between 

the  magnesium  and  the  molten  cast  iron  being  t reated  in  the  foundry 

takes  place  at  a  multitude  of  loca t ions .   The  advantage  of  such 

d i s s o l u t i o n   of  magnesium  in  the  foundry  melt  is  that  a  higher  recovery  

of  magnesium  in  the  t reated  cast  iron  is  achieved  as  compared  to  

conventional  magnesium  f e r r o s i l i c o n   a l l o y s .  

Additional  examples  of  predominately  iron  alloys  of  the  p r e s e n t  

invention  using  the  above-described  procedure  and  a  charge  con t a in ing  

appropr ia te   amounts  of  raw  mater ia ls   to  yield  alloys  having  t h e  

following  chemical  analysis  of  elements  in  percent  by  weight  a r e  

given  in  Table  III  which  f o l l ows :  



Any  desired  procedure  may  be  used  in  t r ea t ing   molten  cast  i ron  

with  the  alloy  of  the  present   invention  to  produce  duct i le   or  compacted 

graphite  cast  irons  such  as  the known sandwich  method,  pour -over  

technique,   pos i t ion ing   the  alloy  within  a  react ion  chamber  i n s i d e  

a  mold,  adding  the  alloy  to  a  stream  of  molten  cast  iron  or  to  a 

bath  of  molten  cast  iron  in  a  furnace  or  foundry  ladle .   The  a l l o y  

may  be  introduced  into  the  molten  cast  iron  to  be  t rea ted   in  molten 

form  under  pressure  or  in  solid  p a r t i c u l a t e   form  or  as  bars  or  ingots  

and  the  like  depending  on  the  foundry  process  at  hand.  The  amount 

of  alloy  added  to  the  cast  iron  to  be  t reated  may  be  varied  in 

known  manner  depending  on  the  selected  composition  for  the  f i n a l  



product .   In  genera l   the  amount  of  a l loy  added  to  molten  cast  i r o n  

is  s u f f i c i e n t   to  r e t a i n   from  about  0.015  to  0.035%  magnesium  by 

weight  of  the  t r e a t e d   iron  to  produce  compacted  g r a p h i t e   c a s t  

irons  and  from  about  0.02%  to  about  0.08%  by  weight  for  d u c t i l e  

iron  with  nodular   carbon.  The  exact  level  of  magnesium  in  t h e  

t r e a t e d   molten  iron  may  be  determined  by  c o n v e n t i o n a l   foundry  

a n a l y s i s .   Because  of  the  high  magnesium  recovery   obta ined  by 

the  a l loy  of  the  p r e s e n t   i nven t ion   in  the  t r e a t e d   metal ,   a  s m a l l e r  

amount  of  the  magnesium  may  be  added  to  achieve  the  s e l e c t e d  

composi t ion   for  the  f i na l   product  as  compared  to  the  cus tomary  

a l loys   c o n v e n t i o n a l l y   used.  As  is  conven t iona l   in  the  a r t ,  

the  t r e a t ed   molten  cast   iron  may  be  i nocu la t ed   with  a  f e r r o -  

s i l i c o n   ccmposi t ion   to  reduce  the  format ion  of  iron  c a r b i d e s  

(U .S .Pa ten t   4 , 2 2 4 , 0 6 4 ) . .  

For  example,  about  1452  kg  ±91  kg  (3200  pounds±  200  pounds)  

of  t yp ica l   foundry  molten  cast  iron  (3.81%  carbon,  2.24%  s i l i c o n  

and  0.03%  su lphur)   was  t r e a t e d   with  about  81  kg±  0.45kg  (178 

pounds  ±1.0  pound)  of  the  a l loy  of  the  p resen t   i n v e n t i o n   which 

conta ined   1.35%  magnesium,  0.13% cerium,  0.52%  n i c k e l ,   4.57% 

s i l i c o n   and  3.26%  carbon  by  the  conven t iona l   sandwich  t e c h n i q u e .  

The  a l loy  was  placed  in  the  bottom  of  a  foundry  ladle   and 

covered  with  about  30kg  (67  pounds)  of  s t ee l   and  7kg  (15  pounds)  

of  cast  iron  bo r ings .   The  molten  cast  iron  at  a  t e m p e r a t u r e  
of  about  1510  (2750°F)  was  poured  into  the  l ad le   in  about  26 

s e c o n d s .  

A  sample  of  the  t r e a t e d   molten  cast  iron  was  taken  from  t h e  

melt  one  minute  a f t e r   the  pour  was  complete.   The  sample  was 

analyzed  and  con ta ined   0.035%  magnesium,  3.77%  carbon,  2.27% 

s i l i c o n   and  0.024%  su lphur .   The  recovery  of  magnesium  in  t h e  

t r e a t e d   cast  iron  was  about  51%.  Another  sample  taken  abou t  

eleven  minutes  a f t e r   the  pour  was  completed  con ta ined   0.052% 

magnesium,  3.77%  carbon  and  2.63%  s i l i c o n .  



Under  quan t i t i ve   metal lographic   ana lys i s ,   there  were  162  carbon 

nodules  per  mm2  and  90%  of  the  carbon  was  nodulized  in  a  speciman 

cas t ing .   This  example  demonstrates  that  the  alloy  is  an  e f f e c t i v e  

nodul izer .   In  the  s p e c i f i c a t i o n   and  claims  all  percentages  are  

by  weight  unless  indicated  to  the  c o n t r a r y .  

Molten  cast  iron  was  t rea ted   with  alloys  of  the  present  i nven t ion  

having  the  following  compos i t ions :  

In  these  examples,  the  molten  iron  to  be  t reated  con ta ined  

3.7%  carbon,  1.70%  s i l i c o n ,   0.014% sulphur- and 0.72%  manganese  wi th  

the  balance  being  iron  and  the  usual  trace  elements.  The  preweighed 

nodulizing  alloy  ca lcu la ted   to  provide  a  0.06%  magnesium  a d d i t i o n  

to  seven  kilograms  of  the  base  iron  was  placed  on  the  bottom  of  a 

preheated  (1100 C)  c l ay-graph i t e   crucible .   Seven  kilograms  of  t he  

base  iron  at  15250C  was  rapidly  poured  over  the  alloy  from  a  t r a n s f e r  

ladle .   When  the  temperature  of  the  t reated  molten  iron  dropped  to  

13500C,  it  was  post  inoculated  by  addit ion  of  0.5%  s i l icon  as  con ta ined  

in  foundry  grade  75%  FeSi  mechanically  s t i r r e d   into  the  bath.  A f t e r  

complete  d i s so lu t ion   of  the  post  inoculant  samples  were  taken  and 

analyzed  as  f o l l o w s :  



At  a  temperature  of  13250C  the  bath  of  t reated  molten  i ron 

was  slagged  and  specimen  cast ings  with  fins  having  0.6  cm  and 

1.0  cm  thickness  were  poured  for  each  run.  The  fins  were  cut  from 

the  specimens,  polished  and  subjected  to  a  quan t i t ive   meta l lographic  

ana lys i s   for  carbon  nodular i ty   percent  and  nodule  count  per  u n i t  

of  a r e a .  

As  shown  in  the  examples,  the  alloys  of  the  present  invent ion  

provide  a  high  recovery  of  magnesium  in  the  t rea ted   molten  cast  i ron  

with  nodular i ty   within  the  range  of  from  about  75  to  about  90%  which 

demonstrates  their   e f f e c t i v e n e s s  a s   a  nodulizing  reagent.   The  low 

amount  of  s i l icon  added  by  the  alloy  is  of  advantage  for  t r e a t i n g  

molten  cast  iron  since  i t   provides  f l e x i b i l i t y   and  procedures  not  

he re to fo re   used  in  the  foundry  with  conventional  a l l o y s .  

Any  s u i t a b l e   foundry  apparatus  may  be  used  in  carrying  out  

the  processes  of  the  present  invent ion.   Some  prefer red   types  o f  

processes  and  apparatus  for  carrying  out  the  processes  are  i l l u s t r a t e d  

in  the  drawings  in  which: 

Fig.  1  i l l u s t r a t e s   a  foundry  ladle  in  section  equipped  with 

and  e l e c t r i c   induction  s t i r r i n g   coil  which  may  be  used  as  a  holding 

v e s s e l ;  

Fig.  2  i l l u s t r a t e s   another  form  of  foundry  ladle  in  sec t ion  

which  may  be  used  as  a  holding  vessel  in  a  batch  or  continuous  ope ra t i on ;  



Fig.  3  i l l u s t r a t e s   the  ladle  of  Fig.  2  equipped  with  an  e l e c t r i c  

induction  s t i r r i n g   c o i l ;  

Fig.  4  i l l u s t r a t e s   a  foundry  ladle  equipped  with  a  cover  

m o d i f i c a t i o n ;  

Fig.  5  i l l u s t r a t e s   a  holding  vessel  with  a  modified  form  o f  

c o v e r ;  

Fig.  6  i l l u s t r a t e s   one  form  of  an  automated  pouring  appara tus  

for  mold  c a s t i n g ;  

Fig.  7  i l l u s t r a t e s   one  form  of  apparatus  for  introducing  the  

alloy  of  the  present  invention  into  a  flowing  stream  of  molten  c a s t  

iron  in  a  continuous  or  batch  o p e r a t i o n .  

Turning  now  to  Fig.  1,  the  foundry  ladle  10  is  c o n v e n t i o n a l l y  

lined  with  a  sui table   r e f r ac to ry   12  which  may  be  an  alumina,  s i l i c a ,  

graphi te   or  magnesia  type  r e f r a c t o r y   with  or  without  an  e x t e r i o r  

metal  casing.  The  ex te r io r   of  the  ladle  is  provided  with  a  convent ional  

e l e c t r i c   induction  s t i r r i n g   coil  16,  preferably  operated  in  known 

manner  to  cause  the  molten  cast  iron  therein  to  c i rcu la te   and  flow 

from  opposite  sides  of  the  bath  so  that  the  molten  iron  flows  downwardly 

in  the  middle  of  the  bath  as  i l l u s t r a t e d   by  the  arrows  18.  Pieces  

20  of  alloy  of  the  present  invention  of  the  composition  s p e c i f i e d  

hereinabove  are  slowly  added  manually  or  by  means  of  a  mechanical 

feeder  (not  shown).  Ci rcula t ion   of  the  molten  cast  iron  will  pu l l  

the  al loy  underneath  the  surface  of  the  bath  for  t rea t ing   the  molten 

iron  to  produce  ducti le   or  compacted  graphite  cast  iron  depending 

on  the  composition  of  the  molten  iron  and  input  of  magnesium  from 

the  magnesium-nickel-iron  and  opt ional ly   cerium  and/or  other  r a r e  

earth  elements  alloy.  Depending  on  the  pa r t i cu la r   foundry  o p e r a t i o n ,  

the  t rea ted   cast  iron  may  be  held  in  the  ladle  over  an  extended 



period  of  time  and  the  desired  chemical  composition  of  the  molten 

cast  iron  may  be  es tab l i shed   and  maintained  by  pe r iod ica l ly   adding 

addi t ional   alloy  as  deemed  necessary.  A  portion  of  the  t r e a t e d  

iron  may  be  poured  off  and  cast  and  fresh  molten  base  iron  may  be 

added  from  the  furnace  to  replenish  the  supply  accompanied  or  fol lowed 

by  the  addi t ion  of  more  alloy  for  the  desired  treatment.   Ladle  10 

may  be  gimbaled  in  known  manner  (not  shown)  and  t i l t e d   for  pouring 

by  known  foundry  mechanical  dev ices .  

If  des i red ,   the  ladle  10  may  be  equipped  with  conventional  h e a t i n g  

elements  (not  shown)  to  maintain  the  se lec ted   temperature  for  t r e a t m e n t  

and  in  place  of  the  induction  coil  16,  the  ladle  may  be  provided 

with  a  conventional  mechanical  or  pneumatic  s t i r r e r   (not  shown)  f o r  

gentle  a g i t a t i o n .   Operation  of  the  induction  coil  16  may  be  changed 

in  known  manner  to  cause  the  metal  in  the  bath  to  flow  in  oppos i t e  

d i r ec t ions   to  arrows  18  and  move  upwardly  in  the  middle  of  the  ba th  

and  downwardly  on  opposite  sides.  In  such  case  the  pieces  of  a l l o y  

20  are  added  at  opposite  sides  of  the  ladle  instead  of  in  the  middle 

as  shown  in  the  drawing. 

Desulphur iza t ion   of  the  molten  cast  iron  may  also  be  c a r r i e d  

out  in  the  holding  ladle  before  and  during  treatment  to  produce 

duct i le   or  compacted  graphite  cast  irons.  For  example,  if  the  molten 

cast  iron  c o n t a i n s s u l p h u r o n   the  order  of  0.1%  by  weight  this  may 

be  reduced  in  the  holding  ladle  down  to  about  .01%  by  weight  or  l e s s  

by  addi t ion  of  alloy  during  the  holding  period  of  t ime.  

The  molten  bath  of  cast  iron  in  a  furnace  vessel  (not  shown) 

in  which  it  is  produced  may  also  be  used  as  a  holding  vessel  and 

the  alloy  of  the  present  invention  may  be  added  to  the  furnace  bath  

to  t r e a t   the  molten  cast  iron  as  described  above  for  ladle  10. 



Holding  ladle  10  may  be  provided  with  a  cover  (not  shown)  and 

the  molten  cast  iron  and  alloy  may  be  fed  into  the  ladle  through 

the  cover.  If  desired  for  reduction  of  ox ida t ion ,   a  par t ia l   o r  

complete  atmosphere  of  an  iner t   gas  such  as  argon  may  be  e s t a b l i s h e d  

in  known  manner  in  the  space  between  the  cover  and  surface  of  the 

bath.  The  ladle   may  be  equipped  with  a  bottom  tap  hole  (not  shown) 

for  withdrawal  of  t reated  molten  metal.  The  bottom  tap  hole  may 

be  opened  and  closed  by  a  plug  (not  shown)  operated  in  known  manner 

by  mechanical  means. 

While  des i rab le   resul ts   are  achieved  by  using  pieces  of  alloy  from  2 .5  

tc  5  cm  (1  to  2 inchespn  g rea tes t   dimension,  the  alloy  may  be  more 

f ine ly   divided  even  down to  a  rough  powder  or  the  alloy  may  be  melted 

and  fed  into  the  holding  vessel  in  molten  form  with  the  bath  under 

pressure  of-an  iner t   gas  to  t r ea t   the  molten  cast  iron.  Rods,  bars  

or  ingots  of  the  alloy  may  be  used  for  t r ea t ing   the  molten  cast  i r o n .  

The  modified  forms  of  ladle  10  shown  in  Figs.  2  and  3  inc lude  

a  ladle   22  of  usual  re f rac tory   24  l ining  with  a  tea-pot   outlet   spout  

26  for  pouring.  In  this  case,  a  stream  of  molten  cast  iron  from 

a  melting  source  such  as  a  cupola  (not  shown)  is  fed  to  the  l a d l e  

at  28.  The  al loy  of  the  present  invention  is  supplied  into  the 

stream  of  molten  cast  iron  at  30.  The  flow  of  the  metal  stream  i s  

used  to  carry  the  alloy  beneath  the  surface  of  the  bath  where  t h e  

alloy  reacts  with  the molten  cast  iron  and  dissolves .   Fig.  3  i l l u s -  

t r a tes   the  ladle  of  Fig.  2  provided  with  an  e l e c t r i c   induction  s t i r r i n g  

coil  32  which  may  be  used  to  a s s i s t   in  mixing  the  alloy  and  molten 

cast  iron  as  previously  described  for  the  induction  coil  of  Fig.  1. 



The  induction  coil  may  also  be  used  to  provide  heat  to  the  bath  as 

desired  for  foundry  o p e r a t i o n .  

The  ladle  34  of  Fig.  4  has  the  usual  r e f rac to ry   36  l ining  and 

is  provided  with  a  cover  38  having  a  reservoir   40  and  in l e t   p o r t  

42  for  supplying  molten  cast   iron  into  the  ladle.   The  alloy  44  o f  

the  present  invention  is  manually  or  mechanically  fed  into  the  l a d l e  

through  a  separate  i n l e t   feed  port  46.  In  this  case  the  molten 

cast  iron  is  fed  at  a  con t ro l l ed   rate  and  the  alloy  is  supplied  a t  

a  cont ro l led   rate  separated  from  the  iron  s t ream.  

Ladle  48  of  Fig.  5  has  the  customary  r e f r ac to ry   50  l i n i n g .  

An  in le t   port  52  for  molten  cast  iron  is  posit ioned  at  one  s i d e  

of  the  bottom  of the mixing  chamber  54.  The  in le t   por t  52  is  in  open 

communication  with  an  enclosed  channel  56  that  extends  up  to  the  

top  at  one  side  of  chamber  54.  An  e lec t r i c   induction  coil  58  i s  

pos i t ioned  in  the  common  wall  60 .between  channel  56  and  chamber  54. 

The  remainder  of  the  coil  is  wrapped  around  the  e x t e r i o r   of  the  

wall  of  chamber  54.  Mixing  chamber  54  has  a  cover  62  with  an  i n l e t  

port  64  which  is  f i t t e d   with  a  hopper  66  having  a  p l u r a l i t y   o f  

staggered  flop  gate  baf f les   68  therein.   The  bottom  of  chamber  54 

has  a  tea-pot   pouring  spout  70.  A  baffle  72  in  the  middle  of  the  

bottom  of  chamber  54  extends  up  above  the  top  of  i n l e t   port  52  and 

above  the  top  of  exit   to  spout  70. 

Molten  cast  iron  is  fed  to  mixing  chamber  54  through  channel 

56  and  the  alloy  of  the  present   invention  is  supplied  to  the  mixing 

chamber  through  the  s taggered  flop  gate  baffles  of  hopper  66.  Induction 

coil  58  mixes  the  molten  metal  and  alloy  as  described  in  connect ion 

with  Fig.  1.  Pe r iod i ca l l y   the  t reated  metal  is  poured  into  c a s t i n g  

molds  as  by  t i l t i n g   the  unit   in  known  manner.  The  baff le   72  prevents  

d i r ec t   communication  of  molten  cast  iron  between  i n l e t   port  52  and 



the  exit   of  the  tea-pot   pouring  spout  70.  Make  up  molten  cast  i r o n  

may  be  added  a f t e r   each  incremental  pouring  of  treated  iron  and  a l l o y  

is  also  added  to  maintain  the  se lected  chemical  composition  f o r  

t reated  iron.  If  des i red,   the  top  of  spout  70  may  be  p o s i t i o n e d  

fur ther   down  below  the  top  of  chamber  54  and  below  the  top  of  channel 

56.  In  such  case,  molten  metal  will  au tomat ica l ly   pour  out  of  t h e  

spout  whenever  the l:evel  of  molten  iron  in  chamber  54  and  channel  56 

is  above  the  top  of  the  spout .  

Fig.  6  i l l u s t r a t e s   another  method  for  the  casting  of  t r e a t e d  

molten  cast  iron.  In  this  case  a  p l u r a l i t y   of  conventional  foundry 

holding  vessels   74  are  carried  in  a  ro ta t ing   support  76  which  i s  

posi t ioned  above  a  second  rota t ing  support  78  that  carries  a  p l u r a l i t y  

of  casting  molds  80.  Suitable  drive  means  (not  shown)  rotate  the  

supports  in  separate   c i r cu l a r   paths  in  sequence  to  bring  the  c a s t i n g  

molds  into  pos i t ion  below  the  holding  vessels  74.  The  holding  v e s s e l s  

have  a  tap  hole  in  the  bottom  opened  and  closed  by  a  plug  a c t u a t e d  

by  mechanical  means  to  pour  molten  t rea ted   iron  into  molds  80.  I f  

desired,   the  ladles   may  be  gimbaled  and  t i l t e d   in  known  manner  to  

pour  the  molten  t rea ted   iron  into  the  molds. 

A  furnace  vessel  (not  shown)  such  as  a  cupola  or  a  holding 

ladle  containing  a  supply  of  molten  iron  containing  carbon  ( o r d i n a r y  

cast  iron)  is  posi t ioned  to  pour  the  molten  iron  into  the  holding 

vessels  74.  The  alloy  of  the  present   invention  which  is  p redominate ly  

iron  containing  as  essent ia l   ingredients   a  low  s i l i con ,   low  magnesium, 

low  nickel  and  opt ional ly   cerium  and/or  other  rare  earth  elements 

content  as  spec i f ied   hereinabove  is  used  to  t r ea t   the  molten  i ron  

in  the  holding  vessels  74  and  t reatment  of  the  iron  with  alloy  i s  

carr ied  out  as  the  holding  vessels  move  toward  their   position  to  pour 

alloy  t rea ted  mol ten   iron  into  the  casting  molds. 



Best  r esu l t s   are  achieved  in  this  process  by  using  the  i ron 

alloy  of  the  present   invention  which  has  a  density  equal  to  and 

preferab ly   greater   than  the  density  of  the  molten  iron  to  be  t r e a t e d  

and  which  alloy  contains  from  about  0.9  to  2.0%  magnesium,  3.0  to 

6.0%  carbon,  3.0  to  6.0%  s i l i con ,   0.1  to  2.0%  cerium  and/or  o the r  

rare  earth  elements  and  up  to  0.6%  nickel  and  balance  i r o n .  

In  the  p re fe r red   opera t ion ,   the  holding  vessels  74  have  a  supply 

of  t rea ted   molten  iron  adequate  to  f i l l   a  p l u r a l i t y   of  molds  80. 

In  such  case  the  pouring  vessels  are  held  s t a t i ona ry   while  a  p l u r a l i t y  

of  molds  are  moved  one  at  a  time  into  s t a t iona ry   posi t ion  below  a 

f i r s t   one  of the  holding  vessels .   When  the  supply  of  t reated  molten 

iron  in  the  f i r s t   one  of  the  holding  vessels  is  low,  the  next  holding 

vessel  in  line  is  moved  into  the  s t a t ionary   posi t ion  to  pour  t r e a t e d  

molten  iron  into  the  next  p l u r a l i t y   of  molds.  Meanwhile,  the  f i r s t  

one  of  the  holding  vessels  receives  a  new  supply  of  molten  iron  and 

a l l o y .  

If  desired,   the  supply  of  t reated  molten  iron  in  each  holding 

vessel  may  be  l imited  to  that  required  to  f i l l   a  s ingle  c a s t i n g  

mold.  While  the  drawing  i l l u s t r a t e s   moving  the  pouring  vessels  74 

and  molds  80  in  c i r c u l a r   paths,  the  vessels  and  molds  may  move  along 

any  se lected  path  other  than  c i r cu l a r   with  the  se lec ted   paths  ar ranged 

to  i n t e r s e c t   for  t r a n s f e r   of  t reated  molten  iron  from  the  vesse l s  

to  the  molds.  In  one  example,  the  paths  are  oblong  and  t r e a t e d  

molten  metal  is  t r an s f e r r ed   into  the  molds  while  the  pouring  vessel  

and  molds  continue  to  move  along  a  f i r s t   s t r a i g h t   i n t e r s e c t i n g  

portion  of  the  oblong  paths.  In  such  case  there  is  no  need  to  hold 

the  vessels  and  molds  in  s t a t ionary   posi t ion  for  f i l l i n g   the  mold. 

A  resupply  of  metal  to  the  holding  vessels  is  obtained  in  s i m i l a r  



manner  while  the  vessels  move  along  the  second  s t r a igh t   p o r t i o n  

of  the i r   oblong  path  and  a  separate   supply  container  moves  a long 

the  same  path  above  the  v e s s e l s .  

In  the  p refer red   operat ion  untreated  molten  iron  and  a l l o y  

are  supplied  to  the  holding  vessels  in  any  desired  sequence  from 

selec ted   sources  of  supply  and  reaction  between  the  alloy  and  molten 

iron  takes  place  before  the  vessel  reaches  its  pouring  posi t ion  above 

the  mold.  If  des i red ,   alloy  may  be  added  to  untreated  molten  i ron  

in  a  furnace  vessel  or  holding  ladle  to  carry  out  the  t r e a t m e n t  

react ion  between  the  alloy  and  molten  iron  at  the  source  of  supply  

in  the  furnace  vessel  or  holding  ladle .   The  magnesium,  n i c k e l ,  

op t iona l ly   cerium  t rea ted   molten  iron  is  supplied  to  the  ho ld ing  

vessels  74.  Alloy  can  also  be  added  to  the  t reated  iron  in  t h e  

holding  vessel  for  final  adjustment  to  obtain  a  selected  chemical 

composition  or  the  untreated  molten  iron  may  be  p a r t i a l l y   t r e a t e d  

at  the  source  of  supply  in  the  furnace  or  holding  ladle  and  t r e a t m e n t  

with  alloy  completed  in  the  holding  vessels  74. 

In  a  modified  process,   ro ta t ing   support  76  and  holding  v e s s e l s  

74  are  e l iminated  and  the  cast ing  molds  80  are  moved  into  s t a t i o n a r y  

posi t ion  below  a  furnace  vessel  or  a  holding  ladle  such  as  one  o f  

those  i l l u s t r a t e d   in  Figs.  1  through  5.  The  molds  are  f i l l e d   in 

sequence  d i r ec t l y   from  the  supply  of  t reated  metal  in  the  fu rnace  

or  holding  l a d l e .  

In  Fig.  7  a  conventional  re f rac tory   holding  ladle  82  is  employed 

for  pouring  molten  iron  into  the  cavity  84  of  a  casting  mold  86. 

The  p o u r   of  the  mold  has  a  small  reservoir   portion  88  which  a s s i s t s  

in  receiving  the  molten  cast  iron.  In  this  case,  pieces  of  alloy  90 

of  the  present  invention  are  fed  into  the  flowing  stream  of  metal 



as  it  en te r s   the  r e s e r v o i r   88  and  the  flow  the  s tream  c a r r i e s  

the  a l l oy   down  into  the  mold  for  t r e a t i n g   the  molten  iron  t o  

produce  d u c t i l e   or  compacted  g r a p h i t e   cast  iron  depending  on 

the  input  of  magnesium  into  the  molten  cast  i r o n .  

It  wil l   now  be  unders tood   that   these  p roce s se s   are  made 

p o s s i b l e   by  the  e s s e n t i a l   c h a r a c t e r i s t i c s   of  the  a l l oy   of  t h e  

p r e s e n t   i nven t ion   compr is ing   a  p redominant ly   iron  a l loy  with  low 

s i l i c o n ,   low  magnesium,  low  n i cke l   and  o p t i o n a l l y   cerium  a n d / o r  

o ther   rare   ear th  conten t   and  dens i ty   which  approaches   the  d e n s i t y  

and  for  best  r e s u l t s   is  equal  to  or  g r ea t e r   than  the  dens i ty   o f  

the  molten  cast  iron  to  be  t r e a t e d .   Co-pending  a p p l i c a t i o n s  

pub l i shed   under  nos:90653  and  90654  are  d i r e c t e d   to  using  a l l o y s  

which  do  not  include  n icke l   for  t r e a t i n g   molten  cas t   iron  t o  

-produce  d u c t i l e   and  compacted  g r aph i t e   i r o n s .  



1.  An  iron  a l loy   compr i s ing ,   by  weight ,   from  0.1  to  10.0% 

s i l i c o n ,   from  0.5  to  4.0%  magnesium,  and  up  to  10%  n i c k e l .  

2.  An  a l loy   as  claimed  in  Claim  1  compris ing  0.1  to  10%  n i c k e l  

and  up  to  2%  of  one  or  more  rare  earth  e l e m e n t s .  

3.  A  method  of  making  an  a l loy   as  claimed  in  Claim  1  or  Claim 

2  compris ing   the  s teps  of  forming  a  molten  bath  of  the  c o n s t i t u e n t s ,  

m a i n t a i n i n g   the  bath  under  supe ra tmosphe r i c   p r e s s u r e   of  an  i n e r t  

gas  while  r e a c t i o n   takes  place  and  then  r a p i d l y   s o l i d i f y i n g   t h e  

melt  to  form  the  iron  a l l o y .  

4.  A  method  of  producing  d u c t i l e   or  compacted  cast   i r o n s  

compr is ing   the  s teps   of  ho ld ing   carbon  c o n t a i n i n g   molten  i r o n ,  

adding  to  the  molten  iron  an  a l loy   as  claimed  in  Claim  1  o r  

Claim  2,  c o n t i n u i n g   to  hold  the  molten  iron  and  a l loy   t o g e t h e r  

and  t h e r e a f t e r   adding  more  of  the  said  a l loy   to  e s t a b l i s h   t h e  

des i r ed   chemical  compos i t ion   of  the  i r o n .  

5.  A  d u c t i l e   or  compacted  cast  iron,  or  c a s t i n g   t h e r e o f ,  

produced  by  the  method  of  Claim  4.  
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