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@  Recovery  of  tungsten  values  from  tungsten-bearing  materials. 

A  method  of  recovering  tungsten  values  from  a  high 
grade  tungsten  bearing  ore  or  concentrate  such  as  scheelite 
or  wolframite  includes  the  steps  of  roasting,  without  fusion, 
the  ore  or  concentrate  in  the  presence  of  a  reactive  composi- 
tion  selected  from  the  group  of  an  alkali  metal  chloride,  an 
alkali  metal  carbonate  and  mixtures  thereof  and  extracting 
the  water-soluble  tungsten  values  from  the  roasted  product, 
e.g.  by  water  leaching.  The  reactive  composition  is  prefer- 
ably  an  alkali  metal  carbonate  on  its  own. 



THIS  i nven t ion   r e l a t e s   to  the  r ecovery   of  t ungs ten   v a l u e s  

from  tungs ten   bear ing   nres  or  c o n c e n t r a t e s .  

Tungsten  is  g e n e r a l l y   found  in  na tu re   in  s c h e e l i t e  t y p e   o r e s  

and  wo l f r ami t e   type  ores .   These  two  ores  d i f f e r   s u b s t a n t i a l l y  

in  t h e i r   chemical  compos i t ion   being  a  calc ium  t u n g s t a t e   and 

an  i ron-manganese   t u n g s t a t e ,   r e s p e c t i v e l y .   C o n s e q u e n t l j r ,  

d i f f e r e n t   p r o c e s s e s   have  g e n e r a l l y   been  used  to  recover   t h e  

t u n g s t e n   values  from  each  type  of  ore.   In  the  case  o f  s c h e e l i t e  

o r e s ,   the  c l a s s i c a l   p r i o r   a r t   p rocess   is  to  t r e a t   the  ore  w i t h  

h y d r o c h l o r i c   acid  to  produce  i n s o l u b l e   t u n g s t i c   ac id .   The 

t u n g s t i c   acid  is  taken  up  in  an  ammonia  s o l u t i o n   to  p roduce  

u l t i m a t e l y   ammonium  p a r a t u n g s t a t e   (APT).  Wolframite   on  t h e  

o the r   hand  is  u s u a l l y   decomposed  by  f u s i n g  t h e   ore  with  sodium 

h y d r o x i d e / s o d i u m   c a r b o n a t e   which  e x t r a c t s   the  tungs ten   as  sodium 

t u n g s t a t e .   The  cooled  fused  product   is  l e a c h e d  w i t h   w a t e r  t o  

e x t r a c t   the  so lub le   sodium  t u n g s t a t e .   S i m i l a r l y ,   th i s   may  be 

t r e a t e d   with  h y d r o c h l o r i c   acid  to  p r e c i p i t a t e   t u n g s t i c   a c i d  

which  is  taken  up  in  an  a rnonia   s o l u t i o n   to  produce  APT. 

B r i t i s h   pa t en t   s p e c i f i c a t i o n   No.  1 ,089,913  d e s c r i b e s   a  p r o c e s s  

for   r e cove r ing   t ungs t en   values   from  both  s c h e e l i t e   and  w o l f r a m i t e  

type  ores  or  c o n c e n t r a t e s .   This  p rocess   comprises   f u s i n g  

powdered  s c h e e l i t e   and /or   w o l f r a m i t e  t u p e   ores  or  c o n c e n t r a t e s  

with  a  f l ux ing   mixture   of  sodium  c a r b o n a t e ,   sodium  c h l o r i d e  

and  sodium  n i t r a t e   (which  mixture   a l so   c o n t a i n s ,   in  the  case  o f  

the  s t a r t i n g   ma te r i a l   c o n t a i n i n g   ca lc ium,   at  l e a s t   s u f f i c i e n t  

s i l i c e o u s   ma te r i a l   tc  form  calcium  s i l i c a t e   t h e r e w i t h )  ,  

.  l each ing   the  coo lcd ,   fused  m a t e r i a l  w i t h   w a t e r  a n d  s e p a r a t i n g   a 

t u n g s t e n - b e a r i n g   a l k a l i n e   leach  l i q u o r   from  w a t e r - i n s o l u b l e  

i m p u r i t i e s ,   a c i d i f y i n g   the  s e p a r a t e d   leach  l i q u o r   and  add ing  

t h e r e t o   s u f f i c i e n t   of  the  f l u o r i d e   or  h y d r o f l u o r i c   acid  to  f o r m ,  



with  any  s i l i c o n   and  phosphorus  p r e s e n t ,   compounds  which  

are  s u b s t a n t i a l l y   i n s o l u b l e   in  o rgan ic   media:  e x t r a c t i n g  

the  t h u s - t r e a t e d   ma te r i a l   with  an  o rgan ic   s o l u t i o n  

compr i s ing   an  c r g a n i c   amine  capable   of  forming  a  w a t e r -  

i n s o l u b l e   o rgan i c   amine  tungs ten   complex  to  t r a n s f e r   t u n g s t e n  

from  the  aqueous  to  the  organic   phase,   s e p a r a t i n g   the  p h a s e s ,  

t r e a t i n g   the  s e p a r a t e d   organic   phase,   with  aqueous  ammonia 

to  form  a  w a t e r - s o l u b l e   ammonium  t u n g s t a t e ,   and  s e p a r a t i n g  

.  the  aqueous  phase  c o n t a i n i n g   ammonium  t u n g s t a t e   from  t h e  

o rgan ic   phase .   This  process   i n v o l v e s ,   as  an  e s s e n t i a l   s t e p ,  

the  fus ion   of  powdered  s c h e e l i t e   and /o r   w o l f r a m i t e   type  o r e s  

or  c o n c e n t r a t e s   with  a  mixture  o f  sod ium  c a r b o n a t e   and  sodium 

c h l o r i d e .   Indeed ,   i t   is  s t a t e d   in  the  s p e c i f i c a t i o n   tha t   a 

f l u i d   melt  should  be  produced.   Typical   t e m p e r a t u r e s   at  which 

the  fus ion   take  place  are  698°C  to  8 2 5 ° C .  

Fox  U.S.  P a t e n t   S p e c i f i c a t i o n   No.  3 ,800 ,025   d e s c r i b e s   a 

process   of  e x t r a c t i n g   tungs ten   va lues   from  low  grade  t u n g s t e n  

ores  which  i n c l u d e s   the  s teps   of  r o a s t i n g   a  p a r t i c u l a t e d  

t u n g s t e n - c o n t a i n i n g   ore  in  a  water  c o n t a i n i n g   a t m o s p h e r e  

in  the  p r e s e n c e   of  sodium  c h l o r i d e   and  at  l e a s t   one  of  t h e  

r e a g e n t s   s e l e c t e d   from  sodium  c a r b o n a t e   and  sodium  p h o s p h a t e  

at   a  t e m p e r a t u r e   in  the  range  of  about  600°C  to  about  900°C 

for   about  1  to  3  hours ,   water  l e a c h i n g   the  r e s u l t i n g   c a l c i n e s  

to  d i s s o l v e   s o l u b l e   t ungs ten   values   and  f i l t e r i n g .   This  p r o c e s s  
is  r e s t r i c t e d   in  a p p l i c a t i o n   to  low  grade  t u n g s t e n   ores  and 

r e q u i r e s   a  water   c o n t a i n i n g   a tmosphere   for   i t s   o p e r a t i o n .  

Moreover,   r e l a t i v e l y   high  roa s t   t e m p e r a t u r e s   and  r e l a t i v e l y  

low  amounts  of  sodium  r e d c t a n t   are  g e n e r a l l y   u s e d .  



According  to  the  p r e sen t   i n v e n t i o n ,   t he re   is  p rovided   a 

process   for   r e cove r ing   t u n g s t e n  v a l u e s   from  a  high  g r a d e  

t u n g s t e n - b e a r i n g   ore  or  c o n c e n t r a t e   i nc lud ing   the  s t e p s  

of  r o a s t i n g   wi thout   fus ion   the  ore  or  c o n c e n t r a t e   in  t h e  

presence   of  a  r e a c t i v e   compos i t ion   s e l e c t e d   from  an  a l k a l i  

metal  c h l o r i d e ,   an  a l k a l i   metal  c a rbona te   and  m i x t u r e s  

t h e r e o f ,   and  e x t r a c t i n g   w a t e r - s o l u b l e   t ungs ten   va lues   f rom 

the  r o a s t e d   p roduc t .   It  is  e s s e n t i a l   to  the  process   t h a t  

r o a s t i n g   takes   place  wi thou t   general   f u s i o n ,   t h a t   is  t h e  

mix  of  ma te r i a l   and  f lux  must  not  form  a  f l u i d   m e l t  d u r i n g  

r o a s t i n g .   The  f a c t   tha t   a  melt  is  not  produced  con fe r s   a 

much  g r e a t e r   f l e x i b i l i t y   in  p rocess   design  and  can  r e s u l t  

in  energy  s av ings .   The  r o a s t e d   product   is  an  e a s i l y   h a n d l e a b l e  

m a t e r i a l .  

The  t u n g s t e n   values  in  the  r o a s t e d   product   will   be  in  t h e  

form  of  w a t e r - s o l u b l e   a l k a l i   metal  t u n g s t a t e .   This  p r o d u c t  

may  t h e r e a f t e r   be  t r e a t e d   in  known  manner  to  r e c o v e r   t h e  

t u n g s t e n   values   as  t ungs t en   meta l ,   fo r   example,   the  t u n g s t e n  

values   may  be  water   l eached   from  the  r o a s t e d   mix ture   and  t h e  

l e a c h  l i q u o r   then  t r e a t e d   in  the  manner  d e s c r i b e d  i n  B r i t i s h  

p a t e n t   s p e c i f i c a t i o n   No.  1 , '089,913.   T h e s e  t r e a t m e n t   s t e p s   a r e  

e s s e n t i a l l y   an  a p p l i c a t i o n   of  chemis t ry   known in  the  a r t .  

The  a l k a l i   metal  for  b o t h  t h e   c h l o r i d e   and  the  c a r b o n a t e   w i l l  

i n v a r i a b l y   be  s o d i u m .  

The  t u n g s t e n - b e a r i n g   ore  or  c o n c e n t r a t e   i s  a  h i g h   g r a d e  

one,  i . e .   one  c o n t a i n i n g   a t  l e a s t   20  p e r c e n t  b y   w e i g h t  

t u n g s t e n   as  t u n g s t e n   oxide  (WO3).  Such  m a t e r i a l s  w i l l  

g e n e r a l l y   be  of  the  s c h e l l i t e   or  wo l f r ami t e   type  and  may 
c o n t a i n   up  to  80,5  pe rcen t   t ungs t en   as  tungs ten   o x i d e .  



The  r e a c t i v e   compos i t ion   may  be  an  a l k a l i   metal  c h l o r i d e ,  

an  a l k a l i   metal  c a r b o n a t e   or  a  mixture   t h e r e o f .   I t   is  a 

p a r t i c u l a r l y   p r e f e r r e d   f e a t u r e   of  the  p rocess   t ha t   t h e  

r e a c t i v e   compos i t ion   c o n s i s t s   s o l e l y   of  an  a l k a l i   m e t a l  

c a r b o n a t e   such  as  sodium  c a r b o n a t e .   It   has  s u r p r i s i n g l y  

been  found  t ha t   e x c e l l e n t   t u n g s t e n   r e c o v e r i e s ,   a t  

r e l a t i v e l y   mild  t e m p e r a t u r e s   can  be  ach ieved   using  sod ium 

c a r b o n a t e   a l o n e .  

The  r o a s t i n g   t e m p e r a t u r e   will   vary  acco rd ing   to  the  n a t u r e  

of  the  ore  or  c o n c e n t r a t e   being  t r e a t e d   and  the  type  and  

q u a n t i t y   of  r e a c t i v e   compos i t i on   p r e s e n t .   The  impor t an t   p o i n t  

is  t h a t   a  t e m p e r a t u r e   must  be  chosen  which  will   not  r e s u l t  

in  fus ion   of  the  ore  or  c o n c e n t r a t e   t ak ing   place  but  w i l l  

yet  be  high  enough  for  the  d e s i r e d   r e a c t i o n   to  take  p lace   i n  

a  r e a s o n a b l e   t ime.  As  a  genera l   rule   t e m p e r a t u r e s   in  the  r a n g e  
600°  to  800°C wi l l   be  used.   For  w o l f r a m i t e   o re s ,   l o w e r  

t e m p e r a t u r e s   down  to  500°C  can  be  u s e d  a n d  g o o d   e x t r a c t i o n s  

s t i l l   o b t a i n e d .   When  the  r e c o v e r i e s   are  low  then  the  r o a s t e d  

p r o d u c t ,   a f t e r   f i l t r a t i o n ,   can  be  d r i ed   and  r e m i x e d  w i t h  

r e a c t i v e   r e a g e n t   and  then  r e - r o a s t e d .   Th i s  can   b e  c o n t i n u e d  

u n t i l   as.much  of  the  t ungs t en   as  d e s i r e d  h a s   b e e n  e x t r a c t e d  

from  the  ore.   The  r e - r o a s t i n g   o f  o r e   to  i n c r e a s e  t h e   t u n g s t e n  
e x t r a c t i o n   may  be  used  p a r t i c u l a r l y   with  s c h e e l i t e  o r e s .  

The  amount  of  r e a c t i v e   c o m p o s i t i o n . p r e s e n t   dur ing   r o a s t i n g   w i l l  

a lso   vary  acco rd ing   to  the  na tu re   of  t h e  o r e  o r   c o n c e n t r a t e .  

There  should  be  at  l e a s t   s u f f i c i e n t   s o d i u m  p r e s e n t   to  combine 

with  a l l   the  t u n g s t e n   to  fo rm sodium  t u n g s t a t e .  I t  h a s   been  

f o u n d ,   however ,   t h a t  a   s t o i c h i o m e t r i c   e x c e s s  o f   sodium  i s  

g e n e r a l l y  n e c e s s a r y   when  the  ore  bping  t r e a t e d  i s  a   w o l f r a m i t e  

o r e .  



The  r o d s t i n g   must  take  place  for  a  s u f f i c i e n t   time  to  c o n v e r t  

as  much  as  p o s s i b l e   of  the  tungs ten   to  sodium  t u n g s t a t e .   The 

r o a s t i n g   time  is  t y p i c a l l y   up  to  120  minu tes ,   a l t hough   f o r  

many  ores  no  p a r t i c u l a r - a d v a n t a g e   has  been  found  by  h e a t i n g  

for   a  per iod   of  longer   than  60  m i n u t e s .  

Where  n e c e s s a r y ,   depending  on  the  ore  compos i t ion   a n d / o r  

type  of  h e a t i n g   equipment  being  used,  the  r e a c t i v e   c o m p o s i t i o n  

may  a lso   c o n t a i n   a  s u i t a b l e   o x i d i s i n g   agent  such  as  sodium 

n i t r a t e .   Such  an  o x i d i s i n g   agent   is  p a r t i c u l a r l y   useful   where  

w o l f r a m i t e   ores   or  c o n c e n t r a t e s   are  being  t r e a t e d .   Where  t h e  

t u n g s t e n - b e a r i n g   ore  or  c o n c e n t r a t e   a lso  c o n t a i n s   a  s u b s t a n t i a l  

q u a n t i t y   of  ca lc ium  i t   may  be  d e s i r a b l e   in  some  cases   to  i n c l u d e  

f i n e l y   d iv ided   s i l i c a   in  the  r e a c t i v e   c o m p o s i t i o n .   The  s i l i c a  

r e a c t s   with  the  ca lc ium  to  form  t r i c a l c i u m   s i l i c a t e   which  i s  

s u b s e q u e n t l y   r e a d i l y   s epa rab l e   from  the  sodium  t u n g s t a t e .  

The  t u n g s t e n - b e a r i n g   ore  or  c o n c e n t r a t e   and  the  r e a c t i v e  

c o m p o s i t i o n   will   g e n e r a l l y   both  be  provided  in  f i n e l y   d i v i d e d  

s t a t e   and  wil l   be  i n t i m a t e l y   mixed  p r io r   to  r o a s t i n g .   A f t e r  

r o a s t i n g ,   the  p roduc t   may  be  leached  with  wa te r .   It  has  been 

found  e x p e r i m e n t a l l y   t ha t   one  leach  and  a  r e p l a c e m e n t   wash 

under  a p p r o p r i a t e   c o n d i t i o n s   are  g e n e r a l l y   s u f f i c i e n t .   The 

f a c t   t h a t   t h e r e   is  no  fus ion   during  r o a s t i n g   means  t h a t  

l e a c h i n g   may  take  place  on  the  r oa s t ed   p roduc t   as  such  w i t h o u t  

s u b j e c t i n g   thd t   product   to  a  c rush ing   or  l ike   s t ep .   Moreove r ,  

l e a c h i n g   may  take  place  while  the  roas ted   p roduc t   is  s t i l l   h o t .  

Af te r   l e a c h i n g ,   the  leach  l i q u o r   is  t r e a t e d   by  commonly  known 

methods  to  remove  i m p u r i t i e s   such  as  a luminium,  magnes ium,  

phosphorous ,   s i l i c o n ,   antimony,  a r s en i c   and  molybdenum. 



After   the  f i r s t   p u r i f i c a t i o n   s tep ,   the  f i l t r a t e   may  be  

f u r t h e r   p u r i f i e d   by  t r e a t m e n t   wi th  a   f l u o r i d e   or  h y d r o f l u o r i c  

ac id .   The  a d e q u a t e l y   p u r i f i e d   s o l u t i o n   is  then  s u b j e c t e d   to  a 

c o n v e n t i o n a l   s o l v e n t   e x t r a c t i o n   p rocedure .   The  t u n g s t e n  

con t a ined   in  the  o rgan ic   phase  may  be  e x t r a c t e d   with  ammonium 

hydroxide   to  provide   an  aqueous  ammonium  t u n g s t a t e   s o l u t i o n .  

Tungsten  metal  powder  may  be  produced  from  the  ammonium 

t u n g s t a t e   by  known  m e t h o d s .  

Various  s c h e e l i t e   and  w o l f r a m i t e   ores  and  mix tu res   t h e r e o f  

were  t r e a t e d   by  the  p rocess   of  the  i n v e n t i o n   us ing  v a r i o u s  

r e a c t i v e   c o m p o s i t i o n s ,   r a t i o s   of  ore  to  r e a c t i v e   c o m p o s i t i o n  

and  at  d i f f e r e n t   r o a s t i n g   t e m p e r a t u r e s .   In  al l   t h e s e  

expe r imen t s   the  ore  and  r e a c t i v e   compos i t ion   was  in  f i n e l y  

d iv ided   or  p a r t i c u l a t e   form  and  was  r oa s t ed   as  a  m ix tu r e .   A f t e r  

r o a s t i n g ,   the  sodium  t u n g s t a t e   was  leached  with  wate r ,   t h e  

r e s i d u e   s e p a r a t e d   from  the  leach  l i q u o r   by  f i l t r a t i o n   and  

washing  and  the  leach  l i q u o r   t r e a t e d   in  the  manner  g e n e r a l l y  

d e s c r i b e d   above  to  recover   the  t ungs t en   v a l u e s .   The  r e s u l t s   o f  

t h e   e x p e r i m e n t s   are  given  in  the  Tables   b e l o w .  

Exper iments   1  to  4:  The  o r e  u s e d   was a  wo l f r ami t e   o r e  

c o n t a i n i n g   68,1%  t u n g s t i c   oxide;   the  r e a c t i v e   c o m p o s i t i o n  

was  sodium  c a r b o n a t e   and  the  r o a s t   t e m p e r a t u r e   was  650°C.  



The  s t o i c h i o m e t r i c   r a t i o  o f   t u n s t i c   oxide  (W03)  c o n t e n t   to  t h e  

r e a c t i v e   compos i t i on   is  about  2 , 2 .  

These   e x p e r i m e n t s   i l l u s t r a t e   the  importance  of  having  a 

s t o i c h i o m e t r i c   excess   of  sodium  p r e s e n t  a n d   the  e x c e l l e n t  

r e c o v e r i e s   which  can  be  ach ieved   using  sodium  c a r b o n a t e   a b o v e .  

The  roas t ed   p r o d u c t ,   of  a  powdery  n a t u r e ,   was  e a s i l y   h a n d l e a b l e  

and  could  be  s u b j e c t e d   d i r e c t l y   to  l e a c h i n g ,   and  while  s t i l l   h o t .  

Experiments   5  to  8:  The  ore  used  was  a  s c h e e l i t e   ore  c o n t a i n i n g  

74,8%  t u n g s t i c   ox ide ,   the  r e a c t i v e   compos i t ion   was  sodium 

c a r b o n a t e ;   and  the  r o a s t   t e m p e r a t u r e   was  650°C  for  e x p e r i m e n t s  

5  and  6  and  800°C  for   expe r imen t s   7  and  8 .  



It  will  be  noted  tha t   the  t u n g s t e n   e x t r a c t i o n s   a r e  

r e l a t i v e l y   low.  The  reason  for  t h i s   is  t h a t  a   less   than  t h e  

s t o i c h i o m e t r i c   q u a n t i t y   of  sodium  ca rbona t e   was  r e q u i r e d  

to  p r e v e n t   fus ion   taking  p lace .   The  r oa s t ed   product   was 

powdery  and  could  be  d i r e c t l y   l eached ,   and  while  s t i l l   h o t .  

The  leached  r e s i d u e ,   a f t e r   d ry ing ,   can  again  be  r oa s t ed   i n  

the  presence   of  sodium  c a r b o n a t e   and  leached   to  i n c r e a s e   t h e  

t ungs t en   e x t r a n c t i o n .   This  can  be  r epea t ed   as  of ten  a s  

d e s i r e d   to  e x t r a c t   as  much  of  the  t ungs ten   as  p o s s i b l e .  

Experiment   9 :  

Ores  were  r oa s t ed   at  v a r i o u s   t e m p e r a t u r e s   using  var ious   r a t i o s  

and  r e a c t i v e   c o m p o s i t i o n s   to  ore.   The  r e a c t i v e   compos i t i on   i n  

each  case  c o n t a i n e d   1  par t   sodium  c a r b o n a t e   to  0,67  p a r t s  

sodium  c h l o r i d e .   The  r e s u l t s   of  these   exper iments   are  set   o u t  

in  Table  I I I .  



In  all   the  above  e x p e r i m e n t s   the  r oa s t ed   p roduc t   could  be 

s u b j e c t e d   d i r e c t l y   to  t each ing   with  wa te r ,   and  while  h o t .  

The  powdery  r o a s t e d   product   was  e a s i l y   h a n d l e a b l e .  

Experiment   10 

In  t h i s   exper iment   a  s c h e e l i t e   c o n c e n t r a t e   c o n t a i n g   74,8% 

of  W03  and  a  wo l f r ami t e   c o n c e n t r a t e   c o n t a i n i n g   66,1%  W03  were  

mixed  1  :  1  by  weight  and  the  mixture  was  mixed  with  sodium 

c a r b o n a t e   in  the  p r o p o r t i o n   of  1  par t   of  sodium  c a r b o n a t e   t o  

four  p a r t s   of  the  mix ture .   Roasting  was  conducted  at  660°C 

for   four  h o u r s .  



Thus  300  g  of  s c h e e l i t e ,   300  g  of  w o l f r a m i t e   and  150  g 
of  sodium  c a r b o n a t e   were  mixed  and  r o a s t e d .   The  t h e o r e t i c a l  

s t o i c h i o m e t r i c   amount  of  sodium  c a r b o n a t e   was  98  g.  The 

p e r c e n t a g e   e x t r a c t i o n   of  t ungs ten   was  58%. 

Experiment   11 

The  r e s i d u e   from  exper iment   10  was  again  mixed  with  sodium 

c a r b o n a t e   and  r oa s t ed   at  650°C  and  two  t e s t s   conducted  w i t h  

d i f f e r e n t   amounts  of  sodium  c a r b o n a t e .   The  r e s u l t s   are  g i v e n  

i n   t a b l e   1V. 

The  o v e r a l l   t ungs t en   e x t r a c t i o n   is  90  and  95  pe rcen t   at  r e s i d u e :  

Na2C03  r a t i o s   of  7:3  and  1:3.  The  p a r t i c u l a r   r a t i o   chosen  w i l l  

depend  on  the  p a r t i c u l a r   economic  c i r c u m s t a n c e s   under  which  any 

process   o p e r a t e s   at  any  given  t i m e .  

As  far   as  the  a p p l i c a n t   is  aware,  t h i s   is  the  f i r s t   p r o c e s s  
which  has  been  found  to  be  s u i t a b l e   for   t r e a t i n g  m i x t u r e s   o f  

s c h e e l i t e   and  w o l f r a m i t e .   The  l a t t e r   acts   to  reduce  t h e  

tendency  of  s c h e e l i t e   to  form  a  s t i c k y   p r o d u c t .  



1 .  

A  method  of  r e cove r ing   t ungs t en   values   from  a  high  g r a d e  

t u n g s t e n   bear ing   ore  or  c o n c e n t r a t e   i n c l u d i n g   the  s teps   o f  

r o a s t i n g ,   w i thou t   f u s ion ,   the  ore  or  c o n c e n t r a t e   in  t h e  

p resence   of  a  r e a c t i v e   compos i t ion   s e l e c t e d   from  the  g roup  
of  an  a l k a l i   metal  c h l o r i d e ,   and  a l k a l i   metal  c a r b o n a t e  

.  and  mix tures   t h e r e o f   and  e x t r a c t i n g   w a t e r - s o l u b l e   t u n g s t e n  

values   from  the  roas ted   p r o d u c t .  

2 .  

A  method  accord ing   to  claim  1  in  which  f u s ion   is  p r e v e n t e d  

by  c o n t r o l l i n g   the  amount  of  r e a c t i v e   compos i t ion   u s e d .  

3 .  

A  method  accord ing   to  claim  1 or  c la im  2  wherein  the  r e a c t i v e  

c o m p o s i t i o n   is  a  mixture   of  an  a l k a l i   metal  c h l o r i d e   and  an 

a l k a l i   metal  c a r b o n a t e .  

4 .  

 A   method  accord ing   to  claim  1  or  c la im  2  wherein  the  r e a c t i v e  

c o m p o s i t i o n   c o n s i s t s  s o l e l y   of  an  a l k a l i  m e t a l   c a r b o n a t e .  

5 .  

A  method  accord ing   to  any one  of  the  p r eced ing   claims  w n e r e i n  

the  a l k a l i   metal  is  sodium.  

6 .  

A  method  accord ing   to  any one  of  the  p reced ing   claims  w h e r e i n  

the  r o a s t i n g   takes  place  at  a  t e m p e r a t u r e   in  the  range  500°C 

to  800°C.  



7 .  

A  method  acco rd ing   to  any one  of  the  preceding  claims  w h e r e i n  

the  w a t e r - s o l u b l e   t u n g s t e n   va lues   are  e x t r a c t e d  f r o m   t h e  

roas t ed   product   by  l e a c h i n g   with  w a t e r .  

8 .  

A  method  of  c la im  7  wherein  the  roas t ed   product   is  l e a c h e d  

while  it   is  h o t .  

9 .  

A  method  of  any one  of  the  p reced ing   claims  wherein  the  o r e  

is  a  s c h e e l i t e   ore  and  the  r o a s t   t empera tu re   is  in  the  r a n g e  
600°C  to  800°C.  

10.  

A  method  a c c o r d i n g   to  c la im  9  wherein  the  roas t ed   product   i s ,  

a f t e r   e x t r a c t i o n   of  w a t e r - s o l u b l e   tungs ten   va lues   t h e r e f r o m ,  

r o a s t e d   in  the  p re sence   of  the  r e a c t i v e   compos i t ion   and  f u r t h e r  

w a t e r - s o l u b l e   t u n g s t e n   va lues   then  e x t r a c t e d   t h e r e f r o m .  

11.  

A  method  acco rd ing   to  any one  of  claims  1  to  9  wherein  the  o r e  

is  a  w o l f r a m i t e   ore  and  the  r o a s t   t e m p e r a t u r e   is  in  the  r a n g e  
500°C to  800°C.  

12.  

A  method  a cco rd ing   to  c la im  11  wherein  the  amount  of  r e a c t i v e  

compos i t ion   used  is  such  t h a t   a  s t o i c h i o m e t r i c   excess   o f  

sodium  is  p r e s e n t   in  r e l a t i o n   to  the  t ungs t en   oxide  in  the  o r e .  



13. 

A  method  a c c o r d i n g   to  any one  of  claims  1  to  9  wherein  t h e  

ore  is  a  mixture   of  wo l f r ami t e   and  s c h e e l i t e .  

14.  

A  method  a cco rd ing   to  claim  12  wherein  the  r oa s t ed   p r o d u c t  

is ,   a f t e r   e x t r a c t i o n   of  w a t e r - s o l u b l e   values   t h e r e f r o m ,  

r o a s t e d  i n   the  p resence   of  a  r e a c t i v e   compos i t ion   and  f u r t h e r  

w a t e r - s o l u b l e   va lues   are  e x t r a c t e d   from  the  thus  r oa s t ed   p r o d u c t .  
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