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Mr. Norwood B. M e l c h e r ,  Chief,  Div i s ion  of M i n e r a l s  I n d u s t r i e s ,  
R e g i o n  V, Bureau  o~ Mine-s, D e p a r t m e n t  of the I n t e r i o r ,  P i t t sbu rgh ,  
P e n n s y l v a n i a ,  was bo rn  in Delavan,  Wiscons in  on 10 October  1915. 
He a t tended the U n i v e r s i t y  of Wiscons in  where  he r e c e i v e d  h is  bache -  
l o r ' s  degree  in 1937 and h is  m a s t e r t s  degree  in m e t a l l u r g i c a l  e n g i n e e r -  
ing  in  1940. Mr.  Me lche r  was employed  as  b l a s t  fu rnace  eng inee r  at  
Co lumbia  Steel  Company,  P rovo ,  Utah, f r o m  1937 to 1941. He jo ined  
the Bureau  of Mines ,  Washington,  D, C . ,  as F e r r o u s  Commodi ty  
Spec ia l i s t  in  1941, and was appointed Chief  of the B r a n c h  of F e r r o u s  
Meta ls  and F e r r o a l l o y s  in  1952. In Sep tember  of th is  y e a r  he was  t r a n s -  
f e r r e d  to h i s  p r e s e n t  pos i t ion  in P i t t sbu rgh ,  Pennsy lvan i a .  This  is  h is  
f i r s t  l e c tu r e  at  the I n d u s t r i a l  Col lege .  
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C O L O N E L  NYQUIST: As you a r e  a w a r e ,  th i s  is  our  f i r s t  
l e c t u r e  on the N a t u r a l  R e s o u r c e s  Uni t .  B e c a u s e  of i t s  i m p o r t a n c e  
to bo th  a p e a c e t i m e  and a w a r t i m e  e c o n o m y ,  we have  s e l e c t e d  s t e e l  as  
ou r  s u b j e c t  t h i s  m o r n i n g .  Now s i n c e  s t e e l  c o m e s  u n d e r  the  c a t e g o r y  
of a m a n u f a c t u r e d  p r o d u c t ,  the i n d u s t r y  is  a l m o s t  to ta l ly  d e p e n d e n t  
upon  a c o n t i n u o u s  f low of such  n a t u r a l  r e s o u r c e s  as i r o n  o r e ,  coa l ,  
l i m e s t o n e ,  m a n g a n e s e ,  and m a n y  o t h e r  a l l o y i n g  e l e m e n t s .  %~nerefore, 
we f e e l  i t  qu i te  a p p r o p r i a t e  that  the  s u b j e c t  for  ou r  l e c t u r e  th i s  m o r n -  
ing  be " M a t e r i a l s  f o r  the P r o d u c t i o n  of Steel .  " 

To b r i n g  us  the  s t o r y ,  we a r e  v e r y  f o r t u n a t e  in h a v i n g  Mr .  N o r w o o d  
M e l c h e r ,  Ch ie f ,  D i v i s i o n  of M i n e r a l  I n d u s t r i e s ,  Reg ion  V, B u r e a u  of 
Mines .  Mr .  M e l c h e r .  

MR. M E L C H E R :  Thank y o u ,  Co lone l .  Good m o r n i n g ,  g e n t l e m e n .  
C o l o n e l  N y q u i s t  po in t ed  out, and you  have  no doubt  h e a r d  on n u m e r o u s  
o c c a s i o n s ,  tha t  the  b a s i c  r aw  m a t e r i a l s  f o r  s t e e l m a k i n g  a r e  coa l ,  i r o n  
o r e ,  and l i m e s t o n e .  Whi le  th is  s t a t e m e n t  is  t rue  in  the s e n s e  tha t  
s t e e l  can  be m a d e  wi th  t h e s e  i n g r e d i e n t s - - p l u s  the u se  of oxygen  in  a i r - -  
i t  i s  a t r e m e n d o u s  o v e r s i m p l i f i c a t i o n .  M o d e r n  s t e e l m a k i n g  p r a c t i c e  is  
not  on ly  b a s e d  on a w ide  v a r i e t y  of t h e s e  m i n e r a l  r aw  m a t e r i a l s  but  r e -  
q u i r e s  the  u s e  of m a n y  add i t i ve  e l e m e n t s  to pur i fy  the m e t a l  and to i m -  
p a r t  e s s e n t i a l  p r o p e r t i e s  to s t e e l  f o r  m a n y  a p p l i c a t i o n s ,  the  n u m b e r  of 
w h i c h  i s  i n c r e a s i n g  a l m o s t  da i ly .  M o r e o v e r ,  the  qua l i ty  of the  b a s i c  
i r o n  o r e  and  c o a l  as  m i n e r a l  is  d e t e r i o r a t i n g ,  wh i l e  the  r e q u i r e m e n t s  
f o r  s t e e l  con t inue  to i n c r e a s e  at  a v e r y  r a p i d  r a t e .  Thus ,  the  m i n i n g  
e n g i n e e r  and  m e t a l l u r g i s t  a r e  h a r d - p l - e s s e d  to p r o v i d e  r aw  m a t e r i a l s  of 
s a t i s f a c t o r Y  g r a d e  and in  su f f i c i en t  t o n n a g e s  t o  m e e t  t h e s e  g r o w i n g  d e -  
m a n d s .  

P r o b a b l y  the  m o s t  i m p o r t a n t  and of ten  the m o s t  c r i t i c a l  r a w  m a t e -  
r i a l  a m o n g  the  g r e a t  s t e e l  p r o d u c i n g  n a t i o n s  i s  cok ing  coal .  In  fac t ,  
s e v e r a l  p o t e n t i a l l y  l a r g e  s t e e l  p r o d u c e r s ,  no t ab ly  s o m e  South A m e r i c a n  
and A f r i c a n  c o u n t r i e s ,  f r o m  a s t a n d p o i n t  of m e t a l l i c  r e s o u r c e s  a r e  
a l m o s t  c o m p l e t e l y  s t y m i e d b e c a u s e  of l ack  of a v a i l a b l e  coal .  

The U n i t e d  S t a t e s  i s  b l e s s e d  wi th  l a r g e  r e s o u r c e s  of c o a l ,  but  
in  the m a t t e r  of g r a d e s  fo r  p r o d u c i n g  h i g h - q u a l i t y  coke ,  m a n y  p r o b l e m s  
ex i s t .  
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Coke is  a m a n u f a c t u r e d  p r o d u c t ,  and in  sp i t e  of the  f r e q u e n t  u s e  
of the t e r m  " c o k l n g  c o a l , "  t h e r e  i s  r e l a t i v e l y  l i t t l e  coa l  tha t  is  u s e d  as  
m i n e d  to p r o d u c e  h i g h - q u a l i t y  m e t a l l u r g i c a l  coke .  Mos t  coa l  i s  s u b -  
j e c t e d  to w a s h i n g  o r  b l e n d i n g  or  bo th  p r e p a r a t o r y  to coking .  G e n e r a l l y  
15 to 30 p e r c e n t  l o w - v o l a t i l e  b i t u m i n o u s  c o a l  i s  u s e d  wi th  h i g h - v o l a t i l e  
tha t  a lone  would  p r o d u c e  only  an i n f e r i o r  coke .  The e x p a n s i o n  of the  low-  
v o l a t i l e  coa l  and  the  c o n t r a c t i o n  of the  h i g h - v o l a t i l e  c o a l  a r e  o f f se t  by 
th i s  b l end ing .  L o w - v o l a t i l e  coa l ,  a lone ,  would  r u i n  the w a l l s  of a s l o t -  
type  coke  oven.  

Of t h e  83 m i l l i o n  ne t  tons  of cok ing  coa l  d e l i v e r e d  to o v e n - c o k e  
p l a n t s  in  1954, 66 p e r c e n t  was  h igh  v o l a t i l e ,  i i  p e r c e n t  was  m e d i u m ,  
and  23 p e r c e n t  w a s  low vo l a t i l e .  

The s t r e n g t h  of a w e a k  cok ing  coa l  i s  s o m e t i m e s  i m p r o v e d  by add -  
ing  a s m a l l  a m o u n t  of s u c h  n o n c o k i n g  i n g r e d i e n t s  as a n t h r a c i t e  f i n e s ,  
p e t r o l e u m  coke ,  o r  l o w - t e m p e r a t u r e  c h a r .  In a d d i t i o n  t o t h e  above ,  the  
a s h  and su l fu r  con t en t  m u s t  be c o n s i d e r e d ,  as coke  is  the  m a i n  s o u r c e  
of su l fu r  in  pig i r on .  

Mos t  of the r e s e r v e s  of h i g h - r a n k  and  h i g h - q u a l i t y  coa l  b e s t  s u i t e d  
f o r  the  p r o d u c t i o n  of coke  and coa l  c h e m i c a l s  a r e  found in  the A p p a l a c h -  
i a n  Reg ion ,  p r i n c i p a l l y  in  W e s t  V i r g i n i a ,  P e n n s y l v a n i a ,  K e n t u c k y ,  
A l a b a m a ,  and V i r g i n i a .  In  a few a r e a s  in  the Wes t ,  p r i n c i p a l l y  in  
C o l o r a d o ,  Utah ,  O k l a h o m a ,  and A r k a n s a s ,  coa l  i s  p r o d u c e d  tha t  i s  s a t -  
i s f a c t o r y  f o r  t h e m a n u f a c t u r e  of coke  w h e n  u s e d  in  b l ends .  The m o s t  
i m p o r t a n t  a r e a s  in  the W e s t  a r e  the Raton  M e s a  r e g i o n ,  C o l o r a d o - N e w  
Mexico ;  the  Sunnys ide  f i e ld ,  Utah;  and  the  C r e s t e d  But te  f i e ld ,  C o l o r a d o .  

The B u r e a u  of M i n e s  i s  on r e c o r d  tha t  t h e r e  i~ a m p l e  m e d i u m -  and 
h i g h - v o l a t i l e  coa l  fo r  the nex t  100 to 185 y e a r s .  H o w e v e r ,  t h e r e  is  s t i l l  
s o m e  q u e s t i o n  about  l o w - v o l a t i l e  coa l s .  The r e m a i n i n g  known r e s e r v e s  
of l o w - v o l a t i l e  coa l  as  of J a n u a r y  1, 1953, w h i c h  c o n s t i t u t e s  l e s s  than  
1 p e r c e n t  of the  to ta l  r e s e r v e  of a l l  r a n k s ,  a r e  e s t i m a t e d  at  n e a r l y  
17 b i l l i o n  tons .  Of th is  t onnage ,  h o w e v e r ,  only  4 b i l l i o n  is  u s a b l e - -  
a s s u m i n g  50 p e r c e n t  to be in  b e d s  that  can  be m i n e d  and a 50 p e r c e n t  
m i n i n g  l o s s  wi th  p r e s e n t - d a y  m i n i n g  p r a c t i c e s .  At the 1953 p r o d u c t i o n  
r a t e  of 53 m i l l i o n  tons ,  t h e r e  would  be an 8 0 - y e a r  supply .  H o w e v e r ,  if  
we  a s s u m e  a 60 p e r c e n t  and 200 p e r c e n t  i n c r e a s e  by 1975, as  wi th  the 
h i g h -  and  m e d i u m - v o l a t i l e  coa l ,  the c o n s u m p t i o n  by 1975 would  be  85 
and 160 m i l l i o n  tons .  U n d e r  t h e s e  p r o d u c t i o n  r e q u i r e m e n t s ,  the  low-  
v o l a t i l e  coa l  r e s e r v e s  would  l a s t  only  about  25 to 50 y e a r s .  

2 



C o n s i d e r i n g  the  r e s e r v e s  and u s e s  of m e d i u m -  and h i g h - v o l a t i l e  
b i t u m i n o u s  coa l s  in  both  the e a s t e r n  and i n t e r i o r  a r e a s  and  the r e -  
s e r v e s  and u s e s  of the l o w - v o l a t i l e  coa l s ,  i t  a p p e a r s  tha t  the low-  
v o l a t i l e  coa l  r e s e r v e s  wi l l  be  e x h a u s t e d  b e f o r e  t h o s e  of the m e d i u m -  
and h i g h - v o l a t i l e  b i t u m i n o u s  coa l s .  Th is  is  un fo r tuna t e  in  v iew of the 
p r e s e n t  p r a c t i c e  of i m p r o v i n g  the qua l i ty  of coke of h i g h - v o l a t i l e  coa l s  
by the  add i t i on  of l o w - v o l a t i l e .  As the l o w - v o l a t i l e  supply  d i m i n i s h e s ,  
e i t h e r  o t h e r  b l e n d i n g  agen t s  and new cok ing  t e c h n i q u e s  m u s t  be  found and 
d e v e l o p e d  o r  the n o n c o k i n g  u s e s  of t h e s e  coa ls  m u s t  be  r e s t r i c b e d .  

The coke  i n d u s t r y  of the U n i t e d  S ta tes  is c o m p o s e d  of 15 ,000  b e e -  
ihive ovens  and  16 ,000  s l o t - t y p e  o v e n s ,  with an annua l  coke  c a p a c i t y  
of 89 m i l l i o n  ne t  tons .  About  95 p e r c e n t  of our  annua l  p r o d u c t i o n  i s  
c o n s u m e d  by the i r o n  and s t e e l  i n d u s t r y - - 9 0  p e r c e n t  to b l a s t  f u r n a c e s  
and 5 p e r c e n t  to f o u n d r i e s .  The r e m a i n d e r  is  u s e d  fo r  gas;  c h e m i c a l ,  
h e a t i n g ,  e tc .  

Coke o v e n s  a r e  p r o b a b l y  the m o s t  v u l n e r a b l e  p a r t  of a s t e e l  p lan t .  
They  canno t  be shu t  down in  the  m a n n e r  that  b l a s t  f u r n a c e s  and open  

t 

h e a r t h s  a r e  and t h e i r  r e b u i l d  t i m e  is  m u c h  g r e a t e r .  The B u r e a u  of 
M i n e s ,  in  l ook ing  to the  fu tu re  in  this  r e s p e c t ,  has  r e c e n t ! y - - J u n e  1955- -  
c o n d u c t e d  e x p e r i m e n t s  to f ind a subs t i t u t e  fo r  coke in  b l a s t  f u r n a c e s  and 
cupo la s .  In the B u r e a u ' s  e x p e r i m e n t a l  b l a s t  f u r n a c e  at  P i t t s b u r g h  a 
fue l  b u r d e n  c o n s i s t i n g  of 40 p e r c e n t  a n t h r a c i t e  and 60 p e r c e n t  coke  was  
s u c c e s s f u l l y  u s e d  fo r  pig i r o n  p roduc t i on .  In a m e t a l l u r g i c a l  b l a s t  
cupola ,  wi th  a da i ly  c a p a c i t y  of 400 ne t  tons ,  30 p e r c e n t  a n t h r a c i t e  and 
60 p e r c e n t  coke  was  s u c c e s s f u l l y  u sed .  

The s t e e l  i n d u s t r y  i s  a l so  a id ing  th is  p r o b l e m  by r e d u c i n g  the  coke 
c o n s u m p t i o n  pe r  ton of p ig  p r o d u c e d .  A few of the  th ings  tha t  h a v e  b e e n  

d o n e  a r e :  (1) o r e  b e n e f i c i a t i o n ,  i n c l u d i n g  i m p r o v e d  s i n t e r i n g  m e t h o d s ;  
(2) i m p r o v i n g  coke  t h rough  b l e n d i n g  c o a l s  and m e c h a n i c a l  c l e a n i n g ;  (3) 
c h a r g i n g  u n i f o r m  s i z e s  of coke  in  the b l a s t  f u r n a c e ;  and (4) the u s e  of 
h i g h  t o p - p r e s s u r e  in  b l a s t  f u r n a c e s .  A d d i t i o n a l  o r e  p r e p a r a t i o n  and  
p o s s i b l y  r e c y c l i n g  p a r t  of the  gas f u r n a c e  a r e  i d e a s  wh ich  m a y  r e d u c e  
fue l  r e q u i r e m e n t s  in  the fu tu re .  

A n o t h e r  m a j o r  p r o b l e m  in  the coke industl~y is  c o m m e r c i a l  c o n -  
s u m p t i o n  of coke  oven  gas ,  w h i c h  has  a low B. T . U .  v a l u e - - 5 5 0  pe r  
cubic  f o o t , - a n d  is  o f ten  h igh  in  su l fu r .  This  gas has  b e e n  r e p l a c e d  in  
m a n y  s t e e l  p lan t  and  c o m m e r c i a 2  ou t l e t s  by n a t u r a l  gas ,  wh ich  ha s  a 
B. T . U .  v a l u e  of 1000 p e r  cubic  foot  and i s  low in  su l fu r .  A plant  has  
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r e c e n t l y  been  c o n s t r u c t e d  at  B i r m i n g h a m ,  Alabama ,  which p roduces  
a m m o n i a  f r o m  coke oven gas and at  the s a m e  t ime  i n c r e a s e s  the B. T. U. 
va lue  of the r e m a i n i n g  gas to 1000. Anothe r  p lant  of th i s  type i s  now 
unde r  c o n s t r u c t i o n  at  Geneva,  Utah.  This  wi l l  make  the gas compe t i t i ve  
and a p p r o x i m a t e l y  equal  to n a t u r a l  gas in B. T .U .  va lue .  

The b a s i c  m e t a l l i c  r aw m a t e r i a l  for  the produc t ion  of s t e e l  i s  i r o n  
o re .  A p p r o x i m a t e l y  94 p e r c e n t  of a l l  i r o n  o re  consumed  in the Uni ted  
Sta tes  i s  ~used in  the b l a s t  fu rnace  for  mak ing  pig i ron .  A to ta l  of f ive 
p e r c e n t  i s  of p r e m i u m  grade  and i s  used  in the ba s i c  open h e a r t h  f u r -  
nace  in  the produc t ion  of s t ee l ,  and the r e m a i n i n g  one p e r c e n t  i s  u sed  
for  m i s c e l l a n e o u s  p u r p o s e s ,  such as  f e r r o a l l o y s ,  cemen t ,  paint ,  and 
o ther  u s e s .  

Domes t i c  i r o n  ore  supp l i e s  a r e  obta ined f r o m  four  g e o g r a p h i c a l  
a r e a s  of the Uni ted  S ta tes :  The Lake Supe r io r  reg ion ;  S o u t h e a s t e r n  
Sta tes ,  a round the B i r m i n g h a m  a rea ;  N o r t h e a s t e r n  S ta tes ;  and the 
W e s t e r n  Sta tes .  The Lake  Supe r io r  d i s t r i c t ,  which  i n c l u d e s  Minneso ta ,  
Mich igan ,  and W i s c o n s i n ,  i s  by f a r  the l a r g e s t  p r o d u c e r ,  p rov id ing  82 
p e r c e n t  of the domes t i c  supp l ies ;  S o u t h e a s t e r n  S t a t e s - - A l a b a m a ,  
Georg ia ,  T e n n e s s e e ,  and V i r g i n i a - - p r o d u c e  s even  p e r c e n t ; N o r t h -  
e a s t e r n  S t a t e s - - N e w  J e r s e y ,  New York,  and P e n n s y l v a n i a - - p r o d u c e  
four  pe rcen t ;  and W e s t e r n  Sta tes ,  which inc ludes  a l l  the a r e a  w e s t  of 
the M i s s i s s i p p i  R ive r ,  except  Minneso ta ,  produce  seven  p e r c e n t  of the 
to ta l  r e q u i r e d .  

The demand  for  s t e e l  through two wor ld  w a r s  and the c u r r e n t l y  
u n p r e c e d e n t e d  high l eve l  c iv i l i an  demand for  s t e e l  p roduc t s  ha s  r e -  
su l t ed  in  the Uni ted  Sta tes  outgrowing  i t s  domes t i c  supp l i e s  of i r o n  ore .  
In  1945, the Uni ted  Sta tes  i m p o r t e d  only 1.2 m i l l i o n  g r o s s  tons  of i r o n  
o re ,  o r  two p e r c e n t  of the to ta l  consumed .  This  y e a r ,  only ten y e a r s  
l a t e r ,  n ine m i l l i o n  g r o s s  tons were  i m p o r t e d  in the f i r s t  s ix  months ,  and 
the to ta l  for  the y e a r  i s  expec ted  to r e a c h  22.5 mi l l i on  tons .  Th i s  wi l l  
amount  to 20 p e r c e n t  of a l l  i r o n  o re s  consumed  in the Uni ted Sta tes  in  
1955. 

If the h igh  l eve l  demand con t inues ,  i m p o r t s  by 1960 wi l l  p robab ly  
to ta l  30 p e r c e n t  of the o r e s  consumed  in the Uni ted  S ta tes .  

This  i n c r e a s i n g  p a t t e r n  of dependence  on f o r e i g n  i r o n  o r e s  has  
now been  w e l l  e s t a b l i s h e d .  E a c h  y e a r  we can expec t  the dependence  to 
i n c r e a s e .  C u r r e n t l y ,  s t e e l  c apac i t y  of the Uni ted  Sta tes  exceeds  124 
m i l l i o n  net  tons  of s t e e l  a y e a r .  This  r e q u i r e s  about 140 m i l l i o n  g r o s s  
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t ons  of i r o n  o r e  fo r  fu l l  o p e r a t i o n .  By  1960, wi th  a s t e e l  c a p a c i t y  of 
a r o u n d  130 m i l l i o n  ne t  tons ,  the i n d u s t r y  w i l l  r e q u i r e  150 m i l l i o n  g r o s s  
tons  of i r o n  o r e ,  a s s u m i n g  adequa t e  s c r a p  s u p p l y  i s  a v a i l a b l e .  

C u r r e n t l y ,  i r o n  o r e  i s  b e i n g  i m p o r t e d  f r o m  12 c o u n t r i e s .  The  
p r i n c i p a l  s o u r c e s  in  o r d e r  of t h e i r  i m p o r t a n c e  a r e  as  f o l l o w s :  C a n a d a ,  
s u p p l y i n g  36 p e r c e n t  of the to ta l ;  V e n e z u e l a ,  36 p e r c e n t - - i n c i d e n t a l l y ,  
V e n e z u e l a ,  w h i c h  i s  v e r y  new in  t h i s  t r a d e ,  h a s  g rown  a t  a f a n t a s t i c  
r a t e ;  P e r u ,  B r a z i l ,  and C h i l e ,  18 p e r c e n t ;  and 10 p e r c e n t  f r o m  Sweden ,  
L i b e r i a ,  M ex ico ,  the  D o m i n i c a n  RepubLic,  Cuba ,  B r i t i s h  W e s t  A f r i c a ,  
and the U n i t e d  K i n g d o m .  The d i s t a n c e  t h e . o r e s  have  to be shilSped and 
the l o c a t i o n  of the d e p o s i t s  i s  a m a t t e r  of s o m e  c o n c e r n  to the s t e e l  i n -  
d u s t r y .  C a n a d i a n  s o u r c e s  a r e  the l a r g e s t  and m o s t  s t r a t e g i c a l l y  l o c a t e d .  
The bu lk  of C a n a d i a n  i m p o r t s  w i l l  be i m p o r t e d  v i a  the G r e a t  L a k e s  and  
c o n n e c t i n g  r a i l  l i n e s  a s  soon  as  the St. L a w r e n c e  S e a w a y  i s  c o m p l e t e d .  

The  c u r r e n t l y  known l a r g e s t  C a n a d i a n  d e p o s i t s  a r e  in  the  K n o b  
L a k e  a r e a ,  350 m i l e s  n o r t h  of t i d e w a t e r  a t  Seven  I s l e s ,  Quebec ,  the 
s h i p p i n g  p o r t  on the  Gulf  of St. L a w r e n c e .  T h e s e  d e p o s i t s  a r e  s i t u a t e d  
in  the L a b r a d o r  T r o u g h  s t r a d d l i n g  the Q u e b e c - N e w f o u n d l a n d  i n t e r -  
p r o v i n c i a l  b o u n d a r y .  O t h e r  d e p o s i t s  a r e  l o c a t e d  at  S teep  Rock ,  M a r -  
m o r a ,  and  M i c h i p i c o t e n ,  O n t a r i o .  D e v e l o p m e n t - o f  c u r r e n t l y  known 
C a n a d i a n  d e p o s i t s  and f u r t h e r  s u c c e s s f u l  e x p l o r a t i o n  in  O n t a r i o ,  in  the  
U n g a v a  B a y  a r e a  of New Quebec ,  a l ong  the L a b r a d o r  T r o u g h  in  New 
Quebec  and L a b r a d o r ,  and on the w e s t  c o a s t  of B r i t i s h  C o l u m b i a  w i l l ,  
w i t h in  a d e c a d e ,  p l ace  C a n a d a  a s  one of the m a j o r  i r o n  o r e  p r o d u c e r s  
of the w o r l d .  

Venezu.elan deposits are the next in importance. Although not as 
favorably strategically located as those of Canada with respect to ocean 
shipping, nevertheless, imports from Venezuela are expected to total 
eight rnillion gross tons in 1955 and possibly 13 million tons by 1960. 
Other foreign sources are expected to continue importing about the same 
as their imports for the year 1955. 

C a n a d i a n  d e p o s i t s  f i l l  a d i r e c t  need  in  the  U n i t e d  S t a t e s  i r o n  o r e  
p i c t u r e  by  p r o v i d i n g  a s o u r c e  of qu ick  e x p a n s i b i l i t y  of o r e  t onnage  
d u r i n g  p e r i o d s  of e m e r g e n c y  r e q u i r e m e n t s .  H e r e t o f o r e ,  the  e x p a n s i o n  
f e a t u r e  h a s  b e e n  a c h a r a c t e r i s t i c  on ly  of the g r e a t  open  pi t  m i n e s  of the 
L a k e  S u p e r i o r  d i s t r i c t  s i t u a t e d  in  M i n n e s o t a .  The g r a d u a l  d e p l e t i o n  of 
the h i g h - g r a d e  d i r e c t  s h i p p i n g  o r e s  of t h i s  d i s t r i c t  have  r e d u c e d  the 
f l e x i b i l i t y  of the  d i s t r i c t  to expand  i t s  tonnage .  I t  i s  p o s s i b l e  to p roduc e  



100 m i l l i o n  tons per  y e a r  f r o m  the Lake  Supe r io r  d i s t r i c t  for  s e v e r a l  
m o r e  y e a r s ,  but each  y e a r  m in ing  d i f f i cu l t i e s  continue to i n c r e a s e .  
P roduc t ion  wi l l  be m a i n t a i n e d  th rough  i n c r e a s e d  product ion  by ore  con- 
c e n t r a t i o n  and unde rg round  min ing .  

B a s i c a l l y ,  long t e r m  planning  for  adequate  domes t i c  i r o n  o re  pro -~ 
duct ion  i s  a imed  towards  d e c r e a s i n g  the dependence upon fo re ign  s o u r c e s  
r a t h e r  than at a r educ t ion  of i r o n  ore  i m p o r t s .  This  is  be ing  done 
th rough  both i n d u s t r y  and Gove rnmen t  r e s e a r c h  p r o g r a m s  d i r ec t ed  to- 
w a r d s  e s t a b l i s h i n g  methods  of min ing  and c o n c e n t r a t i n g  l o w - g r a d e  o r e s  
to develop adequate  a l t e r n a t i v e  domes t i c  supp l i e s  that  can d e c r e a s e  
dependence upon fo re ign  s o u r c e s  . . . . .  

L o w - g r a d e  m a t e r i a l s  a r e  a s s o c i a t e d  with a l l  of the m a j o r  domes t i c  
depos i t s .  In the Lake  Supe r io r  d i s t r i c t ,  i t  i s  the s o - c a l l e d  magne t i c  and 
nonmagne t i c  t acon i t e s  of Minnesota~ and the J a s p e r s  of Mich igan  and 
Wiscons in .  In the Southeastern .  and W e s t e r n  S ta tes ,  they  a re  f ine ly  
divided s i l i c e o u s ,  h e m a t i t i c ,  and l imon i t i c  o r e s  con ta in ing  e x c e s s i v e  
amounts  of s i l i c a ,  and in the N o r t h e a s t e r n  Sta tes  the m a t e r i a l  r e s e m b l e s  
magne t i c  t acon i te .  

T e c h n i c a l  p r o c e s s e s  t o  t r e a t  these  l o w - g r a d e  m a t e r i a l s  v a r y  with  
the c h a r a c t e r i s t i c  of the m a t e r i a l .  In Mich igan  the j a s p i l i t e  i s  ground 
to a m inus  200 m e s h ,  and the s e p a r a t i o n  of i r on  and d e l e t e r i o u s  m a t e -  
r i a l s  i s  a c c o m p l i s h e d  by a p r o c e s s  known as f lo ta t ion.  The f ina l  p rod-  
uc t  m u s t  be a g g l o m e r a t e d  into at l e a s t  t h r e e - e i g h t h s - i n c h  p i eces  be fore  
i t  i s  su i t ab le  for  a b l a s t  fu rnace  cha rge .  

Magnet ic  t acon i t e s  of Minneso ta  a r e  ground to a minus  300 mesh~ 
m a g n e t i c a l l y  separated~ and the r e s u l t i n g  produc t  a g g l o m e r a t e d  e i t h e r  
by s i n t e r i n g  or  pe l l e t i z ing  into t h r e e - e i g h t h s  to one -ha l f  inch p ieces  
for  cha rg ing  irrto the b l a s t  fu rnace .  The l o w - g r a d e  o r e s  of the Nor th -  
e a s t e r n  Sta tes  can be t r e a t e d  in much the s a m e  m a n n e r .  

The f ine ly  divided o r e s  of the S o u t h e a s t e r n  and W e s t e r n  Sta tes  and 
nonmagne t i c  t acon i t e s  of the Lake  Supe r io r  d i s t r i c t  u sua l l y  r e q u i r e  
p r i m a r y  c r u s h i n g  and magne t i c  r o a s t i n g  p r i o r  to f ine g r ind ing  and m a g -  
ne t ic  s epa ra t i on .  

I might say that the great tonnage of ore in the Lake Superior re- 
gion f r o m  the long range  i s  the nonmagne t i c  type and wi l l  p robab ly  
exceed  60 b i l l i o n  tons.  W h e r e a s  the magne t i c  type,  which  i s  the b a s i s  
of the i n d u s t r y  now being in t roduced  t he r e ,  i s  a r e l a t i v e l y  s m a l l  p a r t  
of that .  
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The m a g n e t i c  r o a s t  s e r v e s  to change  the n o n m a g n e t i c  m i n e r a l s  
h e m a t i t e  and l i m o n i t e  to m a g n e t i c  m a g n e t i t e ,  wh ich  can  then  be  s e p a -  
r a t e d  m a g n e t i c a l l y  f r o m  the d e l e t e r i o u s  m a t e r i a l s  a s s o c i a t e d  wi th  the 
o r e s .  

As I have  i n d i c a t e d  i r o n  o r e  is  only  one f o r m  of o r e  and,  w h i l e  i t  
i s  the bulk  of the i n d u s t r y ,  a l a r g e  n u m b e r  of m e t a l l i c  e l e m e n t s  o t h e r  
than  i r o n  o r e  a r e  c o n s u m e d  by the s t e e l  i n d u s t r y  in  the m a n u f a c t u r e  of 
s t e e l .  A m o n g  t h e s e  e l e m e n t s  a r e  a l u m i n u m ,  bo ron ,  c h r o m i u m ,  coba l t ,  
m a n g a n e s e ,  m o l y b d e n u m ,  n i cke l ,  s i l i c o n ,  and tungs ten .  Of t h e s e ,  a l l  
s t e e l s  con ta in  ca rbon ,  m a n g a n e s e ,  p h o s p h o r o u s ,  s i l i c o n ,  and s u l p h u r .  

The a l l o y i n g  e l e m e n t s  m a y  be r o u g h l y  d i v i d e d  i n t o  two m a i n  g r o u p s :  
(1) T h o s e  u s e d  p r i n c i p a l l y  f o r  c l e a n s i n g  the m o l t e n  s t e e l  of u n w a n t e d  
i m p u r i t i e s ;  and {2) t h o s e  u s e d  fo r  t h e i r  spec i f i c  a l l o y i n g  e f fec t .  A l u m i -  
n u m ,  m a n g a n e s e ,  and s i l i c o n  a r e  e f f e c t i v e  d e o x i d i z e r s  and s c a v e n g e r s  
and m a y  be c o n s i d e r e d  as b e l o n g i n g  to the f i r s t  g roup  e v e n  though m o s t  
of t h e m  a r e  a l s o  u s e d  in  c e r t a i n  s t e e l s  fo r  t h e i r  s p e c i f i c  a l l o y i n g  e f fec t .  
The  s e c o n d  g roup  c o n s i s t i n g  of s u c h  e l e m e n t s  as  b o r o n ,  c a r b o n ,  c h r o -  
m i u m ,  coba l t ,  m o l y b d e n u m ,  n i c k e l ,  t ungs t en ,  and v a n a d i u m ,  a r e  a d d e d  
fo r  t h e i r  e f f ec t  in  s e c u r i n g  a c o m b i n a t i o n  of s t r e n g t h ,  h a r d n e s s ,  duc -  
t i l i ty ,  and d e e p e r  p e n e t r a t i o n  of h e a t  t r e a t m e n t  r e a c t i o n  t h r o u g h  t h e i r  
s o l i d  s o l u t i o n  wi th  i r o n ,  o r  t h rough  the  f o r m a t i o n  of c a r b i d e s .  

The f o r m s  in  wh ich  the  e l e m e n t s  a r e  added  to i r o n  and s t e e l  d e -  
pends  l a r g e l y  on the p r o c e s s  and q u a l i t i e s  to be added .  F e r r o a l l o y s  
a r e  adap t ab l e  fo r  a l l  p r o c e s s e s ,  but e c o n o m y  is  r e s p o n s i b l e  f o r  the  u se  
of the  l o w e r  p r i c e d  c o m p o u n d s .  The p r e s e n t  t r e n d  i s  t o w a r d  g r e a t e r  u se  
of the  o r e s  and c o n c e n t r a t e s  as such  and the u se  of c h e m i c a l  c o m p o u n d s .  
F u t u r e  p r o d u c t i o n  of f e r r o a l l o y s ,  p a r t i c u l a r l y  f e r r o m a n g a n e s e  and  f e r r o -  
c h r o m i u m ,  m a y  be l o w e r  in g r a d e ,  in  p a r t  b e c a u s e  h i g h - g r a d e  o r e  i s  b e -  
c o m i n g  l e s s  abundan t ,  and in  p a r t  b e c a u s e  of the e c o n o m i c  a d v a n t a g e  of 
u s i n g  l e s s  c o s t l y  m a t e r i a l s .  

By  f a r  the l a r g e s t  u s e  of m a n g a n e s e  i s  in the m a n u f a c t u r e  of c a r b o n  
s t e e l s .  C o n s t r u c t i o n a l  and  e n g i n e e r i n g  a l loy  s t e e l s  that  n o r m a l l y  c o n -  
rain a low p e r c e n t a g e  of a l l o y i n g  e l e m e n t s  accoun t  f o r  the l a r g e s t  u s e  of 
m o s t  of the o t h e r  a l loy  m e t a l s .  In r e c e n t  y e a r s  m o r e  than o n e - h a l f  of 
the  to ta l  c h r o m i u m  and n i c k e l  {exc lud ing  sc rap}  c o n s u m e d  by the  f e r -  
r o u s  i n d u s t r y  has  b e e n  in  the m a n u f a c t u r e  of  s t a i n l e s s  s t e e l s .  The  
l a r g e s t  u s e  of t u n g s t e n  and v a n a d i u m  is  in  the m a n u f a c t u r e  of too l  
s t e e l s ,  but  in  r e c e n t  y e a r s  m o l y b d e n u m  has  r e p l a c e d  t u n g s t e n  to a l a r g e  
d e g r e e  in  h i g h - s p e e d  s t e e l s .  



U n f o r t u n a t e l y ,  the U n i t e d  S ta tes  i s  not  s e l f - s u f f i c i e n t  in  m a n y  of 
the  e l e m e n t s  u s e d  by the i r o n  and s t e e l  i n d u s t r y .  C h r o m i u m  is  d e r i v e d  
l a r g e l y  f r o m  i m p o r t e d  o r e  that  c o m e s  in o v e r  long  s e a  l a n e s .  D o m e s t i c  
c o m m e r c i a l  r e s e r v e s  a r e  v e r y  s m a l l  and ff the c o u n t r y  could  s a t i s f y  
i t s  c h r o m i u m  n e e d s  f r o m  t h e s e  r e s e r v e s ,  t hey  would  be e x h a u s t e d  in  a 
v e r y  s h o r t  t i m e .  The r o l e  of c h r o m i u m  in s t a i n l e s s  and h e a t - r e s i s t i n g  

• a l l oys ,  and in  h i g h - s p e e d  tool  s t e e l  is  un ique .  In m a n y  c o n s t r u c t i o n a l  
and e n g i n e e r i n g  a l loy  s t e e l s  c h r o m i u m  is  r e p l a c e a b l e  only  wi th  d i f f icu l ty .  

M a n g a n e s e  is  a m o n g  the c h e a p e s t  a l l o y i n g  e l e m e n t s  and  i s  u s e d  in  
the  l a r g e s t  a m o u n t s .  Al though  tlaere is  a l a r g e  supp ly  of l o w - g r a d e  
d o m e s t i c  o r e s ,  e c o n o m i c  u t i l i z a t i o n  of t h e m  is  s t i l l  l ack ing .  C o n s e -  
quent ly ,  h i g h - g r a d e  o r e s  a r e  i m p o r t e d  o v e r  long  s e a  l a n e s .  L o n g -  
r a n g e  r e s e a r c h  is  d e s i g n e d  to m a k e  ava i l ab l e  the n a t i o n ' s  l a r g e  
r e s o u r c e s  of l o w - g r a d e  o r e s .  D o m e s t i c  c o m m e r c i a l  r e s e r v e s  of 
m o l y b d e n u m  a r e  e s t i m a t e d  at m o r e  than two b i l l i on  pounds  of m o l y b -  
d e n u m  con ten t ,  about  90  p e r c e n t  of the to ta l  e s t i m a t e d  w o r l d  r e s e r v e s .  
The m e t a l  i s  w i d e l y  u s e d  in  a l loy  s t e e l s  and can  r e a d i l y  be s u b s t i t u t e d  
fo r  s o m e  of the s c a r c e r  m e t a l s  fo r  m a n y  a p p l i c a t i o n s .  

N icke l ,  nex t  to m a n g a n e s e ,  i s  the m o s t  w ide ly  u s e d  a l loy .  The 
U n i t e d  S ta tes  is  a l m o s t  who l ly  d e p e n d e n t  upon i m p o r t s  f r o m  Canada  and  
Cuba. D o m e s t i c  d e p o s i t s  a r e  l o w - g r a d e ,  but  s o m e  f e r r o n i c k e l  i s  b e i n g  
p r o d u c e d  f r o m  the d e p o s i t  i n  O r e g o n ,  and n i c k e l  s a l t s  a r e  r e c o v e r e d  
f r o m  s o m e  c o p p e r  r e f i n e r i e s .  

T u n g s t e n .  - - A l t h o u g h  the U n i t e d  Sta tes  is  the f r e e  w o r l d ' s  l a r g e s t  
p r o d u c e r  of t u n g s t e n ,  d o m e s t i c  r e s e r v e s  a r e  l i m i t e d  and p r o d u c t i o n  i s  
i n a d e q u a t e  to m e e t  e m e r g e n c y  n e e d s .  About  64 p e r c e n t  of our  1954 
supp ly  was  i m p o r t e d ,  m o s t l y  t h rough  long  s e a  l a n e s .  

V a n a d i u m  b y p r o d u c t  r e c o v e r y  f r o m  u r a n i u m  m i n i n g  o p e r a t i o n s  is  
g r e a t l y  in  e x c e s s  of i n d u s t r y  r e q u i r e m e n t s .  The l a r g e  s u r p l u s  ha s  b e -  
c o m e  a g r o w i n g  p r o b l e m  of the v a n a d i u m  i n d u s t r y .  Al though  the m e t a l  
c an  he u s e d  in  p lace  of c h r o m i u m ,  n i cke l ,  and  m o l y b d e n u m  for  s o m e  
a p p l i c a t i o n s ,  e f fo r t s  a r e  not  d i r e c t e d  to i t s  m a x i m u m  u s e  b e c a u s e  o f  
i t s  h i g h e r  cos t .  

Cobal t ,  as  c o m p a r e d  wi th  s o m e  o t h e r  a l loy  m e t a l s ,  i s  not  u s e d  in  
l a r g e  t o n n a g e s .  It i s  e s s e n t i a l  in  the m a n u f a c t u r e  of s o m e  p r o d u c t s  
p r o d u c e d  by the  s t e e l  i n d u s t r y . . B e l g i a n  Congo has  supp l i ed  m o s t  of 
the U n i t e d  S ta tes  r e q u i r e m e n t s .  



.M~ -4,J  

C o l u m b i u m - t a n t a l n m  r e q u i r e m e n t s  a r e  met  a l m o s t  e n t i r e l y  
th rough  i m p o r t s  f r o m  the E a s t e r n  H e m i s p h e r e  and B r a z i l .  These  
m e t a l s  a r e  e s s e n t i a l  in  some types  of s t a i n l e s s  s t e e l s  to p r even t  i n t e r -  
g r a n u l a r  c o r r o s i o n .  

In r e c e n t  y e a r s  the G o v e r n m e n t  has  taken m e a s u r e s  des igned  to 
a l l ev i a t e  to a l a rge  degree  the dependency  of the Uni ted  Sta tes  on 
fo re ign  s o u r c e s  for  these  h igh ly  s t r a t e g i c  m e t a l s  du~ing an a l l - o u t  
e m e r g e n c y .  Among these  m e a s u r e s  a r e :  (1) t h e  Na t iona l  Stockpi le  
w h e r e b y  the e s t i m a t e d  def ic i t  be tween  supply and demand is  p u r c h a s e d ,  
to the fu l l e s t  extent  p r a c t i c a b l e ,  and he ld  in r e s e r v e  for  pos s ib l e  
e m e r g e n c i e s ;  (2) exp lo ra t ion  and deve lopment  of domes t i c  r e s e r v e s ;  
(3) p r i ce  incen t ive  p r o g r a m s ;  and (4) r, e s e a r c h  on the bene f i c i a t i on  of 
s u b m a r g i n a l  o r e s .  

As a r e s u l t  o f  t hese  and o ther  Governmen t  ac t ions ,  the Uni ted  
Sta tes  supply of a l l  of these  s t r a t e g i c  m e t a l s  has  been  i n c r e a s e d  sub-  
s t an t i a l l y .  However ,  domes t i c  p roduc t ion  of c h r o m i u m ,  c o l u m b i t e -  
t an ta l i t e ,  m a n g a n e s e  and n i cke l  is  s t i l l  v e r y  s m a l l  as  c o m p a r e d  with 
domes t i c  needs  and, due to l im i t ed  c o m m e r c i a l  ore  r e s e r v e s ,  no sub-  
s t a n t i a l  i n c r e a s e  in the p roduc t ion  of these  m e t a l s  can  be f o r e s e e n  for  
the next  few y e a r s .  

P a r t  o f  the a s s i g n m e n t  h e r e  is  o n  t echno log ica l  deve lopmen t s  which  
b e a r  on this  subjec t .  A n u m b e r  of t echno log ica l  deve lopmen t s  in  the 
p roduc t ion  of a l loy ing  m e t a l s  have taken place in r e c e n t  y e a r s ,  among  
which  a r e :  (I)  new ways  of e x t r a c t i n g  some of the m e t a l s  f r o m  the o r e s  
by c h e m i c a l  me thods  r a t h e r  than by the usua l  method of s m e l t i n g  and 
re f in ing ;  (2) upg rad ing  of h e r e t o f o r e  n o n c o m m e r c i a l  o re s ;  (3) p roduc -  
t ion of v e r y  pure  m e t a l s  by e l e c t r o l y t i c  depos i t ion .  P r o c e s s e s  de-  
ve loped by the Bureau  of Mines  for  the p roduc t ion  of e l e c t r o l y t i c  m a n g a -  
nese  and c h r o m i u m  have been  adopted to c o m m e r c i a l  p roduc t ion  and 
r e s e a r c h  on the p roduc t ion  of high pu r i t y  molybdenum by e l e c t r o -  
depos i t ion  i s  be ing  conducted.  

S i m i l a r l y ,  t he r e  have been  s e v e r a l  i m p o r t a n t  innova t ions  in  s t e e l -  
m a k i n g  p r a c t i c e  which wi l l  have pronounced  effect  upon the types  and 
quan t i t i e s  of raw m a t e r i a l s  needed for  fu ture  ope ra t ions .  Some of t hese  
h igh l i gh t s  in  s t e e l  t echnology  a r e :  (1) the concept  tha t  the e l e c t r i c  f u r -  
nace  could r e p l a c e  the o p e n - h e a r t h  to a s u b s t a n t i a l  degree ;  (2) h i g h - t o p  
p r e s s u r e  b l a s t  f u r n a c e s ;  (3) the l o w - s h a f t  b l a s t  f u rnace ,  which would, 
to a deg ree ,  do away with coke ovens and use  low grade  f u e l s - - t h i s  
p robab ly  has  app l i ca t ion  in c o m m u n i t i e s  with r e l a t i v e l y  s m a l l  



r e q u i r e m e n t s ;  (4) a p r o c e s s  known as i n d u c t i o n  s t i r r i n g  in  the  e l e c t r i c  
f u r n a c e ,  w h i c h  I wi l l  m e n t i o n  in a m o m e n t ;  (5) l a n c e  i n j e c t i o n  of g a s e s  
and  s o l i d s  o t h e r  than  oxygen  to r e m o v e  and add e l e m e n t s  to the  f u r n a c e  
bath;  (6) con t inuous  c a s t i n g  of s t e e l  s l a b s  and b i l l e t s ;  (7) v a c u u m - m e l t -  
ing  fo r  the p r o d u c t i o n  of s t e e l  wi th  s u p e r i o r  qua l i ty ,  f r e e  f r o m  i n c l u -  
s ions ;  (8) a n o t h e r  i n n o v a t i o n  is  the use  of r a r e  e a r t h s  to c o n s e r v e  m a n g a -  
n e s e  and n i c k e l  and i m p r o v e  the qua l i ty  of s t e e l ;  (9) the s o - c a l l e d  L i n z -  
Donawi tz  p r o c e s s ,  a new o x y g e n - b l o w  p r o c e s s  fo r  f a s t e r  p r o d u c t i o n  
r a t e s ,  i n c r e a s e s  u s e  of pig i r o n  and d e c r e a s e s  u se  of s c r a p  as  c o m -  
p a r e d  wi th  o p e n - h e a r t h s ;  (10) hot  e x t r u s i o n .  

1. S o m e  of the a d v a n t a g e s  of the e l e c t r i c  f u r n a c e  o v e r  the 
o p e n - h e a r t h  fo r  the p r o d u c t i o n  of l o w - c a r b o n  s t e e l  a r e :  (a) i t s  c ap i t a l  
cos t  is  40 p e r c e n t  l e s s ;  (b} i t s  l o w e r  cos t  in  p r o d u c i n g  s t e e l  f r o m  co ld  
m e t a l s ;  (c) e v e n  wi th  a 50-50  p e r c e n t  m o l t e n  pig i r o n - s c r a p  c h a r g e ,  
annua l  r e t u r n  of the i n v e s t e d  cap i t a l  i s  e q u a l  to or  g r e a t e r  than  the  
o p e n - h e a r t h ,  p a r t i c u l a r l y  on b e l o w - c a p a c i t y  o p e r a t i o n s .  The e l e c t r i c  
f u r n a c e  is  m o r e  f l ex ib l e  and m a y  be put in to  o p e r a t i o n  or  w i t h d r a w n  at  
wi l l .  The o p e n - h e a r t h ,  on the o t h e r  hand,  t a k e s  up to one w e e k  to b r i n g  
it  to t e m p e r a t u r e  w h e n  s t a r t i n g  up and the b r i c k - w o r k  f r e q u e n t l y  fa i l s  
w h e n  it  i s  shut  down. The annua l  r e b u i l d  t i m e  of the e l e c t r i c  f u r n a c e  is  
15 days  c o m p a r e d  wi th  30 days  fo r  an o p e n - h e a r t h .  The e l e c t r i c  f u r n a c e  
g ives  a two p e r c e n t  g r e a t e r  m e t a l l i c  y i e ld ,  b e t t e r  t e m p e r a t u r e  c o n t r o l  
and g r e a t e r  c o n t r o l  of su l fu r ,  wh ich  is  i m p o r t a n t  in the p r o d u c t i o n  of 
h igh  qua l i ty  s t e e l .  

2. The u se  of h igh  t o p - p r e s s u r e  b l a s t  f u r n a c e s  r e c e i v e d  
f u r t h e r  r e c o g n i t i o n  d u r i n g  the pas t  y e a r  w h e n  add i t i ona l  f i r m s  a n n o u n c e d  
p lans  to u se  th is  p r o c e s s .  Some  13 p r e s s u r i z e d  f u r n a c e s  w e r e  o p e r -  
a t ing  in the U n i t e d  S ta tes  d u r i n g  1954. P r e v i o u s  r e s u l t s  of th i s  type of 
o p e r a t i o n  have  shown that  up to a 1 5 - p e r c e n t  i n c r e a s e  in pig i r o n  p r o d u c -  
t ion, 70 pounds l e s s  coke  pe r  ton of p ig  i r o n  p r o d u c e d ,  and a 30 p e r c e n t  
l o w e r  f l u e - d u s t  r a t e  a r e  p o s s i b l e .  

3. The l o w - s h a f t  b l a s t  f u r n a c e  has  b e e n  t a lked  about  qui te  a 
b i t  in  th i s  coun t ry  but  one has  n e v e r  b e e n  u s e d  c o m m e r c i a l l y .  Th is  
type of f u r n a c e  i s  d e s i g n e d  to u t i l i z e  l o w - g r a d e  fue l s .  The B u r e a u  of 
M i n e s  i s  e x p e r i m e n t i n g  wi th  one type at P i t t s b u r g h .  

4. An i n t e r e s t i n g  i n n o v a t i o n  was  the  d e v e l o p m e n t  of the i nduc -  
t ion  s t i r r e r  wh ich  was  s t a r t e d  in  Sweden  in  1936, when  the S w e d i s h  
E l e c t r i c  C o m p a n y  was  a s k e d  by a s t e e l  c o m p a n y  w h e t h e r  the ba th  in  a 
h o t - m e t a l  m i x e r  could  be s t i r r e d  by s o m e  e l e c t r i c a l  me thod .  Dr. Ludwig  
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D r e y f u s ,  the e n g i n e e r  of the Company ,  s u g g e s t e d  a m e t h o d  and d e m o n -  
s t r a t e d  in the l a b o r a t o r y  that  th is  p r i n c i p l e  would  work .  The f i r s t  fu l l -  
s c a l e  e l e c t r i c  s t i r r e r  was  t e s t e d  in 1939 on a 15- ton  s t e e l  a r c  f u r n a c e .  
This  p r i n c i p l e  m a k e s  the e l e c t r i c  f u r n a c e  an e l e c t r i c  m o t o r .  The 
m o l t e n  ba th  is  c a u s e d  to m o v e  by a m a g n e t i c  f o r c e  wh ich  is  p r o d u c e d  
by p a s s i n g  an e l e c t r i c a l  c u r r e n t  t h rough  a s t a t o r  m o u n t e d  u n d e r n e a t h  
t h e  f u r n a c e .  The S tee l  and Tube D i v i s i o n  of T i m k e n  R o l l e r  B e a r i n g  
C o m p a n y  at  Can ton ,  Ohio,  has  u s e d  this  m e t h o d  s ince  O c t o b e r  9, 1952. 
Some  of the a d v a n t a g e s  of th is  o p e r a t i o n  a r e :  (a} u n i f o r m  t e m p e r a t u r e  
t h roughou t  the bath;  (b} c o n s t a n t  c o m p o s i t i o n  t h roughou t  the bath;  (c} 
f a s t e r  m e t a l - s l a g  r e a c t i o n s ;  and (d} q u i c k e r  so lu t ion  of added  a l l oys .  

D u r i n g  1954 the  f i e l d  of v a c u u m  m e l t i n g  was  e x t e n d e d  to the p r o -  
duc t ion  of h i g h - t e m p e r a t u r e  a l l oys  and c o n s t r u c t i o n a l  a l loy  s t e e l s  on 
a c o m m e r c i a l  s c a l e .  L a r g e r  un i t s  a r e  now u n d e r  c o n s t r u c t i o n  that  wi l l  
o p e r a t e  c o n t i n u o u s l y  wi thou t  b r e a k i n g  the vacuum.  Whi le  one c h a r g e  is  
b e i n g  m e l t e d  and p o u r e d  in  a v a c u u m  c h a m b e r ,  a n o t h e r  c h a r g e  is  i n -  
t r o d u c e d  t h r o u g h  an a i r  l o c k .  V a c u u m - m e l t i n g  on a c o m m e r c i a l  s c a l e  
i s  done  in  h i g h - f r e q u e n c y  i nduc t i on  f u r n a c e s  u n d e r  v a c u u m s  of one to 
t e n  m i c r o n s .  D u r i n g  the  m e l t i n g  p r o c e s s ,  g a s e s  and h igh  vapo r  p r e s -  
s u r e  e l e m e n t s  a r e  d i s t i l l e d  off. N o n m e t a l l i c  c o m p o u n d s  and ox ides  a r e  
d e c o m p o s e d .  Due to the a b s e n c e  of r e a c t i v e  g a s e s ,  the n o r m a l  a l loy  
l o s s e s  f r o m  th i s  c a u s e  do not  take p lace .  This  p r e v e n t s  the f o r m a t i o n  
of n o n m e t a l l i c  c o m p o u n d s  which  a p p e a r  in s t e e l  as i n c l u s i o n s .  S u p e r i o r  
qua l i ty  s t e e l s  a r e  c u r r e n t l y  b e i n g  m a d e  by this  p r o c e s s .  Th is  s t e e l  ha s  
a s u p e r i o r  s u r f a c e  f in i sh ,  f r e e  of i n c l u s i o n s ,  wi th  fa t igue  p r o p e r t i e s  
m a n y  t i m e s  g r e a t e r  than  c o n v e n t i o n a l  b e a r i n g  m a t e r i a l .  

D u r i n g  the pas t  few y e a r s  a n u m b e r  of e x p e r i m e n t s  have  b e e n  con -  
duc t ed  c o n c e r n i n g  the  add i t i on  of r a r e  e a r t h s - - m e t a l s  and o x i d e s - - t o  

i r o n  and s t e e l .  The r a r e  e a r t h s  a r e  the e l e m e n t s  of a t o m i c  n u m b e r s  
57 to 71, b e g i n n i n g  wi th  l a n t h a n u m  and c e r i u m  and e n d i n g  wi th  l u t e t i u m .  
N I o r r o g h - - R e s e a r c h  M a n a g e r ,  B r i t i s h  C a s t  I r o n  R e s e a r c h  A s s o c i a t i o n - -  
has  s h o w n  that  s m a l l  a d d i t i o n s  of c e r i u m - - 0 .  005 p e r c e n t - - a r e  c apab l e  
of n e u t r a l i z i n g  the  h a r m f u l  e f f ec t s  of t i t a n i u m ,  lead ,  b i s m u t h ,  a n t i m o n y ,  
a l u m i n u m ,  and c o p p e r  in  the  p r o d u c t i o n  of n o d u l a r  i r o n s  by the m a g n e -  
s i u m  p r o c e s s ,  thus  p e r m i t t i n g  the u se  of a m u c h  w i d e r  r a n g e  of r a w  
m a t e r i a l s .  In  the  U n i t e d  S ta tes  i t  has  b e e n  d e m o n s t r a t e d  tha t  r a r e  
e a r t h s - - o n e  to two pounds  p e r  ton of s t e e l - - i m p r o v e  the  h o t - w o r k i n g  
c h a r a c t e r i s t i c s  and  c o r r o s i o n  r e s i s t a n c e  of c e r t a i n  s t a i n l e s s  s t e e l s  and  
the s u r f a c e  q u a l i t i e s  and m e c h a n i c a l  p r o p e r t i e s  of c a r b o n  s t e e l s .  
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One f e r r o a l l o y  m a n u f a c t u r e r  c l a i m s  tha t  the u s e  of r a r e  e a r t h s  
in  s t e e l  could  r e s u l t  in  a s a v i n g  of 100, 000 tons  of m a n g a n e s e  p e r  y e a r  
in  the  U n i t e d  S t a t e s .  T h e r e  a r e  s u f f i c i e n t  d e p o s i t s  of r a r e  e a r t h s  
m i n e r a l s  in  the Un i t ed  S t a t e s  to supp ly  any  f o r e s e e a b l e  d e m a n d .  I t  i s  
a w e l l  known f a c t  tha t  the s u r f a c e  qua l i t y  of k i l l e d  l o w - c a r b o n  s t e e l  d e -  
pends  on the m a n g a n e s e - s u l f u r  r a t i o - - t h e  h i g h e r  the r a t i o ,  the b e t t e r  
the "qual i ty.  The r a r e  e a r t h  m e t a l s  f o r m  r e l a t i v e l y  s t a b l e  s u l f i d e s  in  
l i qu id  s t e e l  w h i c h  r i s e  t h r o u g h  the m o l t e n  m e t a l  to f o r m  a s l a g ,  t h e r e b y  
e l i m i n a t i n g  s u l f u r .  N o r m a l l y ,  a l m o s t  a l l  of the  s u l f u r  s t a y s  in  the m e t a l  
as  i r o n  and  m a n g a n e s e  su l f ide .  Of p a r t i c u l a r  i n t e r e s t  ~s the i m p r o v e d  
h o t - w o r k i n g  p r o p e r t i e s  of C r - M n  a u s t e n i t i c  s t a i n l e s s  s t e e l  w h i c h  i s  
n o r m a l l y  d i f f i cu l t  to hot  r o l l .  A p r o j e c t  c o v e r i n g  the u se  of r a r e  e a r t h s  
in  c a r b o n  s t e e l s  i s  b e i n g  conduc ted  by the B u r e a u  of M i n e s .  

The f i r s t  o x y g e n  s t e e l m a k i n g  p r o c e s s  in  the U n i t e d  S t a t e s  to e m p l o y  
the A u s t r i a n  L i n z - D o n a w i t z  t e c h n i q u e  was  p l a c e d  in  o p e r a t i o n  by  M c L o u t h  
S t e e l  C o r p o r a t i o n  at  T r e n t o n ,  M i c h i g a n ,  on D e c e m b e r  23, 1954. 
The oxyg en  p r o c e s s  i n s t a l l a t i o n  i n c l u d e s  t h r e e  4 0 - t o n  s o l i d - b o t t o m  con -  
v e r t e r s  wi th  a c a p a c i t y  of 1500 tons  of s t e e l  a day.  Mo l t en  pig i r o n  f r o m  
the b l a s t  f u r n a c e  i s  p o u r e d  in to  the v e s s e l s  and  h i g h - p u r i t y  oxygen  i s  
i n t r o d u c e d  at  s u p e r s o n i c  s p e e d  t h r o u g h  a l a n c e  l o w e r e d  to about  10 
i n c h e s  above  the me l t .  Up to 25 p e r c e n t  s c r a p  m a y  be added  f o r  coo l i ng  
c o m p a r e d  wi th  6 to 10 p e r c e n t  fo r  a i r - b l o w n  c o n v e r t e r s .  The t i m e  r e -  
q u i r e d  to m a k e  s t e e l  by  t h i s  p r o c e s s  v a r i e s  wi th  the g r a d e  p r o d u c e d .  
A c t u a l  b lowing  t i m e  m a y  take  f r o m  8 to 18 m i n u t e s ,  the l a t t e r  b e i n g  fo r  
low c a r b o n  g r a d e s .  H i g h e r  c a r b o n ' g r a d e s  m a y  a l s o  be m a d e  by  r e -  
c a r b u r i z i n g  the low c a r b o n  s t e e l  of the long  blow wi th  m o l t e n  p ig  i r o n  
w h i c h  i s  p o u r e d  t h r o u g h  the s l a g  r e m o v i n g  Si, S, and P .  The low 
p h o s p h o r u s ,  sul fur ,  and n i t r o g e n  s t e e l s  p r o d u c e d  by  th i s  m e t h o d  a r e  
c o m p a r a b l e  w i th  o p e n - h e a r t h  s t e e l .  

The w o r l d ' s  l a r g e s t  b l a s t  f u r n a c e - - h e a r t h  d i a m e t e r  30 f ee t ,  3 
i n c h e s - - b u i l t  f o r  G r e a t  L a k e s  S tee l  C o r p o r a t i o n  at  E c o r s e ,  M i c h i g a n ,  
w a s  b lown in  in  June  1955. 

E l e c t r o s t a t i c  p r e c i p i t a t o r s  fo r  dus t  r e m o v a l  in  s t e e l  p l a n t s  h a s  
b e e n  e x t e n d e d  to s i n t e r i n g  p l a n t s ,  o p e n - h e a r t h  f u r n a c e s ,  and r o l l i n g  
m i l l s .  At one e a s t e r n  p l an t  t hey  a r e  e m p l o y e d  on hot  s c a r f i n g  m a c h i n e s  
in  the  b l o o m i n g  and s l ab  m i l l s .  A s o u t h e r n  p l an t  h a s  i n s t a l l e d  t h r e e  
u n i t s  fo r  i r o n  o r e  s i n t e r i n g  m a c h i n e s .  Un i t s  have  a l s o  b e e n  i n s t a l l e d  
at  w e s t e r n  p l an t s  fo r  v a r i o u s  i n s t a l l a t i o n s .  
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T h i s  i s  the  end of the r e g u l a r  p r e s e n t a t i o n .  I u n d e r s t a n d  t h e r e  
w i l l  be a c o n s i d e r a b l e  ques t i on  p e r i o d  h e r e  so t ha t  i s  a l l  a t  t h i s  t i m e .  

QUESTION:  Have  t h e r e  b e e n  any  i n t e r e s t i n g  deVe lopmen t s  in  
g e o l o g i c a l  p r o s p e c t i n g  of a n y  of t h e s e  m a t e r i a l s  by  a e r i a l  p h o t o g r a p h y ?  

MR. M E L C H E R :  Of c o u r s e ,  g e o l o g i s t s  and m i n i n g  e n g i n e e r s  a r e  
w o r k i n g  on tha t  p r o b l e m  a l l  the t i m e .  T h e r e  h a s n ' t  b e e n  a n y t h i n g  too 
s t a r t l i n g  in  the f e r r o a l l o y  f i e ld  h e r e  in  quite  a n u m b e r  of y e a r s .  M o s t  
of the p r o g r e s s  in  tha t  f i e ld  h a s  b e e n  the d e v e l o p m e n t  and e x t e n s i o n  of 
d e p o s i t s  which  w e r e  known to e x i s t ' f o r  quite  a n u m b e r  of y e a r s  bu t  w i t h -  
out  too m u c h  known about  t h e m .  Of c o u r s e  in  the a r e a  of a t o m i c  e n e r g y  
we h a v e  done a m a z i n g  t h ings ,  but  t ha t  i s  in  the f i e l d  of p r o d u c t i o n ,  i n  
w h i c h  t h e r e  w e r e  f o r m e r l y  v e r y  l i t t l e  m a r k e t  and people  m o r e  o r  l e s s  
pa id  no a t t e n t i o n  to i t .  Bu t  in  f e r r o a l i o y s - - I  i m a g i n e  you  a r e  t a l k i n g  
about  t h i s  c o u n t r y - - t h e r e  h a s  not  b e e n  any th ing  too e n c o u r a g i n g .  

QUESTION:  Two of the r e c e n t  t e c h n o l o g i c a l  a d v a n c e s  tha t  a p p e a r  
to cut  down the t i m e  ~chedu le  o f  ge t t i ng  out s t e e l  s e e m s  to be the s o -  
c a l l e d  t u r b o  h e a r t h  and the e l e c t r i c  f u r n a c e .  What  i n c e n t i v e  does  
G o v e r n m e n t  give to i n c r e a s e  the a m o u n t  o r  the n u m b e r  of t h e s e  k i n d s  
of p l a n t s  ? 

MR. M E L C H E R :  I n c e n t i v e  by the G o v e r n m e n t ?  

QUESTION:  Y e s .  

MR. M E L C H E R :  V e r y  l i t t l e  in  the way  of d i r e c t  i n c e n t i v e s .  Of 
c o u r s e ,  the G o v e r n m e n t  i s  e n g a g e d  in  a wide  r a n g e  of c o o p e r a t i v e  r e -  
s e a r c h .  Some  of the s t a n d b y  c o m p a n i e s  p r o p o s e  to the  G o v e r n m e n t  to 
do r e s e a r c h  in  tha t  c o n n e c t i o n  and ob ta in  r e s e a r c h  g r a n t s  f r o m  the  
G o v e r n m e n t ,  bu t  m o s t  of i t  i s  done by  c o o p e r a t i v e  w o r k  w h e r e  the 
G o v e r n m e n t  i s  u s i n g  i t s  f a c i l i t i e s  w h e r e v e r  p o s s i b l e  and c o n t r i b u t i n g  
publ ic  .funds to the  c o n s t r u c t i o n .  T h e r e  m a y  be s o m e  i n d i r e c t  a s s i s t -  
ance  in  t a x a t i o n ,  but  t h e r e  i s  no f o r m a l  p r o g r a m  of tha t  type .  

Q U E S T I O N :  B i r m i n g h a m  i s  the  on ly  p l ace  .that h a s  t h r e e  b a s i c  
m a t e r i a l s  a l l  i n  one spot .  In  y o u r  opin ion ,  wha t  i s  the m o s t  s t r a t e g i c  
p l ace  to  pu t a new s t e e l  m i l l ?  Would  i t  be n e a r  i r o n  o r e ,  coa l ,  o r  h a l f -  
w a y  b e t w e e n  t h e m ,  o r  n e a r  the m a r k e t ?  

MR. M E L C H E R :  H i s t o r i c a l l y ,  the  c h e a p e s t  w a y  of doing i t  i s  b y  
pu t t i n g  t h e  s t e e l  m i l l  n e a r  the fue l .  H o w e v e r ,  in  r e c e n t  y e a r s  t h e r e  
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h a v e  b e e n  c h a n g e s  and the m a r k e t  c o n d i t i o n s  h a v e  t a k e n  on a g r e a t e r  
i m p o r t a n c e  than  b e f o r e .  In  g e n e r a l ,  the fue l  and  the m a r k e t  a r e  the 
g o v e r n i n g  f a c t o r s .  R a r e l y  does  a s t e e l  p lan t  d e v e l o p  n e a r  the o r e  
supp ly .  Tha t  is  not  on ly  not  an  e c o n o m i c  w a y  of do ing  i t ,  but  the  fue l  
i s  s u c h  a t r e m e n d o u s  t r a n s p o r t a t i o n  p r o b l e m ,  and,  as  I s ay ,  the  m a r -  
ke t  h a s  b e c o m e  a m o r e  i m p o r t a n t  f a c t o r .  L a b o r  supp ly  a l s o  i s  v e r y  
i m p o r t a n t .  

QUESTION:  Has  any  w o r k  b e e n  done in the a p p l i c a t i o n  of n u c l e a r  
e n e r g y  as  a s u b s t i t u t e  fo r  coa l  as  a h e a t  s o u r c e  in the m a n u f a c t u r e  of 
s t e e l ?  

MR. M E L C H E R :  T h e r e  has  b e e n  qui te  a b i t  s a i d  about  t ha t  bu t  
v e r y  l i t t l e  r e s e a r c h .  I wou ld  s a y  t h e r e  h a s  b e e n  no d i r e c t  r e s e a r c h  to 
any  e x t en t ,  but  the  a r e a  does  ho ld  qui te  a b i t  of p r o m i s e  as  a m e t h o d  of 
m a n u f a c t u r i n g  s t e e l  at  r e d u c e d  cos t .  Of c o u r s e ,  i t  c o u l d  be  done  r e a d i l y  
as  m e r e l y  a m e a n s  of o b t a i n i n g  p o w e r ,  but  the p r o c e s s  w i l l  h a v e  to go 
a lo t  f u r t h e r  than  tha t  to m a k e  i t  r e a l l y  a t t r a c t i v e .  

:P robab ly  the m o s t  p r o m i s i n g  a r e a  t h e r e  i s  t h r o u g h  a c o m b i n a t i o n  
of a t o m i c  e n e r g y  r e a c t o r s  and  the p o s s i b l e  u s e  of h y d r o g e n  as  a r e -  
d u c i n g  agen t .  Tha t  i s  s o m e t h i n g  a lot  of s t e e l  peop le  a r e  do ing  a lot  of 
t h i n k i n g  on, but  t h e r e  h a s  r e a l l y  b e e n  no d i r e c t  r e s e a r c h  in  tha t  f ie ld .  

QUESTION:  You s t a t e d  tha t  64 p e r c e n t  of the t u n g s t e n  tha t  we 
u t i l i z e  i s  i m p o r t e d ,  I b e l i e v e  i t  was .  In K o r e a  we put  a c o n s i d e r a b l e  
e f f o r t  in to  r e o p e n i n g  t u n g s t e n  m i n e s .  I w a s  w o n d e r i n g  if tha t  h a s  b e e n  
a good i n v e s t m e n t  o r  i f  we have  r e a p e d  any  b e n e f i t s  fo r  o u r  s t o c k p i l e s  
o r  wha t  h a v e  you  ? 

MR. M E L C H E R :  Y e s ,  we  h a v e .  P r o b a b l y  m y  s t a t e m e n t  w a s  m i s -  
l e a d i n g  b e c a u s e  a l a r g e  p a r t  of the d o m e s t i c  p r o d u c t i o n - - v i r t u a l l y  a l l  
of i t - - h a s  gone in to  s t o c k p i l i n g .  So the p a t t e r n ,  as  f a r  as  i n d u s t r y  i s  
c o n c e r n e d ,  ha s  f o l l o w e d  the  p r e a s s i s t a n c e  e r a ,  and the s t i m u l a t e d  p r o -  
d u c t i o n  by G o v e r n m e n t  a s s i s t a n c e  has  gone in to  the s$ockp i l e .  You  a r e  
qui te  r i g h t ,  t h e r e  has  b e e n  a l a r g e  i n c r e a s e  in p r o d u c t i o n  in  t u n g s t e n  
due  to t h e s e  a s s i s t a n c e  p r o g r a m s .  

QUESTION:  Could  you  give m e  s o m e  i d e a  of the  a v a i l a b i l i t y  of 
l i m e s t o n e  of the  p r o p e r  g r a d e s  ? 

MR. M E L C H E R :  I d i d n ' t  go in to  tha t  p a r t i c u l a r l y .  The c o u n t r y  
h a s  v e r y  l a r g e  r e s e r v e s  of l i m e s t o n e  and  i t  i s  not  a p a r t i c u l a r l y  s e v e r e  
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p r o b l e m  s t r a t e g i c a l l y .  But  in the b e t t e r  g r a d e s  of l i m e s t o n e ,  t hey  
don ' t  h a p p e n  to o c c u r  as  a r u l e  w h e r e  you  w a n t  t h e m  and  the p r o b l e m  
is  a lmos~  e n t i r e l y  one of t r a n s p o r t a t i o n ,  not  of a v a i l a b l e  r e s o u r c e s .  
T h e r e  i s  qu i te  a l a t i t u d e  of s tone  tha t  can  be  u s e d ,  such  as  m a g n e s i u m  
b e a r i n g  l i m e s t o n e ,  but  i t  does  pose  p r o b l e m s  in  t r a n s p o r t a t i o n .  

QUESTION:  A s s u m i n g  tha t  t e c h n o l o g i c a l  a d v a n c e s  do not  o v e r c o m e  
th i s  d e t e r i o r a t i n g  s i t u a t i o n  wi th  r e g a r d  to the o r e s  and the  c o a l ,  and  so 
fo r t h ,  i s  i t  e c o n o m i c a l l y  f e a s i b l e  f o r  the  U n i t e d  S ta t e s  to m a i n t a i n  i t s  
l e a d e r s h i p  in the  p r o d u c t i o n  of s t e e l  as  an  i m p o r t  na t ion  ? 

MR. M E L C H E R :  I s  i t  e c o n o m i c a l l y  f e a s i b l e  ? 

QUESTION:  I m e a n  c o u l d  we  c o n t i n u e  to u s e  ou r  p lan t  c a p a c i t y  
and  i m p o r t  i t  and be c o m p e t i t i v e  ? 

MR. M E L C H E R :  Y e s .  A g a i n  the  p r o b l e m  is  t r a n s p o r t a t i o n ,  and  
m o d e r n  t r a n s p o r t a t i o n  m e t h o d s  have  b r o u g h t  the c o s t  down so low tha t  
i t  i s  p o s s i b l e ,  so f a r  as  I c a n  s e e ,  to i m p o r t  m a t e r i a l s  on a c o m p e t i t i v e  
b a s i s .  Of c o u r s e  r a w  m a t e r i a l  c o s t  i s  i n c r e a s i n g  and  w i l l  c o n t i n u e  to 
i n c r e a s e  a n d b r i n g s  in m o r e  f o r e i g n  o r e  on a c o m p e t i t i v e  b a s i s ,  w h i c h  
w a s  m a y b e  a n e g a t i v e  a n s w e r .  But  the d i m i n i s h i n g  r e s e r v e s  h e r e  h a s  
r a i s e d  the c o s t  to a po in t  w h e r e  i t  w o u l d  c o n t i n u e  to be e c o n o m i c  on the 
s h i p p i n g  b a s i s .  

QUESTION:  I u n d e r s t a n d  tha t  s t e e l m a k i n g  is  an  a r o u n d - t h e - c l o c k  
o p e r a t i o n .  We have  h e a r d  one  of the un ion  l e a d e r s  i n d i c a t e  tha t  he  w o u l d  
l i ke  to put i n d u s t r y  on a f i v e - d a y  w e e k .  What  i m p a c t  wou ld  tha t  h a v e  on 
the i n d u s t r y  ? 

MR. M E L C H E R :  Wel l ,  to th ink  of o p e r a t i n g  the s t e e l  i n d u s t r y  on 
a f i v e - d a y  w e e k  I th ink  i s  not  a f e a s i b l e  th ing  to do. Of c o u r s e ,  the 
w o r k e r s  h a v e  b e e n  on f ive  days  f o r  a long  t i m e ,  but  to th ink  of c l o s i n g  
down o r  s l o w i n g  down a n y t h i n g  as  c o m p l i c a t e d  as  a b l a s t  f u r n a c e  fo r  two 
d a y s  and  t hen  s t a r t  up two days  l a t e r ,  I th ink  i s  c o m p l e t e l y  i m p r a c t i c a l .  
I t  w o u l d  t ake  m o s t  of the nex t  f ive  days  to get  on a s m o o t h  o p e r a t i o n .  
I j u s t  c a n ' t  s e e  tha t  i t  cou ld  p o s s i b l y  w o r k .  

QUESTION:  Ge t t ing  b a c k  a g a i n  to th i s  p r o b l e m  of t r a n s p o r t i n g  fue l  
to the i r o n  o r e  o r  v i c e  v e r s a ,  o r  both  of t h e m  to the m a r k e t  a r e a  f o r  the 
m a n u f a c t u r i n g  p r o c e s s ,  i t  wou ld  s e e m  tha t  i t  m i g h t  be f e a s i b l e  to t r a n s -  
m i t  the  c o a l  in to  e l e c t r i c i t y  in  the m i n i n g  a r e a  and  m o v e  i t  n e a r e r  to the  
m a r k e t  o r  to the o r e .  I s  th i s  f e a s i b l e  and  is  i t  b e i n g  done  ? 
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M R .  M E L C H E R :  W e l l ,  i t  i s  no t  b e i n g  done  to any  g r e a t  e x t e n t ,  
the r e a s o n  b e i n g  tha t  the l a r g e  u s e  of fue l  in  the  s t e e l  i n d u s t r y  i s  no t  
f o r  p o w e r  but  f o r  a r e d u c i n g  a g e n t  to r e d u c e  i r o n  o r e s .  So ff you  
th ink  in  t e r m s  of c h a n g i n g  the p o w e r  in to  e l e c t r i c  p o w e r ,  i t  w o u l d  m e a n  
a r e v o l u t i o n a r y  c h a n g e  in  the p r o c e s s  f o r  m a k i n g  i r o n ,  and  I d o n ' t  s e e  
tha t  i n  the  f o r e s e e a b l e  f u t u r e .  

Q U E S T I O N :  You  m e n t i o n e d  the u s e  of r a r e  e a r t h s  to give s t e e l  
s p e c i a l  p r o p e r t i e s ,  and s p e c i f i c a l l y  you  m e n t i o n e d  c e r i u m .  S ince  r a r e  
e a r t h s  a r e  no doubt  g r o u p e d  t o g e t h e r  b e c a u s e  t hey  have  c e r t a i n  f u s i n g  
and  che~n ica l  p r o p e r t i e s ,  do you  f e e l t h a t  c e r i u m  i s  s p e c i f i c  e n o u g h  in  
i t s e l f  to g ive  s t e e l  c e r t a i n  p r o p e r t i e s  o r  w o u l d  o t h e r  r a r e  e a r t h s  be 
c o m b i n e d  wi th  i t  ? 

M R .  M E L C H E R :  No, i t  i s  not  un ique .  It  i s  j u s t  one e l e m e n t .  But  
the  m a t e r i a l  as  u s e d  p r o b a b l y  w i l l  be  a r a t h e r  c o m p l e x  c o m p o u n d  of a l l  
the  r a r e  e a r t h s ,  and  w i l l  p r o b a b l y  be  a c o m p o u n d  b e c a u s e  of the cos t .  
The  m e t a l s  a r e  too e x p e n s i v e  to u s e  as  s u c h .  

QUESTION:  With the  r e d u c i n g  S o u r c e s  of p r i m a r y  o r e s ,  I a m  
w o n d e r i n g  if  s c r a p  i s  b e i n g  u s e d  to the f u l l e s t  e x t e n t  and  a r e  t h e r e  any  
p a r t i c u l a r  p r o b l e m s  in the u s e  of s c r a p  to m a k e  it  not  f e a s i b l e  to u s e  
the  a v a i l a b l e  s t u f f ?  

M R .  M E L C H E R :  Y e s ,  t h e r e  is  a v e r y  s e r i o u s  p r o b l e m  in  s c r a p  
fo r  the  l o n g - r a n g e  po in t  of v iew.  C o p p e r  i s  an  e l e m e n t  w h i c h  i s  b e i n g  
i n t r o d u c e d  in  s t e e l  a t  a r a t h e r  a l a r m i n g  r a t e .  Once  c o p p e r  ge t s  i n to  
the  s t e e l  c i r c u i t ,  no one  h a s  e v e r  d i s c o v e r e d  a m e a n s  of g e t t i n g  i t  out .  
So we  a r e  e~ther  go ing  to h a v e  to f i n d  out  s o m e  w a y  of r e m o v i n g  i t  f r o m  
o t h e r  e l e m e n t s  s i m i l a r  to i t  o r  i t  w i l l  r e s t r i c t  the u s e  of a l a r g e  p a r t  
of o u r  s c r a p .  A l so  s o m e  of the p o o r e r  g r a d e s  of s c r a p  b u n d l e s  a r e  b e -  
c o m i n g  so h igh  in i m p u r i t y  c o n t e n t  tha t  i t  is  no l o n g e r  in  d e m a n d  on the  
m a r k e t .  

I w o u l d  s ay ,  h o w e v e r ,  tha t  the s c r a p  r e s o u r c e  i s  b e i n g  u s e d  about  
a s  m u c h  as  i t  cou ld  be .  T h e r e  i s  s o m e  r o o m  fo r  a r g u m e n t  on t ha t  bu t  
i t  i s  a m a t t e r  of p r i c e  and  wha t  y o u  c a n  a f f o r d  to do wi th  s c r a p .  Out -  
s ide  of i m p u r i t i e s ,  the supp ly  of s c r a p  w i l l  p r e t t y  m u c h  fo l low the  p r o -  
duc t i on  of s t e e l  and w i l l  be  a v a i l a b l e  w h e n  u s e d  to the  m a x i m u m  ex ten t .  

QUESTION:  When  they  t a lk  about  s t e e l  o p e r a t i n g  a t  80 p e r c e n t ,  
95 p e r c e n t  o r  105 p e r c e n t  of c a p a c i t y ,  w h a t  a r e  t h e y  t a l k i n g  a b o u t ?  
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MR. N I E L C H E R :  Ra te  of c a p a c i t y  is  s u p p o s e d  to be  the  r a t e  at  
wh ich  f a c i l i t i e s  c a n  m a k e  s t e e l ,  a s s u m i n g  n o r m a l  t i m e  fo r  shu tdown  
p e r i o d s .  Tha t  v a r i e s  s l i g h t l y  in  b l a s t  f u r n a c e s  but  i s  about  10 p e r c e n t .  
In  s t e e l  f u r n a c e s ,  i t  v a r i e s  m a y b e  f r o m  10 to 15 p e r c e n t .  A s s u m e  tha t  
a f u r n a c e  c a n  o p e r a t e  about  90 p e r c e n t  of the t i m e  and is  down f o r  r e -  
p a i r s  10 p e r c e n t  of the t i m e ,  if t hey  a c t u a l l y  o p e r a t e d  a l l  f a c i l i t i e s  f o r  
a w e e k ,  t h e o r e t i c a l l y  you  cou ld  r e a c h  110 p e r c e n t  of c a p a c i t y .  I t  s o u n d s  
r a t h e r  r i d i c u l o u s ,  but  tha t  e x p l a i n s  why you  f r e q u e n t l y  have  101 and  102 
p e r c e n t  c a p a c i t y  o p e r a t i o n  fo r  s h o r t  p e r i o d s .  

QUESTION:  You d i d n ' t  s ay  a n y t h i n g  about  r e f r a c t o r i e s  in  y o u r  r e -  
m a r k s ,  y e t  I r e m e m b e r  we  s p e n t  qui te  a lot  of t i m e  t r y i n g  to get  r e f r a c -  
t o r y  c h r o m e  f o r  the  s t o c k p i l e .  A r e  we  going m o r e  t o w a r d  m a g n e s i t e  o r  
s i l i c a  o r  a r e  we  d e p e n d i n g  on i m p o r t i n g  r e f r a c t o r y  c h r o m e  ? 

MR. M E L C H E R :  We a r e  s t i l l  d e p e n d i n g  on i m p o r t s  fo r  c h r o m e  
r e f r a c t o r i e s .  The  c h r o m e  use  p a t t e r n  is  r a t h e r  p e c u l i a r  b e c a u s e  
a c t u a l l y  the  i n d u s t r y  has  t r i e d  fo r  y e a r s  to u s e  the m a x i m u m  a m o u n t  
of c h r o m i t e  in m a k i n g  r e f r a c t o r i e s  b e c a u s e  of e c o n o m i c s .  I t  ha s  b e e n  
the c h e a p e s t  t h ing  to m a k e  r e f r a c t o r i e s  out  of and s t i l l  have  a good r e -  
f r a c t o r y .  So m u c h  of the u s e  of c h r o m e  r e f r a c t o r i e s  cou ld  be  s u b s t i -  
t u t ed  by m a g n e s i t e  and  as  a p r a c t i c a l  t r e n d  m o r e  and  m o r e  m i x t u r e s  of 
the two a r e  b e i n g  u s e d .  C h r o m e  m a k e s  a v e r y  d e s i r a b l e  r e f r a c t o r y b e -  
c a u s e  of i t s  h igh  m e l t i n g  poin t  and  b e c a u s e  i t  i s  n e u t r a l  to a l l  s l a g  a c t i o n .  
It  i s  a f f e c t e d  by n e i t h e r  a c id  s l a g s  n o r  b a s i c  s l a g s .  

QUESTION:  On the d i r e c t  c a s t i n g ,  how b ig  ingot  do they  d r a w  on a 
r e g u l a r  s i z e d  r u n ?  

MR. M E L C H E R :  I d o n ' t  know wha t  the s i z e  i s .  I c an  s a y  th i s ,  t h a t  
none  of t h e m  a r e  of the l a r g e  c o m m e r c i a l  i ngo t  s i z e .  

QUESTION:  The  r e a s o n  I a s k e d  w a s  tha t  I w a s  c u r i o u s  a s  to why  i t  
took so long.  T h e y  w e r e  d r a w i n g  up to f o u r - i n c h  c o p p e r .  

C O L O N E L  NYQUIST:  M r .  M e l c h e r ,  on b e h a l f  of the C o l l e g e ,  I 
w a n t  to thank  y o u  fo r  c o m i n g  down h e r e  and  g iv ing  us  a v e r y  i n t e r e s t i n g  
and  e d u c a t i o n a l  d i s c u s s i o n .  Thank  you .  

MR. M E L C H E R :  Thank  you ,  C o l o n e l .  

(4 J a n  1 9 5 6 - - 2 5 0 ) K / e n  
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