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SUMMARY 

B a c k g r o u n d 

In 1965 t h e South A u s t r a l i a n G o v e r n m e n t D e p a r t m e n t of Mines a u t h o r i s e d 
A m d e l to c a r r y out a r e v i e w of l e a d and c o p p e r s m e l t i n g o p e r a t i o n s . T h i s 
d e c i s i o n w a s undoub ted ly p r o m p t e d by t h e p r o v i n g of c o n s i d e r a b l e r e s e r v e s 
of l e a d o r e at E d i a c a r a , and the e x p l o r a t i o n w o r k f o r c o p p e r p r o c e e d i n g in 
South A u s t r a l i a . 

O b j e c t i v e 

It w a s d e s i r e d to h a v e r e a d i l y a v a i l a b l e t e c h n i c a l and c o s t d a t a f o r t h e 
s m e l t i n g and r e f i n i n g of o r e s and c o n c e n t r a t e s of t h e s e m e t a l s . T h i s 
i n f o r m a t i o n would a s s i s t the D e p a r t m e n t of M i n e s in a s s e s s i n g n e w l y -
d i s c o v e r e d l e a d and c o p p e r o c c u r r e n c e s . 

S u m m a r y of W o r k Done 

T h i s r e p o r t i s t he conc lud ing r e p o r t of a s e r i e s of t h r e e , t h e two 
p r e v i o u s b e i n g : 

A m d e l R e p o r t 398 "Rev iew of L e a d and C o p p e r - S m e l t i n g 
O p e r a t i o n s — Sale of C o n c e n t r a t e s " 

A m d e l R e p o r t 451 "Rev iew of L e a d S m e l t i n g O p e r a t i o n s " . 

In t h i s p r e s e n t r e p o r t d e a l i n g wi th c o p p e r e x t r a c t i o n the p u b l i s h e d 
l i t e r a t u r e h a s been s e a r c h e d and a b i b l i o g r a p h y of o v e r 400 r e f e r e n c e s i s 
g iven in Appendix B. The e x t r a c t i o n . o f c o p p e r f r o m both su lph ide and 
o x i d i s e d o r e s h a s b e e n r e v i e w e d and the f i xed c a p i t a l i n v e s t m e n t and the 
d i r e c t t r e a t m e n t c o s t e s t i m a t e d f o r m o s t of the p r o c e s s e s . 

C o n c l u s i o n s 

It w i l l be a p p r e c i a t e d tha t t h e r e i s no p r e s e n t l y r k n o w n c o p p e r o r e body 
in South A u s t r a l i a wh ich c a n be u s e d a s an e x a m p l e . The i n f o r m a t i o n 
s h o u l d p r o v e u s e f u l when c o n s i d e r i n g the t r e a t m e n t in South A u s t r a l i a of 
o r e f r o m a n o t h e r S t a t e , and in e v a l u a t i n g new d i s c o v e r i e s in South A u s t r a l i a . 
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1. I N T R O D U C T I O N 

C o p p e r o r e s c a n b e b r o a d l y c l a s s i f i e d a s e i t h e r s u l p h i d e o r o x i d i s e d , 
a c c o r d i n g to t h e c o p p e r m i n e r a l s p r e s e n t . S u l p h i d e o r e s c o n t a i n t h e m i n e r a l s 
c h a l c o c i t e (Cu 2S), c h a l c o p y r i t e ( C u F e S 2 ) , b o r n i t e (Cu 2S. CuS . F e S ) , t e t r a h e d r i t e 
(4Cu 2 S. Sb2S3) , e n a r g i t e (3Cu 2 S. As 2 S 5 ) , c o v e l l i t e (CuS), and c o p p e r - b e a r i n g i r o n 
s u l p h i d e . O x i d i s e d o r e s c o n t a i n m a l a c h i t e ( C u C 0 3 . CU(OH)2), a z u r i t e ( 2 C u C 0 3 . 
CU(OH)2), b r o c h a n i t e ( C u S 0 4 . 3CU(OH)2), c h r y s o c o l l a (CuO. S i 0 2 . 2 H 2 0 ) , a n d 
c u p r i t e ( C u 2 0 ) ( D e n n i s , 1961) . 

Bo th s u l p h i d e and o x i d i s e d o r e s h a v e b e e n m i n e d in Sou th A u s t r a l i a , and 
m i n i n g c o m p a n i e s a r e a c t i v e l y e n g a g e d in t h e s e a r c h f o r c o p p e r at t h e p r e s e n t 
t i m e . T h e r e i s h o w e v e r , no m a j o r d e p o s i t w h i c h c a n b e t a k e n a s a n e x a m p l e 
f o r t h e p u r p o s e of t h i s r e p o r t . A m o n g t h e p r o s p e c t s and a r e a s of p a s t 
a c t i v i t y a r e Yudnamutana . , B u r r a , W a l l a r o o - M o o n t a , K a p u n d a a n d C a l l i n g t o n . 
T h e s e a r e s h o w n in F i g u r e 1. 

Whi l e t h i s r e p o r t d e a l s p r i m a r i l y w i th C o p p e r S m e l t i n g , a l l m e t h o d s of 
e x t r a c t i n g c o p p e r f r o m i t s o r e s a r e i n c l u d e d in t h e r e v i e w of p r o c e s s e s , 
w h e t h e r p y r o m e t a l l u r g i c a l o r h y d r o m e t a l l u r g i c a l . E m p h a s i s i s p l a c e d on 
n e w d e v e l o p m e n t s . 

In o r d e r to b e a b l e t o e s t i m a t e t h e c o s t of r a w m a t e r i a l s and u t i l i t i e s , i t 
i s n e c e s s a r y to d e c i d e on a l o c a t i o n f o r t h e s m e l t e r o r c h e m i c a l t r e a t m e n t 
p l a n t . W a l l a r o o and P o r t A d e l a i d e w i l l be s e l e c t e d . W a l l a r o o wou ld s e r v e 
t h e W a l l a r o o - M o o n t a d i s t r i c t , h a v i n g s h i p p i n g and r a i l f a c i l i t i e s and s u p e r -
p h o s p h a t e w o r k s r e q u i r i n g s u l p h u r i c a c i d . T h e P o r t A d e l a i d e - B i r k e n h e a d 
a r e a would be a l o g i c a l po in t f o r c o n c e n t r a t e s f r o m K a p u n d a and C a l l i n g t o n , 
a n d h a s r a i l and s h i p p i n g f a c i t i l i t i e s a s w e l l a s s u l p h u r i c a c i d m a n u f a c t u r e r s 
a n d u s e r s . 

It i s c l e a r t h a t , a t i t s p r e s e n t s t a t u s , t h e e x t r a c t i v e m e t a l l u r g y of c o p p e r 
c a n no l o n g e r b e r e v i e w e d a s a l i m i t e d n u m b e r of w e l l - d e f i n e d r o u t e s e a c h 
p r o c e e d i n g in w e l l - t r i e d s t a g e s f r o m o r e to m e t a l . C o n s e c u t i v e s t a g e s a r e 
b e i n g i n t e g r a t e d and t e c h n i q u e s f r o m d i f f e r e n t r o u t e s m a r r i e d t o g e t h e r t o 
s u i t t h e p a r t i c u l a r a p p l i c a t i o n s . A u t o m a t i o n i s f i n d i n g i t s w a y in to m o s t 
p l a n t s . M a t h e m a t i c a l m o d e l s h a v e b e e n d e v e l o p e d by K e n n e c o t t C o p p e r 
C o r p o r a t i o n f o r a r e v e r b e r a t o r y f u r n a c e and f o r a c o n v e r t e r , t h u s p a v i n g t h e 
w a y f o r c o m p u t e r c o n t r o l . 

2. A V A I L A B L E M E T H O D S O F P R O D U C I N G C R U D E M E T A L 

2. 1 S m e l t i n g of S u l p h i d e C o n c e n t r a t e s 

2 . 1 . 1 R o a s t i n g , S m e l t i n g and C o n v e r t i n g 
T h e r o a s t i n g , s m e l t i n g and c o n v e r t i n g s e q u e n c e f o r t h e p r o d u c t i o n of 

b l i s t e r c o p p e r f r o m s u l p h i d e c o n c e n t r a t e s i s a c o n t i n u o u s p r o c e s s of o x i d a t i o n 
w h i c h c a n b e r e p r e s e n t e d d i a g r a m m a t i c a l l y a s i l l u s t r a t e d in F i g u r e 2. 

R o a s t i n g . T h e o b j e c t of r o a s t i n g i s to e l i m i n a t e s u l p h u r s o t h a t i r o n i s c o n -
v e r t e d in to an ox ide w h i c h w i l l b e s l a g g e d b y s i l i c a . I n c r e a s e d e l i m i n a t i o n 
of s u l p h u r w i l l i n c r e a s e t h e c o p p e r c o n t e n t of t h e m a t t e , bu t w i l l a l s o l e a d to 
m a g n e t i t e f o r m a t i o n and i n c r e a s e d c o p p e r l o s s in s l a g , so t h a t a c o m p r o m i s e 
i s n e c e s s a r y . 
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R o a s t i n g i s g e n e r a l l y c a r r i e d out in m e c h a n i c a l h e a r t h f u r n a c e s w h o s e 
d e s i g n i s b a s e d on the o r i g i n a l M c D o u g a l f u r n a c e . Twen ty - f i ve f e e t d i a m e t e r , 
7 - h e a r t h m o d i f i e d McDouga l f u r n a c e s a r e u s e d a t Anaconda (Day, 1965) to 
r o a s t a p o r t i o n of t h e s u l p h i d e c o n c e n t r a t e which i s t hen c o m b i n e d wi th wet 
r a w c o n c e n t r a t e f o r c h a r g i n g to the r e v e r b e r a t o r y f u r n a c e s . T h i s p r a c t i c e 
e l i m i n a t e s the dus t p r o b l e m a s s o c i a t e d with r o a s t i n g of the t o t a l f low. 
A s a n o and N o j i m a (1962) d e s c r i b e the o p e r a t i o n of H e r r e s h o f f r o a s t e r s in 
J a p a n . 

F l u i d - b e d r o a s t i n g i s p r a c t i s e d a t t h e T e n n e s s e e C o p p e r Co. (Anon, 
1962(2); Anon, 1964(12); B l a i r , 1965). T h e r e it i s s t a t e d to h a v e i n c r e a s e d 
t h e c a p a c i t y of t h e r e v e r b e r a t o r y f u r n a c e and c o n v e r t e r and m a d e p o s s i b l e 
t h e r e c o v e r y of a l a r g e p o r t i o n of the s u l p h u r l o s t in d i r e c t s m e l t i n g . Wet 
c o n c e n t r a t e i s m i x e d wi th wate r , and s a n d to p r o d u c e a s l u r r y c o n t a i n i n g 78% 
s o l i d s wh ich i s s p r a y e d in to the r o a s t e r o p e r a t i n g a t 620°C. A 15% S 0 2 g a s 
i s p r o d u c e d f o r ac id m a n u f a c t u r e and the p a r t i a l l y - r o a s t e d c a l c i n e i s c h a r g e d 
to the r e v e r b e r a t o r y f u r n a c e by m e a n s of a Wags ta f f gun. 

As the c o p p e r con t en t of c o n c e n t r a t e s i n c r e a s e s , and the i r o n con t en t 
d e c r e a s e s , r o a s t i n g b e c o m e s l e s s n e c e s s a r y , and a n u m b e r of new p l a n t s 
h a v e e l i m i n a t e d r o a s t e r s and c h a r g e wet c o n c e n t r a t e d i r e c t l y , to r e v e r b e r a t o r y 
f u r n a c e s ( M o r e n c i , A r i z o n a ; Whi te P i n e C o p p e r , Mich igan ; C h i l e C o p p e r 
C o . , C h u q u i c a m a t a ; Kenneco t t C o p p e r C o r p o r a t i o n s ' m o d e r n i s a t i o n of t h e 
o r i g i n a l G a r f i e l d S m e l t e r , Utah (Anon, 1965); A n d e s C o p p e r Mining Co. , 
P o t r e r i l l o s (Anon, 1965(2) ). 

S m e l t i n g — B l a s t F u r n a c e . While o x i d i s e d o r e c a n be s m e l t e d with coke and 
f l u x in a b l a s t f u r n a c e to y i e ld m e t a l l i c c o p p e r , s u l p h i d e o r e s r e q u i r e r o a s t i n g 
and s i n t e r i n g . " P y r i t i c " s m e l t i n g , in wh ich p y r i t e a c t s a s t h e f u e l and m a t t e 
i s t a p p e d f r o m t h e f u r n a c e , w a s p r a c t i s e d at Mt L y e l l f o r m a n y y e a r s . In 
t h e O r k l a p r o c e s s coke i s added and the top of the f u r n a c e i s s e a l e d by a b e l l 
so t ha t s u l p h u r ox ida t i on i s p r e v e n t e d . A p p r o x i m a t e l y 80% of t h e s u l p h u r 
con ten t of a p y r i t i c o r e i s r e c o v e r e d a s e l e m e n t a l s u l p h u r . 

G e n e r a l l y s p e a k i n g , b l a s t f u r n a c e p r o c e s s e s f o r c o p p e r s m e l t i n g h a v e 
l o s t f a v o u r b e c a u s e m o s t o r e s a r e now c o n c e n t r a t e d by f l o t a t i o n and t h e f i n e 
c o n c e n t r a t e would r e q u i r e a g g l o m e r a t i o n . Mt L y e l l do in f a c t c h a r g e wet 
f l o t a t i o n c o n c e n t r a t e s to a b l a s t f u r n a c e and l o s e a p p r o x i m a t e l y 15% f r o m the 
f u r n a c e a s d u s t . H o w e v e r , M o m o d a (1959) h a s d e s c r i b e d a s i d e - f l u e b l a s t 
f u r n a c e in o p e r a t i o n in J a p a n which m a k e s u s e of the h e a t of ox ida t ion of the 
i r o n and s u l p h u r in the c o n c e n t r a t e s and y i e l d s a g a s s u i t a b l e f o r ac id 
m a n u f a c t u r e . It i s u n d e r s t o o d tha t t h e r e i s a p o s s i b i l i t y of s u c h a f u r n a c e 
b e i n g bu i l t in E u r o p e . 

S m e l t i n g — E l e c t r i c . B a r t h (1961, 1962) h a s r e v i e w e d the e l e c t r i c s m e l t i n g 
of su lph ide c o p p e r c o n c e n t r a t e s . T h i s i s p r a c t i s e d in N o r w a y , F i n l a n d and 
Sweden , wi th one p lan t in A u s t r i a and one in U g a n d a . T h e r e a r e m a n y 
s i m i l a r i t i e s to r e v e r b e r a t o r y s m e l t i n g but e l e c t r i c s m e l t i n g d i f f e r s in t h a t 
h e a t i s deve loped in the s l a g l a y e r and i s t r a n s f e r r e d d o w n w a r d s to the m a t t e 
and u p w a r d s to t h e f l o a t i n g c h a r g e and t h e n c e to the g a s . The m a t t e in the 
e l e c t r i c f u r n a c e i s t h u s h o t t e r than in the r e v e r b e r a t o r y f u r n a c e . B a s e d on 
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t h e o p e r a t i n g f u r n a c e s , wh ich wi th one e x c e p t i o n , s m e l t 26-28% Cu c o n c e n -
t r a t e s to 30-40% Cu m a t t e s , B a r t h q u o t e s t h e fo l lowing a p p r o x i m a t e energy-
r e q u i r e m e n t s : 

S ize of Kind of C h a r g e k W h / m e t r i c ton 

F u r n a c e of C h a r g e 

S m a l l U n r o a s t e d , we t , co ld 700 

L a r g e U n r o a s t e d , we t , co ld 600 
L a r g e R o a s t e d and u n r o a s t e d we t , 500 

co ld 

L a r g e R o a s t e d , hot 400 

T h e c a p i t a l c o s t s of an e l e c t r i c f u r n a c e and a r e v e r b e r a t o r y f u r n a c e 
a r e c o m p a r a b l e , but t h e a n c i l l a r y e q u i p m e n t f o r the f o r m e r i s m o r e e x p e n s i v e . 
K e r s h a n s k i i e t a l (1961) have d e s c r i b e d R u s s i a n e l e c t r i c - s m e l t i n g t r i a l s . 

S m e l t i n g - R e v e r b e r a t o r y . The r o a s t e r c a l c i n e o r wet r a w f e e d i s c h a r g e d 
to r e v e r b e r a t o r y f u r n a c e s , c o m m o n l y o v e r 100 f t long by 30 f t w i d e . 
C o n v e r t e r s l a g i s a l s o p o u r e d in t h r o u g h a spou t . T h e f u r n a c e roof i s g e n e r -
a l l y a s p r u n g a r c h of s i l i c a b r i c k s o r a s u s p e n d e d a r c h of m a g n e s i t e . b r i c k s . 
At t h e c h a r g i n g end the f u r n a c e i s f i r e d with o i l o r p o w d e r e d c o a l and at the 
t app ing end m a t t e and s l a g a r e d r a w n off t h r o u g h s e p a r a t e t a p h o l e s . 

R e v e r b e r a t o r y f u r n a c e p r a c t i c e h a s been r e v i e w e d b y ( i n t e r a l i a ) 
J o h n s t o n (1959), E v a n s ( i960) , V e r n e y ( l960) , A n d e r s o n (1961), F o w l e r (1961), 
G i b s o n (1962), B o g e r t (1964)(1)(3), and Day (1965). T h e u s e of oxygen in t h e 
r e v e r b e r a t o r y f u r n a c e h a s b e e n d i s c u s s e d by M a k l o v s k y et a l (1961), D a v i d s o n 
(1962) and K u p r y a k o v and M i l l e r (1964), who a r e s t r o n g l y in f a v o u r of oxygen 
e n r i c h m e n t of the b l a s t . B e a l s e t a l (1965) h a v e p a t e n t e d the i n j e c t i o n of 
oxygen in to t h e m a t t e in the r e v e r b e r a t o r y f u r n a c e . T h i s i s s i m p l y a p a r t i a l 
c o n v e r t i n g o p e r a t i o n c a r r i e d out in t h e r e v e r b e r a t o r y f u r n a c e . 

C o n v e r t i n g . Ma t t e i s c h a r g e d to t h e c o n v e r t e r w h e r e i t i s b lown wi th a i r to 
o x i d i s e f e r r o u s s u l p h i d e to ox ide , which i s s l a g g e d by a d d e d s i l i c a . T h i s i s 
t h e f i r s t s t a g e of c o n v e r t i n g and i s s t r o n g l y e x o t h e r m i c , t h e c u p r o u s s u l p h i d e 
r e m a i n i n g a f t e r p o u r i n g off the s l a g b e i n g known a s "whi te m e t a l " . In 
p r a c t i c e t h i s s t a g e i s r e p e a t e d a n u m b e r of t i m e s — m o r e m a t t e and f l u x a r e 
c h a r g e d and b lowing c o n t i n u e d — u n t i l t he c o n v e r t e r i s f u l l of whi te m e t a l . 
T h e whole c h a r g e , i s t hen blown to b l i s t e r c o p p e r in the s e c o n d s t a g e of t h e 
p r o c e s s . 

T h e squa t u p r i g h t " g r e a t F a l l s " c o n v e r t e r s w e r e o b v i o u s l y d e r i v e d f r o m 
t h e B e s s e m e r c o n v e r t e r , but wi th t u y e r e s in t h e s i d e i n s t e a d of t h e b o t t o m . 
P e r e t t a (1948) h a s g iven a p h y s i c o - c h e m i c a l e x p l a n a t i o n of the f a i l u r e of 
b o t t o m - b l o w i n g app l i ed to c o p p e r c o n v e r t i n g . Whi le t h e r e a r e i s o l a t e d 
s t a t i o n a r y c o n v e r t e r s , the h o r i z o n t a l P e i r c e - S m i t h c o n v e r t e r i s now a l m o s t 
u n i v e r s a l , r a n g i n g in s i z e up to 35 f t long by 13 f t d i a m e t e r . A u t o m a t i c 
t u y e r e - p u n c h e r s a r e r e d u c i n g l a b o u r c o s t s at a n u m b e r of p l a n t s (N icho l son 
e t a l , 1961; Anon, 1965(4) ). C o n v e r t e r p r a c t i c e h a s b e e n r e v i e w e d by 

( i n t e r a l i a ) L a t h e and Hodne t t (1958, 1959), I o l k o ( 1 9 5 9 ) , Sha lygin and M e i e r o v i c h 
(1960), A n d e r s o n (1961), T u r n b u l l (1962), and Day (1965). 
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Oxygen E n r i c h m e n t of the B l a s t . A n u m b e r of w o r k e r s h a v e i n v e s t i g a t e d 
oxygen e n r i c h m e n t of the b l a s t , e . g . K u r z i n s k i (1958), Iolko (1959), M a k l o v s k y 
et a l (1961), T s u r u m o t o (1959, I960 , 1961) and R a m a c h a n d r a n (1965). 
A r e n t z e n (1962) r e p o r t s t e s t s u s i n g 13 f t by 30 f t P e i r c e - S m i t h c o n v e r t e r s a t 
A n a c o n d a , Mon tana in wh ich a i r w a s e n r i c h e d to a s m u c h a s 44. 2% oxygen . 
T h e a i m w a s to d e t e r m i n e w h e t h e r wi th oxygen e n r i c h m e n t t h r e e c o n v e r t e r s 
cou ld be m a d e to do the w o r k of f o u r blown wi th a i r . E x p e r i m e n t a l d i f f i c u l t i e s 
m a k e it i m p o s s i b l e to d r a w c o n c l u s i o n s a p a r t f r o m the f a c t t h a t m u c h m o r e 
co ld s c r a p w a s r e q u i r e d . P o b e d o n o s t s e v e t a l ( I960) c a r r i e d out t r i a l s wi th 
24. 9% oxygen in the b l a s t . The b l a s t c o n s u m p t i o n w a s l o w e r e d , t h e c o n v e r t e r 
c a p a c i t y i n c r e a s e d , and l e s s m a g n e t i t e w a s f o r m e d in the s l a g . T h i s f a c i l i -
t a t e d r e t r e a t m e n t of t h e s l a g in the r e v e r b e r a t o r y f u r n a c e . Yakush in et a l 
(1961) a t t h e I r t y s h c o p p e r s m e l t e r r a i s e d the oxygen con t en t to 25. 3%. T h e y 
found tha t t he l i f e of a c h r o m e - m a g n e s i t e l i n ing w a s r e d u c e d and t h e g r a d e of 
t h e b l i s t e r w a s l o w e r e d . Diev et a l (1958, 1959, I960) o b t a i n e d an i m p r o v e -
m e n t in output and e f f i c i e n c y when u s ing o x y g e n - e n r i c h e d b l a s t . T h e y c l a i m 
tha t the u s e of oxygen r e d u c e s the c o s t of bu i ld ing a c o p p e r s m e l t e r 25-40%, 
and tha t wi th an oxygen con ten t of 40% in the b l a s t the o p e r a t i n g c o s t s . in :Con-
v e r t i n g a r e "4 to 5 t i m e s l o w e r " t h a n when u s ing a i r . 

It h a s b e e n the p r a c t i c e , a t the H i t a c h i S m e l t e r in J a p a n , to c h a r g e r a w 
c o n c e n t r a t e to a c o n v e r t e r w h i c h t h e n c a r r i e d out a c o m b i n e d s m e l t i n g and 
c o n v e r t i n g o p e r a t i o n u s i n g o x y g e n - e n r i c h e d a i r ( T s u r u m o t o , 1959, I960, 1961). 
T r i a l s a long t h e s e l i n e s h a v e a l s o b e e n c a r r i e d out in t h e USSR (Ko la rov et a l , 
1964). 

F l o t a t i o n of C o n v e r t e r M a t t e . The I n t e r n a t i o n a l N i c k e l Co. of C a n a d a have 
p i o n e e r e d a m i n e r a l - d r e s s i n g i n t e r l u d e to s e p a r a t e c o p p e r and n i c k e l in 
c o n v e r t e r m a t t e . The c o p p e r - n i c k e l m a t t e i s b lown to o x i d i s e a s m u c h i r o n 1 

a s p o s s i b l e wh i l e s t i l l r e t a i n i n g coba l t and s u f f i c i e n t s u l p h u r to avo id m o r e 
than 10% m e t a l l i c s in t h e so l id m a t t e . Slow coo l ing p r o d u c e s a c o a r s e s t r u c -
t u r e and g r i n d i n g and f l o t a t i o n y i e l d s s e p a r a t e c o p p e r and n i c k e l c o n c e n t r a t e s 
(Sprou le e t a l , 1961). 

2 . 1 . 2 S u s p e n s i o n S m e l t i n g 

Au togenous F l a s h S m e l t i n g . The e x o t h e r m i c i t y of t h e ox ida t ion of c h a l c o p y r i t e 
and a s s o c i a t e d s u l p h i d e s i s an i n c e n t i v e to not only m a k i n g t h e r o a s t i n g s e l f -
s u p p o r t i n g h e a t w i s e , but a l s o u t i l i s i n g t h e h e a t of ox ida t ion to c a r r y out the 
s m e l t i n g . O u t o k u m p u Oy in F i n l a n d and t h e I n t e r n a t i o n a l N i c k e l Co. of 
C a n a d a bo th s o l v e d t h i s p r o b l e m , s l i g h t l y d i f f e r e n t l y . 

Ou tokumpu P r o c e s s . D r i e d c o n c e n t r a t e s and f l u x , a n d a i r p r e h e a t e d to 500°C 
a r e i n j e c t e d down a v e r t i c a l s h a f t (F ig . 3). T h e s h o w e r i n g p a r t i c l e s of c o n c e n -
t r a t e p a r t i a l l y o x i d i s e e x t r e m e l y r a p i d l y p r o d u c i n g s u f f i c i e n t h e a t to m e l t in to 
d r o p l e t s wh ich c o l l e c t in a s e t t l e r a t t he b a s e of the s h a f t wh i l e the hot g a s e s 
a r e r e m o v e d by an u p t a k e . The g a s e s p a s s t h r o u g h a w a s t e - h e a t b o i l e r , h e a t 
e x c h a n g e r and 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 b e f o r e b e i n g u s e d f o r s u l p h u r i c a c i d 
p r o d u c t i o n . In t h e s e t t l e r m a t t e and s l a g s e p a r a t e . The m a t t e i s t a p p e d and 
c o n v e r t e d c o n v e n t i o n a l l y . The f u r n a c e at H a r j a v a l t a t r e a t s 500 t o n s of c o n c e n -
t r a t e p e r day ( B r y k et a l , 1958). The O u t o k u m p u - t y p e f u r n a c e bu i l t a t A s h i o , 
J a p a n (Okazoe , 1956) h a s s i n c e b e e n r e b u i l t and m o d i f i e d (Okazoe et a l , 1965) 
and i s at p r e s e n t s m e l t i n g a p p r o x i m a t e l y 500 t o n s p e r day of c o n c e n t r a t e 
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c o n t a i n i n g 20-23% Cu, 24-28%.Fe , 23-26% S. C o n c e n t r a t e s wi th C u : S of 0. 6 -
1. 2 c a n be s m e l t e d , s u l p h u r r e c o v e r y h a s r e a c h e d 91% and t h e c o p p e r c o n t e n t 
of g r a n u l a t e d s l a g h a s b e e n a s low a s 0. 47%. 

Inco P r o c e s s . P r a c t i c a l l y p u r e oxygen i s u s e d a t C o p p e r Cliff to s m e l t 1000 
t o n s of c o n c e n t r a t e p e r d a y in t h e f u r n a c e shown in F i g u r e 3. C o n c e n t r a t e 
and f lux , m e t e r e d by g r a v i m e t r i c f e e d e r s , a r e i n j e c t e d into the f u r n a c e by 
oxygen t h r o u g h two b u r n e r s a t one end of t h e f u r a n c e . At the o t h e r end , 
w h e r e the p r o d u c t s a r e t a p p e d , the s l a g i s c o n t i n u o u s l y c l e a n e d by b u r n i n g a 
p y r r h o t i t e c o n c e n t r a t e . The m a t t e a s s a y s about 45% c o p p e r - n i c k e l and i s 
b lown in c o n v e r t e r s . The g a s a v e r a g e s 75% s u l p h u r d iox ide , t h e b a l a n c e 
b e i n g e s s e n t i a l l y n i t r o g e n . T h e g a s i s p a s s e d t h r o u g h s c r u b b e r s and a p r e -
c i p i t a t o r b e f o r e be ing d r i e d and c o m p r e s s e d to p r o d u c e liquidi.sulphur.. . . 
d iox ide which i s t r a n s p o r t e d to s u l p h i t e pu lp m i l l s w i th in a 400 m i l e r a d i u s . 
(Inco s t a f f , 1955). 

R u s s i a n w o r k e r s , n o t a b l y P e n z i m o n z h et a l , ( I960 , 1961); Deev et a l 
( I960) , Kochnev et a l ( i 960) , B o c h k a r e v et a l (1962), and Cha lov and L i p i n 
(1962) h a v e d i s c u s s e d t h e u s e of oxygen in t h e f l a s h s m e l t i n g of c o p p e r c o n -
c e n t r a t e s . 

F u r t h e r d e s i g n s of f l a s h s m e l t i n g f u r n a c e s h a v e b e e n t r i e d by L a n g e and 
Bai r the l at F r e i b e r g ( L a n g e , I 9 6 0 ) , and P e n z i m o n z h e t a l ( i 9 6 0 , 1961) a t t he 
B a l k h a s h c o p p e r s m e l t e r in K a z a k h s t a n . P e n z i m o n z h et a l i n j e c t e d t h e c o n -
c e n t r a t e u p w a r d s a t 45° in p r e h e a t e d o r o x y g e n - e n r i c h e d a i r^ K o c h n e v e t a l 
( i 9 6 0 ) o p e r a t e d an e x p e r i m e n t a l f u r n a c e in which c o n c e n t r a t e w a s i n j e c t e d in 
a v o r t e x of o x y g e n - e n r i c h e d a i r t h r o u g h a b u r n e r d i r e c t e d s l i g h t l y d o w n w a r d s 
and a d v o c a t e d t h e c o n s t r u c t i o n of a 200 -500 tpd s e m i - i n d u s t r i a l un i t in t h e 
U r a l s o r in K a z a k h s t a n . T h i s f u r n a c e m i g h t be b e t t e r c l a s s i f i e d a s a c y c l o n e 

• f u r n a c e . 

C y c l o n e S m e l t i n g . T h e c o n c e n t r a t e i s i n t r o d u c e d in to a c y c l o n e c h a m b e r 
w h e r e i t i s r a p i d l y s m e l t e d in a w h i r l i n g b l a s t of p r e h e a t e d a i r . T h e m o l t e n 
d r o p l e t s of m a t t e and s l a g c o l l e c t in a s e t t l e r be low t h e c y c l o n e c h a m b e r . 
A l a r g e a m o u n t of e x p e r i m e n t a l w o r k h a s b e e n done in R u s s i a (Tonkonog i i , 
1956, 1957, I960 ; S c h u l z i n g e r and T s y g a n o v , 1957; K a r l y s h e v , 1964; 
O n a e v e t a l , 1964, 1965) and a l s o b y L a n g e and B a r t h e l at F r e i b e r g ( L a n g e , 
I960 ) . Holy (1964) h a s p u b l i s h e d a d e s i g n of an i n d u s t r i a l c y c l o n e f u r n a c e 
b a s e d on p i l o t - p l a n t d a t a . 

In s p i t e of t h e e x p e r i m e n t a l w o r k , it d o e s not a p p e a r t h a t a n y c o m m e r c i a l -
s c a l e c y c l o n e f u r n a c e s h a v e ye t b e e n bu i l t f o r c o p p e r - s m e l t i n g . 

2 . 1 . 3 C o n t i n u o u s P r o c e s s e s 
T h e r e a r e m a n y d i s a d v a n t a g e s a s s o c i a t e d wi th t h e b a t c h w i s e o p e r a t i o n 

of c o p p e r c o n v e r t e r s and a c o n t i n u o u s o p e r a t i o n would be e x p e c t e d to h a v e a 
h i g h e r t h r o u g h p u t , l o w e r l a b o u r r e q u i r e m e n t , l o n g e r e q u i p m e n t and r e f r a c -
t o r y l i f e , c o n s t a n t g a s t e n o r , and be m o r e a m e n a b l e to a c c u r a t e c o n t r o l . 
B a s e d on t h e w o r k of D i o m i d o v s k i i et a l (1959) an e x p e r i m e n t a l c o n t i n u o u s 
c o n v e r t e r w a s bu i l t a t K o s i c e , C z e c h o s l o v a k i a (Ho leczy e t a l , 1962( l ) (2) , 
1963(1)(2)(3), Sehna lek et a l , 1964). It w a s shown t h e o r e t i c a l l y t ha t it i s 
qu i t e f e a s i b l e to h a v e t h r e e p h a s e s in t h e c o n v e r t e r ( s l ag , whi te m e t a l and 
b l i s t e r c o p p e r ) and to f e e d m a t t e and a i r in to the whi te m e t a l p h a s e to c o n s t i -
t u t e a c o n t i n u o u s p r o c e s s . D i f f i c u l t y w a s e x p e r i e n c e d wi th the b u i l d - u p of 
s o l i d i f i e d s p l a s h i n g s on t h e t i p of the l a n c e , but t h i s w a s o v e r c o m e and t h e 
p r o c e s s o p e r a t e d a p p a r e n t l y s a t i s f a c t o r i l y on the p i lo t s c a l e . Sha lyg in and 
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D i o m i d o v s k i i (1963) have a l s o d e s c r i b e d c o n t i n u o u s c o n v e r t i n g t r i a l s u s i n g 
t o p - b l o w i n g wi th o x y g e n - e n r i c h e d a i r . 

W o r n e r - (1964) h a s p a t e n t e d a c o n t i n u o u s s m e l t i n g p r o c e s s wh ich i s 
s tated, to be a p p l i c a b l e to c o p p e r . B r i t t i n g h a m (1965) d e s c r i b e s in g e n e r a l 
t e r m s a c o n t i n u o u s s m e l t i n g p r o c e s s b a s e d o n the Ou tokumpu f l a s h s m e l t i n g 
c o n c e p t . H i s . d e s i g n c o n s i s t s of two f l a s h s m e l t i n g s h a f t s s u p e r i m p o s e d on a 
s e t t l e r , w i th an o f f t a k e f o r g a s e s b e t w e e n t h e two s h a f t s . C o p p e r s u l p h i d e 
c o n c e n t r a t e i s s m e l t e d in one s h a f t and the m a t t e t apped c o n t i n u o u s l y f r o m 
t h i s end of t h e s e t t l e r to a c o n v e r t e r . At the o t h e r end of the s e t t l e r the 
s e c o n d a r y r e a c t i o n s h a f t s m e l t s a p y r i t e c o n c e n t r a t e wh ich d e c o p p e r i z e s the 
s l a g which i s t a p p e d f r o m tha t end of the f u r n a c e to w a s t e o r an i r o n - r e c o v e r y 
p r o c e s s . T h i s p r i n c i p l e of s l a g c l e a n i n g i s tha t u s e d in t h e Inco p r o c e s s . 

2. 2 H y d r o m e t a l l u r g i c a l E x t r a c t i o n f r o m Sulphide C o n c e n t r a t e s 

2. 2. 1 R o a s t i n g , L e a c h i n g , E l e c t r o w i n n i n g 
Sulph ide c o n c e n t r a t e s c a n be o x i d i s e d to c o n v e r t c o p p e r to s u l p h a t e o r 

ox ide . C o n t r o l of t e m p e r a t u r e and a t m o s p h e r e a r e n e c e s s a r y , and o v e r -
h e a t i n g r e s u l t s in the f o r m a t i o n of d i f f i c u l t y - s o l u b l e c o p p e r f e r r i t e . A 
f l u i d i s e d - b e d r e a c t o r wi th i t s a c c u r a t e t e m p e r a t u r e c o n t r o l i s t h e b e s t un i t 
f o r t h i s o p e r a t i o n . T h e c a l c i n e i s t hen l e a c h e d with w a t e r o r d i lu t e s u l p h u r i c 
a c i d (which m a y be spen t e l e c t r o l y t e ) and t h e so lu t i on p u r i f i e d and e l e c t r o l y s e d : 
u s i n g i n e r t a n o d e s . 

A 14 ft d i a m e t e r 80 t o n s p e r day f l u i d - b e d r o a s t e r w a s s t a r t e d up a t t h e 
J a d o t v i l l e S h i t u r u p lan t of Union M i n i e r e du Haut K a t a n g a in 1955 to r o a s t 
c h a l c o c i t e - c a r r o l l i t e c o n c e n t r a t e . Two m o r e r e a c t o r s , 16 f t d i a m e t e r , 
w e r e i n s t a l l e d a t t he Ko lwez i Lu i lu p l an t in 1962 (Gro the and M c L e o d , 1957, 
T h e y s and L e e 1958, T h e y s l 9 5 8 , T h o u m s i n and C o u s s e m e n t , 1964). T h e 
l a s t a u t h o r s d i s c u s s t h e c h e m i s t r y of the r o a s t i n g r e a c t i o n s . 

At the Dowa Mining C o ' s K o s a k a s m e l t e r a f l u i d - b e d r o a s t e r t r e a t s 8 0 t o n s 
p e r day of c h a l c o p y r i t e - c o v e l l i t e - p y r i t e - s p h a l e r i t e - m a r m a t i t e c o n c e n t r a t e 
f r o m which c o p p e r and z inc a r e r e c o v e r e d e l e c t r o l y t i c a l l y ( K u r u s h i m a and 
T s u n o d a , 1955; G r o t h e and M e L e o d , 1957). A s i m i l a r r o a s t i n g o p e r a t i o n 
i s c a r r i e d out at M a c a l d e r N y a n z a in Kenya Colony but the c o p p e r w a s i n i t i a l l y 
r e c o v e r e d by c e m e n t a t i o n on s c r a p i r o n (Gro the and M c L e o d , 1957). 

In 1964 a f l u i d i s e d - b e d r o a s t e r with a c a p a c i t y of 15, 000 t o n s p e r m o n t h 
of su lph ide c o n c e n t r a t e w a s s t a r t e d up at N c h a n g a C o n s o l i d a t e d C o p p e r M i n e s . 
An a d d i t i o n a l (No. 6) t a n k h o u s e w a s a l s o c o m m i s s i o n e d to e l e c t r o w i n c a t h o d e 
c o p p e r f r o m the p r e g n a n t so lu t ion (Anon, 1964(6) ). 

A f l u i d - b e d r o a s t e r wi th a c a p a c i t y of 100 tons p e r day shou ld by now 
be c o m p l e t e a t C h a m b i s h i in the R h o d e s i a n C o p p e r b e l t (Anon, 1965(3) ). T h e 
c a l c i n e w i l l be l e a c h e d and t h e p r e g n a n t so lu t i on e l e c t r o l y s e d . 

P i l o t p lan t s t u d i e s h a v e b e e n c a r r i e d out at CSIRO M e l b o u r n e (Ur ie and 
W a l k l e y , 1958, 1959; Whi t ehead and U r i e , 1961) and a t B a t e l l e (S t ephens , 
1953). Work h a s a l s o been done with a m i x e d c o p p e r - z i n c - l e a d c o n c e n t r a t e 
by M e c h e n o v and S o t i r o v ( i 960 ) . A f u l l y i n t e g r a t e d pi lot p l an t w a s s e t u p by 
t h e B a g d a d C o p p e r C o r p o r a t i o n in A r i z o n a to p r o v e the whole p r o c e s s a s 
a p p l i e d to a c h a l c o p y r i t e c o n c e n t r a t e and a c e m e n t c o p p e r p r e c i p i t a t e , 
(Howel l et a l , 1957; Anon, 1957(1); G r o t h e and M c L e o d , 1957, Anon , 1959 
( l ) ). The r e s u l t s a p p e a r e d good but the c o m p a n y h a s a p p a r e n t l y a b a n d o n e d 
t h e p r o j e c t . The c o s t of e l e c t r i c i t y f o r e l e c t r o w i n n i n g in t ha t l o c a t i o n m a y 
h a v e b e e n the dec id ing f a c t o r . 
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F u r s m a n (1962) d e s c r i b e s s u l p h a t e r o a s t i n g and w a t e r l e a c h i n g of 
c u p r i f e r o u s and n i c k e l i f e r o u s p y r r h o t i t e f r o m F u n t e r Bay. . C o m p l e x m a t t e s 
m a y a l s o be r o a s t e d and l e a c h e d (Hs i ao and S m i r n o v , 1961). T h i s i s done a t 
F a l c o n l o r i d g e N i c k e l M i n e s in C a n a d a . 

Sulphi te R e d u c t i o n . Okabe and Ito (1964) h a v e r e c e n t l y r e v i e w e d t h e c h e m i s t r y 
of c o p p e r p r e c i p i t a t i o n by r e d u c t i o n of c u p r i c s u l p h a t e wi th a m m o n i u m 
s u l p h i t e . T h e y p r o p o s e r o a s t i n g a c o p p e r s u l p h i d e o r e to s u l p h a t e , l e a c h i n g , 
r e d u c t i o n of c u p r i c s u l p h a t e in s o l u t i o n wi th a m m o n i u m s u l p h i t e , s e p a r a t i o n of 
m e t a l l i c c o p p e r and r e c o v e r y of a m m o n i u m s u l p h a t e . T h e a d v a n t a g e s of t h e 
p r o c e s s a r e : 

1. s u l p h u r d iox ide i s a v a i l a b l e f r o m t h e r o a s t i n g s t e p 

2. p u r e c o p p e r i s p r o d u c e d wi thout e l e c t r o l y t i c r e f i n i n g 

3. the s u l p h u r in t h e o r e i s a l m o s t c o m p l e t e l y r e c o v e r e d 
a s a m m o n i u m s u l p h a t e . 

2 . 2 . 2 D i r e c t L e a c h i n g , H y d r o g e n P r e c i p i t a t i o n 
A v a r i e t y of r e a g e n t s h a v e b e e n u s e d to a t t a c k c o p p e r s u l p h i d e m i n e r a l s . 

Ac id L e a c h i n g . W a r r e n (1958) h a s i n v e s t i g a t e d t h e p r e s s u r e - l e a c h i n g of 
c h a l c o p y r i t e , c h a l c o c i t e and c o v e l l i t e . K u p e r m a n (1964) l e a c h e d c o p p e r 
s u l p h i d e c o n c e n t r a t e s at 160°C u n d e r oxygen p r e s s u r e , e x t r a c t i n g 97-99% of 
t h e c o p p e r and o x i d i s i n g 90% of the s u l p h u r to s u l p h a t e s . V a s i l ' e v et a l ( l 9 6 2 ) 
l e a c h e d 2 0 0 - m e s h c h a l c o c i t e wi th a m i x t u r e of 2% f e r r i c s u l p h a t e s o l u t i o n and 
5% s u l p h u r i c ac id and found tha t u l t r a s o n i c v i b r a t i o n s g a v e a t en fo ld i n c r e a s e 
in r a t e of c o p p e r e x t r a c t i o n c o m p a r e d wi th m e c h a n i c a l a g i t a t i o n . 

A l k a l i L e a c h i n g . In t h e Si l l p r o c e s s (Anon, 1957(5)) l e a n s u l p h i d e - a r s e n i d e 
o r e s a r e l e a c h e d wi th c a u s t i c s o d a u n d e r o x i d i s i n g c o n d i t i o n s . 

A m m o n i a L e a c h i n g . A l a r g e a m o u n t of w o r k h a s b e e n done , p a r t i c u l a r l y by 
S h e r r i t t G o r d o n M i n e s Ltd in C a n a d a , on a m m o n i a l e a c h i n g of s u l p h i d e o r e s 
a t e l e v a t e d t e m p e r a t u r e and p r e s s u r e . T h e p r o c e s s i s u s e d to e x t r a c t c o p p e r 
f r o m the Lynn L a k e c o p p e r c o n c e n t r a t e t r e a t e d a t F o r t S a s k a t c h e w a n and 
s h o u l d by now be in o p e r a t i o n a t t h e p l an t of M a r i n d u q u e I r o n M i n e s a t 
M i n d a n a o in t h e P h i l i p p i n e s . T h e c o n c e n t r a t e , in w h i c h c h a l c o p y r i t e i s t he 
p r e d o m i n a n t c o p p e r m i n e r a l , i s l e a c h e d wi th w a t e r , a m m o n i a and a i r . in 
h o r i z o n t a l a g i t a t e d a u t o c l a v e s . A f t e r t h i c k e n i n g , t h e r e s i d u e a t t h e M a r i n d u q u e 
p l an t w a s to b e s u b j e c t e d to f l o t a t i o n to r e c o v e r u n l e a c h e d p y r i t e f o r s u l p h u r i c 
a c i d m a n u f a c t u r e and gold and s i l v e r e x t r a c t i o n . T h e p r e g n a n t so lu t ion p a s s e s 
to d i s t i l l a t i o n c o l u m n s w h e r e e x c e s s a m m o n i a i s r e m o v e d . Su lphu r c o m p o u n d s 
in so lu t i on a r e c o n v e r t e d to s u l p h a t e and a m m o n i u m s u l p h a t e i s p r e c i p i t a t e d . 

H y d r o g e n R e d u c t i o n . T h e c o p p e r - b e a r i n g so lu t i on r e s u l t i n g f r o m the p r o c e s s 
a b o v e i s r e d u c e d wi th h y d r o g e n in a u t o c l a v e s p r e c i p i t a t i n g m e t a l l i c c o p p e r 
w h i c h i s d r i e d , p u l v e r i s e d and s c r e e n e d . T h e p o w d e r m a y b e so ld o r f u r t h e r 
p r o c e s s e d in to s t r i p . T h e S h e r r i t t G o r d o n and M a r i n d u q u e o p e r a t i o n s h a v e 
b e e n e x t e n s i v e l y d e s c r i b e d ( F o r w a r d and M a c h i w , 1955; B r e n t h e l , 1955; 
Anon , 1961 ( n u m e r o u s r e f e r e n c e ' s ) , . A r g a l l , ' 1961 (> S t a r r a t t , 1.96.1';, E v a n s et a l 
1961', 1.964). . . 
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T h e h y d r o g e n r e d u c t i o n p r o c e s s i s to be app l i ed at B a g d a d in A r i z o n a 
w h e r e a $ 4 m i l l i o n p l an t , owned j o i n t l y by Bagdad C o p p e r C o r p . and 
C b e m e t a l s C o r p . (which h o l d s the p r o c e s s r i g h t s ) i s to c o m e in to p r o d u c t i o n 
in 1966. C e m e n t c o p p e r w i l l be r e d i s s o l v e d in s u l p h u r i c a c i d and p r e c i p i -
t a t e d wi th h y d r o g e n at e l e v a t e d t e m p e r a t u r e and p r e s s u r e ( s e e Sec t i on 3. 3). 

2. 3 O x i d i s e d O r e s 

2 . 3 . 1 B l a s t F u r n a c e S m e l t i n g 
As m e n t i o n e d e a r l i e r b l a s t f u r n a c e s m e l t i n g to m e t a l h a s l o s t f a v o u r 

wi th the e x h a u s t i o n of r e s e r v e s of c o a r s e h i g h - g r a d e o x i d i s e d o r e s . 
A r t a m o n o v (1961) o b t a i n e d c o n s i d e r a b l e i m p r o v e m e n t in s h a f t - s m e l t i n g of 
c o p p e r o r e wi th c o k e by e n r i c h i n g the b l a s t wi th oxygen . 

2. 3. 2 L e a c h i n g and C e m e n t a t i o n o r E l e c t r o w i n n i n g 
The l i x i v i a n t s u s e d f o r e x t r a c t i o n of c o p p e r f r o m o x i d i s e d o r e s a r e 

d i l u t e s u l p h u r i c a c i d , f e r r i c s u l p h a t e so lu t ion (which a l s o d i s s o l v e s s u l p h i d e s ) 
a m m o n i a and a m m o n i a c a l a m m o n i u m c a r b o n a t e s o l u t i o n . S o d i u m h y d r o x i d e 
h a s r e c e n t l y b e e n i n t r o d u c e d , d i s s o l v i n g o x i d i s e d c o p p e r m i n e r a l s to f o r m 
s o d i u m c u p r a t e . 

L e a c h i n g c a n be c a r r i e d out in s i t u by a l l owing l ix iv i an t to p e r c o l a t e 
t h r o u g h u n m i n e d o r e , e . g . o r e r e m a i n i n g in a w o r k e d - o u t m i n e . In h e a p 
l e a c h i n g l i x iv i an t i s app l i ed to the top of the dumped , o r e and c o l l e c t e d f r o m 
b e l o w . L e a c h i n g c a n a l s o be c a r r i e d out in t a n k s o r v a t s , e i t h e r by a l l owing 
t h e l i x iv i an t to p e r c o l a t e t h r o u g h t h e o r e , o r by a g i t a t i n g t h e s u s p e n s i o n . 

L e a c h - P r e c i p i t a t i o n - F l o t a t i o n P r o c e s s ( L - P - F ) . B e f o r e l i s t i n g in d e t a i l t h e 
v a r i o u s m i n e s and c o n c e n t r a t o r s w h e r e l e a c h i n g i s c a r r i e d out , r e f e r e n c e 
s h o u l d be m a d e to t h e L - P - F p r o c e s s , in R u s s i a r e f e r r e d to a s the M o s t o v i c h 
p r o c e s s . S u l p h u r i c a c i d i s added to the g r o u n d pulp c o n t a i n i n g o x i d i s e d 
c o p p e r m i n e r a l s , wh ich a r e t h e r e b y d i s s o l v e d . I r o n p o w d e r i s added , c a u s i n g 
t h e c o p p e r . t o p r e c i p i t a t e a s f i n e l y - d i v i d e d m e t a l which i s r e c o v e r e d by f l o t a t i o n . 
If c o p p e r s u l p h i d e m i n e r a l s a r e p r e s e n t t h e s e a r e r e c o v e r e d a long with the 
m e t a l l i c c o p p e r . T h i s p r o c e s s i s u s e d at t he R a y M i n e s D i v i s i o n of K e n n e c o t t 
C o p p e r C o r p o r a t i o n . w h e r e t h e s u l p h u r i c a c i d and sponge i r o n a r e both p r o d u c e d 
f r o m p y r i t e c o n c e n t r a t e d f r o m the o r e ( L a s t et a l , 1957; Anon, 1959(2), 
F r a n z , 1959). L r P r F i s a l s o u s e d a t t h e M o r e n c i c o n c e n t r a t o r of P h e l p s 
Dodge C o r p o r a t i o n (Bea l l , 1965). B e a n (1960 ,1961) h a s d e s c r i b e d L - P - F 
r e s u l t s o b t a i n e d at M i a m i , but a r e c e n t r e v i e w of the o p e r a t i o n s of A r i z o n a 
c o p p e r p r o d u c e r s (Bea l l , 1965) only r e f e r s to c o n c e n t r a t i o n of s u l p h i d e o r e 
and l e a c h i n g in s i t u at M i a m i . M i j o s h i et a l , ( I960) h a s d e s c r i b e d the 
a p p l i c a t i o n of the L - P - F p r o c e s s to the T s u c h i h a t a d e p o s i t . Sutulov (1963, 
1964) h a s a l s o d i s c u s s e d the p r o c e s s and r e f e r s to i t s u s e at Bu t t e in the 
USA and a t A l m a l y k in R u s s i a . 

A g i t a t i o n L e a c h i n g and E l e c t r o w i n n i n g . L e a c h i n g and e l e c t r o w i n n i n g i s 
p r a c t i s e d ' a t N c h a n g a C o n s o l i d a t e d C o p p e r M i n e s , N o r t h e r n R h o d e s i a 
( C h a p m a n and P a g e , 1961). A l o w - g r a d e ox ide c o n c e n t r a t e i s a g i t a t e d wi th 
s p e n t e l e c t r o l y t e , t h e pulp t h i c k e n e d and the t h i c k e n e r o v e r f l o w p u r i f i e d and 
f e d to e l e c t r o l y t i c c e l l s . C a t h o d e p r o d u c t i o n in I960 w a s a p p r o x i m a t e l y 6000 
t o n s p e r m o n t h wi th a p u r i t y of 99. 85%. 
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A new l o w - g r a d e l e a c h p lan t w a s bui l t in 1962 to t r e a t 6 0 , 0 0 0 t o n s p e r 
m o n t h of l o w - g r a d e oxide c o n c e n t r a t e , and the h i g h - g r a d e l e a c h p lan t w a s 
e x t e n d e d . A f l u i d - b e d r o a s t e r to r e n d e r s u l p h i d e c o n c e n t r a t e s a m e n a b l e to 
l e a c h i n g w a s c o m m i s s i o n e d in 1964 (Anon, 1964(6) ). 

Ag i t a t ion l e a c h i n g i s a l s o c a r r i e d out by Union M i n i e r e du Haut K a t a n g a 
in the Congo . T h e c a p a c i t y of the p l an t i s g iven a s 8400 t o n s p e r m o n t h 
(Denn i s , 1961). 

P e r c o l a t i o n L e a c h i n g and E l e c t r o w i n n i n g . P e r c o l a t i o n l e a c h i n g in v a t s i s 
e m p l o y e d a t t h e C h u q u i c a m a t a p l an t of t h e C h i l e C o p p e r C o . which w a s s t a t e d 
to have a c a p a c i t y of 4 0 , 0 0 0 tpd of 2% c o p p e r o r e , (Denn i s , 1961). T h e g r a d e 
h a s s i n c e f a l l e n to 1% Cu ( M c A r t h u r and L e a p h a r t , 1961). The o r e c h a r g e d 
to the v a t s h a s the fo l lowing s i z e d i s t r i b u t i o n : 

% /o 
+ % in . 6 

- 7z + y8 in . 15 
- '% in . 4- 6 m e s h 38 
- 6 +48 m e s h 29 
- 4 8 m e s h 12 

At the new C h a m b i s h i M i n e s Ltd p lan t in the R h o d e s i a n C o p p e r b e l t 
(Anon, 1965) oxide o r e i s s i z e d a t 1 0 0 - m e s h , the m i n u s Vsin. p l u s 100 m e s h 
m a t e r i a l b e i n g l e a c h e d by p e r c o l a t i o n v a t s , and t h e f i n e s by a g i t a t i o n . . 

H e a p o r D u m p L e a c h i n g and C e m e n t a t i o n . B e a l l , (1965) h a s s u r v e y e d the 
c o p p e r m i n e s and c o n c e n t r a t o r s in A r i z o n a and g i v e s da ta f o r t h e m i n e s 
u s i n g d u m p l e a c h i n g , v i z . C a n a n e a , C o p p e r Queen , R a y , Chino , I n s p i r a t i o n , 
B a g d a d and E s p e r a n z a . P u b l i s h e d f i g u r e s f o r t h e p e r c e n t a g e c o p p e r in the 
d u m p s r a n g e f r o m 0. 1 5 - 0 . 75% the p r e g n a n t s o l u t i o n s r a n g e f r o m 0. 2 - 3 . 6 g 
p e r l i t r e and the i r o n c o n s u m p t i o n f r o m L 5 - 4 t o n s p e r ton of c o p p e r p r e c i -
p i t a t e d . 

The l i x iv i an t i s a m i x t u r e of s u l p h u r i c a c i d and f e r r i c s u l p h a t e . If t h e r e 
i s s u f f i c i e n t p y r i t e in the d u m p , n a t u r a l w a t e r c a n be u s e d f o r l e a c h i n g , the 
a c i d be ing f o r m e d by r e a c t i o n wi th the p y r i t e . In o t h e r c a s e s s u l p h u r i c a c i d 
m u s t be s u p p l i e d . C e r t a i n b a c t e r i a , F e r r o b a c i l l u s f e r r o - o x i d a n s and 
T h i o b a c i l l u s f e r r o - o x i d a n s , h a v e the a b i l i t y to m a r k e d l y i n c r e a s e the r a t e of 
d i s s o l u t i o n of c o p p e r . 

T h e p r e g n a n t so lu t i on f l o w s o v e r s c r a p i r o n in p r e c i p i t a t i o n t a n k s and 
t h e c e m e n t c o p p e r i s s e n t to a s m e l t e r . 

2 . 3 . 3 S e g r e g a t i o n P r o c e s s 
T h i s p r o c e s s i s a p p l i c a b l e to o x i d i s e d and m i x e d o x i d e - s u l p h i d e c o p p e r 

o r e s which a r e a s s o c i a t e d with a c a r b o n a t e g a n g u e 5 o r o r e d i f f i cu l t to c o n c e n -
t r a t e by f l o t a t i o n . The m o i s t c r u s h e d o r e i s m i x e d wi th a c a r b o n a c e o u s 
r e d u c i n g agen t and s a l t o r s o m e o t h e r G r o u p IA o r IIA h a l i d e and h e a t e d to 
700 -800°C . C o p p e r i s p r e s u m a b l y v o l a t i l i s e d a s c h l o r i d e and r e d u c e d to 
d e p o s i t a s m e t a l on the c a r b o n . S i l v e r and gold r e p o r t wi th the c o p p e r and 
t h e m e t a l s a r e r e c o v e r e d by f l o t a t i o n o r a m m o n i a l e a c h i n g . 
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P o l l a n d t and P e a s e (1959, I960) and P e a s e (1963) h a v e d e s c r i b e d the 
p r o c e s s a s a p p l i e d to s i l v e r - c o p p e r o r e s a t Santa L u c i a in P e r u . R e c o v e r i e s 
of 90% of t h e c o p p e r and s l i g h t l y l e s s of the s i l v e r f r o m 1-2% Cu o r e s i s 
r e p o r t e d (Ek and M a s o n , 1964). 

T h e p r o c e s s i s u s e d at A k j o u j t in M a u r e t a n i a w h e r e an o r e c o n t a i n i n g 
3.1% Cu and 2 g Au p e r ton i s u p g r a d e d to y i e ld a 65% Cu, 60 g Au p e r ton 
c o n c e n t r a t e r e c o v e r i n g 85% of t h e c o p p e r and 72% of the gold (Rey, 1959, 
E k and M a s o n , 1964). 

R a m p a c e k (1959, 1964) of the US B u r e a u of M i n e s h a s done c o n s i d e r a b l e 
r e s e a r c h on t h e p r o c e s s and the B u r e a u of M i n e s h a s deve loped a d i r e c t - f i r e d 
k i ln f o r the s e g r e g a t i o n s t a g e (McKinney and E v a n s , 1963). 

T h e p r o c e s s i s u s e d a t t he L a k e S h o r e Mine in A r i z o n a to t r e a t a 1.8% Cu 
o x i d e - s u l p h i d e o r e y i e ld ing a 50% Cu c o n c e n t r a t e wi th 85% r e c o v e r y of c o p p e r 
( F r e e m a n e t a l , 1961; Ek and M a s o n , 1964). A r i z o n a c o p p e r s i l i c a t e o r e s 
a r e a l s o a m e n a b l e to t r e a t m e n t (Anon, 1960(1)). 

P e r l o v et a l , (1962) have a l s o d i s c u s s e d t h e s e g r e g a t i o n p r o c e s s and 
Sutulov (1962) h a s a s s e s s e d i t s a p p l i c a b i l i t y to C h i l e a n ores . . He q u o t e s 1.8% 
Cu a s t h e b r e a k - e v e n g r a d e f o r t r e a t m e n t u n d e r C h i l e a n c o n d i t i o n s and s t a t e d 
tha t a p l an t w a s to be bu i l t n e a r A n t o f a g a s t a . 

3. REFINING O F CRUDE M E T A L 

3. 1 F i r e R e f i n i n g 

F i r e r e f i n i n g of c o p p e r c o n s i s t s in c o m m o n p r a c t i c e of o x i d i s i n g the 
m o l t e n b l i s t e r by bubbl ing a i r t h r o u g h i t to r e m o v e r e m a i n i n g s u l p h u r , i r o n 
and z inc . A f t e r r e m o v a l of the s l a g , t h e m e t a l which at t h i s s t a g e h a s an 
oxygen con t en t of a p p r o x i m a t e l y 0. 9% is r e d u c e d by "po l ing" . T h i s h a s 
g e n e r a l l y b e e n done u s i n g g r e e n l o g s o r " p o l e s " p u s h e d in to the m o l t e n 
b a t h , r e d u c t i o n b e i n g a c c o m p l i s h e d by t h e h y d r o c a r b o n g a s e s p r o d u c e d . 

It h a s b e e n shown t h a t , whi le n a t u r a l g a s ( p r e d o m i n a n t l y m e t h a n e ) i s not 
v e r y e f f e c t i v e a s a r e d u c t a n t , t h e p r o d u c t s of r e f o r m i n g n a t u r a l g a s a r e v e r y 
s a t i s f a c t o r y (Kuze l l et a l , 1959; Anon, 1961(2); Hut t l , 1961(2); Kle in , 1961, 
1962; K o m l e v , 1964). The u s e of r e f o r m e d n a t u r a l g a s g r e a t l y r e d u c e s t h e 
l a b o u r r e q u i r e m e n t f o r the po l ing o p e r a t i o n . 

B r a n t l e y and Schack (1962), s u g g e s t e d the u s e of a p a c k e d - c o l u m n f o r 
c o n t a c t i n g m e t a l and r e d u c i n g g a s . -

The u s e of g a s e o u s a m m o n i a f o r "po l ing" w a s a d v o c a t e d by Henych et a l 
(1965). Whi le t e c h n i c a l l y f e a s i b l e t h e c o s t of a m m o n i a m a y e l i m i n a t e i t a s 
a c o m m e r c i a l p r o c e s s . 

S e v e r a l new d e v e l o p m e n t s in f i r e - r e f i n i n g have b e e n i n v e s t i g a t e d on a 
l a b o r a t o r y s c a l e . S t o l a r c z y k and Rudd le (1957, ( l ) (2) ) u s e d v a r i o u s s l a g s 
to r e m o v e l e a d and t in f r o m m o l t e n c o p p e r , and W a r d and H o a r (1961), c a r r i e d 
out e l e c t r o l y s i s in wh ich m o l t e n c o p p e r , u n d e r a l a y e r of m o l t e n b a r i u m 
c h l o r i d e , w a s the c a t h o d e . Oxygen, s u l p h u r , s e l e n i u m and t e l l u r i u m in the 
c o p p e r w e r e r e d u c e d to l e s s t han 0. 001%. 

C o n v e n t i o n a l f i r e - r e f i n i n g does not r e m o v e b i s m u t h , n i c k e l , s e l e n i u m 
and t e l l u r i u m , n o r r e c o v e r p r e c i o u s m e t a l s , and w h e r e t h e s e o c c u r e l e c t r o l y t i c 
r e f i n i n g m u s t be u s e d . 
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3. 2 E l e c t r o l y t i c R e f i n i n g 

B l i s t e r c o p p e r i s f i r e - r e f i n e d and c a s t in to a n o d e s which a r e s u s p e n d e d 
in a c o p p e r s u l p h a t e - s u l p h u r i c } a c i d , s o l u t i o n ( a p p r o x . 35 g p e r l i t r e Cu, 150 g 
p e r l i t r e H 2 S0 4 , t e m p . 50-6'0°C). The c a t h o d e i s g e n e r a l l y a s p e c i a l l y -
p r e p a r e d s h e e t of e l e c t r o l y t i c c o p p e r . C u r r e n t d e n s i t i e s r a n g e . f r o m 12-20 
a m p . p e r s q u a r e foo t and one a m p e r e - d a y of c u r r e n t d e p o s i t s on ly 1 oz of 
c o p p e r . R e f i n e r i e s a r e t h e r e f o r e v e r y l a r g e and t h e a m o u n t of c o p p e r t i e d 
up i s c o n s i d e r a b l e . The 10, 000 s h o r t ton p e r m o n t h r e f i n e r y a t C o p p e r C l i f f , 
C a n a d a h a s 1216 d e p o s i t i n g t a n k s and c o v e r s an a r e a of 60 a c r e s (Denn i s , 
1961). J e n k i n s and Sa in t -S i i i i th (1961) h a v e d e s c r i b e d t h e T o w n s v i l l e c o p p e r 
r e f i n e r y . A new 3 0 0 0 - t o n s - p e r - m o n t h r e f i n e r y h a s been bu i l t a t P o t r e r i l l o s 
in Ch i l e (Anon, 1965(2) ). 

T h e r e a r e two s y s t e m s in u s e f o r a r r a n g e m e n t of the e l e c t r o d e s . The 
m o r e c o m m o n l y - u s e d i s t he " M u l t i p l e " s y s t e m . C e l l s a r e c o n n e c t e d in 
s e r i e s wi th a l l t h e a n o d e s in a c e l l in p a r a l l e l and a l l t he c a t h o d e s (which beg in 
a s s t a r t i n g s h e e t s ) in p a r a l l e l . In t h e " S e r i e s " s y s t e m only t h e f i r s t and l a s t 
e l e c t r o d e s in a c e l l a r e c o n n e c t e d to the c u r r e n t . B e t w e e n t h e m a r e s u s p e n d e d 
t h e p l a t e s of c o p p e r to be r e f i r e d , c o p p e r b e i n g r e m o v e d f r o m one s i d e of e a c h 
p l a t e and d e p o s i t e d on the f a c i n g s i d e of the next p l a t e . A c o a t i n g of r e s i n 
s e p a r a t e s the d e p o s i t f r o m t h e c r u d e m e t a l . T h e s e r i e s ' s y s t e m i s a low 
c u r r e n t - h i g h v o l t a g e s y s t e m , t h e c o p p e r output p e r k i l owa t t day be ing about 
t w i c e t h a t of the Mul t ip l e s y s t e m . H o w e v e r , due to the g r e a t e r t e n d e n c y to 
c u r r e n t l e a k a g e , t he n e c e s s i t y f o r s p e c i a l c e l l c o n s t r u c t i o n and l e s s f l e x i b i l i t y 
in o p e r a t i o n t h e r e a r e on ly one o r two r e f i n e r i e s wh ich u s e t h e S e r i e s s y s t e m . 

B e s i d e s d e s c r i p t i o n s by L i d d e l l (1945), B u t t s (1954), and D e n n i s (1961) an 
i n f o r m a t i v e s u r v e y by Sch loen and F o r b e s (1961) a n d . r e v i e w s by J e n k i n s (1962) 
and L e v i n and N o m b e r g (1964), s p e c i f i c p l a n t s h a v e b e e n d e s c r i b e d by Bau ld 
e t a l (1956), L o c k y e r and N e l l e r ( I960) ( M u f u l i r a ) ; F o r b e s (1956) ( C a n a d i a n 
C o p p e r R e f i n e r s Ltd) ; F r a n k l i n and E i g o ( i960) (Kenneco t t , B a l t i m o r e ) ; 
M c A r t h u r and L e a p h a r t (1961) ( C h u q u i c a m a t a ) ; J e n k i n s and S a i n t - S m i t h , (1961) 
( T o w n s v i l l e ) ; Anon ( I 9 6 2 ) ( l ) and L a p e e (1962) (Anaconda) . 

H e n r i k s s o n e t a l (1959) h a v e c a r r i e d out e x p e r i m e n t s at B o l i d e n s u s i n g 
c h a n n e l c e l l s wh ich p e r m i t c u r r e n t d e n s i t i e s up to 500 a m p e r e s p e r s q u a r e 
m e t r e (Lev in and Mukhin , 1964). D e s p i t e l o w e r bu i ld ing c o s t s and i n v e n t o r y , 
Sch loen and F o r b e s (1961) c o n s i d e r t ha t t h i s m e t h o d wi l l not be a d o p t e d 
i m m e d i a t e l y due to the d e m a n d f o r q u a l i t y c a t h o d e s . 

3. 3 C h e m i c a l R e f i n i n g 

B a g d a d C o p p e r C o r p o r a t i o n i s bu i ld ing a $ 4 m p l a n t , j o i n t l y owned wi th , 
C h e m e t a l s C o r p o r a t i o n , to r e f i n e c e m e n t c o p p e r . T h e c e m e n t c o p p e r i s 
r e d i s s o l v e d in s u l p h u r i c a c i d and p r e c i p i t a t e d wi th h y d r o g e n a t 300°F and 
450 p s i g p r e s s u r e a s h igh p u r i t y (99. 9%) c o p p e r p o w d e r (Anon, 1964(2), 
B e a l l , 1965). T h e p r o c e s s i s t hus an o f f s h o o t of the S h e r r i t t - G o r d o n p r o c e s s 
f o r w h i c h C h e m e t a l s C o r p o r a t i o n a r e l i c e n s e e s . A f t e r s i n t e r i n g to r e m o v e 
t r a c e s of s u l p h u r and oxygen t h e p u r i t y e x c e e d s 99. 95% c o p p e r . 
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4. ECONOMICS O F P R O C E S S 

4 . 1 P r o d u c i n g C r u d e M e t a l f r o m Sulph ide O r e s 

4 . 1 . 1 S m e l t i n g P r o c e s s e s 
In c o n s i d e r i n g the p y r o m e t a l l u r g i c a l p r o c e s s e s a p p l i c a b l e to s m e l t i n g 

a su lph ide c o p p e r c o n c e n t r a t e in South A u s t r a l i a , the f i r s t g o v e r n i n g f a c t o r 
i s t o n n a g e . T h e f l a s h - s m e l t i n g p r o c e s s e s would p r o b a b l y only be j u s t i f i e d 
by a h i g h - v o l u m e o p e r a t i o n . At H a r j a v a l t a and a t A s h i o the t r e a t m e n t r a t e 
i s 500 t o n s p e r day of c o n c e n t r a t e . The Inco p r o c e s s t r e a t s 1000 t o n s p e r 
day a t C o p p e r C l i f f . U s e of t h i s l a t t e r p r o c e s s would invo lve c o n s t r u c t i o n 
of an oxygen p l an t and would c a l l f o r a m a r k e t f o r s u l p h u r d iox ide . 

S ince c o p p e r s m e l t i n g in South A u s t r a l i a i s r a t h e r h y p o t h e t i c a l at t he 
p r e s e n t t i m e , two c a s e s w i l l be c h o s e n f o r c o s t e s t i m a t i o n : 

1. l a r g e - v o l u m e s m e l t i n g by the Ou tokumpu p r o c e s s , 

\ 2. s m a l l v o l u m e p r o c e s s i n g in a r o t a r y r e v e r b e r a -
\ t o r y f u r n a c e . 

O u t o k u m p u P r o c e s s . A t r e a t m e n t r a t e of 500 tpd of c h a l c o p y r i t e c o n c e n t r a t e 
c o n t a i n i n g 25% Cu wi l l be a s s u m e d . 

F i x e d C a p i t a l I n v e s t m e n t ^ 
A f l a s h - s m e l t e r of t h e s a m e s i z e a s the p l an t a t H a r j a v a l t a , 
wi th c o n v e r t i n g f a c i l i t i e s i s known to c o s t of the o r d e r of 
$ A 7 m i l l i o n to bu i ld . 

D i r e c t S m e l t i n g Cost^ a ^ 
The s m e l t i n g c o s t p e r ton of c o p p e r m e t a l f o r a s m e l t e r at 
P o r t A d e l a i d e o r W a l l a r o o h a s b e e n e s t i m a t e d a s f o l l o w s : 

Amount Unit T o t a l 
C o s t , $ C o s t , $ 

Raw m a t e r i a l s : s i l i c e o u s f lux 2 t o n s 2 4 

L a b o u r : 

( a s s u m e 40 m e n 6n e a c h of 4 s h i f t s ) 10 m a n h r 1 . 8 18 

S u p e r v i s i o n : 
( a s s u m e 10% of l a b o u r c o s t ) 2 

M a i n t e n a n c e : - - 9 
( a s s u m e 6% annua l l y of f i xed 

c a p i t a l i n v e s t m e n t ) 

P l a n t S u p p l i e s : - - 1 
( a s s u m e 15% of m a i n t e n a n c e ) 

R o y a l t i e s and P a t e n t s - - 8 
( a s s u m e 1% of p r i c e of c o p p e r ) 

(a) F o r d e f i n i t i o n s of t h e s e t e r m s s e e Append ix C . 
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Amount Unit 
C o s t , $ 

1 6 

Total 
Cost , $ 

U t i l i t i e s : 
F u e l o i l 0. 1 ton 

(the s m a l l c o s t of f r e s h and 
s a l t w a t e r wi l l be c o m p e n s a t e d 
f o r by a s m a l l c r e d i t f o r p o w e r 
p r o d u c e d in e x c e s s of r e q u i r e m e n t s ) 

D i r e c t Sme l t i ng Cos t p e r ton of c o p p e r 44 

It would be a p i ty to bui ld such a p lant wi thout f u l l y i nves t i ga t i ng c o n t i n -
uous c o n v e r t i n g to m a k e the whole o p e r a t i o n con t i nuous . 

R e v e r b e r a t o r y Sme l t i ng . T h e r o t a r y r e v e r b e r a t o r y f u r n a c e ( " k u r z t r o m m e l -
o f e n " in G e r m a n y ) i s e s t a b l i s h i n g i t se l f in m a n y b r a c h e s of n o n - f e r r o u s 
s m e l t i n g , and can be u s e d to s m e l t r o a s t e d o r u n r o a s t e d su lph ide c o p p e r 
c o n c e n t r a t e s to m a t t e (Schwar t z , 1956). It wi l l be a s s u m e d tha t t he c o n c e n -
t r a t e s s u p p l i e d a r e of s u f f i c i e n t l y high g r a d e to be c h a r g e d d i r e c t to t h e r o t a r y 
r e v e r b e r a t o r y . 

It s e e m s f e a s i b l e tha t a f t e r s m e l t i n g and t app ing of s l a g the b u r n e r cou ld 
be swung b a c k , an a i r l ance i n s e r t e d , and the m a t t e blown to whi te m e t a l a s 
i s done at BHAS, P o r t P i r i e , o r p o s s i b l y even to b l i s t e r c o p p e r . It m a y 
we l l be b e s t to u s e two f u r n a c e s , one f o r s m e l t i n g and the o t h e r f o r c o n v e r t -
ing but f o r a s m a l l t h roughpu t the fo l lowing cyc l e is s u g g e s t e d , u s i n g only 
one f u r n a c e : 

Smel t ing : 1. C h a r g e : r a w c o n c e n t r a t e 
" c o n v e r t e r " s l a g f r o m p r e v i o u s 
c o n v e r t i n g s t age 

f lue dus t 
f l u x e s . 

Sme l t 

C o n v e r t i n g 4-

5. 

7. 

8 . 

R e m o v e r e v e r b , s l a g and d i s c a r d 
C h a r g e : m o r e c o n c e n t r a t e 

f l u x e s . 

(Repea t un t i l f u r n a c e f u l l of m a t t e ) 

R e m o v e " r e v e r b " s l a g and d i s c a r d 

C h a r g e f l u x e s 
R e t r a c t b u r n e r , inse r t a i r l ance and c o m m e n c e 

blowing 

R e m o v e c o n v e r t e r s l a g 
C h a r g e : m o r e c o n c e n t r a t e 

f l u x e s 

(Repea t un t i l f u r n a c e f u l l of whi te m e t a l ) 

R e m o v e c o n v e r t e r s l a g 

Blow to b l i s t e r c o p p e r and c a s t . 
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S c h w a r t z q u o t e s a da i ly t h r o u g h p u t of 2 5 - 3 0 t o n s f o r a 3 m e t r e d i a m e t e r 
by 3 m e t r e long r o t a r y f u r n a c e s m e l t i n g c o p p e r c o n c e n t r a t e s to m a t t e . 
If b lowing i s c a r r i e d out in t h e s a m e f u r n a c e t h e c a p a c i t y m i g h t be r e d u c e d 
to 10-15 t o n s p e r day , i. e . 3 t o n s b l i s t e r p e r day , 1000 t o n s c o p p e r p e r y e a r . 

We w i l l t h u s a s s u m e a t r e a t m e n t r a t e of 12 t o n s of c o n c e n t r a t e (3 t o n s 
b l i s t e r ) p e r day . 

F i x e d C a p i t a l I n v e s t m e n t 
We wi l l a s s u m e tha t t he p lan t c o n s i s t s o f : 

i . f a i r l y s i m p l e o r e and f lux hand l ing e q u i p m e n t , e . g . 
a t r a c t o r - s h o v e l f o r un load ing r a i l w a y t r u c k s and 
f i l l i ng a c h a r g i n g h o p p e r , 

i i . a 3 m x 3 m r o t a r y r e v e r b e r a t o r y f u r n a c e wi th o i l -
s t o r a g e and h e a t i n g f a c i l i t i e s , 

i i i . a i r b l o w e r , 

iv. a b a g h o u s e , f a n , and s t a c k to d i s p e r s e s u l p h u r d iox ide , 

v . m o u l d s f o r c a s t i n g b l i s t e r c a k e s , 

v i . s l a g g r a n u l a t i o n and d i s p o s a l f a c i l i t i e s , 

v i i . a s m a l l l a b o r a t o r y , m a i n t e n a n c e w o r k s h i p and 
a d m i n i s t r a t i v e o f f i c e . 

T h e p u r c h a s e d e q u i p m e n t c o s t i s e s t i m a t e d v e r y a p p r o x i m a t e l y 
a s f o l l o w s : 

i 
T r a c t o r - s h o v e l 

C h a r g i n g h o p p e r 

R o t a r y r e v e r b e r a t o r y f u r n a c e with 
a n c i l l a r y e q u i p m e n t 

E l e c t r i c c r a n e 

Oi l s t o r a g e 

A i r b l o w e r 

B a g h o u s e , f a n and s t a c k 

B l i s t e r c a s t i n g and s l a g g r a n u l a t i o n and 
d i s p o s a l e q u i p m e n t 

20, 000 

20, 000 

20, 000 

6 0 , 0 0 0 

8, 000 

5, 000 

2, 000 

5, 000 

1 4 0 , 0 0 0 

Us ing L a n g ' s f a c t o r of 3. 63v ' t h e . 

F i x e d C a p i t a l I n v e s t m e n t b e c o m e s $ 0 . 5 m i l l i o n 

(a) 

(a) See Append ix C. 
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D i r e c t S m e l t i n g C o s t 
We wi l l a s s u m e a t r a c t o r d r i v e r , 3 f u r n a c e a t t e n d a n t s , 1 s p a r e 
m a n , a m a i n t e n a n c e f i t t e r and a . f o r e m a n on e a c h s h i f t , wi th a 
m a n a g e r , 2 c l e r k s , 1 a n a l y s t and 2 t r a d e s m e n on d a y - s h i f t . 
An e s t i m a t e of t h e d i r e c t s m e l t i n g c o s t p e r ton of c o p p e r i s s e t 
out be low: 

A m o u n t Unit T o t a l 
C o s t , $ C o s t , $ 

R a w M a t e r i a l s : 
s i l i c a s a n d f lux 2 t o n s 2 4 

L a b o u r : 
o p e r a t i n g (4 m e n / s h i f t ) 32 m a n - h r 1 . 8 58 
s u p e r v i s o r y (1 m a n / s h i f t ) 8 m a n - h r 2 16 
m a i n t e n a n c e 12 m a n - h r 1 . 8 22 

M a t e r i a l s ( m a i n t e n a n c e ) - - 5 

P l a n t s u p p l i e s (15% of m a i n t e n a n c e ) - - 4 

U t i l i t i e s : 
f u e l o i l (14% of c o n c . wt . ) 0 . 6 t o n s 16 10 
e l e c t r i c i t y and w a t e r ( say) - 3 

D i r e c t S m e l t i n g Cos t $ 1 22 

4 . 1 . 2 R o a s t i n g , L e a c h i n g , E l e c t r o w i n n i n g 

F i x e d C a p i t a l I n v e s t m e n t . B a s e d on t h e B a g d a d p i lo t p lan t wh ich t r e a t e d 
5 t o n s of c o n c e n t r a t e p e r day , budge t e s t i m a t e s w e r e m a d e f o r a p l an t 
p r o d u c i n g 17, 000 t o n s of c o p p e r p e r y e a r . T h e c o s t of e a c h i t e m of e q u i p -
m e n t w a s c a l c u l a t e d and the p u r c h a s e d e q u i p m e n t c o s t found to be $ 1 , 7 0 0 , 000 
f r o m wh ich the f ixed c a p i t a l i n v e s t m e n t w a s e s t i m a t e d a t $ 6 . 9 m . 

D i r e c t T r e a t m e n t C o s t . It w i l l be a s s u m e d tha t t h i s p l an t would e m p l o y 
4 s h i f t s of 24 m e n e a c h . The p o w e r r e q u i r e m e n t f o r e l e c t r o w i n n i n g i s b a s e d 
on N c h a n g a d a t a ( l . 05 kWh ac p e r lb of c o p p e r ) . 
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D i r e c t T r e a t m e n t C o s t p e r Ton of C o p p e r 

A m o u n t 
Unit 

C o s t , : 

L a b o u r 

S u p e r v i s i o n 
( a s s u m e 10% of l a b o u r ) 

M a i n t e n a n c e 
( a s s u m e 6% a n n u a l l y of f i x e d 
c a p i t a l i n v e s t m e n t ) 

P l a n t s u p p l i e s 
( a s s u m e 15% of m a i n t e n a n c e ) 

R o y a l t i e s and P a t e n t s 
( a s s u m e 1% of s a l e s p r i c e of c o p p e r ) 

32 m a n h r 1 . 8 

T o t a l 
C o s t , $ 

58 

6 

24 

U t i l i t i e s : 
P o w e r - r o a s t i n g 

l e a c h i n g 
e l e c t r o w i n n i n g 

W a t e r 

F u e l : r o a s t i n g , 
h e a t i n g e l e c t r o l y t e J 

200 kWh 
25 kWh 

2350 kWh 

1900 ga l 

0. 08 t o n s 

41 

16 

142 

It m u s t be b o r n e in m i n d tha t t he p r o d u c t i s e l e c t r o l y t i c c o p p e r and would 
no t n e e d f u r t h e r r e f i n i n g . 

4. 1 . 3 A m m o n i a L e a c h i n g , H y d r o g e n P r e c i p i t a t i o n 
C a p i t a l and o p e r a t i n g c o s t s w i l l s i m p l y be quoted f o r t h e p l an t d e s i g n e d 

f o r M a r i n d u q u e I r o n M i n e s . T h i s p lan t w a s d e s i g n e d to t r e a t t h e fo l lowing 
c o n c e n t r a t e s : 

Cu 
F e 
S 
Zn 
I n s o l u b l e 

S i p a l a y 
35, 000 tpy 

25 
30 
35 

1 0 

B a g a c a y 
40, 000 tpy 

14. 5 
29. 0 
41. 0 
15. 5 

and to p r o d u c e : 
s e m i - f a b r i c a t e d c o p p e r p r o d u c t s 
a m m o n i u m s u l p h a t e 
z inc a s oxide o r m e t a l , a p p r o x . 

1 4 , 0 0 0 t o n s 
1 0 0 , 0 0 0 t o n s 

5, 000 t o n s . 

Tak ing z inc a s e q u i v a l e n t to c o p p e r , t h e output of t h e p lan t c a n be t a k e n 
a s 1 9 , 0 0 0 tpy of c o p p e r . 
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F i x e d C a p i t a l I n v e s t m e n t . P u b l i s h e d a r t i c l e s gave the c o s t of the M a r i n d u q u e 
p lan t a s $ U S 23 m o r £ s t g 8 m , so tha t an A u s t r a l i a n c o s t of $ A 2 0 m wi l l b e 
a s s u m e d . T h i s i s an e x p e n s i v e p lan t f o r an output of 19, 000 tpy of c o p p e r 
but t h e a c t u a l c o p p e r - p r o c e s s i n g p lan t wi l l be c o s t l y due to t h e n e c e s s i t y f o r 
h i g h - p r e s s u r e s t a i n l e s s s t e e l e q u i p m e n t , and t h i s i n v e s t m e n t w i l l a l s o i n c l u d e : 

i . an e l e c t r o l y t i c h y d r o g e n p lan t 

i i . an a m m o n i a p lan t 

i i i . a p y r i t e - b u r n i n g s u l p h u r i c a c i d p lan t 

iv. a l oad ing p i e r . 

D i r e c t T r e a t m e n t C o s t . If a m m o n i a ( 2 7 , 0 0 0 tpy) w e r e p u r c h a s e d a t $ 2 0 0 
p e r ton and a m m o n i u m s u l p h a t e (100, 000 tpy) so ld a t $ 5 0 p e r ton t h e ne t 
c o s t to the p r o c e s s would be $ 2 1 p e r ton of c o p p e r . H o w e v e r , the A u s t r a l i a n 
m a r k e t m i g h t not a b s o r b t h i s quan t i t y of s u l p h a t e in which c a s e i t would b e 
n e c e s s a r y to r e g e n e r a t e a m m o n i a f o r r e - u s e by m e a n s of l i m e . T h e u s e of 
64, 000 tpy of h y d r a t e d l i m e a t $ 2 0 p e r ton would add $ 6 5 p e r ton to t h e d i r e c t 
t r e a t m e n t c o s t of c o p p e r . 

No f u r t h e r a n a l y s i s of t h e e c o n o m i c s of t h i s p r o c e s s wi l l be g iven , s i n c e 
wh i l e i t p r o d u c e s c o p p e r a s p r e m i u m - g r a d e p o w d e r , t h e c a p i t a l i n v e s t m e n t 
and t r e a t m e n t c o s t would only b e w a r r a n t e d if the o r e w e r e c o m p l e x and t h e r e 
w e r e f a v o u r a b l e m a r k e t s f o r the p r o d u c t s . 

4 . 2 T r e a t m e n t of O x i d i s e d O r e s 

4. 2. 1 L e a c h i n g 
T h e c a p i t a l i n v e s t m e n t and t r e a t m e n t c o s t wi l l depend g r e a t l y on t h e 

t ype of o p e r a t i o n — w h e t h e r a g i t a t i o n l e a c h i n g p e r c o l a t i o n l e a c h i n g o r h e a p 
l e a c h i n g . C o s t s f o r a g i t a t i o n l e a c h i n g and e l e c t r o w i n n i n g cou ld be e s t i m a t e d 
f r o m da ta f o r Nchanga ( C h a p m a n and P a g e , 1961). T h i s p l an t p r o d u c e d 
6245 t o n s of c a t h o d e c o p p e r in Ju ly 1959 ( say , 75, 000 t o n s p e r y e a r ) e m p l o y -
ing a d i r e c t l a b o u r f o r c e of 311 m e n . T h i s l e a d s to an e s t i m a t e of 9 m a n 
h o u r s p e r ton of c o p p e r f o r o p e r a t i n g l a b o u r . 

P e r c o l a t i o n l e a c h i n g in v a t s i s e m p l o y e d a t C h u q u i c a m a t a which in 1961 
h a d a c a p a c i t y of 41, 000 s h o r t t o n s p e r day of 1% c o p p e r o r e . 

T h e r e a r e a n u m b e r of d u m p - l e a c h i n g o p e r a t i o n s in A r i z o n a f r o m which 
a p p r o x i m a t e c o s t s cou ld be e s t i m a t e d . 

4. 2. 2 S e g r e g a t i o n P r o c e s s 
P o l l a n d t and P e a s e ( i 9 6 0 , D i s c u s s i o n ) i t e m i s e d t r e a t m e n t c o s t s f o r t h e 

s e g r e g a t i o n p r o c e s s a s a p p l i e d in P e r u . At 100 t o n s p e r day t h e d i r e c t t r e a t -
m e n t c o s t p e r m e t r i c ton of o r e in S e p t e m b e r , I960 w a s £ s t g 2 - 4 - 1 0 
( $ A 5 . 6 0 ) ; f o r 300 tpd the c o s t w a s £ s t g 2 - 0 - 1 0 ($A5 . 10). The o r e c o n t a i n e d 
1. 5% Cu and 5 - 2 0 oz Ag p e r ton and r e q u i r e d 2-3% c o a l add i t i on b e c a u s e of i t s 
m a n g a n e s e d iox ide c o n t e n t , w h e r e a s an o r e wi th i n e r t g a n g u e would r e q u i r e 
on ly 1% c o a l p e r ton of c o p p e r p r o d u c e d . T h i s t r e a t m e n t c o s t would b e of 
t h e o r d e r of $ A 4 0 0 wi th a c r e d i t of about $ A 1 0 f o r the s i l v e r c o n t e n t . 
T h e m a j o r c o s t s w e r e o i l f u e l , c o a l ( $A31 p e r ton) and e l e c t r i c p o w e r , a l l of 
wh ich would be f a i r l y e x p e n s i v e in t ha t l o c a t i o n . 
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3 E l e c t r o l y t i c R e f i n i n g 

F i x e d C a p i t a l I n v e s t m e n t s J e n k i n s ( l 962 ) d i s c u s s e s the c a p i t a l c o s t of 
e l e c t r o l y t i c r e f i n e r i e s and q u o t e s a f i g u r e of .£500 ($1000) c a p i t a l i n v e s t m e n t 
p e r s q u a r e y a r d of o p e r a t i n g t ank a r e a . O p e r a t i n g i n t e n s i t y v a r i e s up to a 
m a x i m u m of abou t 30 tpy c o p p e r p e r s q u a r e y a r d in l a r g e p l a n t s the a v e r a g e 
be ing 24. 27 t py p e r s q u a r e y a r d . H e n c e a f i g u r e of $ 4 0 of f i xed c a p i t a l 
i n v e s t m e n t p e r a n n u a l ton of c o p p e r w i l l be a s s u m e d . 

D i r e c t T r e a t m e n t C o s t . J e n k i n s a l s o e s t i m a t e s the o p e r a t i n g l a b o u r r e q u i r e -
m e n t in a t a n k h o u s e a s 04 03 m a n p e r s q u a r e y a r d of t ank a r e a . T h i s g i v e s an 
o p e r a t i n g l a b o u r c o s t of s a y , 0o 03 by 3600 e q u a l s $ 1 0 8 p e r s q u a r e y a r d p e r 
y e a r o r $ 4 p e r t on of c o p p e r . 

T h e c o p p e r p r o d u c e d p e r k i l o w a t t - d a y a t a ' c u r r e n t d e n s i t y of 18 a m p e r e s 
p e r s q u a r e foot r a n g e s f r o m 165-^180 lb in the m u l t i p l e s y s t e m and f r o m 
340-380 lb in t h e s e r i e s s y s t e m ( L i d d e l l , 1945)* T h e c o s t of p o w e r a t 1. 6 c 
p e r k i l owa t t i s t h u s $ 5 ^ 0 p e r ton f o r the m u l t i p l e s y s t e m and $ 2 - 5 p e r t on 
f o r t h e s e r i e s s y s t e m . 

Lev in and N o m b e r g (1964) in t h e i r r e v i e w of w o r l d e l e c t r o l y t i c p l a n t s 
g ive s o m e i n t e r e s t i n g a n a l y s e s of c o s t s ^ E x p e r i e n c e a t M o n t r e a l i n d i c a t e d 
tha t l a b o u r c o s t s i n c r e a s e d with i n c r e a s i n g c u r r e n t d e n s i t y (2. 26 m a n h o u r s 
p e r ton at 211 a m p / m 2 , 2„ 64 m a n h o u r s p e r t on a t 285 a m p / m 2 ) , ' H o w e v e r 
g r a d u a l i n c r e a s e of c u r r e n t e f f i c i e n c y ( c o m b i n e d , a d m i t t e d l y , wi th i n c r e a s e d 
m e c h a n i s a t i o n ) h a s d e c r e a s e d l a b o u r c o s t s at t he P y s h m a p lan t in the USSR, 

5„ A C K N O W L E D G E M E N T 

J . C h o m i n s k y c o m p i l e d a p o r t i o n of the bibl iography*. 
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A P P E N D I X A 

SOME R E A G E N T COSTS 

A m m o n i a 

T h e p r i c e . o f " l iqu id a m m o n i a " (25% NH3) in bulk t a n k e r s in q u a n t i t i e s 
g r e a t e r t han 200 t o n s i s quo ted by ICIANZ a s $ 2 0 0 pfer ton. of NH 3 ex 

- D e e r P a r k . A n h y d r o u s a m m o n i a i n q u a n t i t i e s g r e a t e r t h a n 200 t o n s p e r 
y e a r i s quo ted a t $ 1 8 0 p e r ton ex D e e r P a r k . 

A m m o n i u m Su lpha te 

ICIANZ quote $ 6 5 - 7 5 f o r g r a d e SA1 in b a g s in 10 ton l o t s ex w h a r f 
A u s t r a l i a n p o r t s . 

Su lphu r i c Acid 

A d e l a i d e C h e m i c a l and F e r t i l i z e r C o . Ltd quote $ 2 6 ; 40 p e r ton f o r 
q u a n t i t i e s of the o r d e r of 500 t o n s p e r y e a r F O R P o r t A d e l a i d e . 



A P P E N D I X B 

B I B L I O G R A P H Y ON T H E 

E X T R A C T I V E M E T A L L U R G Y O F C O P P E R 
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L I D D E L L , (1945) (Ed), Handbook of N o n - f e r r o u s M e t a l l u r g y , M c G r a w Hi l l 
NY. 

1950 

ANON, ( I 9 5 0 ) ( l ) , F r o m L o w - g r a d e O r e to P u r e C o p p e r : K e n n e c o t t ' s New 
S e t - u p , B u s i n e s s Week 48 -50+ , Nov. 11. 

ANON, (1950)(2), I n t e g r a t e d C o p p e r : E l e c t r i c C o p p e r R e f i n e r y Bui l t by the 
Utah C o p p e r Div i s ion of Kenneco t t C o p p e r C o r p . , E l e c t r i c a l W e s t 105, 
76, Oct . 

BOGGS, W . B . , (1950), M o d e r n D e v e l o p m e n t s in C o p p e r P y r o m e t a l l u r g y , 
Mining J . ( L o n d . ) , 234, 3 2 - 5 . 

C O R F I E L D , R . J . , (1950), Mining , C o n c e n t r a t i n g , S m e l t i n g and Re f in ing of 
C o p p e r ( a b s t r a c t ) , E l e c . E n g . 69_, 720, Augus t . 

COUNSELMAN, T . B. , (1950), F l u o S o l i d s f o r R o a s t i n g , E n g . and Min . J . 
151, 8 4 - 5 , M a r c h 

L O N G E , A. , (1950), D e v e l o p m e n t , S t a t u s of D e v e l o p m e n t and C r i t i c a l 
D i s c u s s i o n of t h e M e t a l l u r g y in the F r e i b e r g M e t a l l u r g i c a l W o r k s . 
Die T e c h n i k 4, 193-201 . 

NOAKES, F . D . L . , (1950), E x t r a c t i o n of C o p p e r in A f r i c a , M e t a l T r e a t m e n t 
and D r o p F o r g i n g 17_, No. 61, 3 5 - 4 1 . 

R O G E R , E . , (1950), Evo lu t ion of C o p p e r M e t a l l u r g y at K a t a n g a , C o m m e n . 
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Nov. 

B I G L E Y , A. C . , et a l , (1951), New P r e c i p i t a t i o n P l a n t at Butte, Mining 
C o n g r e s s J . 37_, 4 8 - 5 3 , M a r c h . . 

BRYK, P . , (1951), Au togenous S m e l t i n g of C o p p e r Sulphide C o n c e n t r a t e s , 
B N F M R A T r a n s l a t i o n No. 435, Dec . 

BRYK, P . , (1951), Au togenous S m e l t i n g of Sulphidic C o p p e r O r e s and 
P r o d u c t i o n of I r o n f r o m I r o n S i l i c a t e S l a g s of C o p p e r - M e l t i n g F u r n a c e s . 
E r z m e t a l l 4, 4 4 7 - 5 0 . 

F R I C K , F . F . , (1951), P l a n s f o r T r e a t i n g G r e a t e r Bu t t e P r o j e c t O r e s , 
Mining C o n g r e s s J . 37_, 4 2 - 4 3 , 75, Aug. 
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HUGHES, S. , (1951), I m p r o v e d P l a n t D e s i g n M a r k s New Utah R e f i n e r y , 
E n g . and Min. J . 152, 7 2 - 9 , J u n e . 

KUNKLE, B . B . , (1951), E l P a s o R e f i n e r y of P h e l p s Dodge R e f i n i n g C o r p . , 
J . M e t a l s 3, T r a n s . 229 -34 , M a r c h . 

MURRAY, G. , and BEIN, H. H. , (1951), Rebu i ld ing L e p a n t o - t h e F a r E a s t ' s 
L a r g e s t C o p p e r P r o d u c e r , E n g . and Min . J . 152, 110 -13 , A p r i l . 

SCHIMME L . F . A . , (1951), E l e c t r o l y t i c Re f in ing of C o p p e r f r o m A m m o n i a c a l 
C u p r o u s Salt So lu t ions , I n d T a n d E n g . C h e m . 43_, 2 9 4 3 - 8 , D e c . 

S C H L E C H T , H. , and L . , (1951), S e p a r a t i o n of N i c k e l and C o p p e r in N i c k e l -
C o p p e r M a t t e , E r z m e t a l l 4 , 1 - 3 . 

1952 

ANON, (1952) (1), C h e m i c a l O r e - R e d u c t i o n P r o c e s s May P a y Out in T h r e e 
Y e a r s , C h e m . and E n g . N. 30, 2104-5,- May 19. 

ANON,( l952) (2 ) , C i ty to G r o w on. A r i z o n a D e s e r t , E n g . N o l 4 9 , 25, Dec 11. 

ANON, (1952)(3), New O r e T r e a t m e n t P r o c e s s , C a n . C h e m . P r o c e s s 36, 
58+, Sep t . 

BRYK, P . B. , (1952), Au togenous S m e l t i n g of Sulphide C o p p e r O r e s , 
R a d e x R u n d s c h a u , 7 - 1 9 . 

DUNBAR, D. M. , e t a l , (1952), C h u q u i c a m a t a C o p p e r , Min. E n g . 4, 
1164-214 , Dec . 

GOODRICH, W . H . , (1952), W a s t e Dump L e a c h i n g a t t h e Ch ino M i n e s 
Div i s ion , K e n n e c o t t C o p p e r C o r p . , Santa R i t a N. M. , C o l a r a d o Schoo l 
Mining Mag . 42, 6 5 - 7 , M a r c h . 

HAMES, C . , (1952), S c o r e C a r d on M e t a l s P r o c e s s ; S h e r r i t G o r d o n " s 
$ 4 1 , Mi l l ion N i c k e l - C o p p e r P r o j e c t in A l b e r t a , C h e m . Week 7J_, 44+, 
Oc t , 11. 

KASAHARA, T . (1952), C o p p e r M e t a l l u r g y in J a p a n , G e n . H e a d q u a r t e r s 
S u p r e m e C o m m a n d e r Al l i ed P o w e r s , E c o n . and Sc i . S e c t i o n , N a t u r a l 
R e s o u r c e s Div. R e p t . No. 155, 108 pp. 

LIVINGSTONE, D. A. , (1952), M e t a l l u r g i c a l P r a c t i c e a t Go lden Mani tou , 
T r a n s . C a n . I n s t . Mining M e t . 55_, (in Can . Mining Met . B u l l . 477, 
16-26) 

LYONS, L . A. , (1952), L u b u m b a s h i S m e l t e r a t E l i z a b e t h v i l l e , B e l g i a n Congo . 
C h e m . E n g . and Min. R e v . 44, No. 11, 4 2 1 - 4 , Aug. 11. 

O 'CONNOR, J . (1952), C h e m i c a l R e f i n i n g of M e t a l s - C h e m i c o ' s New A u t o -
c l a v i n g P r o c e s s wi l l g ive C o p p e r , N i c k e l , C o b a l t and M a n g a n e s e 
Dioxide , C h e m . E n g . 5_9, 164-8 , 368, 370, 372 -4 , 376, J u n e . 

P O R R O , G. , (1952), C o p p e r , I n d u s t r i a m i n e r a r i a _3» 3 4 5 - 7 0 . 
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P U L L A R , S . S . , a n d H E N N E S S Y , F . L . , (1952), S m e l t i n g P r a c t i c e at Mount 
M o r g a n , A u s t . Ins t . Min. Me t . P r o c . N o l 6 6 - 7 , 131-56 , S e p t - D e c . 

T A L B O T , H. L. , (1952), Nchanga M i n e s New C o p p e r L e a c h P l a n t , O p t i m a 2_, 
10 -14 , J u n e . 

T H O M P S O N , R. , (1952), P r o d u c t i o n at G a r f i e l d - W o r l d ' s L a r g e s t C o p p e r 
S m e l t e r , J . M e t a l s , 4, 4 5 6 - 9 , May . 

1953 

ANON, (1953)(1), C h u q u i c a m a t a , S t o r y of C h i l e a n C o p p e r , J . M e t a l s 5_, 
19-33 , J a n . 

ANON, (1953)(2), New G r o w t h f o r t h e Red Me ta l ; wi th T a b u l a t i o n of New 
P r o j e c t s O p e r a t i n g , in C o n s t r u c t i o n , o r P l a n n e d . E n g . and Min . J . 
154, 110 -19 , J u l y . 

AANERUD, S. A. , (1953), T r e a t m e n t of C o p p e r - C o n t a i n i n g Sulphide O r e s , 
U . S . P a t . 2, 653, 905, Sept . 29. 

ANDERSON, R. V. , (1953), B r i e f Out l ine of Mt I s a C o p p e r S m e l t e r , Min . J . 
(Lond) , 240, 6134, 300 -11 , M a r c h , 13. 

B E N I T E Z , F . , (1953), F l a s h S m e l t i n g I m p r o v e s H a r j a v a l t a ' s M e t a l l u r g y , 
E n g . and Min. J . 154, 76 -80 , Oct . 

B O E R I C K E , W. F . , (1953), Unit C o p p e r P r o d u c t i o n C o s t s I n c r e a s e in 
F o r e i g n M i n e s , E n g . and Min. J . 154, 99, Oct . 

B Y R K I T , J . W. , (1953), O p e r a t i o n s a t New C o r n e l i a C o p p e r S m e l t e r of P h e l p s 
Dodge C o r p . , J . M e t a l s 5_, T r a n s . 6 3 3 - 4 2 , May. 

C A D E N H E A D , A. F . , (1953), A d v a n c e s in C h e m i c a l M e t a l l u r g y , C a n . C h e m . 
P r o c e s s i n g 37, No. 5, 3 8 - 4 0 . 

C O R F I E L D , R . J . , and JOHNSON, A. G. , (1953), E l e c t r i c a l and M e t a l l u r g i c a l 
I m p r o v e m e n t s a t K e n n e c o t t ' s Utah C o p p e r - D i v i s i o n M i l l s , Min . E n g . 5_, 
274 -6 , M a r c h . 

E N G E L , A. L . , (1953), P r e l i m i n a r y T e s t s of N e v a d a O x i d i s e d C o p p e r O r e s , 
USBM R e p o r t I n v e s t . 4952, 6 pp . 

F O R W A R D , F . A. , (1953), A m m o n i a P r e s s u r e L e a c h P r o c e s s f o r R e c o v e r i n g 
N i c k e l , C o p p e r and Coba l t f r o m S h e r r i t t G o r d o n N i c k e l Su lph ide C o n c e n -
t r a t e , T r a n s . C a n . I n s t . Min. Me t . 56_, (In C a n . Mining Met . Bu l l 499, 
677 -84 ) . 

F O R W A R D , F . A. , (1953), S h e r r i t t G o r d o n U s e s A m m o n i a L e a c h f o r Lynn 
L a k e N i c k e l C o p p e r Coba l t S u l p h i d e s , Mining E n g . 5, No. 6, 5 6 7 - 8 1 . 

H U T T L , J . B. , (1953), How New L e a c h - F l o a t P l a n t H a n d l e s G r e a t e r B u t t e ' s 
O r e , E n g . and Min. J . 154, No. 6, 9 0 - 3 . 
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RAMSAY, R. H. , (1953), Whi te P i n e C o p p e r , E n g . Mining J . 154, No. 1, 
7 2 - 8 7 . 

S T E P H E N S , F . M . , (1953), The F l u i d i s e d - B e d Su lpha te R o a s t i n g of N o n -
F e r r o u s M e t a l s , C h e m . Eng . P r o g r e s s 49 , No. 9, 4 5 5 - 8 , Sep t . 1953. 

T E W O R T E , W. , (1953), New Method f o r D e t e r m i n a t i o n of M a t e r i a l s B a l a n c e 
in a N o n - F e r r o u s M e t a l P l a n t , I l l u s t r a t e d by E x a m p l e s f r o m t h e D u i s b e r g 
C o p p e r S m e l t e r , E r z m e t a l l 6>, 1 6 1 - 8 . 

VARIOUS (1953), E x t r a c t i v e M e t a l l u r g y in A u s t r a l i a ; n o n - f e r r o u s M e t a l l u r g y . 
5th E m p i r e Mining and M e t . C o n g r . A u s t r a l i a and New Z e a l a n d , 4B, 
108-171 . 

V O C E , E . , (1953), C o p p e r and C o p p e r A l l o y s , M e t a l l u r g i a £7_, 9 - 1 7 . 

WEIS, G . H . et a l , (1953), ASARCO R e h a b i l i t a t e s C o p p e r R e f i n e r y , J . M e t a l s 
5, 6 1 6 - 2 3 , May . 

WHITTON, H . G . G. , (1953), A r c F u r n a c e E q u i p m e n t and I t s O p e r a t i o n a t t h e 
K e n n e c o t t U tah R e f i n e r y , J . M e t a l s 5_, T r a n s . 197-203 , F e b . 

1954 

ANON, (1954)(1), F l a s h S m e l t i n g P r o c e s s , J . M e t a l s 6̂ , 4 1 6 - 7 , A p r i l . 

ANON, (1954)(2), INCO F l a s h S m e l t i n g P r o c e s s on C o m m e r c i a l B a s i s , Min. 
E n g . 6, 3 6 1 - 2 , A p r i l . 

ANON, (1954)(3), T o n n a g e Oxygen f o r F l a s h S m e l t i n g , Meta l lu rg ia_49 , 126, 
M a r c h . 

ANDERSON, J . N . , (1954), R e v e r b e r a t o r y F u r n a c e P r a c t i c e at N o r a n d a , 
J . M e t a l s 6_, T r a n s . 7 4 5 - 5 8 , J u n e . 

A R C H I B A L D , F . W. , (1954), C o p p e r C o n v e r t i n g P r a c t i c e at ASARCO P l a n t s , 
J . M e t a l s 6_, T r a n s . 3 5 8 - 6 0 , M a r c h . 

B A R T H E L , J . , (1954), C o p p e r - N i c k e l S e p a r a t i o n , an e x a m p l e of t h e a p p l i c a -
tion, of m i n e r a l - d r e s s i n g t e c h n i q u e s in n o n - f e r r o u s m e t a l l u r g y , 
F r e i b e r g e r F o r s c h u n g s . B-6 , 116-25 . 

B U T T S , A. , (1954), C o p p e r - The S c i e n c e and T e c h n o l o g y of the M e t a l , 
I t s A l loys and C o m p o u n d s , Re inho ld , New Y o r k . 

DENNIS, W . H . , (1954), D e v e l o p m e n t s in C o p p e r S m e l t i n g , Min . Mag . 9J_, 
No. 3, 142-9 , Sep t . 

ERSKINE, D. B. , (1954), R e c o v e r y of N i c k e l and C o p p e r f r o m C o p p e r 
A m m o n i u m C a r b o n a t e L e a c h So lu t i ons , U . S . P a t . 2 , 6 9 8 , 2 2 0 , D e c . 28. 

GORDON, J . R . , e t a l , (1954), Au togenous S m e l t i n g of S u l p h i d e s , U . S . P a t . 
2 , 6 6 8 , 107, F e b . 2 (to I n t e r n a t i o n a l N i c k e l Co . L td ) . 

H E R N E R Y D , O. , e t a l , (1954), C o p p e r S m e l t i n g in B o l i d e n ' s R o n n s k a r W o r k s 
D e s c r i b e d , J . M e t a l s 6_, 3 3 0 - 7 , M a r c h . 
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H U T T L , J . B . , (1954), S i l v e r B e l l ; AS and R ' s New A r i z o n a C o p p e r P r o j e c t 
S t a r t s P r o d u c t i o n , E n g . Min. J . 155, 7 2 - 9 , Ju ly . 

J E S S U P , A. W. , (1954), How D o w a ' s P l a n t E x t r a c t s C o p p e r - Z i n c f r o m a 
Single E l e c t r o l y t e , E n g . Mining J . 155, No. 1, 7 2 - 4 . 

LOHN, H. , (1954), Mi l l ing of C o p p e r - N i c k e l M a t t e s , F r e i b e r g e r F o r s c h u n g s , 
B - 6 , 126 -33 . 

MAST, R . E . , and K E N T , G . H . , (1954), O p e r a t i o n of the F l i n F l o n S m e l t e r 
and F u m i n g P l a n t of the Hudson Bay Mining and S m e l t i n g Co. L t d . , T r a n s . 
C a n . I n s t . Min ing Met . 57 (in C a n . Mining Met . B u l l . 505, 328 -44 . 

M E T A L L G E S E L L S C H A F T , A. G. , (1954), S m e l t i n g Sulphid ic C o p p e r - L e a d 
C o n c e n t r a t e s ( R o t a r y R e v e r b e r a t o r y F u r n a c e ) , B r i t . P a t . 713, 177, 
Aug, 4. 

M I L L E R , H. J . , (1954), A Rev iew of D e v e l o p m e n t s in the Mel t ing , Ref in ing 
and C a s t i n g of C o p p e r , J . I n s t . M e t a l s 83_, 167 -72 . 

RAMSAY, R . H . , (1954), A n a c o n d a ' s N e v a d a P r o j e c t - New A p p r o a c h to 
C o p p e r Min ing , E n g . and Min . J . 155, 7 4 - 9 2 , Aug. 

W E E D , R. C. , (1954), New L e a c h i n g P l a n t at C a n a n e a , Eng . and Min . J . 
155, 8 8 - 9 1 , A p r i l . 

1955 

ANON, (1955), Oxygen F l a s h S m e l t i n g Swings in to C o m m e r c i a l O p e r a t i o n , 
I n t e r n a t i o n a l N i c k e l Co. of C a n a d a L td . , J . of M e t a l s 7_, (6), 7 4 2 - 5 0 , 
J u n e . See a l s o : Can . Min. J . 7_6, (5), 62. May. Mine a n d Q u a r r y 
E n g . 21_, (6), 250 -1 , J u n e . Min Eng . 1_, (6), 5 3 4 - 4 1 , J u n e . 
Inco . 2jS, (6), 2 - 6 , Oc t . C h e m . Age (Lond) , 7_2, 1104, May . I r o n Age 
175, 134 -5 , May. Min. E n g . 1_, 439, May. C h e m . and E n g . N. 33_, 
1966, May. and M e t a l l u r g i a 52, 32, Ju ly . 
C o n v e n t i o n a l t r e a t m e n t of c o p p e r su lph ide c o n c e n t r a t e d e v e l o p e d by 
I n t e r n a t i o n a l N i c k e l Co. of C a n a d a , i nvo lves s m e l t i n g in r e v e r b e r a t o r y 
f u r n a c e wi th p u l v e r i z e d c o a l o r o t h e r f u e l , wi th o r wi thout p r i o r r o a s t -
ing; m a t t e f o r m e d c o n t a i n s l a r g e p r o p o r t i o n of i r o n s u l p h i d e which i s 
s u b s e q u e n t l y r e m o v e d by ox ida t ion and s l a g g i n g in b e s s e m e r c o n v e r t e r s ; 
c o n v e r t e r s l a g t h u s f o r m e d i s r e t u r n e d to c o p p e r r e v e r b e r a t o r y f u r n a c e s . 

B R E N T H E L , C. F . , (1955), P r e s s u r e E x t r a c t i o n of Sulphide C o p p e r - N i c k e l 
O r e s and P r e s s u r e P r e c i p i t a t i o n on M e t a l P o w d e r at the S h e r r i t t G o r d o n 
M i n e s in C a n a d a , E r z m e t a l l 8_, 4 2 2 - 3 1 . 

COOK, M. , (1955), M e t a l l u r g i c a l P r o g r e s s and the C h e m i c a l I n d u s t r y , 
C h e m . and Ind. 3 7 3 - 5 , A p r i l , 2. 



B - 7 

F A I R F A X , E . , (1955), O ' o k i e p S m e l t i n g C a p a c i t y K e e p s P a c e wi th E x p a n d e d 
Mine Output , Min . W o r l d 17_, (6), 5 2 - 4 , 78, May. 
Annua l ou tpu t of s m e l t e r in O ' o k i e p a r e a of N a m a q u a l a n d in South A f r i c a 
i s 25, 000 to 27, 000 t o n s ; s m o k e hand l ing s y s t e m m a k e s u s e of t u n n e l 
and s h a f t in h i l l t o vent g a s e s ; d e s i g n of r e v e r b e r a t o r y f u r n a c e ; m a t e r -
i a l s hand l ing ; f u r n a c e o p e r a t i o n , c o n v e r t i n g and c a s t i n g . 

F O R W A R D , F . A. , and MAC HI W, V. N. , (1955), The A m m o n i a P r e s s u r e 
P r o c e s s f o r L e a c h i n g C o p p e r , N i c k e l and Coba l t f r o m S h e r r i t t G o r d o n 
Sulph ide C o n c e n t r a t e s , J . M e t a l s 7, AIME T r a n s . 203, 4 5 7 - 6 3 . 

KURUSHIMA, A . , and TSUNODA, S. , (1955), H y d r o m e t a l l u r g y of C o p p e r -
Z inc C o n c e n t r a t e s . J . M e t a l s 7_, T r a n s . 634 -8 , May. 

L E I Z E R O V I C H , G. Ya . , (1955), R o a s t i n g C o p p e r C o n c e n t r a t e s in a F l u i d i s e d 
B e d , T s v e t n y e M e t a l l y 2IB, No. 6, 1 2 - 1 5 . 

MASLENITSKII , I. N. , and KRICHEVESKII , L . A. , (1955), S e p a r a t i o n of Coppe 
N i c k e l C o n v e r t e r M a t t e s by t h e Method of M e c h a n i c a l B e n e f i c i a t i o n , 
T s v e t n y e M e t a l l y 28, No. 3, 6 - 1 0 , 1. 

S C H E A F F E R , W . A . , (1955), E l e c t r i c F u r n a c e Mel t ing P r a c t i c e ; C a n a d i a n 
C o p p e r R e f i n e r s L td , P l a n s , d i a g . J . M e t a l s ]_, T r a n s 3 3 - 8 , J a 

INCO S T A F F (1955), The Oxygen F l a s h S m e l t i n g P r o c e s s of the I n t e r n a t i o n a l 
N i c k e l Co . T r a n s . C a n . In s t . Mining M e t . 58_, (in C a n . Mining Met . Bul l 
48, No. 517, 2 9 2 - 3 0 0 , May . 

THOUMSIN, F . J . , and de T I E G E , A . , (1955), A p p l i c a t i o n of the F l u i d i s e d 
Bed P r o c e s s to the Su lpha t i s i ng R o a s t i n g of C o p p e r - C o b a l t C o n c e n t r a t e s 
B a s e d en C h a l c o c i t e , C o m p t . r e n d 2 7 e c o n g r . i n t e r n , c h i m . ind . , 
B r u s s e l s , 1954. 2 I n d u s t r i e c h i m . be ige 2£, S p e c . No. 5 2 8 - 3 1 , 1955. 

1956 

ANON, (1956)(1), C a s t i n g Whee l C a k e s C o p p e r f o r Con t inuous S t r i p , 
I r o n Age 178, (5), 9 4 - 5 , Aug. 2, s e e a l s o W e s t e r n M e t a l s 14 (8), 6 5 - 6 , 
Aug. 
New $ 2 m i l l i o n v e r t i c a l w h e e l f a c i l i t y deve loped by Utah C o p p e r Div. , 
Kenneco t t C o p p e r C o r p , a l l o w s p r o d u c t i o n of 40 t o n s p e r h o u r of h igh 
g r a d e , e l e c t r o l y t i c a l l y p u r e c o p p e r in c a k e s we igh ing 2000 lb . 

ANON, (1956)(2), L . P . F . m e a n s m o r e c o p p e r ; K e n n e c o t t i n s t a l l s new 
p r o c e s s f o r e x t r a c t i n g m o r e m e t a l f r o m o r e . I r o n Age 177, 40, F e b , 2. 

ANON, (1956)(3), P r e s s u r e C o o k e r T u r n s P o o r D i r t to P a y D i r t , C h e m . 
Week 78^ No. 2, 5 6 - 7 , J a n , 14. 

ANON, (1956)(4), San M a n u e l ' s S m e l t e r , Unique in M o d e r n D e s i g n , E n g . and 
Min. J . 157, 9 5 - 8 , A p r i l . 

ANON, (1956)(5), S m e l t i n g C o p p e r - N i c k e l C o n c e n t r a t e s , M e t a l I n d u s t r y 88, 
(24), 4 9 3 - 5 , June , 15. 
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BAULD, R . H . , ROWE, G . E . , H E A L E Y , G . N . , HAYNES, A. A. , and L O C K Y E R , 
P . C . , (1956), M u f u l i r a E l e c t r o l y t i c C o p p e r R e f i n e r y , J . of M e t a l s , 8, 
(2), Sec . 1, 2 3 4 - 5 6 , F e b . 
E c o n o m i c f a c t o r s d e t e r m i n i n g c o n s t r u c t i o n of r e f i n e r y in R h o d e s i a ; 
p l an t d e s i g n and c o s t ; anode f u r n a c e and c a s t i n g w h e e l ; o p e r a t i o n s of 
r e f i n e r y t a n k h o u s e . 

BIBINIA, I. A. , e t a l , (1956), I n t e n s i f i c a t i o n of t h e P r o c e s s of B e s s e m e r -
i z a t i o n of C o p p e r Mat t e by O x y g e n - e n r i c h e d A i r , T s v e t n y e M e t a l l y 29_, 
N o . 7 , 10 -17 . 

C A L D W E L L , E . J . , (1956), Mee t i ng I n c r e a s e d C o p p e r D e m a n d a t M a g m a , 
J . M e t a l s 8̂ , 1461-3 , Oct . 

F O R B E S , S . S . , (1956), R e c e n t D e v e l o p m e n t in E l e c t r o l y t i c C o p p e r R e f i n i n g ; 
C a n a d i a n C o p p e r R e f i n e r s L td . J . M e t a l s 8, T r a n s 1081-6 , Aug. 

GARENSKIKH, A . D. , .et a l (1956), A i r P r e h e a t e r f o r I n d u s t r i a l R e v e r b e r a -
t o r y C o p p e r S m e l t i n g F u r n a c e s , T s v e t n y e Me ta l l y 29_, No. 4, 38 -43 . 
Unit h a s o p e r a t e d s u c c e s s f u l l y a t K r a s n o u r a l s k C o p p e r S m e l t e r . 

H E R R M A N N , W. A. Or , (1956), L e a c h i n g of M e t a l s f r o m O r e C o n c e n t r a t e s , 
U. S. P a t . 2-, 740, 707, A p r i l , 3. (to S h e r r i t t G o r d o n M i n e s L t d . ) 

M I L L E R , R . H . , and INGVALSON, L . J . , (1956), G r e a t F a l l s B i l l e t P l a n t , 
i l d i ag . J . M e t a l s 8, T r a n s . 1661-4 , D e c . 

OGASAWARA, M. , (1956), D e c o p p e r i z i n g O p e r a t i o n of P y r r h o t i t e O r e a t 
O k a y a m a S m e l t e r , J . Min. and M e t . I n s t , of J a p a n 72, No. 822, 7 5 9 - 6 4 . 

OKAZOE, T . , (1956), F l a s h S m e l t i n g a t Ash io S m e l t e r of F u r u k a w a Mining 
C o . , J . Min. and Met . I n s t , of J a p a n 72_, No. 822, 691. 

P I E D B O U E F , C. , (1956), T h e D e v e l o p m e n t of M e t a l l u r g y at K a t a n g a , Rev . 
U n i v e r s e l l e M i n e s J_2, 133-4 . 

S C H W A R T Z , W. , (1956), The Range of A p p l i c a t i o n s and O p e r a t i n g R e s u l t s of 
the R o t a r y R e v e r b e r a t o r y F u r n a c e , M e t a l l ( B e r l i n ) 10, 113-116 . 

TONKONOGII , A. V. , (1956), C y c l o n e Method of S m e l t i n g of C o p p e r C o n c e n -
t r a t e s , V e s t n i k Akad . Nauk . K a z a k h . SSR J_2, No. 6, 7 9 - 8 8 . 

TSURUMOTO, T . , (1956), C o p p e r S m e l t i n g and R e f i n i n g a t H i t a c h i Mine J . 
Min. and .Met. I n s t . J a p a n 72, No. 822, 6 9 5 - 7 0 1 , D e c . 

VARIOUS, (1956), S e r i e s of s o m e 17 p a p e r s on c o p p e r s m e l t i n g and r e f i n i n g 
in J a p a n . Nippon Kogyo K a i s h i 7_2, 6 7 7 - 7 5 8 . 

VIVIAN, C . H . , (1956), S m e l t i n g C o p p e r - N i c k e l C o n c e n t r a t e s , M e t a l I n d u s t r y 
88_, (24), 4 9 3 - 5 , J u n e , 15. 
S m e l t i n g of c o p p e r s u l p h i d e c o n c e n t r a t e by new p r o c e s s in w h i c h oxygen 
a c t s to r e p l a c e h e a t f r o m b u r n i n g f u e l , a s c a r r i e d on by I n t e r n a t i o n a l 
N i c k e l Co . of C a n a d a ; 250 m i l l i o n lb of c o p p e r p r o d u c e d a n n u a l l y ; 
oxygen f l a s h s m e l t i n g h a s r e d u c e d s m e l t i n g c o s t s and r e s u l t e d in p r o d u c -
t ion and r e c o v e r y of b y p r o d u c t f u r n a c e g a s t ha t i s s o u r c e of l iqu id 
s u l p h u r d iox ide and s u l p h u r i c a c id . 
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VIVIAN, C . H . , (1956), New S m e l t i n g P r o c e s s of the I n t e r n a t i o n a l N i c k e l C o . 
U s e s Oxygen by the Ton , C o m p . A i r Mag . 6J_, 2 9 2 - 5 , Oct . 

W E E D , R. C . , (1956), C a n a n e a ' s P r o g r a m f o r L e a c h i n g in P l a c e , Min . E n g . 
8, n 7, 7 2 1 - 3 , Ju ly . 

Y A R A T U N , P . Y a . , (1956), S e p a r a t i o n of C o n v e r t e r Ma t t e by F l o t a t i o n B y u l l . 
T s e n t r a l . I n s t . I n f o r m . T s v e t n o i Met . No. 2, 1 - 6 . 

1957 

ANON, (1957)(1), E l e c t r o l y t i c C o p p e r P r o d u c t i o n i s Goa l of B a g d a d P i l o t 
P l a n t Study, Min. W o r l d l y , No. 9, 5 0 - 5 3 , Aug. 

ANON, (1957)(2), How the I n v e r t e d - b o s h B l a s t F u r n a c e I n c r e a s e s S c r a p 
S m e l t i n g C a p a c i t y , d i a g s . E n g . and Min. J . 158, 100-1 , Aug. 

ANON, (1957)(3.), O p e r a t i o n s a t Mount I s a C o p p e r S m e l t e r , A u s t r a l a s i a n Ins t . 
Min . and Met . P r o c . 183, 17 -42 , Sep t . 
R o a s t e r c h a r g e m a k e u p ; r o a s t i n g e q u i p m e n t c o m p r i s e s two G a r f i e l d t ype 
8 h e a r t h r o a s t e r s ; r e v e r b e r a t o r y s m e l t i n g inc lud ing p u l v e r i z e d c o a l f i r i n g , 
m e t t e t app ing and s l a g g r a n u l a t i o n ; c o n v e r t i n g , c a s t i n g , g a s h a n d l i n g 
and dus t c o l l e c t i o n . 

ANON, (1-957)(4), P r e s s u r e L e a c h i n g f o r N i c k e l - C o p p e r C o n c e n t r a t e s , 
Min ing Mag. 97, No. 4, Oct . 

ANON, (1957)(5), S i l l P r o c e s s Now on S t r e a m , Ind. E n g . C h e m . 49, No. 10, 
3OA, Oc t . 

ANON, (1957)(6), V e r t i c a l C a s t i n g Whee l Now in F u l l P r o d u c t i o n a t Utah 
C o p p e r R e f i n e r , E n g . and Min. J . 158, 4, 7 5 - 7 , A p r i l . 
A u t o m a t i c c a s t i n g of c a k e s up to 3200 lb in we igh t a t Utah r e f i n e r y of 
K e n n e c o t t C o p p e r C o r p . 

ANON, (1957)(7), Why F l u i d i z e d R o a s t i n g i s A n s w e r to Re f in ing C h a l c o c i t e 
C o n c e n t r a t e s , Min . W o r l d 1_9, No . 2, 6 2 - 4 , F e b . 
( J a d o t v i l l e - S h i t u r u , Union M i n i e r e ) . 

ARAKANE, S. , (1957), How M i t s u b i s h i U s e s A u t o m a t i c F u r n a c e C o n t r o l at 
N e o s h i m a C o p p e r S m e l t e r , Min. W o r l d J_9, (11), 7 3 - 8 , O c t . 
O r e s high in s u l p h u r a r e r o a s t e d to r e d u c e a m o u n t of s u l p h u r ; SO z g a s 
u t i l i z e d to m a k e s u l p h u r i c a c i d ; a r s e n i c ox ide r e c o v e r e d f r o m m a t e r i a l 
h igh in a r s e n i c ; c o p p e r c o n c e n t r a t e s u n d e r g o p y r o m e t a l l u r g i c a l t r e a t -
m e n t . 

A R B I T E R , N. , (1957), Ox id i zed C o p p e r - E x p e r t L o o k s at F u t u r e P r o c e s s i n g 
M e t h o d s , E n g . and Min. J . 158, (3), 8 0 - 4 , M a r . 
L e a c h i n g p r o b l e m s r e l a t i v e to e x c e s s i v e a c i d c o n s u m p t i o n , by gangue 
m i n e r a l s , e q u i p m e n t c o s t f o r g r i n d i n g and f l o t a t i o n , e x c e s s i v e l y s o f t 
and s l i m y o r e , and i m p o s s i b l e to ob ta in l e a c h s o l u t i o n of p r o p e r c o p p e r 
s t r e n g t h on low g r a d e o r e s e x c e p t by v a t l e a c h i n g ; p r e s s u r e p r e c i p i t a t i o n 
ion e x c h a n g e , s o l v e n t e x t r a c t i o n ; and l e a c h i n g wi th re f to c o s t of o r e 
t r e a t m e n t . 



B - 1 0 

B A R K E R , I. L . , e t a l , (1957), O r o y a C o p p e r S l a g s , J . M e t a l s , 9, T r a n s . 
7 7 4 - 8 0 , J u n e . 

DAYTON, S. , (1957), Dual P r o c e s s M e t a l l u r g y S t r e t c h e s I n s p i r a t i o n O r e 
R e s e r v e s , Min . W o r l d j_9, (10), 5 0 - 9 , Sept . 
Dua l p r o c e s s wh ich i n c l u d e s s t r a i g h t a c i d l e a c h to e x t r a c t c o p p e r ox ide 
f r a c t i o n f r o m o r e , f o l l owed by f l o t a t i o n of w a s h e d r e s i d u e to r e c o v e r ' 
s u l p h i d e p o r t i o n . 

DIEV. .N. . P . , , and PADUCHEV, V . V . , (1957), S m e l t i n g in a R e v e r b e r a t o r y 
F u r n a c e wi th A i r which i s E n r i c h e d in Oxygen, T r u d y In s t . Met . , and 
Akad , Nauk, SSSR, U r a l F i l i a l , S b o r n i k Rabo t 1957, N o . l , 113-21 . 

E N G E L , A. L . , and HEINEN, H. J . , (1957), L e a c h - P r e c i p i t a t i o n - F l o t a t i o n 
T e s t s C a l i f o r n i a C o p p e r - G o l d O r e , USBM Rep t . I n v e s t . 5342, 9, J u n e . 

G R O T H E , J . D. , and M c L E O D , G. H. , (1957), I n f luence of F l u i d i z e d R o a s t i n g 
on H y d r o m e t a l l u r g i c a l P r o c e s s e s , P r o g , in Min. D r e s s i n g , T r a n s . Int . 
M i n e r a l D r e s s i n g C o n g r e s s , S t o c k h o l m , 6 7 5 - 8 2 . 

H O W E L L , E . S . , G R O T H E , J . D. , and M c L E O D , B. H. , (1957), B a g d a d 
R e p o r t s M e t a l l u r g i c a l T e s t R e s u l t s on C o p p e r R e c o v e r y Method , E n g . 
and Min. J . 158, (7), 8 6 - 9 , Ju ly . 
Study of a p p l i c a t i o n of D o r r - O l i v e r r o a s t - l e a c h - e l e c t r o l y t i c p r e c i p i t a t i o n 
p r o c e s s f o r r e c o v e r i n g c o p p e r f r o m c o n c e n t r a t e s a t B a g d a d C o p p e r C o r p . 
p l an t in A r i z o n a ; p r o b l e m of i r o n c o n t r o l l e a c h i n g of d u m p . 

JORDAN, I. , (1957), R e f i n o E l e c t r o l i t i c o D i r e c t e de C o b r e P r e t o . s o c i a c a o 
B r a s i l e i r a de M e t a i s - B o l e t i m 13, (49), 287-318 , Oc t . 
D i r e c t e l e c t r o l y t i c r e f i n i n g of b l i s t e r c o p p e r ; u s e of b l i s t e r c o p p e r 
a n o d e s f o r r e f i n i n g of c o p p e r c o n t a i n i n g up to 2% i r o n ; l a b o r a t o r y 
e x p e r i m e n t s wi th e l e c t r o l y t e s of d i f f e r e n t c o m p o s i t i o n . 

L A S T , A. W. , S T E V E N S , J . L . , E A T O N , L . , (1957), L - P - F T r e a t m e n t of 
R a y O r e , J r . Min. E n g . 9, (11), 1236-8 , Nov. 
C o p p e r o r e f r o m K e n n e c o t t C o p p e r Ray m i n e , s o u t h e a s t of P h o e n i x , 
A r i z . , i s c o n c e n t r a t e d at Hayden m i l l , which i s t r e a t i n g 16, 000 t o n s of o r e 
p e r day by f l o t a t i o n , u s i n g r a c o n i t e , c r u d e b u t y l x a n t h a t e , a s c o l l e c t o r 
f o r s u l p h i d e c o p p e r m i n e r a l s and l i m e : a s p y r i t e d e p r e s s a n t ; l e a c h -
p r e c i p i t a t i o n - f l o t a t i o n a i m e d p r i m a r i l y at r e c o v e r i n g c o p p e r t h a t o c c u r s 
a s c a r b o n a t e s , s i l i c a t e s and s u l p h a t e ; f l o w s h e e t . 

L E I Z E R O V I C H , G. Ya . et a l , (1957), Su lpha t i s i ng R o a s t of N o n - f e r r o u s 
M e t a l Su lph ides in F l u i d i z e d B e d , T s v e t n y e M e t a l l y 30, (9), 1 9 - 2 4 . 

LYUMKIS, S. E . , (1957), A New Method of E x t r a c t i n g I m p u r i t i e s f r o m t h e 
M a t t e , B y u l l . T s e n t r a l . Ins t . I n f o r m . M i n i s t e r s t v a T s v e t n o i M e t . 
SSSR No. 1, 11 -12 . 



B - l l 

McKERROW, C . G . , (1957), G a s p e S m e l t e r , J . of M e t a l s 9 (9), 1114-7, 
Sept . 
Canad ian s m e l t e r , in o p e r a t i o n s i n c e 1955, d e s i g n e d to t r e a t 450 tpd 
of c o n c e n t r a t e s and p r o d u c e 110 tons of c o p p e r ; de s ign ; how p r o b l e m 
of b i s m u t h , with a v e r a g e con ten t in c o n c e n t r a t e s of about 0. 025% w a s 
so lved . 

OKUNEV, A. I . , et a l , (1957), R e s u l t s of C o m m e r c i a l T e s t s on Smel t ing 
Combined C o p p e r - Z i n c C o n c e n t r a t e s , T s v e t n y e Me ta l l y (2)» 22 -31 . 

OKUNEV, A. I . , and VOSTRYAKOV, A. A. , (1957), C e r t a i n Q u e s t i o n s of 
T r e a t m e n t of U r a l C o p p e r - Z i n c C o n c e n t r a t e s in Suspens ion (Oxygen 
Sme l t i ng of C o p p e r - Z i n c C o n c e n t r a t e s ) , T s v e t n y e Me ta l l y 30, (11), 
24 -9 . 

PAZDNIKOV, P . A . , (1957), T r e a t m e n t of C o p p e r - Z i n c C o n c e n t r a t e s , 
I z v e r t . V o s t o c h . F i l i a l . Akad. Nauk . SSSR. No. 6, 64 -73 . 

SHAKNOVSKII, M. A. , (1957), Smel t ing of C o p p e r Sulphide C o n c e n t r a t e s in 
Oxygen B l a s t , T s v e t n y e Me ta l l y 30, (9), 4 9 - 5 7 . 
Oxygen s m e l t i n g p r a c t i c e a t C o p p e r Cl i f f , and S u s p e n s i o n R o a s t i n g at 
Outokumpu d i s c u s s e d with v iew of app l i ca t i on to the s m e l t i n g of USSR 
c o n c e n t r a t e s . 

SCHULZINGER, S. M. , and TSYGANOV, V. V. , (1957), S e m i - I n d u s t r i a l 
I n s t a l l a t i o n f o r the Sme l t i ng of C o p p e r C o n c e n t r a t e s in Cyc lone F u r n a c e . 
T s v e t n y e M e t a l l y 30_, ( l ) , 4 2 - 5 . 

STOLARCZYK, J . E . , GREGORY, P . , and RUDDLE, R. W. , (1957), 
R e m o v a l of L e a d f r o m C o p p e r i n F i r e Ref in ing , Ins t . M e t a l s J . 86, (2), 
49 -58 , Oct . 
New phospha t e t r e a t m e n t in which add i t ions of p h o s p h o r c o p p e r a r e m a d e 
to ox id ized c o p p e r m e l t in r a t i o of two p a r t s of P to one p a r t of P b to be 
r e m o v e d ; a d v a n t a g e s o v e r s i l i c a t e s l a g t r e a t m e n t . 

STOLARCZYK, J . E . , and RUDDLE, R. W. , (1957), R e m o v a l of Lead and T in 
f r o m C o p p e r in F i r e Ref in ing , Ins t . M e t a l s J . 86 ,̂ (2), 59 -64 , Oct . 
In i n v e s t i g a t i o n to d i s c o v e r e f f i c i en t s l agg ing p r o c e s s , s l a g s c o m p o s e d 
of s i l i c a , i r o n oxide , and p h o s p h o r u s pen tox ide w e r e found c a p a b l e of 
r e m o v i n g both e l e m e n t s m o r e r a p i d l y than p o s s i b l e h i t h e r t o ; s l a g of 70% 
s o d i u m c a r b o n a t e and 30% c a l c i u m oxide i s e f f i c i e n t t i n r e m o v e r a t low 
(0. 02%) c o n c e n t r a t i o n s of t in; r e m o v a l of both l ead and t in by c o m b i n i n g 
t h i s p r o c e s s wi th m e t h o d s d e s c r i b e d in s a m e i s s u e . 

SUVOROV, I . I . , and GUDIMA, N. V. , (1957), Krasnouralsk Plant - P r e -
eminent in the Copper Smelt ing Industry, Tsvetnye Metally 30.. (10), 
63-71 . 

TONKONOGII, A. V. , (1957), The Cyc lone Method of S m e l t i n g C o p p e r - Z i n c 
C o n c e n t r a t e s , Ves tn ik Akad . Nauk. Kazakh . S S R 1 3 , ( l ) , 6 0 - 9 . 



B - 1 2 

TONKONOGII , A. V. , e t a l , (1957), C y c l o n i c P y r o m e t a l l u r g i c a l P r o c e s s e s , 
T s v e t n y M e t a l l y 30, (1), 3 0 - 4 2 . 
C o p p e r and C o p p e r - Z i n c C o n c e n t r a t e s S m e l t e d . 

V O C E , E . , (1957), C o p p e r and C o p p e r A l l o y s ; a s u r v e y of T e c h n i c a l P r o -
g r e s s d u r i n g 1956, M e t a l l u r g i a 55_, 109-20 , B ib l iog (276 t i t l e s , p 117-20) 
M a r c h . 

WILSON, R . C . , (1957), San M a n u e l S m e l t e r , J . of M e t a l s 9, (9), 1122-4 , 
Sep t . 
F a c i l i t i e s put in to o p e r a t i o n in 1956, d e s i g n e d to p r o d u c e 12, 000, 000 lb 
of c o p p e r p e r m o ; d e t a i l s of f i r s t s u s p e n d e d a r c h r e v e r b e r a t o r y f u r n a c e 
in Sou thwes t and i m p r o v e d m a t e r i a l s h a n d l i n g s y s t e m . 

WOODSIDE, T . J . , and R O B E R T S , B. , (1957), E l P a s o S m e l t e r , J . M e t a l s , 
9, 1118-21 , Sept . 

1958 

ANON, (1958)(1), A d v a n c e in C o p p e r ; C a k e s 25 f t Long , 36 in. Wide a r e 
C a s t C o n t i n u o u s l y , i l S t ee l 142, 120, A p r i l , 7. 

ANON, (1958)(2), A s a r c o C a s t s Giant C o p p e r C a k e s , I r o n Age 181, 163, 
M a r c h . 

ANON, (1958)(3), A s a r c o ' s S e m i - c o n t i n u o u s C a s t i n g of C o p p e r C a k e s , E n g . 
and Min. J . 159, 109, A p r i l . 

ANON, (1958)(4), Con t inuous C a s t i n g of Tough P i t c h C o p p e r C a k e s , i l E l e c . 
E n g . 77_, 4 7 0 - 1 , May . 

ANON, (1958)(5), C o p p e r C o m e s in a B i g g e r C a k e , C h e m and E n g . 36_, 27, 
M a r c h , 17. 

ANON, (1958)(6), C o p p e r Me l t ing A r c F u r n a c e S t a r t s Up, S tee l , 142, 100-1 , 
F e b . 10. 

BABADZHAN, A. A. , (1958), T r e a t m e n t of P o l y m e t a l l i c Sulphide C o n c e n t r a t e s 
in C o n v e r t e r by Method of P y r o m e t a l l u r g i c a l S e l e c t i o n . T s v e t n y e 
M e t a l l y 3J_, ( l ) , 2 4 - 3 0 . 
K i r o v g r a d C o p p e r S m e l t e r . 

B E R G N E , J . A ' C . , (1958), C o n g r e s s in C a n a d a ; T h e N i c k e l - C o p p e r P l a n t a t 
F o r t S a s k a t c h e w a n , Mining Mag. 98_, No. 3, M a r c h . 

BRIDGSTOCK, G. , e t a l , (1958), S u s p e n d e d B a s i c R o o f s f o r C o p p e r F u r n a c e s , 
d i a g s . J . M e t a l s 10, 412 -13 , J u n e . 

BRYK, P . , RYSELIN, J . , HONKASALO, J . , M A L M S T R O M , R . , (1958), 
F l a s h S m e l t i n g C o p p e r C o n c e n t r a t e s , J . M e t a l s J_0, 395 -400 J u n e . 
E x c e r p t s Min. E n g . J_0, 6 8 3 - 4 , J u n e . 
Two of t h r e e p r o c e s s e s c a r r i e d out s i m u l t a n e o u s l y in one un i t , t h i s l e a d s 
to c o n s i d e r a b l e s a v i n g of f u e l ; f l a s h s m e l t i n g f u r n a c e g a s e s a r e , a f t e r 
p a s s i n g w a s t e h e a t b o i l e r , i d e a l f e e d f o r s u l p h u r i c ac id p l an t ; r e f r a c t o r y 
l in ing in f u r n a c e , e s p e c i a l l y r o o f , h a s m u c h l o n g e r l i f e t h a n in r e v e r b e r a -
t o r y f u r n a c e ; f i r s t m e t h o d r e a l i z e d on c o m m e r c i a l s c a l e i s O u t o k u m p u 
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p r o c e s s o p e r a t e d a t H a r j a v a l t a , F i n l a n d , s i n c e 1949. 

DIEV, N . P . , e t a l , (1958), Use. of Oxygen in N o n - f e r r o u s M e t a l l u r g y , 
I G e n e r a l da t a . T r u d y I n s t . M e t . , Akad . Nauk . SSSR, U r a l F i l i a l , 
N o . 2 , 149-68 . (CA 54 14031 e) 

HOAR, T . P . , and WARD, R . G . , (1958), P r o d u c t i o n of C o p p e r and Su lphur 
by E l e c t r o - D e c o m p o s i t i o n of C u p r o u s Sulphide , In s tn . Min . and M e t . 
T r a n s 68, pt 6, 2 6 5 - 7 2 . 
D i s c u s s i o n of p a p e r i ndexed in E n g i n e e r i n g Index 1958, p 251 f r o m May , 
i s s u e . 

JAHN, R. , (1958), A New R e d u c t i o n - R o a s t i n g F u r n a c e f o r Su lph ide C o n c e n -
t r a t e s , R a d e x R u n d s c h a u , 306. 

KAUFMAN, A . , (1958), South E a s t e r n A l a s k a ' s M i n e r a l I n d u s t r y , 
USBM Inf. C i r c . 7844, 37 pp. 

KURZINSKI, E . F . , (1958), New T e c h n i q u e s f o r C o p p e r R e f i n i n g , J . of 
M e t a l s ljO, (8), 5 3 3 - 7 , Aug: s e e a l s o a b s t r a c t in M e t a l I n d u s t r y 93_, 
(21), 4 3 5 - 6 , Nov, 21. . 
P o s s i b i l i t y of app ly ing i n d u s t r i a l g a s e s u s e d in s t e e l i n d u s t r y to c o p p e r 
r e f i n i n g ; u s e of oxygen f o r c o p p e r c o n v e r t i n g ; c o m b u s t i o n e n r i c h m e n t 
and j e t b lowing in c o p p e r f u r n a c e s ; f l u i d j e c t i o n and i n e r t g a s s t i r r i n g ; 
r e d u c i n g oxygen c o n t e n t ; f u r t h e r s t u d y and e x p e r i m e n t a l t e s t s r e q u i r e d . 

L A T H E , F . E . , and H O D N E T T , L . , (1958), Da t a on C o p p e r C o n v e r t e r 
P r a c t i c e in V a r i o u s C o u n t r i e s , Me t . Soc . of AIME - T r a n s 212, (5), 
6 0 3 - 1 7 , O c t . 
S u m m a r y of e x t e n s i v e da t a s u p p l i e d by 40 c o p p e r c o n v e r t e r p l a n t s in 
18 c o u n t r i e s ; p a r t i a l a n a l y s i s and c o m m e n t s on e f f e c t of s l a g c o m p o s i -
t i on and t e m p e r a t u r e on f o r m a t i o n and e l i m i n a t i o n of m a g n e t i t e and 
l i f e of b a s i c and n e u t r a l r e f r a c t o r i e s . 

M A E L Z E R , C . A. , (1958), S m e l t i n g of Su lph id ic C o p p e r O r e s , G e r . P a t . 
1 , 0 2 5 , 1 5 0 , to M e t a l l g e s e l l s c h a f t A. G. , F e b . 27, (CA 54, P14080 g) 

M A M E N , C . , (1958), Mining in F i n l a n d , P a r t 4 , S m e l t i n g Ou tokumpu C o p p e r 
O r e s , the H a r j a v a l t a S m e l t e r C a n . Min . J . 79., 7 9 - 8 1 , May . 

NUMEROUS AUTHORS, (1958) , L e a c h - P r e c i p i t a t i o n - F l o t a t i o n P r o c e s s f o r 
O x i d i s e d O r e s , ( s e e E n g i n e e r i n g Index 1959) 

P O R R O , G. , (1958), M e t a l l u r g i a I t a l i a n a 50, (10), 4 5 3 - 6 0 , Oc t . 
Su i t ab i l i t y on b a s i s of h e a t b a l a n c e , of old and new s y s t e m s f o r m a t t e 
e x t r a c t i o n f r o m c o p p e r o r e s ; f o u r f u n d a m e n t a l p r o c e s s e s c o n s i d e r e d a r e 
p y r i t i c and s e m i - p y r i t i c s m e l t i n g , oxygen f l a s h s m e l t i n g p r o c e s s , and 
m e l t i n g by in le t a i r p r e h e a t i n g f a c t o r s d e t e r m i n i n g c h o i c e of p r o c e s s . 

S T A R R A T T , F . W. , (1958), T o u g h - p i t c h C o p p e r C o n t i n u o u s l y C a s t , i l d iag 
J . M e t a l s J_0, 4 0 4 - 6 , c o v e r , J u n e . 
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SUVOROV, I . I . , (1958), M a t e r i a l and H e a t B a l a n c e s of R e v e r b e r a t o r y 
F u r n a c e a t K r a s n o u r a l s k C o p p e r S m e l t i n g C o m b i n e , T s v e t n y e . M e t a l l y 
3J_, (10), 29-3.2. 

TAMURA, T . , (1958), I n v e s t i g a t i o n and I n d u s t r i a l A p p l i c a t i o n of N e w l y -
Deve loped Wet P r o c e s s of E l e c t r o l y t i c C o p p e r R e f i n e r y S l ime T r e a t m e n t 
(Nikko W o r k s ) , Min. and Met . I n s t . J a p a n J . 74, (844), 8 4 6 - 5 1 , Oc t . 

THEYS, L . F . , (1958), P r o g r e s s R e p o r t on R o a s t i n g C o p p e r - C o b a l t C o n c e n -
t r a t e s , J . M e t a l s J_0, 47 6, Ju ly . 

THEYS, L . F . , AND L E E , L . V . , (1958), Su lpha te R o a s t i n g C o p p e r - C o b a l t 
Su lph ide C o n c e n t r a t e s , J . M e t a l s U), 134-6 , F e b . 

URIE , R . W . , and W A L K L E Y , A . , (1958), H y d r o m e t a l l u r g i c a l R e c o v e r y of 
C o p p e r f r o m F l u i d i z e d R o a s t e r C a l c i n e s , C o m p t . r e n d , c o n g r . i n t e r n , 
c h i m . ind . 3 1 e , L i e g e . 

WARREN, I. H. , (1958), Study of Acid P r e s s u r e L e a c h i n g of C h a l c o p y r i t e , 
C h a l c o c i t e and C o v e l l i t e , A u s t . J . of App l i ed S c i e n c e 9_, ( l ) , 36 -51 , 
M a r c h . 

1959 

ANON, (1959)(1), F l u i d i z i n g R e a c t o r s , S y m p o s i u m Min. E n g . LL, 4 1 4 - 2 0 , 
A p r i l a l s o J . M e t a l s 1J_, 3 2 5 - 8 . 

ANON, (1959)(2), Ray Mines C l o s e s O r e to M e t a l C y c l e , Min . W o r l d 21_, ( l ) , 
4 4 - 6 , J a n . 
M o d e r n i z a t i o n p r o g r a m at H a y d e n , A r i z o n a . I n c l u d e s new l e a c h -
p r e c i p i t a t i o n - f l o t a t i o n ( L P F ) f a c i l i t i e s and new s m e l t e r c a p a b l e of 
t u r n i n g out 250 t o n s p e r day of 99. 5% c o p p e r a n o d e s ; L P F p r o c e s s wi l l 
r e c o v e r ox ide o r e m i n e r a l s , r a i s i n g r e c o v e r y of c o p p e r by b e t t e r t han 
10%; f i n e l y d iv ided sponge i r o n i s e s s e n t i a l to p r o c e s s ; c a p a c i t y of 
c a s t i n g w h e e l in s m e l t e r i s 42 t o n s p e r h o u r . 

A B D E E V , M. A. , M I L L E R , O. G. , KUBYSHEV, N. N. , and M A T V E E V , A. T . , 
(1959), T s v e t n y e M e t a l l y 32, (3), 2 3 - 5 , M a r c h . 
B e s s e m e r i z i n g of high l e a d m a t t e s a t U s t - K a m e n o g o r s k l e a d s m e l t e r . 
T h r e e s t a g e s of o p e r a t i o n r e s u l t i n g in l e a d - r i c h s l a g and 98% b l i s t e r 
c o p p e r . 

AGLITSKII , V. A. , K R O N E B E R G , D. N. , (1959), O r g a n i z a t i o n of R e d u c t i o n 
of B l i s t e r C o p p e r to A n o d e s at S m e l t e r s of S v e r d l o v s k E c o n o m i c R e g i o n , 
T s v e t n y e M e t a l l y 32, (4), 2 6 - 9 , A p r i l . 
E c o n o m i c c o n s i d e r a t i o n i n d i c a t i n g tha t p r o d u c t i o n of a n o d e s f r o m l iquid 
b l i s t e r a t s m e l t e r ' s h o m e i s s u p e r i o r to sh ipp ing cold b l o c k s of b l i s t e r 
c o p p e r to e l e c t r o l y t i c r e f i n e r y . 
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BABADZHAN,. A. A. , B U L A T O V , V. D. , V E T R E N K O , E . A. , M E D V E D E V , 
V. K. , and K O M L E Y , G. A. , (1959), I m p r o v e m e n t and P r e - r e q u i s i t e s to 
be S a t i s f i e d by E q u i p m e n t in P r o c e s s of P y r o - r e f i n i n g B e s s e m e r i z i n g of 
Ma t t e C o m b i n e d wi th S m e l t i n g of Sulphide C o n c e n t r a t e s wi th C o n s e c u t i v e 
D i s t i l l a t i o n of Slag 
R e c o v e r y of l e a d and b i s m u t h f r o m c o p p e r m a t t e . 

BURCH, H . R . , (1959), F l u o - s o l i d s R o a s t i n g at Weed H e i g h t s , Mining W o r l d 
21_, No. 4, 29. 

DIEV, N. P . , and OKUNEV, A. I. , (1959), B e h a v i o u r of z inc d u r i n g b e s s e m e r -
i s i n g of c o p p e r m a t t e s wi th o x y g e n - e n r i c h e d a i r T r u d y I n s t . Me t . , Akad . 
Nauk. SSSR, U r a l , F i l i a l , No. 3, 5 1 - 6 . (CA 55 286 i ) . 

DIEV, N . P . , P A D U C H E V , V . V . , and V E R M E N I C H E V , S. A. , (1959), R e -
f l e c t i o n Mel t ing and R o a s t i n g of P o w d e r e d C o p p e r C o n c e n t r a t e s in. A i r 
E n r i c h e d with Oxygen , ibid No. 3, 6 7 - 7 4 . 

DIOMIDOVSKII, D. A. , SHALYGIN, L . M. , G A L ' N B E K , A. A. , and 
YUZHANINOY, I. A. , (1959), Con t inuous Ma t t e B e s s e m e r i z i n g , T s v e t n y e . 
M e t a l l y 32_, (2), 27 -34 , F e b . 
P r e s e n t day m e t h o d of c o n v e r t i n g 30% m a t t e to c o p p e r o r whi te m a t t e 
canno t be a d a p t e d to c o n t i n u o u s p r o c e s s ; s c h e m e s a r e s u g g e s t e d f o r 
o v e r h e a d b lowing with o x y g e n - e n r i c h e d a i r in l a r g e s i z e f u r n a c e s ; 
t h e o r y s u p p o r t e d by l a b o r a t o r y t e s t s showing h igh e f f i c i e n c y of oxygen 
c o n s u m p t i o n when b l o w e r n o z z l e i s kep t h igh above m o l t e n m a t t e . 

DROBCHENKO, A. T . , e t a l , (1959), T r e a t m e n t of C o p p e r - L e a d O r e of 
D z h e z k a z g a n D e p o s i t by S c h e m e of C o l l e c t i v e F l o t a t i o n with Subsequen t 
P y r o s e l e c t i o n in C o n v e r t e r , T s v e t n y e M e t a l l y 32, (4), 10 -15 . 

F R A N Z , (1959), L e a c h - P r e c i p i t a t i o n - F l o t a t i o n P r o c e s s , J . M e t a l s 11, 
3 8 2 - 5 , J u n e . 

GAZARYAN, L. M. , (1959), Some S p e c i a l F e a t u r e s of C u r r e n t P r a c t i c e in 
C o n v e r t i n g and R a t i o n a l i z a t i o n of T e c h n o l o g y at C o p p e r S m e l t e r s of 
U r a l s D u r i n g 7 - Y e a r P e r i o d , T s v e t n y e M e t a l l y 32, (9), 2 6 - 3 0 , Sep t . ; 
(11), 3 8 - 4 5 Nov. ; (12), 28 -34 , Dec . 
D i s c u s s i o n of p r e v i o u s l y - r e p o r t e d w o r k . 

GOVOROV, V. P . , (1959), H y d r o m e t a l l u r g i c a l T r e a t m e n t of C o p p e r - N i c k e l 
M a t t e s , T s v e t n y e M e t a l l y 32, (2), 4 1 - 6 , F e b . 
U n d e r c e r t a i n c o n d i t i o n s of c h e m i c a l c o m p o s i t i o n of m a t t e s , i r o n , n i c k e l 
and c o p p e r c a n be s e p a r a t e d e f f i c i e n t l y d u r i n g t w o - s t a g e p r o c e s s of 
s u l p h a t i z i n g l e a c h i n g . 

HENRIKSSON, S. T . , W A L L D E N , S. J . , A R B S T E D T , P . G . , and MIOEN, T . , 
(1959), E l e c t r o l y t i c C o p p e r R e f i n i n g at High C u r r e n t D e n s i t i e s , J . of 
M e t a l s lj_, (8), 528 -34 , Aug. 
D e s c r i p t i o n of c o p p e r r e f i n i n g e x p e r i m e n t s c o n d u c t e d at c u r r e n t d e n s i t i e s 
of up to 500 a m p p e r sq m in s p e c i a l l y c o n s t r u c t e d c h a n n e l c e l l s in 
Sweden ; r e s u l t s i n d i c a t e t h a t m i n i m u m c o p p e r r e f i n i n g c o s t s can be 
a c h i e v e d at h i g h e r c u r r e n t d e n s i t i e s -than a r e c u r r e n t l y e m p l o y e d . 
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H U G I L L , J . T . , (1959), L a r g e C a p a c i t y Oxygen P l a n t f o r C o p p e r R e f i n i n g , 
E n g . J . 42, 6 0 - 5 , Aug. 

H U T T L , J . B . , (1959), New Hayden S m e l t e r P r e p a r e s to T a k e O r e f r o m 
E x p a n d e d Ray P i t , E n g . and Min . J . 160, (6), 96 -107 , J u n e . 
S m e l t e r w i l l t r e a t 1000 t o n s p e r day of c o m b i n e d s u l p h i d e c o p p e r 
c o n c e n t r a t e s a v e r a g i n g 16% c o p p e r ; l e a c h p r e c i p i t a t i o n f l o t a t i o n c o n c e n -
t r a t e wi th c o p p e r con ten t of about 27%, and c o p p e r p r e c i p i t a t e s f r o m 
R a y l e a c h i n g p l an t c o n t a i n i n g 80% c o p p e r , r e s u l t i n g in p r o d u c t i o n of s o m e 
190 t o n s p e r day of 700 lb B a l t i m o r e t ype a n o d e s a s s a y i n g 99. 5% c o p p e r ; 
f e a t u r e s of o r e t r e a t m e n t and s m e l t e r e q u i p m e n t . 

IOLKO, M. V. , (1959), E f f e c t s of Some F a c t o r s Upon E f f i c a c y of B e s s e m e r i -
z ing of C o p p e r and C o p p e r - N i c k e l M a t t e s , T s v e t n y e M e t a l l y 32 ,̂ (3), 
19 -22 , M a r c h . 
E x a m i n a t i o n of . e f f ec t s of a i r p r e s s u r e , ba th t e m p e r a t u r e and g a s 
p r e s s u r e above ba th ; e f f i c i e n c y of p r o c e s s c a n be r a i s e d only by 
i n c r e a s i n g n u m b e r and d i a m e t e r of t u y e r e s o r u s i n g o x y g e n - e n r i c h e d a i r . 

JOHNSON, R . K . , (1959), New Hayden S m e l t e r , J . M e t a l s (6), 376-381 , 
J u n e . , 
S m e l t e r s a i d to be m o s t m o d e r n in i n d u s t r y , w a s d e s i g n e d to t r e a t 
n o m i n a l 812 d r y t o n s p e r day of c o p p e r c o n c e n t r a t e s t r a n s p o r t e d f r o m 
K e n n e c o t t ' s m i l l f a c i l i t i e s a t H a y d e n , wi th r e s e r v e c a p a c i t y f o r s m e l t i n g 
up to 1000 d r y t o n s p e r day; un ique d e s i g n f e a t u r e s of m a i n s m e l t e r 
d e p a r t m e n t s d e s c r i b e d . 

JOHNSTON, R . L . , (1959), G a s p e C o p p e r S m e l t e r O p e r a t i o n s , C a n . Min . and 
M e t . Bu i . 52, (567), 4 4 6 - 5 3 , Ju ly . 
D u r i n g l a s t half of 1958, s m e l t e r w a s p l a c e d on r e g u l a r s e v e n - d a y - w e e k 
s c h e d u l e and so l id c h a r g e t h r o u g h r e v e r b e r a t o r y f u r n a c e a v e r a g e d 592 
t o n s p e r day to p r o d u c e 133 t o n s of c o p p e r ; hand l ing of c u s t o m c o n c e n -
t r a t e s ; d e s i g n of r e v e r b e r a t o r y f u r n a c e , c o n v e r t e r s , and anode f u r n a c e ; 
d e t a i l s on m e t a l l u r g y . 

JUSTINIANO, A. A. , (1959), C o n v e r s i o n of C o p p e r M a t t e , T e c n i c a R e v i s t a 
de E n g e n h a r i a 34, (290), 4 0 3 - 8 , M a r c h . 
A s p e c t s of m a g n e t i t e f o r m a t i o n in c o p p e r c o n v e r t e r s . 

K U Z E L L , C . R . , F O W L E R , M. .G . , MORRIS,G. , ; KL E IN, L . , and DAVIS, J . H. J r . 
(1959), (to P h e l p s Dodge C o r p . , G a s e o u s R e d u c t i o n of O x y g e n - C o n t a i n i n g 
C o p p e r , US 2, 989, 397. Appl Ju ly , 15, 1959. 
A g a s e o u s r e d u c t a n t r e p l a c e d po l ing of m o l t e n o x i d i s e d Cu wi th g r e e n 
l o g s b e c a u s e it i s m o r e e c o n o m i c a l and l e s s h a z a r d o u s . T h e r e d u c t a n t 
i s p r e p a r e d f r o m n a t u r a l g a s . 

L A S T , A . W . , (1959), L . P . F . P r o c e s s , a t t he R a y C o n c e n t r a t o r , K e n n e c o t t 
C o p p e r C o r p . Min . Cong . J . 45_, 108-11 , O c t . 
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L A T H E , F . E . , and H O D N E T T , L . , (1959), Da t a on C o p p e r C o n v e r t e r 
P r a c t i c e in V a r i o u s C o u n t r i e s , Me t . Soc . of AIME - T r a n s . 215, (4), 
736, Aug . 
D i s c u s s i o n of p a p e r , Oc t . 1958 I s s u e . 

MOMODA, R. , (1959), S m e l t i n g of C o p p e r C o n c e n t r a t e s by B l a s t F u r n a c e , 
A c c o m p a n i e d wi th S u l p h u r i c Ac id P r o d u c t i o n , Min. and M e t . I n s t . J a p a n . 
J . 75, (852), 362 -74 , J u n e . 
" D i r e c t S m e l t i n g " u s i n g "S ide f lue" type b l a s t f u r n a c e equ ipped wi th 
s p e c i a l l y d e s i g n e d f e e d i n g h o p p e r ; p r o c e s s c o n s i s t s of c h a r g i n g u n i f o r m l y 
b l e n d e d c o n c e n t r a t e s into b l a s t f u r n a c e to m a k e e f f e c t i v e u s e of c o m b u s t i o n 
h e a t of s u l p h u r and i r o n c o n t a i n e d in c o n c e n t r a t e s , and a t s a m e t i m e 
l e a d i n g a l l c o p p e r s m e l t i n g e x h a u s t g a s d i r e c t l y to s u l p h u r i c a c i d p lan t 
f o r p r o d u c i n g ac id . 

P O L L A N D T . F . . , and P E A S E , M . E . , (1959), E x t r a c t i o n of C o p p e r and S i l v e r 
by S e g r e g a t i o n P r o c e s s in P e r u , In s tn . Min . and Met . - T r a n s . 69., (12), 
6 8 7 - 9 7 . 
C o n s t r u c t i o n of one t o n / h r p i lo t p l an t to e x t r a c t c o p p e r and s i l v e r f r o m 
l o w - g r a d e o r e (1-2% Cu, 5 - 2 0 oz Ag p e r m e t r i c ton) of B e r e n g u e l a m i n e 
in P e r u ; p o s s i b i l i t y of app ly ing p r o c e s s f o r s e g r e g a t i o n of o t h e r m e t a l s 
t h a t f o r m v o l a t i l e c h l o r i d e s . 
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I n s tn . Min. and Met . T r a n s 69 (5), 2 1 1 - 3 6 , F e b r u a r y . 
D i s c u s s i o n (8), 4 6 7 - 8 3 . 
At s m e l t e r of M u f u l i r a C o p p e r M i n e s Ltd i m p r o v e m e n t s in s m e l t i n g 
r e s u l t f r o m l o w e r i n g bo th m o i s t u r e and gangue c o n t e n t s of c o n c e n t r a t e ; 
t h e r e is t e n d a n c y f o r l e s s e f f i c i e n t s m e l t i n g to b e a s s o c i a t e d with 
t r e a t m e n t of c h a l c o p y r i t i c c o n c e n t r a t e s a s c o m p a r e d with b o r n i t i c and 
c h a l c o c i t i c c o n c e n t r a t e s , a l t hough to s o m e ex ten t t h i s e f f e c t c a n b e 
o v e r c o m e by a d j u s t i n g c o m p o s i t i o n of n o n s u l p h i d e p o r t i o n of f u r n a c e 
c h a r g e . 

1961 

ANON (196 1)(1); C o p p e r R e f i n i n g ; M e t a l I n d u s t r y , F e b r u a r y 12. 
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ANON, . (196 1)(2), Gas Reduc t ion , . -New R o u t e to C o p p e r Re f in ing , P h e l p s 
Dodge C o r p . C h e m . E n g . 68, 100+, J u n e 12. 

ANON, (1961)(3) , New C o p p e r R o u t e P i o n e e r e d in C a n a d a - C h e m i c a l 
R o u t e to C o p p e r , C a n . C h e m . P r o c e s s 45, 72, M a r c h . 

ANON, (1961)(4) , O p e r a t i o n s at Weed H e i g h t s , Min. Cong. J . 47, 6 0 - 1 , 
May . 

ANON, (1961)(5), P h i l i p p i n e s to get Un ique C o p p e r P l a n t , Eng . and Min. J . 
162, 91 A p r i l . 

ANON, (196 1)(6), P h i l i p p i n e s g e t s New C o p p e r P l a n t , C h e m . and Eng.- N. 
39, 4 6 - 4 7 . F e b r u a r y 13. 

ANON, (1961)(7) , Unique I n t e g r a t e d C o p p e r O p e r a t i o n , C a n . Min. J . 82, 
No. 7 4 6 - 5 1 , Ju ly . 

ANON, (1961)(8), Y u g o s l a v s P r o v e Out C o p p e r P r o c e s s , S t ee l 148, 132 
M a r c h 13. 

ANDERSON, J . N . (1961), R e v e r b e r a t o r y F u r n a c e and C o n v e r t e r P r a c t i c e 
a t t h e N o r a n d a and G a s p e S m e l t e r s , " T h e E x t r a c t i v e M e t a l l u r g y of 
C o p p e r , N i c k e l and C o b a l t " , ( P . Q u e n e a u ed), I n t e r s c i e n c e . 

A R G A L L , G. O. , (1961), C o p p e r C o n c e n t r a t e s to M e t a l S h a p e s in 
M a r i n d u q u e ' s New P h i l i p p i n e P l a n t , W o r l d Min ing j_4 (3), M a r c h . 

ARTAMONOV, K. I. , L E B E D E V , ..N. I. , E R G A L I E V , E . E . , LESECHKO, 
A. K. , YAKUSHIN, M. V. , KAZAKOV, V. N. , BRYUKHANOV, N. G. , 
NIKITINA, L. I. , KHVESYUK, F . I . (1961), S m e l t i n g of C o p p e r 
C o n c e n t r a t e in B l a s t F u r n a c e with O x y g e n - e n r i c h e d a i r , T s v e t n y e 
M e t a l l y 3^ (3), 32-9 M a r c h . 
P r a c t i c e a t I r t y s h c o p p e r s m e l t e r ; c o m p a r a t i v e da ta on s m e l t i n g with 
a i r b l a s t and oxygen e n r i c h e d b l a s t ; o p t i m u m r e s u l t s ob ta ined with 
a d d i t i o n of 27. 3% of oxygen . 

ARTAMONOV, K . I . (1961), U s e of Oxygen in t h e Shaf t S m e l t i n g of C o p p e r 
C h a r g e s , Me t . i Kh im. P r o m . K a z a k h s t a n a , Nauchn . - T e k h n . Sb. (2), 
3 4 - 7 . 
T o d e t e r m i n e t h e e f f e c t i v e n e s s of an O - e n r i c h e d b l a s t , s m e l t i n g w a s 
c o n d u c t e d with an a i r and with an O - e n r i c h e d b l a s t . C o m p a r e d with 
a n a i r b l a s t t h e sp . s m e l t i n g r a t e of the c h a r g e i n c r e a s e d . T h e a m o u n t 
of a i r s u p p l i e d to the f u r n a c e w a s r e d u c e d . T h e av . t e m p , of t h e 
e x h a u s t g a s e s d e c r e a s e d . T h e a m o u n t of i n c r u s t a t i o n s in t h e b l a s t 
zone and t h e h e a r t h of t h e f u r n a c e d e c r e a s e d , t h e l a y e r of s l a g 
h a r d e n e d on the w a l l s w a s t h i n n e r and t h e y ie ld of c y c l o n e dus t 
d e c r e a s e d . 

AVSARAGOV, B. G. , et a l (1961), M e a n s f o r I m p r o v i n g C o m p l e x T r e a t m e n t 
of U r a l C o p p e r and C o p p e r - Z i n c - P y r i t e s . T s v e t n y e M e t a l l y 34, (4), 
1 - 3 . 
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B A R T H , O. , (1961), E l e c t r i c S m e l t i n g of Su lph ide O r e s , " T h e E x t r a c t i v e 
M e t a l l u r g y of C o p p e r , N i c k e l and C o b a l t " , (P . Q u e n e a u ed), I n t e r s c i e n c e . 

BEAN, J . J . , (1961), T h e L e a c h , P r e c i p i t a t i o n , F l o t a t i o n C o n c e n t r a t i o n 
Method a t M i a m i C o p p e r , Q u a r t . Colo . School of M i n e s 56 (3), 2 6 3 - 8 1 . 

C H A P M A N , F . H . , and P A G E , E. W. , (1961), L e a c h i n g and E l e c t r o w i n n i n g 
of C o p p e r f r o m Nchanga Oxide C o n c e n t r a t e , " T h e E x t r a c t i v e M e t a l l u r g y 
of C o p p e r , N i c k e l and C o b a l t " , ( P . Q u e n e a u ed), I n t e r s c i e n c e . 

EVANS, D . J . I . , ROMANCHUK, S. , and MACKIW, V. N. , (1961), P r o d u c t i o n 
of C o p p e r P o w d e r by H y d r o g e n R e d u c t i o n T e c h n i q u e s , Can . Min . and. 
Me t . Bul l . 54, (591), 530 -9 , Ju ly . 

CHIH T S ' A I HSIAO and SMIRNOV, V. I. , (1961), F l u i d - b e d S u l p h a t i s i n g 
R o a s t i n g of C o b a l t - b e a r i n g M a t t e s of N i c k e l and C o p p e r S m e l t e r s , 
T s v e t n y e M e t a l l y 34 No. 1 3 5 - 9 , (CA 55 18485f). 

F O R B E S , S. S. , (1961), Hand l ing of Anode S l i m e a t C a n a d i a n C o p p e r 
R e f i n e r s Ltd . C a n . Min . and Met . Bu l l . 54 (589), 381 -2 , May . 
Anode S l i m e i s t r e a t e d f o r e c o n o m i c r e c o v e r y of c o p p e r , s i l v e r , gold, 
s e l e n i u m and t e l l e r i u m a f t e r e l e c t r o l y t i c r e f i n i n g of c o p p e r . 

F O W L E R ; M. G. , (1961), S m e l t i n g P r a c t i c e s of P h e l p d s Dodge in A r i z o n a , 
" T h e E x t r a c t i v e M e t a l l u r g y of C o p p e r , N i c k e l and C o b a l t , " ( P . Q u e n e a u 
ed), I n t e r s c i e n c e . 

F R E E M A N , G . A . , R A M P A C E K , C. , and EVANS, L. G. , (1961), C o p p e r 
S e g r e g a t i o n P r o c e s s Shows P r o m i s e a t L a k e S h o r e Mine , Min. Eng . 
13_, 1152-5 , O c t o b e r . 

GAZARYAN, L. M. , (1961), S u s p e n s i o n S t a t e S m e l t i n g of C o p p e r 
C o n c e n t r a t e s on I n d u s t r i a l U n i t s , T s v e t n y e M e t a l l y , E n g l i s h T r a n s l a t i o n 
2 No. 3, 4 0 - 6 A p r i l . 

HENRICH, G. , H O F F M A N N , W. , and JUNGHANSS, H. J . , (1961), R e c o v e r y 
of C o p p e r a s C u 2 0 , E r z b e r g b a u M e t a l l h u e t t e n w e s e n j_4 (5), 2 2 3 - 8 , May . 
New m e t h o d f o r r e c o v e r y of c o p p e r a t D u i s b u r g c o p p e r s m e l t i n g p l a n t ; 
CU2O is p r o d u c e d by c o n t i n u o u s r e a c t i o n of C u C l s u s p e n s i o n in hot 
w a t e r wi th l i m e m i l k s l u r r y , i s c o l l e c t e d in t h i c k e n e r , and d e w a t e r e d 
in r e v o l v i n g f i l t e r . 

H U T T L , J . G. , (1961), C e m e n t C o p p e r B e g i n s a t B a g d a d , Eng . and Min. J . 
262 (6), 8 6 - 8 , J u n e . 
A r i z o n a p r o j e c t r e c o v e r s c o p p e r by n o r m a l l e a c h - p r e c i p i t a t i o n f r o m 
low g r a d e ox ide s t o c k p i l e s and f r o m ox ide o r e o v e r b u r d e n ; p l an t • 
i n c l u d e s a u x i l i a r y s u l p h u r i c a c i d c o n t a c t un i t ; c a p a c i t y i s r a i s e d by 
20 tpd of c o p p e r ; p lan t f e a t u r e s d e e p c e l l s t o p r o v i d e o p t i m u m c o n t a c t 
b e t w e e n p r e g n a n t . solut ion f lowing t h r o u g h c e l l s and d e t i n n e d can load ; 
s e m i - a u t o m a t i c h a n d l i n g of c a n s f r o m s t o c k p i l e to c e l l s . 
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H U T T L , J . B . , (1961), (2), " P o l i n g " b e c o m e s A n c i e n t H i s t o r y a t P h e l p s 
Dodge S m e l t e r s , Eng . and Min. J . 162 (7), 8 2 - 5 , J u l y . 
U s e of r e f o r m e d n a t u r a l g a s in p l a c e of g r e e n p o l e s d u r i n g r e d u c t i o n 
s t e p ; n a t u r a l g a s i s r e f o r m e d to g ive c a r b o n m o n o x i d e and h y d r o g e n 
which a r e a c t i v e r e d u c i n g a g e n t s . 

J A N I C I J E V I C , D. , (1961), M o d e r n P l a n t P r o d u c e s O x y g e n - f r e e C o p p e r . 
M e t a l P r o g . 79, 112-14+, F e b r u a r y . 
R e p o r t f r o m Y o g o s l a v i a . 

JENKINS, J . C . , and SAINT-SMITH, J . C . , (1961), T o w n s v i l l e C o p p e r 
R e f i n e r y , A u s t r a l a s i a n Ins t . Min. and M e t . - P r o c . (197), 2 3 9 - 6 0 , 
M a r c h . 
A n o d e , t a n k h o u s e and w i r e b a r p lan t and o p e r a t i o n s with p a r t i c u l a r 
r e f e r e n c e to t h o s e f e a t u r e s of d e s i g n and m e t h o d s which a r e 
c h a r a c t e r i s t i c of r e f i n e r y a t i t s i ncep t ion ; o r g a n i z a t i o n of 
c o n s t r u c t i o n and o r i g i n of e q u i p m e n t . 

KERSHANSKII, I. I. , VORONIN, I. S. , SAVRAEVA, K. E . , GNATYSHENKO, 
G. I. , SHUROVSKII, V. G. , and SHOKOVAEV, Sh. D. , (1961), P i l o t 
P l a n t R e s u l t s of D i r e c t . E l e c t r i c S m e l t i n g of High S i l i ca C o p p e r 
C o n c e n t r a t e s R e p o r t e d , T s v e t n y e M e t a l l y 34 (9), 2 4 - 3 4 , S e p t e m b e r . 
E x p e r i m e n t s of s m e l t i n g in 3 - p h a s e e l e c t r i c f u r n a c e of n o n - r o a s t e d 
c o n c e n t r a t e s with add i t i on of l i m e s t o n e o r s l ag ; m a t t e with h igh 
con ten t of n o n r f e r r o u s m e t a l s (gold, s i l v e r , e t c . ) ob ta ined d e g r e e of 
d e s u l p h u r i z a t i o n i s s o m e w h a t l e s s t h a n in r e v e r b e r a t o r y f u r n a c e . 

KLEIN, L. , (1961), G a s e o u s R e d u c t i o n of O x y g e n - c o n t a i n i n g C o p p e r , J . of 
M e t a l s 1 3 J 8 ) , 545-7 , A u g u s t . 
D e s c r i p t i o n of p r o c e s s d e v e l o p e d a t D o u g l a s (Ar i zona ) p l an t of P h e l p s 
Dodge C o r p . P r o c e s s u s e s r e f o r m e d n a t u r a l g a s . 

L I L L E Y , J . N . , C H A M B E R S , R. W. , and YOUNG, C. E . , (1961), H a n d l i n g 
of A c i d S l u r r i e s a t t h e F l a s h S m e l t i n g P l a n t of t h e I n t e r n a t i o n a l 
N i c k e l Co . of C a n a d a Ltd . Can . Min. and Met . B u l l 54 (589), 389 -91 , 
May . 

M C A R T H U R , J . A . , a n d . L E A P H A R T , C , , (1961) , L e a c h i n g of C h u q u i c a m a t a 
Oxide C o p p e r O r e s , " T h e E x t r a c t i v e M e t a l l u r g y of C o p p e r , N i c k e l and 
C o b a l t , ( P . Q u e n e a u ed), I n t e r s c i e n c e . 

M C A R T H U R , J . A . , and L E D E B O E R , B. J . , (1961), T h e E l e c t r o l y t i c T a n k 
H o u s e O p e r a t i o n and C e l l R o o m P r a c t i c e a t C h u q u i c a m a t a , C h i l e . 

MAKLOVSKY, J . , SCHMIEDL, J . , H O L E C Z Y , J . and SEHNALEK, F . , 
(1961), U s e of Oxygen in S o m e M e t a l l u r g i c a l P r o c e s s e s ) , (Hu tn icka 
F a k . V s t , K o s i c e , C z e c h . ) , H u t n i c k e L i s t y 16, 573-81 . 
S t u d i e s w e r e m a d e on r o a s t i n g of s u l p h i d e o r e s and c o n c e n t r a t e s , 
r o a s t i n g and m e l t i n g of s u l p h i d e c o n c e n t r a t e , m e t a l l u r g i c a l r e d n . 
t r e a t m e n t , c o n v e r t e r t r e a t m e n t , d e s i g n of expt l . e q u i p m e n t , c a l c n . 
of b lowing t i m e and e f f e c t of O on b lowing t i m e . 
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N E L M E S , . W. S. , et a l (1961), Oxygen J e t t i n g S e c o n d a r y C o p p e r , J . M e t a l s 
13, 2 1 6 - 2 0 , M a r c h . 

NICHOLSON, M. K. , LOCKRIDGE, P . L. , and B E A L S , . G. C. , (1961), C o p p e r 
C o n v e r t i n g P r a c t i c e a t Ch ino M i n e s D i v i s i o n of K e n n e c o t t C o p p e r , " T h e 
E x t r a c t i v e M e t a l l u r g y of C o p p e r , N i c k e l and C o b a l t , " (P.. Q u e n e a u ed), 
I n t e r s c i e n c e . 

P A G E , E. W. , (1961), L e a c h i n g of Oxide C o n c e n t r a t e s a t N c h a n g a , Seven th 
C o m m o n w e a l t h Min ing and M e t a l l u r g i c a l C o n g r e s s , May . 

P E N Z I M O N Z H , I. I. , SCHUROVSKII, V. G. , and K O Z H A K H M E T O V , S, , 
(1961), T e s t of a New V a r i a t i o n of F l a s h S m e l t i n g of C o p p e r C o n c e n t r a t e s , 
T s v e t n y e M e t a l l y 34 (6), 3 9 - 4 4 . 
A f u r n a c e f o r f l a s h s m e l t i n g of Cu c o n c e n t r a t e s is d e s c r i b e d . T h e 
c o n c e n t r a t e , m i x e d with powd. coa l , i s b lown with a i r o r O t h r o u g h 
b u r n e r s a r r a n g e d in o p p o s i t e p a i r s a t 4 5 - 5 0° to t h e h o r i z o n t a l . T h e 
p a r t i c l e s b u r n i n t e n s e l y , m e l t r a p i d l y , c o a l e s c e , and f a l l in to t h e b a t h , 
w h e r e t h e y s e p a r a t e into m a t t e and s l a g . 

P R A X , Y. , (1961), Olen C o p p e r , C o b a l t and G e r m a n i u m R e f i n e r i e s , Ind. 
C h e m . 37, 250 -1 , May. 

Q U E N E A U , P . , (ed)( 1961), E x t r a c t i v e M e t a l l u r g y of C o p p e r , N i c k e l and 
C o b a l t , I n t e r s c i e n c e P u b l i s h e r s f o r A I M E M e t a l l u r g i c a l Soc ie ty , 6'47 
p a g e s . 

R O B B , K. G. , (1961), B i b l i o g r a p h y on t h e E x t r a c t i v e M e t a l l u r g y of C o p p e r , 
N i c k e l and C o b a l t , " T h e E x t r a c t i v e M e t a l l u r g y of C o p p e r , N i c k e l and 
C o b a l t " , (P . Q u e n e a u ed), I n t e r s c i e n c e . 

SADDINGTON, R . R . , C U R L O O K , W. and ROORDA, H. J . , (1961), R o a s t i n g 
P r a c t i c e s a t I n t e r n a t i o n a l N i c k e l , T r a n s . C a n . Ins t . Min . Me t . 64, 
359 -66 . 

S C H L O E N , J . H. , and F O R B E S , S. S. , (1961), I n d u s t r y R e p o r t on M o d e r n 
C o p p e r T a n k H o u s e P r a c t i c e , " T h e E x t r a c t i v e M e t a l l u r g y of C o p p e r , . 
N i c k e l and C o b a l t " , ( P . Q u e n e a u ed), I n t e r s c i e n c e . 

SMIRNOV, V. I. , L E B E D , B. V. , TIKHONOV, A. I. , and YABLONSKII , Yu. A. 
(1961), C o m p l e x T r e a t m e n t of S lags f r o m C o p p e r S m e l t i n g . T s v e t n y e 
M e t a l l y 34 (10), 4 6 - 5 0 . 
L iqu id slag; f r o m Cu s m e l t i n g i s d e z i n c e d by f u m i n g and d e c o p p e r e d with 
l i m e s t o n e , p y r i t e and C in an e l e c . o r r e v e r b e r a t o r y f u r n a c e . T h e 
t r e a t e d s l a g i s s m e l t e d in a n e l e c . f u r n a c e t o p r o d u c e C u - f r e e i r o n . 

S P R O U L E , K. , H A R C O U R T , G. A. , and R E N Z O N I , L. S. , (1961), T r e a t m e n t 
of N i c k e l - C o p p e r . M a t t e , . " E x t r a c t i v e M e t a l l u r g y of C o p p e r , N i c k e l and 
Cobalt ." . ( P . Q u e n e a u ed), I n t e r s c i e n c e P u b l i s h e r s f o r A I M E 
M e t a l l u r g i c a l Soc ie ty , N. Y. 
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S T A R R A T T , F . W. , (1961), P h i l i p p i n e s ' F i r s t C o p p e r , J . M e t a l s 13, 
2 2 1 - 2 , M a r c h , 

T H O M P S O N , R. B. , and ROESNER, j : G. , (1961), F l u i d Bed R o a s t i n g - ' 
P r i n c i p l e s and P r a c t i c e , E x t r a c t i v e M e t a l l u r g y of C o p p e r , N i c k e l 
and Cobal t ! ' ( P . Q u e n e a u ed), I n t e r s c i e n c e P u b l i s h e r s f o r AIME 
M e t a l l u r g i c a l Soc ie ty , N. Y. 

T S U R U M O T O , T . , (1961), C o p p e r S m e l t i n g in C o n v e r t e r , J . of M e t a l s 1_3, 
(11), 82 0 - 4 , N o v e m b e r . 
D e s c r i p t i o n of p i lo t p lan t and c o m m e r c i a l s c a l e t e s t s of c o n v e r t e r 
s m e l t i n g of c o p p e r c o n c e n t r a t e s wi th o x y g e n - e n r i c h e d a i r a t H i t a c h i 
S m e l t e r of Nippon Min ing Co; a d v a n t a g e s o v e r b l a s t f u r n a c e s m e l t i n g 
a r e s a i d to b e ; s i m p l e , f l ow s h e e t , fue l , and f l u x e c o n o m y , p r o d u c t i o n 
of b l i s t e r c o p p e r in s i n g l e s t e p , and e c o n o m i c a l r e c o v e r y of H 2 S 0 4 f r o m 
h igh g r a d e S 0 2 g a s . 

WARD, R . G . , and HOAR, T . P . , ( M c M a s t e r U n i v e r s i t y , H a m i l t o n , C a n . ) , 
(1961), T h e E l e c t r o l y t i c R e m o v a l of Oxygen, Su lphur , S e l e n i u m and 
T e l l u r i u m f r o m Mol t en C o p p e r , J . Ins t . M e t a l s 90, 6 - 1 2 , ( P a p e r 
No. 2085). 
C a t h o d i c t r e a t m e n t of m o l t e n Cu u n d e r Mol t en B a C l 2 r e d u c e d O, S, Se, 
and T e c o n t e n t s to l e s s t h a n 0. 001%. C u r r e n t e f f i c i e n c y with l ab . 
e q u i p m e n t w a s 60-80%. A p p l i c a t i o n of t h e p r o c e s s f o r b l i s t e r Cu 
d i r e c t f r o m the c o n v e r t e r i s d i s c u s s e d . 

WHITEHEAD, A. B. , and URIE, R. W. , (1961), F l u i d i z e d - b e d R o a s t i n g of 
C o p p e r C o n c e n t r a t e s , A u s t r a l a s i a n Ins t . Min ing and Met . P r o c . (199), 
51 -85 . 
H i g h - g r a d e Cu C o n c e n t r a t e s f r o m the m a j o r A u s t r a l i a n m i n e s w e r e 
r o a s t e d in a f l u i d i z e d bed r e a c t o r to p r o d u c e c a l c i n e s with d e s i r a b l e 
l e a c h i n g p r o p e r t i e s . 

YAKUSHIN, M. V. , et a l , (1961), C o n v e r t i n g M u l t i m e t a l l i c m a t t e s wi th an 
O x y g e n - e n r i c h e d B l a s t , T s v e t n y e M e t a l l y 34 (10), 34-9 . 
T h e C u - c o n v e r t i n g p r a c t i c e u s i n g O - e n r i c h e d a i r a t t h e I r t y s h S m e l t e r 
i s d e s c r i b e d . 

1962 

ANON, (1962)(1), E v e r y E c o n o m y C o u n t s in E l e c t r o l y t i c R e f i n i n g a t 
A n a c o n d a ' s R a r i t a n C o p p e r W o r k s , P o w e r 106, 6 9 - 7 1 , May. 

ANON, (1962)(2) , F l u o s o l i d s S y s t e m R e d u c e s C o s t s , I n c r e a s e s S m e l t e r 
C a p a c i t y a t T e n n e s s e e C o p p e r , C a n . Min. Me t . Bul l . , 4, 5 (Dec). 

ANON, (1962)( 3), Nippon P r o v e s Oxygen C o n v e r t e r s Cu t C o p p e r S m e l t i n g 
C o s t s , E n g . and Min. J . 163, 192-3 , J u n e . 



B - 2 7 

A R E N T Z E N , C. , (1962), O x y g e n - e n r i c h e d A i r f o r C o n v e r t i n g C o p p e r 
M a t t e , J . of M e t a l s , 1 4 ( 9 ) , 6 4 1 - 3 , S e p t e m b e r . 
A i r e n r i c h e d with 25. 5 - 4 4 . 2% O w a s u s e d in t e s t s ? no f i n a l a n s w e r i s 
g iven ; s e c o n d a r y e f f e c t s of u s i n g e n r i c h e d a i r on o p e r a t i o n of 
c o n v e r t e r p lan t a r e d i s c u s s e d . 

ASANO, N. , and NOJIMA, S. , (1962), R o a s t i n g of C o p p e r C o n c e n t r a t e s in 
the H e r r e s h o f f R o a s t e r , Nippon Kogyo K a i s h i 7&, 397 -402 . 

B A R T H , O. , (1962), T h e S m e l t i n g of C o p p e r and N i c k e l Su lph ide O r e s and 
C o n c e n t r a t e s in t h e E l e c t r i c F u r n a c e , F r e i b e r g e r F o r s c h u n g s h , B67, 
35 -55 . 
H e a t b a l a n c e s and f u r n a c e e f f i c i e n c i e s a r e t a b u l a t e d . T h e 
m e t a l l u r g i c a l p r i n c i p l e s a r e t h e s a m e f o r f u r n a c e s with g a s o r 
e l e c t r i c h e a t i n g . 

BOCHKAREV, L. M. , BYKHOVSKII, Y u . A . , and SHUMILOVA, O. P . , 
(1962), S m e l t i n g of C o p p e r and C o p p e r - z i n c Sulph ide C o n c e n t r a t e s in 
t h e S u s p e n d e d S t a t e in an Oxygen B l a s t , Sb. T r . , G o s . N a u c h n - I s s l e d . 
Ins t . T s v e t n . M e t a l (19), 397-410 . 
L a r g e - s c a l e l ab . app . with a p r o d u c t i o n of 2. 5 t o n s / d a y w a s u s e d f o r 
p l a n n i n g a p i l o t - p l a n t f u r n a c e f o r t h e p r o d u c t i o n of 7 5 t o n s / d a y . T h e 
e x p e r i m e n t s c o n f i r m e d the b a s i c a d v a n t a g e s of the m e t h o d . 

BOCHKAREV, L. M. and BYKHOVSKII, Y u . A . , (1962), T h e S t a tu s and 
P e r s p e c t i v e s of t h e U s e of Oxygen in C e r t a i n N o n f e r r o u s M e t a l l u r g i c a l 
P l a n t s , T s v e t n y e M e t a l l y 35 (11), 38 -43 . 
T h e u s e of O - e n r i c h e d a i r in t h e s h a f t - f u r n a c e s m e l t i n g of P b , Cu and 
Ni s u s p e n d i n g s m e l t i n g of Cu, c o n v e r t i n g of Cu and C u - P b m a t t e s , 
s l a g f u m i n g . 

BODI, D. , (1962), P r o c e s s i n g of L e a d - C o p p e r M a t t e , K o h a s z . Lap ok 95, 
2 6 4 - 8 . 

BOGART, R . C . , (1962), P r o f i t s f r o m W a s t e P i t , I n s t r u m e n t a t i o n 15 (1) 
4 - 7 . 
U s e of H o n e y w e l l c o n t r o l s y s t e m in s u l p h u r i c a c i d p lan t a t Bagdad 
C o p p e r Mine .in A r i z o n a . 

B R A N T L E Y , F . E . , and SCHACK, C . H . , (1962), Deox ida t ion of B l i s t e r 
C o p p e r by G a s e o u s R e d u c t i o n , U . S . B u r . of M i n e s , R e p t . I n v e s t . 
6113, 12 pp. 
L a b - s c a l e t e s t s s u g g e s t t h a t t h e g a s - r e d n . m e t h o d h a s i m p o r t a n t 
t e c h . and e c o n o m i c a d v a n t a g e s o v e r wooden po l ing . A l m o s t c o n t i n u o u s 
deox idn . t e s t s i n d i c a t e t h e p o s s i b l e u s e of a p a c k e d - c o l u m n , v e r t i c a l -
t u b e f u r n a c e a s a f a s t , e f f i c i e n t , c o n t i n u o u s m e a n s of d e o x i d i s i n g 
m o l t e n Cu. 

CHALOV, V. I. , and LIPIN, B . V. , (1962), F l a s h S m e l t i n g of C o p p e r - z i n c 
C o n c e n t r a t e s , T s v e t n y e M e t a l l y 35 (7), 2 9 - 3 1 . 
T h e f l a s h s m e l t i n g of C u - Z n c o n c e n t r a t e with t h e a d d i t i o n of 10-15% s a n d 
by wt. is p r o p o s e d . T h e p r o d u c t s a r e C u - r i c h m a t t e , s l a g , and f u m e 
contg . r^J 85% of t h e Zn . 
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DAVIDSON, A . M . , (1962), F u r n a c e L in ing R e p l a c e m e n t in O x y g e n - e n r i c h e d 
B l a s t , I z v e s t i y a V y s s h i k h Uchevnykh Z a v e d e n i i , T s v e t n a y a 
M e t a l l u r g i y a (6), 122-5 . 
R e v e r b e r a t o r y c o p p e r - s m e l t i n g f u r n a c e u s i n g o x y g e n - e n r i c h e d a i r b l a s t 
g iven a s e x a m p l e ; f o r m u l a s a r e d e r i v e d f o r g a s s t r e a m t e m p e r a t u r e 
g r a d i e n t a l o n g c o m b u s t i o n zone f o r d e t e r m i n i n g r e q u i r e d f r e q u e n c y of 
l i n ing r e p l a c e m e n t in d i f f e r e n t s p o t s . 

DAY, F . H . , (1962), A n a c o n d a R e d u c t i o n W o r k s in R e t r o s p e c t , J . M e t a l s 
14, 8 2 4 - 7 , N o v e m b e r . 

FURSMAN, O. C, (1962), R e c o v e r y of M i n e r a l V a l u e s in C u p r i f e r o u s and 
N i c k e l i f e r o u s P y r r h o t i t e , U . S . B u r . M i n e s , Rep t . I nves t . No. 6043, 
24 pp. 
S a m p l e s of F u n t e r B a y c u p r i f e r o u s and n i c k e l i f e r o u s p y r r h o t i t e o r e 
w e r e t r e a t e d by b e n e f i c i a t i o n , r o a s t i n g , e l e c . s m e l t i n g of r o a s t e d o r e 
f o r m a t t e p r o d u c t i o n , c h l o r i n a t i o n , l e a c h i n g and s u l f a t i z i n g r o a s t i n g 
with s u b s e q u e n t l e a c h i n g . Su lpha t i z ing r o a s t i n g fo l lowed by H2O 
l e a c h i n g w a s t h e only t r e a t m e n t t ha t gave r e c o v e r i e s of Cu and Ni which 
m a y h a v e a p p l i c a t i o n . 

GIBSON, N. , (1962), S m e l t i n g D e v e l o p m e n t s a t Rhokana C o r p o r a t i o n Ltd , 
C o m m o n w e a l t h Min ing and Met . C o n g r e s s , 7th - T e c h . P r o c . N o r t h e r n 
R h o d e s i a , 301-21 . 
Sa l ien t f e a t u r e s in i n t e n s i v e p r o g r a m of i n v e s t i g a t i o n s and d e v e l o p m e n t 
which h a s b e e n c a r r i e d out in s m e l t e r r e v e r b e r a t o r y f u r n a c e s e c t i o n . 

H O L E C Z Y , J . , SCHMIEDL, J . , and SEHNALEK, F . , (1962), Con t inuous 
P r o d u c t i o n of C o n v e r t e r C o p p e r f r o m C o p p e r Su lph ide C o n c e n t r a t e in 
a S m e l t i n g f u r n a c e , C z e c h , 104 ,449 , J u l y 15 (appl . J a n u a r y 25, 1961), 
3 pp. 
T h e c o n v e n t i o n a l m e t h o d of c o n v e r t o r Cu p r o d u c t i o n r e q u i r e s t h r e e 
i ndependen t o p e r a t i o n s and i s not con t i nuous . . T h i s m e t h o d of 
c o n t i n u o u s p r o d u c t i o n h a s v a r i o u s a d v a n t a g e s . 

H O L E C Z Y , J . , SCHMIEDL, J . , SEHNALEK, F . , KUNHALMI, G. , and 
LUX, J . , (1962), C o n t i n u o u s C o n v e r s i o n of C o p p e r M a t t e s , Sb. Ved . 
P r a c V y s o k e j Skoly T e c h . K o s i c i a c h (1), 161-73 . 
A new p i lo t p l an t i n s t a l l a t i o n w a s d e v i s e d , and t h e t e c h n o l o g y of 
c o n t i n u o u s c o n v e r s i o n of Cu m a t t e s w a s s t u d i e d . T h e Cu p r o d u c e d in 
t h i s i n s t a l l a t i o n w a s of good qua l i t y and the s l a g c o n t a i n e d l i t t l e Cu. 

H U T T L E , J . B . , (1962), Kenneco t t A d d s Unique L i m e P l a n t to H a y d e n 
R e d u c t i o n W o r k s , Eng . and Min. J . 163, 94-6+, N o v e m b e r . 

JENKINS, J . C . , (1962), P l a n t D e s i g n f o r E l e c t r o l y t i c C o p p e r R e f i n i n g , 
A u s t r a l a s i a n E n g r . 54, 4 2 - 6 , A p r i l . 
E x a m i n a t i o n of i n f l u e n c e of o r i g i n a l d e s i g n on m a j o r c o s t f a c t o r s s u c h 
a s o p e r a t i n g l a b o r and s u p e r v i s i o n , e l e c t r o l y z i n g p o w e r , s u p p l i e s , 
m a i n t e n a n c e , and a n n u a l c h a r g e s r e s u l t i n g f r o m c a p i t a l i n v e s t e d and 
v a l u e of c o p p e r in p r o c e s s ; c h a r a c t e r i s t i c s of t ank h o u s e s ; c a l c u l a t i o n 
of p r o d u c t i o n p e r un i t a r e a of t ank . 
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KLEIN, L. , (1962), G a s e o u s R e d u c t i o n of O x y g e n - C o n t a i n i n g C o p p e r , Me t . 
Soc. of A I M E - T r a n s . 224 (1), 121-9 , F e b r u a r y . 
U s e of r e f o r m e d n a t u r a l g a s by P h e l p s Dodge to r e p l a c e po l ing . 

K N O B L E R , R. R. , and J O S E P H , W. , (1962), C o p p e r E x t r a c t i o n and 
R e f i n i n g a t M a n t o s B l a n c o s , J . of M e t a l s 1_4 (1), 51 -6 , J a n u a r y . 
D e s c r i p t i o n of p r o c e s s s p e c i a l l y deve loped to e x t r a c t c o p p e r f r o m 
c o p p e r c h l o r i d e o r e s found a t M a n t o s B l a n c o s , C h i l e . 

K N O B L E R , R . R . , and J O S E P H , W. , (1962) , M a n t o s B l a n c o s O p e r a t i o n -
C h i l e ' s New I n t e g r a t e d C o p p e r P r o d u c e r , Min. Eng . 1 4 ( 1 ) , 4 0 - 5 , 
J a n u a r y . 
P r e s e n t l y , only l a r g e s t of f i v e known o r e b o d i e s i s b e i n g m i n e d ; r e s e r v e s 
a r e 8 m i l l i o n t o n s of 1. 9% Cu, about t w o - t h i r d s of which o c c u r s in 
a t a c a m i t e and r e m a i n d e r in c h r y s o c o l l a . 

L A P E E , R . J . , (1962), C o p p e r R e f i n i n g a t G r e a t F a l l s R e d u c t i o n 
D e p a r t m e n t of A n a c o n d a Co . Met . Soc. of A I M E - T r a n s . 224 (2), 
2 2 8 - 3 5 , A p r i l . 
H i s t o r y of p r o g r e s s of r e f i n i n g in Montana ; c a s t i n g f u r n a c e s and 
newly r e b u i l t e l e c t r o l y t i c r e f i n e r y and t h e i r o p e r a t i o n d e s c r i b e d . 

L O C K Y E R , P . C . , and N E L L E R , R. R. , (1962), R e f i n e d C o p p e r C a s t i n g a t 
M u f u l i r a , C o m m o n w e a l t h Min. and Met . C o n g r e s s , 7th - T e c h . P r o c . 
N o r t h e r n R h o d e s i a . 

M A L O U F , E . E . , and P R A T E R , J . D. , (1962), New T e c h n o l o g y of L e a c h i n g 
W a s t e D u m p s , Min. Cong. J . 48, 8 2 - 5 , N o v e m b e r . 

P E R L O V , P . M . , ESKIN, A. I. , and MYAGKOVA, T . M . , (1962), 
E x t r a c t i o n of c o p p e r f r o m d i f f i c u l t o r e s by a c o m b i n a t i o n of m e t h o d s , 
T r . V s e s . Nauchn . - I s s l e d . i. P r o e k t n . I n s t . Mekhan . O b r a b o t k i 
P o l e z n . I skop (131), 162-76 . 
A h igh d e g r e e of ex tn . of Cu f r o m o x i d i s e d Cu o r e s d i f f i cu l t t o conc . 
c a n b e a c h i e v e d by c o m b i n e d m e t h o d s , i nc lud ing p r e r o -s t ing of t h e o r e 
with s m a l l a m t s of N a C l and coke fo l lowed by f l o t a t i o n o r l e a c h i n g 
( a m m o n i a s o l n s . ) of t h e c i n d e r s . 

SUTULOV, A . , (1962), B e n e f i c i a t i o n of C h i l e a n O x i d i s e d C o p p e r O r e s by 
t h e S e g r e g a t i o n P r o c e s s , W o r l d Mining , 1_5, 2 8 - 9 , A u g u s t . 

T R I A N D A F , A . , MAVROMATI, V . , and OLARU, F l . , (1962), M o d e r n 
M e t h o d s of R o a s t i n g C o p p e r C o n c e n t r a t e s , II, R e v . C h i m . ( B u c h a r e s t ) 
12, 389-95 . 
F l u i d i z e d b e d ,. ' r o a s t i n g of c u p r i f e r o u s c o n c e n t r a t e s in m i x t u r e with 
a u r i f e r o u s p y r i t e and f l u x e s . 

TSYGODA, I. M. , KAZAKOV, V . N . , SEREGIN, Yu. I. , and K O R N E E V , V. F . , 
(1962), P i l o t T e s t s of S i n t e r R o a s t i n g of C o p p e r C o n c e n t r a t e C h a r g e 
wi th B o t t o m B l a s t , T s v e t n y e M e t a l l y (3), 2 3 - 3 0 , M a r c h . 
O p e r a t i o n of l i n e a r s i n t e r i n g f u r n a c e equ ipped wi th a i r b lowing f r o m 
b o t t o m ; d e s i g n of f u r n a c e ; r e s u l t o b t a i n e d a t I r t y s h s k C o p p e r S m e l t -
ing P l a n t wi th c o p p e r - l e a d - z i n c c o n c e n t r a t e s . 
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T U R N B U L L , D. C. , (1962), C o n v e r t e r P r a c t i c e a t M u f u l i r a , C / w e a l t h . Min . 
and Met . C o n g r e s s , 7th - T e c h . P r o c . N o r t h e r n R h o d e s i a Sec . , 4 0 9 - 3 0 . 
When e x p a n s i o n p r o j e c t i s c o m p l e t e d s m e l t e r p r o d u c t i o n wi l l be 195, 000 
s h o r t t o n s p e r y e a r u s i n g 2 r e v e r b e r a t o r y f u r n a c e s , 3 c o n v e r t e r s and 
3 a n o d e f u r n a c e s . 

V A S I L ' E V , V . V . , KAN, T . D. , and MURATOVA, N. E . , (1962), A c c e l e r a -
t ion of t h e S e l e c t i v e E x t r a c t i o n of C o p p e r M i n e r a l s by U l t r a s o n i c 
V i b r a t i o n s , F a z o v y i Kh im. Ana l i z Rud i M i n e r a l o v , L e n i n g r . G o s . 
Univ. 5 0 - 5 . 
A p p l i c a t i o n of u l t r a s o n i c v i b r a t i o n s , 540 k c / s e c . a t 2 kW f o r 1 h r , h a s 
g r e a t l y a c c e l e r a t e d ex tn . of Cu f r o m o r e s . In a m i x t u r e of 2 s o l n s . , 
2% F e z ( S 0 4 ) 3 and 5% H 2 S0 4 , c o n t a i n i n g c h a l c o c i t e powd. to 200 m e s h , wi th 
the r a t i o s o l n . : o r e 140, Cu ex tn . u n d e r u l t r a s o n i c v i b r a t i o n s w a s 10 
t i m e s a s f a s t a s t ha t wi th m e c h . s t i r r i n g only . T h e r a t e of Cu ex tn . 
f r o m the ox ide o r e con t a in ing Cu2S i m p u r i t i e s w a s i n c r e a s e d in t h e 
r a t i o 20: 1, in the s a m e so lu t i on . 

1963 

ANON, (1963)(1), C o n c e n t r a t i o n P l a n t in N o r t h e r n R h o d e s i a , Min. J . 261, 
(6685), 315, Oct . 4 . 
B a n c r o f t Mine in N o r t h e r n R h o d e s i a t r e a t s 150, 000 t o n s / m o ; c o n s i d e r a b l e 
d e g r e e of a u t o m a t i c c o n t r o l i s u s e d in p lan t ; c o p p e r c o n t e n t i s e s t i m a t e d 
by x - r a y s p e c t r o g r a p h ; f l o t a t i on c i r c u i t i s be ing a l t e r e d to p e r m i t p r o d u c -
t ion of s e p a r a t e l o w - g r a d e oxide c o n c e n t r a t e for . l e a c h i n g and e l e c t r o -
winning , wh ich p e r m i t s t r e a t m e n t of m a t e r i a l c a r r y i n g a s l i t t l e a s 3% Cu. 

ANON, (1963)(2), Con t i nuous C a s t i n g of C o p p e r Rod Announced , I r o n and 
S t e e l E n g . 40, 171+, Nov. 

ANON, (1963)(3), G r e a t e r P u r i t y f o r O x y g e n - f r e e C o p p e r , M e t a l P r o g . 84, 
124, D e c . 

ANON, (1963)(4), L e a c h P l a n t f o r L o w - g r a d e O r e a t N c h a n g a , Min . Mag . 
109, (4), 2 0 1 - 4 , Oc t . 
S ince c o m p l e t i o n of l o w - g r a d e ox ide s e c t i o n of l e a c h p lan t a t S o u t h e r n 
R h o d e s i a n m i n e , ox ide c o p p e r r e c o v e r y h a s i n c r e a s e d f r o m 83. 9 to 
o v e r 90%. 

ANON, (1963)(5), M i a m i C o p p e r M e c h a n i z e s Can Hand l ing , E n g . and Min . 
J . 164, (11), 97. 
Hand l ing of s h r e d d e d c a n s h a s b e e n m e c h a n i z e d f r o m s t o c k p i l e to point 
of d i s t r i b u t i o n and load ing a t p r e c i p i t a t i o n c e l l s at M i a m i , A r i z . 
C o p p e r m i n e . 

ANON, (1963)(6), N c h a n g a ' s New L o w - G r a d e C o p p e r L e a c h i n g P l a n t , South 
A f r i c a n Min. and E n g . J . 74, (3684), .801-2, 804, 814, Sep t . 13, s e e a l s o 
M e t a l Min. and P r o c e s s i n g 1_, (11), Nov. ., 1964, p 2 2 - 5 . 
Two l e a c h p l a n t s at N c h a n g a - h i g h - g r a d e and l o w - g r a d e - h a v e n o m i n a l 
p r o d u c t i o n c a p a c i t y of 7600 t o n s / m o ; l e a c h p l an t o p e r a t e s b a s i c a l l y 
l e a c h i n g - e l e c t r o - w i n n i n g p r o c e s s . 



B - 3 1 

ANON, (1963)(7), New P r o c e s s R e l i e s on Unused Cu Qual i ty ; A r i z o n a ' s 
B a n n e r Mining Co . , E n g . and Min. J . 164, 92, Ju ly . 

A R G A L L , G. O. , ( 1963) ( l ) ; L e a c h i n g D u m p s to R e c o v e r M o r e Sou thwes t 
C o p p e r at L o w e r C o s t , . Min. Wor ld 25 (11), 2 2 - 5 , 27, Oc t . 
As a r e s u l t of e x p e r i m e n t a l w o r k , it w a s found tha t l e a c h i n g e f f i c i e n c y 
cou ld be r a i s e d by d u m p l e a c h i n g at 8 c o p p e r m i n e s in w e s t e r n Uni ted 
S t a t e s . 

A R G A L L , G. O. , (1963)(2), How L e a c h i n g R e c o v e r s C o p p e r f r o m W a s t e and 
L e a c h D u m p s in Sou thwes t , , . Min. W o r l d 25, (12), 2 0 - 4 , Nov. 
P r a c t i c e s e m p l o y e d a t v a r i o u s s o u t h w e s t e r n m i n e s f o r r e c o v e r y of 
c o p p e r by l e a c h i n g f r o m c o p p e r ox ide d u m p s . 

BABENKO, A. R. e t a l , (1963), R o a s t i n g a C o p p e r B a t c h in a M u l t i p l e - H e a r t h 
F u r n a c e at t he K r a s n o u r a l ' s k C o p p e r S m e l t i n g W o r k s , T r . U r a l s k . 
N a u c h n . - I s s l e d . i P r o e k t n . I n s t . Medn. P r o m . (7), 3 1 2 - 2 5 . 
An a n a l y s i s w a s m a d e of t h e f u r n a c e p e r f o r m a n c e and p r o c e s s e s w e r e 
r e c o m m e n d e d by wh ich the r e l a t i v e r e a c t i o n r a t e of t h e ox id iz ing g a s in 
r e l a t i o n to t h e p a r t i c l e i s m u c h g r e a t e r t h a n in a m u l t i p l e - h e a r t h f u r n a c e 
(the c o m b i n e d c a l c i n e in a f l u i d i z e d cond i t ion ; the r o a s t i n g of the c o n c e n -
t r a t e in a c y c l o n e c h a m b e r ) . 

BAUTISTA, E . N . , PASILIAO, E . V. , LOZANO, R. M. , (1963), L e a c h i n g -
F l o t a t i o n of B a l a b a c , P a l a w a n Mixed O x i d e - S u l p h i d e C o p p e r O r e , 
P h i l i p p i n e I s l a n d s . B u r . M i n e s - R e p o r t I n v e s t i g a t i o n 51, l i p . D e c . 
S m a l l s c a l e l a b o r a t o r y l e a c h i n g t e s t s showed t e c h n i c a l f e a s i b i l i t y of 
p r o d u c i n g c e m e n t c o p p e r f r o m l e a c h l i q u o r s , and c o p p e r s u l p h i d e c o n c e n -
t r a t e f r o m l e a c h e d r e s i d u e by f l o t a t i o n . 

C A R R E K E R , R. P . , (1963), D i p - F o r m i n g - Con t inuous C a s t i n g P r o c e s s , 
J r . J . of M e t a l s J_5, (10), 7 7 4 - 8 0 , Oc t . 
L a b o r a t o r y d e v e l o p m e n t at G e n e r a l E l e c t r i c Co. t h a t h a s l e d to Dip 
F o r m i n g p r o c e s s of p r o d u c i n g c o p p e r w i r e r o d i s d e s c r i b e d , 

d e C L E E N E , P.JB.,(1963), P h y s i o n o m i e A c t u e l l e d e s T e c h n i q u e s d ' E x t r a c t i q n 
e t de R e f i n n a g e du C u i v r e , M e t a l l u r g i 4, ( l ) , 1 9 - 2 7 . 
P r e s e n t Day C h a r a c t e r i s t i c F e a t u r e s of C o p p e r E x t r a c t i o n and Re f in ing 
T e c h n i q u e s ; r e v i e w c o v e r s t r e a t m e n t by ign i t ion , h y d r o m e t a l l u r g y , 
e l e c t r o l y t i c r e f i n i n g , d r y c h a r g e , r e f r a c t o r y m a t e r i a l s f o r c o n v e r t e r s , 
and t r a n s f o r m a t i o n , t e c h n o l o g y and s p e c i f i c a t i o n s . 

C R A B T R E E , E . H. , (1963), E x p e r t C o m p a r e s Sovie t Bloc and W e s t e r n C o p p e r 
M o l y b d e n u m R e c o v e r y P r a c t i c e s , E n g . and Min . J . 164, 8 1 - 3 , D e c . 

H O L E C Z Y , J . , SCHMIEDL, J . , S E H N A L E K , F . , (1963), T h e o r y f o r C o n t i n -
u o u s C o n v e r t e r P r o c e s s f o r C o p p e r M a t t e , H u t n i c k e L i s t y (2), 102-9 , 
F e b . 
T h e o r e t i c a l p o s s i b i l i t i e s f o r o b t a i n i n g b l i s t e r c o p p e r f r o m m a t t e in one 
c o n t i n u o u s a u t o m a t e d o p e r a t i o n a r e d i s c u s s e d on b a s i s of F e S - C u 2 S and 
C u - C u 2 S d i a g r a m s ; n e c e s s a r y e q u i p m e n t w a s s u g g e s t e d , and f e a s b i l i t y 
of o p e r a t i o n p r o v e d in m o d e l t e s t s . 
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H O L E C Z Y , J . , SCHMIEDL, J . , and S E H N A L E K , F . , (1963), T h e o r y of the 
T r i p l e - L a y e r Con t inuous C o n v e r s i o n of C o p p e r M a t t e , Izv . V y s s h i k h . 
U c h e b n . Z a v e d e n i i , T s v e t n . M e t . 6, (4), 7 6 - 8 1 . 
T h e o r e t i c a l a n a l y s i s of the p r e - r e q u i s i t e s f o r t h e a d a p t a t i o n of c o n t i n u o u s 
c o n v e r s i o n of Cu m a t t e in to c o n v e r t e r Cu in one a s s e m b l y and the t e c h n o l o g y 
of s u c h a p r o c e s s a r e g iven . 

H O L E C Z Y , J . , SCHMIEDL, J . , and S E H N A L E K , F . , (1963), T h e o r y and 
P i l o t - p l a n t T e s t s on Con t inuous T r e a t m e n t of C o p p e r M a t t e s in a 

' C o n v e r t e r , Hu tn i cke L i s t y j_8, (2), 102 -9 . 
A b r i e f t h e r m o d y n a m i c s t u d y of c o n v e r t e r t r e a t m e n t of Cu m a t t e s i s 
g iven . The d i s a d v a n t a g e s of c o n v e n t i o n a l t r e a t m e n t , e s p . u n a p p l i c a b i l i t y 
of a u t o m a t i o n , a r e s t r e s s e d . On t h e b a s i s of p i l o t - p l a n t e x p t s . , a n e w 
t e c h n o l o g y i s o f f e r e d . 

JACOBI , J . S . , (1963), R e c o v e r y of C o p p e r f r o m Dilute P r o c e s s S t r e a m s , 
Min. E n g . J_5, 5 6 - 6 2 , Sep t . 

KAMEDA, M. , and YAZAWA, A. , (1963), Re f in ing of C r u d e C o p p e r by 
V a c u u m Mel t i ng , Tohoku Daigaku Senko S e i r e n K e n k y u s h o Iho, 1_9, ( l ) , 
57 -68 
R e m o v a l of i m p u r i t i e s by v a c u u m m e l t i n g w a s s t u d i e d t h e r m o d y n a m i c a l l y 
and s o m e f u s i o n e x p t s . w e r e c a r r i e d out on a l ab . s c a l e . Bi and P b w e r e 
r e m o v e d e a s i l y . Sb and A s w e r e r e d u c e d t o ^ l / 2 of t h e i r i n i t i a l 
c o n t e n t s . Ni , Se and Ag r e m a i n e d in the m e l t . S and O w e r e r e m o v e d 
a s S 0 2 g a s and the e l e m e n t wi th l a r g e r c o n t e n t r e m a i n e d in the m e l t . 
The d. of the Cu t h u s ob ta ined w a s r j 8 . 8 , whi le t ha t of c r u d e Cu w a s 
/v 7. 

KERSHANSKII , I . I . , (1963), Re f in ing D z h e z k a z g a n C o p p e r C o n c e n t r a t e s by 
E l e c t r o s m e l t i n g , B o l ' s h o i D z h e z k a z g a n . Dobycha i P e r e r a b o t k a Rud 
( A l m a - A t a : Akad . Nauk . Kaz SSR), Sb 3 9 9 - 4 1 7 . 
R e s u l t s of p i l o t - p l a n t e x p t s . on r e f i n i n g D z h e z k a z g a n Cu c o n c e n t r a t e s by 
e l e c t r o s m e l t i n g w e r e c i t e d . 

KHLYNOV, V . V . , ESIN, O. A. , and NIKITIN, Yu. P . , (1963), S e p a r a t i o n of 
M e t a l B e a d s f r o m C o p p e r S m e l t i n g Slag by M e a n s of E l e c t r i c C u r r e n t , 
Izv . V y s s h i k h Uchebn . Z a v e d e n i i , T s v e t n . Me t . 6, (2), 5 8 - 6 2 . 
Addn. of 0. 5 - 1 . 0% F e S to t h e Cu s m e l t i n g s l a g , which i s c o n s i d e r a b l y 
s m a l l e r t h a n u s u a l l y p r a c t i c e s a t p lan t l e v e l (15% p y r i t e ) , p r o d u c e d a 
s l a g p r a c t i c a l l y f r e e of m e t a l b e a d s a f t e r t r e a t m e n t wi th a 6 - a m p c u r r e n t . 

KOCHNEV, M . I . , OKUNEV, A. I. , MYASNIKOV, P . A. , V E R M E N I C H E V , S. A. , 
- SERGIN, B . I . , and BAZHANOV, L . N . , (1963), S m e l t i n g of Sulphide 

M a t e r i a l s in an Oxygen F l a m e wi thout the u s e of C a r b o n a c e o u s F u e l s , 
T r . I n s t . M e t . , Akad . Nauk SSSR, U r a l ' s k . F i l i a l (8), 3 3 - 4 2 , U r a l , C u - Z n 
C o n c e n t r a t e , N o r i l ' s k Cu C o n c e n t r a t e , B a l k h a s h o r e , N o r i l s k C u - N i 
C o n c e n t r a t e w e r e s t u d i e d . 
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KOCHNEV, M . I . , OKUNEV, A. I. , MYASNIKOV, P . A. , V E R M E N I C H E V , S. A, 
SERGIN, B. I. , and STRIZHOV, G. F . , (1963), S m e l t i n g of U r a l C o p p e r -
Z inc C o n c e n t r a t e s in a F l u i d i z e d Bed wi th an Oxygen B l a s t , T r . I n s t . 
Me t . Akad . Nauk. SSSR, U r a l ' s k . F i l i a l (8), 17 -31 . 
The p u r p o s e of t h i s w o r k w a s to de t . t h e f e a s i b i l i t y of s m e l t i n g C u - Z n 
c o n c e n t r a t e s (Cu 9 . 1 , Zn 9. 0,. F e 31. 6, S 4 1 . 0 , S i 0 2 1. 3 and the r e s t 
8 . 0% in a v o r t e x O f l a m e with the p r o d u c t i o n of m a t t e con tg . h igh Cu 
concn . and g a s e s r i c h in S 0 2 . A n o t h e r p u r p o s e w a s to i m p r o v e the 
c o n s t r u c t i o n of the b u r n e r and de t . the o p t i m u m c o n d i t i o n s f o r t h e p r o c e s s . 
T h e app . f o r s m e l t i n g w a s d e s c r i b e d by M. , et a l ( ibid. 6 - 1 5 ) . 

KVYATKOVSKII, A. N. , e t a l , (1963), E l e c t r o c h e m i c a l E x t r a c t i o n of C o p p e r 
f r o m F u m i n g P r o c e s s S l a g s , T r . A l t a i s k . G o r n o - M e t . N a u c h n . - I s s l e d . 
I n s t . Akad. Nauk Kaz SSR 14, 5 2 - 9 . 
P r e v i o u s s t u d i e s of E . and Shu r ig in (CA 49, 2219 i ; Khlynov and E . , 
CA 52, 17011 i) h a v e de td . t he t r a n s f e r in an e l e c . f i e l d of l iqu id d r o p l e t s 
of Cu and m a t t e u s i n g s y n t h e t i c s l a g s ; t h e p r e s e n t w o r k r e p e a t e d t h e 
s a m e exp t . a t 1200° with i n d u s t r i a l s l a g c o n t g . Cu 0. 70, P b 0. 22, Z n 3. 6, 
F e ( total) 3 3 . 4 , S 1 . 5 8 , S i 0 2 25, C a O 9, and F e n 5.2%. T h e m a t t e 
c o n t a i n e d Cu 23. 5, S 26. 6, Pb 0. 5, F e ( to ta l ) 43.4%. When l iqu id m a t t e 
s e r v e s a s an anode and a g r a p h i t e c a t h o d e i s i n t r o d u c e d f r o m t h e top in to 
the s l a g , it i s p o s s i b l e to ex t . <80% Cu . . 

L A S T R A , F . , (1963), C o p p e r Mining and i t s F u t u r e D e v e l o p m e n t a s M e a n s to 
I n c r e a s e N a t i o n a l Wea l th ; R e v i s t a .Chi lena de I n g e n i e r i a y A n a l e s d e l 
I n s t i t u t e de I n g e n i e r o s 7_6, ( l ) , 7 - 1 0 , J a n - F e b . 
S t a t i s t i c s on c o p p e r p r o d u c t i o n and d a t a on i n v e s t m e n t s ; m o r e r e v e n u e 
i s e x p e c t e d when c o p p e r i s r e f i n e d in C h i l e ; c o s t s of c o p p e r s m e l t i n g 
and r e f i n i n g . 

McKINNEY, W. A. , and EVANS, L . G . , S e g r e g a t i o n of C o p p e r O r e s by 
D i r e c t - F i r i n g M e t h o d s , (U .S . B u r . M i n e s , T u c s o n , A r i z . ) , , 
U . S . B u r . M i n e s , Rep t . I n v e s t . N o . 6 2 1 5 , 1 5 p p . 
It i s f e a s i b l e to s e g r e g a t e o x i d i z e d Cu o r e s by u s e of a d i r e c t - f i r e d 
r e f a c t o r y - l i n e d r o t a r y k i ln . T h e p r e l i m i n a r y d i r e c t - f i r i n g s e g r e g a t i o n 
s t u d i e s w e r e c o m p l e m e n t e d by c o n t i n u o u s r u n s on the q u a r t z i t e o r e , 
con tg . 1. 4% Cu in an i n t e g r a t e d s e g r e g a t i o n - f l o t a t i o n p i lo t p l an t h a v i n g 
a 6 0 - l b / h r c a p a c i t y . In a t y p i c a l t e s t , 84% of t h e Cu w a s r e c o v e r e d in a 
c l e a n e r f l o t a t i o n p r o d u c t con tg . 25% Cu. 

MONNINGER, F . M. , (1963), P r e c i p i t a t i o n of C o p p e r on I r o n , Min. C o n g r . 
J . 42, (10), 4 8 - 5 1 , Oct . 
P r e c i p i t a t i o n t e c h n i q u e s a s p r a c t i c e d a t Weed H e i g h t s , Nev . o p e r a t i o n , 
t r e a t i n g 11, 800 tpd of 0. 70% ox ide . 

P E A S E , M . E . , (1963), C o p p e r - s i l v e r S m e l t e r in P e r u , Min . Mag . 109, (2), 
7 3 - 9 , Aug. 
S m e l t e r a t San ta L u c i a h a s output of 10 to 12 tpd of m a t t e c o n t a i n i n g 43% 
c o p p e r and 120 oz p e r ton of s i l v e r . 
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O L E A , J . , (1963), T h e r m a l Ref in ing of C o p p e r , T e c . Me t . ( B a r c e l o n a ) 
J_9, (150), 2 0 5 - 8 . 
The e f f e c t s of v a r i o u s i m p u r i t i e s on Cu a r e b r i e f l y e x a m i n e d ; 
Sb, A s , S, Sn, P b , F e , Ni, Zn, O, and how t h e i r con t en t i s r e d u c e d . 
A new t h e r m a l r e f i n i n g p r o c e s s w a s deve loped , u s ing s t r o n g o x i d i z i n g 
c h e m i c a l s . D e t a i l s of a 12 - ton f u r n a c e and i t s o p e r a t i o n a r e d e s c r i b e d . 
S o m e of the above e l e m e n t s a r e r e c o v e r e d in the f u m e s . 

ORLOV, A . I . , and K O P Y L O V , G. A. , (1963), E f f e c t of P r e l i m i n a r y S u l p h a t i z -
ing R o a s t i n g on C o p p e r R e c o v e r y f r o m Oxid ized and Mixed C o p p e r O r e s . 
T r . I r k u t s k o g o P o l i t e k h n . I n s t . (18), 4 8 - 5 5 . 
Su lpha t i z ing of ox id i zed and m i x e d Cu o r e s p r o c e e d s w e l l in a r i g i d de td . , 
t e m p , r a n g e of 480-500° f o r 1 h o u r w i t h > 6 % S i n the c h a r g e . 

SHALYGIN, L . M. , and DIOMIDOVSKII, D.A.(1963), C o n v e r t i n g N i c k e l Ma t t e 
wi th Top Blowing and Con t inuous O v e r f l o w of Slag, T s v e t n y e Met . ^6 
(8), 2 0 - 3 0 . 

SHELUDYAKOV, L . M. , TSOKALO, V. M. , MEIEROVICH, V . B . , and 
RANSKII, B . N . , (1963), E x t r a c t i o n of C o p p e r f r o m S lags P r o d u c e d in 
C o p p e r R e f i n i n g , B o l s h o i D z h e z k a z g a n , Dobycha i P e r e r a b o t k a Rud 
( A l m a - A t a : Akad. Nauk K a z . SSR), Sb, 4 3 1 - 4 3 3 . 
A new p r o c e s s of c e m e n t a t i o n of m e t a l w a s deve loped f o r ex tg . n o n f e r r o u s 
m e t a l s and F e f r o m w a s t e s l a g . T h e p r o c e s s i s b a s e d on the ionic 
t h e o r y of l iqu id s l a g w h e r e i n the high a c t i v i t y of C d i s s o l v e d in l iquid 
c a s t i r o n i s u t i l i z e d . P r o d u c t s of the c e m e n t a t i o n a r e p u r e P b - Z n 
s u b l i m a t e s , c a s t i r o n , a l l oyed n o n f e r r o u s m e t a l s , and d e p l e t e d s l a g s . 

SUTULOV, A. , (1963), P r o c e s s of L e a c h i n g , P r e c i p i t a t i o n and F l o t a t i o n , 
C o n c e p c i o n , C h i l e , U n i v e r s i d a d de C o n c e p c i o n , Uns t i t u to de I n v e s t i g a -
c i o n e s - T e c n o l o g i c a s 109 p . 
A p p l i c a t i o n of p r o c e s s i n t r e a t m e n t of ox id i zed o r p a r t i a l l y ox id i zed 
c o p p e r o r e . 

Z I M M E R L E Y , S. R. , (1963), R e v e r b e r a t o r y S m e l t i n g of C o p p e r Sulphide 
O r e s with Oxygen , (to Kenneco t t C o p p e r C o r p . ) , U . S . 3 , 1 0 2 , 8 0 6 (CI. 7 5 - 7 4 ) 
Sept . 3 (Appl . June 10, 1958). 
A f t e r f u s i o n of the c h a r g e i s s t a r t e d a long the s i d e w a l l s O i s b lown 
d o w n w a r d onto t h o s e p a r t s of the m e l t i n g c h a r g e e i t h e r a l o n e o r m i x e d 
wi th a i r . 

1964 

ANON, (1964)(1), B l a s t - F u r n a c e f o r Me l t ing C o p p e r S c r a p , M e t a l l u r g i a 70, 
235, Nov. 

ANON, (1964)(2), C h e m i c a l P r o c e s s f o r C o p p e r g e t s T r y o u t , C h e m . and Eng . 
N. 42, 30, D e c . 28. 

ANON, (1964)(3), Con t inuous C a s t i n g I n s t a l l a t i o n f o r C o p p e r B i l l e t s , 
M e t a l l u r g i a , 70, 275, Dec . 
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ANON, (1964)(4), Con t i nuous C a s t i n g P l a n t f o r C o p p e r , E n g i n e e r i n g 198, 
625, Nov. 

ANON, (1964)(5), C o p p e r Qua l i t y and Output R i s e in Con t inuous C a s t i n g 
Setup , I ron -Age 194, 6 0 - 1 , Oct . 15. 

ANON, (1964)(6), How N c h a n g a ' s I m p r o v e d M e t a l l u r g y R a i s e s C o p p e r 
R e c o v e r y , W o r l d Mining 17, (9), 28 -31 , Aug. 

ANON, (1964)(7), Kenneco t t S y s t e m I m p r o v e s C o p p e r R e c o v e r y , C h e m . and 
E n g . N . 42, 4 6 - 7 , Nov. 2. 

ANON, (1964)(8), Mount I s a P i l o t s New M e t h o d s , P u s h e s E x p a n s i o n , 
Min. E n g . J_6, 8 2 - 9 , Oc t . 

ANON, (1964)(9), Mount L y e l l : T a s m a n i a ' s C o p p e r P r o d u c e r , Min. E n g . 
1_6, 9 0 - 1 , Oc t . 

ANON, (1964)(10), Mount M o r g a n : Q u e e n s l a n d C o p p e r P r o d u c e r , Min. E n g . 
J_6, 9 2 - 3 , Oc t . 

ANON', (1964)(11), New C o n c e n t r a t e Hand l ing S y s t e m C u t s Cos t at S m e l t e r , 
Me t . Min and P r o c e s s i n g (2), 3 6 - 9 , F e b . 
M o d e r n i z a t i o n of c o n c e n t r a t e hand l ing f a c i l i t i e s at I n s p i r a t i o n , A r i z . , 
s m e l t e r h a s r e d u c e d l a b o u r r e q u i r e m e n t s by 70% o v e r old s y s t e m and 
p r o v i d e d m o r e p r e c i s e b l end ing of s m e l t e r f e e d ; new " ins ta l l a t ion 
p r o v i d e s s t o r a g e , bedd ing and b lend ing f o r m o r e t h a n 12, 000 t o n s of 
c o p p e r c o n c e n t r a t e s and p r e c i p i t a t e s t h a t awa i t r e d u c t i o n ; s m e l t e r f e e d 
i n c l u d e s c o n c e n t r a t e , c e m e n t c o p p e r and o r e f r o m v a r i o u s s o u r c e s . 

ANON, (1964)(12), P a r t i a l R o a s t i n g of C o n c e n t r a t e B o o s t s S m e l t e r Output a t 
T e n n e s s e e C o p p e r , M e t a l Min. and P r o c e s s i n g 1_, (11), 3 2 - 4 , Nov. 
By p a r t i a l l y r o a s t i n g c o n c e n t r a t e in f l u i d i z e d bed r o a s t e r b e f o r e c h a r g -
ing it to r e v e r b e r a t o r y f u r n a c e , T e n n e s s e e s m e l t e r r e c l a i m s a d d i t i o n a l 
17 tpd of s u l p h u r ; c a p a c i t i e s of r e v e r b e r a t o r y f u r n a c e and c o n v e r t e r a r e 
i n c r e a s e d by o n e - t h i r d ; r o a s t i n g i s a u t o g e n o u s ; c o p p e r i s i n c r e a s e d in 
m a t t e . 

ANON, (1964)(13), R e c o v e r y of C o p p e r f r o m R e f r a c t o r y O r e s , South A f r i c a n 
Min . and Eng . J . 75, (3746), 1427-8 , Nov. 20. 
P l a n t f o r t r e a t m e n t of r e f r a c t o r y o r e s to be bu i l t a t Ki twe , N o r t h e r n 
R h o d e s i a , w i l l h a v e i n i t i a l c a p a c i t y of 500 tpd ; m a i n o r e s t o b e t r e a t e d 
a r e c o p p e r s i l i c a t e and c u p r i f e r o u s v e r m i c u l i t e . 

ANON, (1964)(14), S m a l l P l a n t R e c o v e r s C e m e n t C o p p e r , M e t a l Min. and 
P r o c e s s i n g , 1_, (2), 4 8 - 5 0 , F e b . 
Oxide c o p p e r o r e a t c e n t r a l A r i z o n a d e p o s i t , h e a p e d in to 2 l a r g e d u m p s 
l a id out on s u r f a c e . Di lu te s u l p h u r i c a c i d i s p u m p e d to p o n d s ; 
p r e g n a n t so lu t i on i s p u m p e d to p r e c i p i t a t i o n c e l l s c h a r g e s wi th s h r e d d e d , 
d e - t i n n e d c a n s . 
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BACK, A, E . , F I S H E R , K . E . , and KOCHERHANS, J . , (1964), R e c o v e r y of 
C o p p e r f r o m Di lu te Acid So lu t ions (to K e n n e c o t t C o p p e r C o r p . ) 

, U . S . 3 , 1 5 4 , 4 1 1 (CI. 75 -109) , Oct . 27, (Appl. M a r . 20, 1862) 7 pp . 
App. i s d e s c r i b e d f o r c o n t a c t i n g l a r g e v o l s , of d i l . a q . s o l n s . , s u c h a s 
m i n e w a t e r s con tg . 0 . 4 - 4 g C u / l wi th m e t a l l i c F e p r e f e r a b l y s p o n g e F e 
r e d u c e d f r o m p y r i t e , and c o l l e c t i n g the Cu p a r t i c l e s pp td . f r o m a 
c o n t i n u o u s s o l n . f low in 2 - 3 h o u r s , t h e n d i s c h a r g i n g the c o l l e c t i o n to 
a f i l t e r , and r e p e a t i n g t h e c y c l e wi th a f r e s h f e e d i n g of F e into the app . 

B E L L , J . A. , (1964), T i l t a b l e R o t a r y v e r s u s R e v e r b e r a t o r y F u r n a c e s f o r 
R e f i n i n g C o p p e r , W i r e and W i r e P r d . 39., 77-8+ , J a n . 

B O G E R T , J . R . , (1964)(1), A s a r c o ' s M o d e r n i z a t i o n P r o g r a m B r i n g s New 
L i f e to 5 2 - Y e a r Old S m e l t e r , M e t a l Min. and P r o c e s s i n g J_, (8), 2 3 - 5 , 
Aug. 
As r e s u l t of m o d e r n i z a t i o n p r o g r a m at Hayden , A r i z . . s m e l t e r , c o n c e n -
t r a t e s a r e p r o c e s s e d at r a t e of 2 4 , 0 0 0 t o n s / m o . M o d e r n i s a t i o n , of 
c o n c e n t r a t e - h a n d l i n g and r e v e r b e r a t o r y d e s i g n . 

B O G E R T , J . R . ,. (1964)(2), K e n n e c o t t C a s t s B i g g e r B l i s t e r C a k e s , M e t a l 
Min. and P r o c e s s i n g (6), 4 6 - 7 , J u n e . 
S m e l t e r a t McGi l l , N e v a d a , c a s t s b l i s t e r c o p p e r in 6000 lb c a k e s . 

B O G E R T , J . R . , (1964)(3), M o r e M u s c l e Deve loped f o r Ma t t e T a p p i n g , 
M e t a l Min. and P r o c e s s i n g 1_, (4), 3 6 - 8 , A p r . 
C o m b i n a t i o n r o t a r y d r i l l and p r e s s u r i s e d m u d gun m o u n t e d on e l e c t r i c -
p o w e r e d 4 - w h e e l e d c h a s s i s h a s b e e n i n t r o d u c e d at Hayden , A r i z . , 
s m e l t e r in o r d e r to a u t o m a t e t app ing and p lugg ing of r e v e r b e r a t o r y 
f u r n a c e . 

E K , C. , and MASON, A. , (1964), Some M o d e r n P r o c e d u r e s in the P y r o -
m e t a l l u r g i c a l E x t r a c t i o n of N o n f e r r o u s M e t a l s , Rev . U n i v e r s e l l e M i n e s 
20, (8), 2 2 3 - 3 2 ( F r ) . 
I n n o v a t i o n s a r e d i s c u s s e d in t h e p y r o m e t a l l u r g i c a l r e c o v e r y of Cu, P b 
and Zn , s u c h a s ( l ) f l u i d - b e d r o a s t i n g ; (2) d i r e c t c h a r g i n g of s u l f i d e 
c o n c e n t r a t e s in to a m o l t e n s l a g l a y e r ; (3) u s e of " r e f o r m e d " g a s e o u s 
f u e l in deoxidn . ; (4) au togenous s m e l t i n g . 

E N B A E V , I. A . , and VORONINA, L . I. , (1964), C a s t I r o n Shav ings a s a 
P r e c i p i t a n t f o r C e m e n t a t i o n C o p p e r , Dobycha i O b o g a s h c h . Rud. T s v e t n . 
Me t . , Nauchn . - T e k h n . Re f . Sb. (7), 4 2 - 3 ( R u s s ) . 
T h e e f f e c t of the s i z e of c a s t i r o n s h a v i n g s on d i s t r i b u t i o n of a c t i v e F e 
a c c o r d i n g to f r a c t i o n and on Cu c e m e n t a t i o n f o r d i f f e r e n t Cu a m t s . w a s 
s t u d i e d . 

EVANS, S. , ROMANCHUK, S. , and MACKIW, V. N. , (1964), T r e a t m e n t of 
C o p p e r - Z i n c C o n c e n t r a t e s by P r e s s u r e H y d r o m e t a l l u r g y ( S h e r r i t t 
G o r d o n M i n e s L td , F o r t S a s k a t c h e w a n , A l b e r t a , C a n . ), C a n . Min ing 
Met . B u l l 628, (8), 8 5 7 - 6 6 . 
P r e s s u r e - l e a c h i n g p r o c e s s e s and t e c h n i q u e s w e r e d e s i g n e d f o r t r e a t i n g 
a m i x t u r e of c o n c e n t r a t e s f r o m t h e B a g a c a y and S ipa l ay M i n e s on the 
P h i l i p p i n e I s l a n d s of S a m a r and N e g r o s r e s p . F o l l o w i n g NH3 l e a c h i n g 
and so ln . p u r i f i c a t i o n , Cu w a s r e c o v e r e d a s p o w d e r wi th c o n t r o l l e d c h a r a c -
t e r i s t i c s by r e d n . of the so ln . wi th H u n d e r p r e s s u r e . Zn w a s r e c o v e r e d 
by e l e c t r o l y s i s . 
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GROVES, R. D. , (1964), P r e p a r a t i o n of C o p p e r P o w d e r f r o m L e a c h So lu t ions 
A f t e r P r e c i p i t a t i o n wi th I r o n , U . S . B u r . M i n e s - R e p o r t I n v e s t i g a t i o n s , 
6486, 23 p, s e e a l s o M e t a l I n d u s t r y 105, (9), 2 7 3 - 5 , Aug. 
H i g h - g r a d e c o p p e r p o w d e r s c a n be p r o d u c e d u n d e r c o n t r o l l e d c o n d i t i o n s 
f r o m c e m e n t c o p p e r p r o d u c t s . 

HENYCH, R. , K A D L E C , F . , S E D L A C E K , V . , (1964), Re f in ing of C o p p e r b y 
G a s e o u s A m m o n i a , H u t n i c k e List.y 19, (9), 645 -50 , Sept . 
U s e of g a s e o u s a m m o n i a f o r po l ing c o p p e r i s s a i d to h a v e b e e n found 
p r e f e r a b l e to c u s t o m a r y u s e of wood . 

HOLY, V . , (1964), Des ign of I n d u s t r i a l C y c l o n e R e a c t o r by Us ing Da ta 
Ob ta ined in P i l o t P l a n t I n s t a l l a t i o n , Hu tn i cke L i s t y 4, (19), 2 6 2 - 8 . 
C y c l o n e s m e l t i n g of Cu, C u - S b , C u - P b and Zn c o n c e n t r a t e s , p y r i t e and 
o t h e r o r e s i s a new p y r o m e t a l l u r g i c a l m e t h o d . 

KARLYSHEV, B . N . , (1964), M i n e r a l o g i c a l C o m p o s i t i o n of S l ags in C y c l o n e 
S m e l t i n g , T r . I n s t . Me t . i O b o g a s h c h . , Akad . Nauk K a z . SSR 11, 
185 -91 , ( R u s s . ). 
S m e l t i n g f o r the p r o d u c t i o n of c r u d e Cu and m a t t e w a s done in an exp t l . 
c y c l o n e . 

KOLAROV, M. , KUNCHEV, N. , DIMITROV, I . , and LYUTIBRODSKI , V. , 
(1964), D i r e c t S m e l t i n g of C o m p l e x C o n c e n t r a t e s in a C o n v e r t e r , 
Rudodobiv M e t . (Sofia) (10), 2 U 5 , (Buld: ). 
T h e c o n v e n t i o n a l h o r i z o n t a l c o n v e r t e r of 4 t o n s c a p a c i t y w a s u s e d f o r 
d i r e c t s m e l t i n g of a f l o t a t i o n c o n c e n t r a t e c o n t a i n i n g Cu 17. 90, Pb 1 0 . 8 2 , 
Zn 2. 55. T h e c o n c e n t r a t e Was c o m p r e s s e d wi th 10% s h a f t f u r n a c e d u s t . 
B l i s t e r Cu w a s p r o d u c e d and P b w a s ex td . in to the dus t . 

K O M L E V , G. A. ,. LEVKOVSKII , O . V . , and SHIROKOV, A . V . , (1964), 
- R e d u c t i o n of L iqu id Ox id i zed C o p p e r wi th N a t u r a l G a s , T s v e t n . M e t a l . 

37, (9), 13 -14 ( R u s s . ). 
In l a b . e x p t s . c o n v e r t e r Cu c o n t g . Cu 98. 6 and O. 0.4% w a s d e o x i d i s e d 
wi th r e f o r m e d n a t u r a l g a s of v a r y i n g compn . . Deoxidn . wi th a r i c h g a s 
to 0. 15-0 .20% O and then wi th a l e a n g a s (H 1 . 5 - 2 and CO 1 - 1 . 2%) y i e l d e d 
d e n s e Cu. 

K R A U M E , E . , (Ed) (1964), Die M e t a l l i s c h e n R o h s t o f f e , B a n d 4 - K u p f e r , 
F e r d i n a n d E n k e V e r l a g , S t u t t g a r t . 

K U P E R M A N , G. M. , e t a l , (1964), E x t r a c t i o n of C o p p e r f r o m t h e M a d n e u l i 
Su lph ide O r e , T r . Ins t . . K h i m . , Akad . Nauk G r u z . SSR 17, 13-37 ( R u s s . ) 
L a b . e x p t s . w e r e m a d e on l e a c h i n g of Cu s u l p h i d e c o n c e n t r a t e s (Cu 1 0 . 4 3 -
12. 07). T h e o p t i m u m c o n d i t i o n s of l e a c h i n g in a u t o c l a v e s w e r e : t e m p . 
160°, p a r t i a l p r e s s u r e of O 10-15 a t m . ( to ta l p r e s s u r e 15 -20 a t m . ), r a t i o 
of so l i d : l iqu id 1 : 4 - 1 : 5 , p a r t i c l e s i z e of g r o u n d o r e 74 m i c r o n s , and 
d u r a t i o n . o f l e a c h i n g 8 - 1 2 h r . U n d e r t h e s e c o n d i t i o n s 97-9% Cu w a s ex td . 
and 90% of t h e S w a s o x i d i z e d in to s u l p h a t e s . 
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KUPRYAKOV, Yu. P . and M I L L E R , O. G. , (1964), T h e Use of Oxygen in 
R e v e r b e r a t o r y S m e l t i n g of C o p p e r C o n c e n t r a t e s , . Izv . Akad . Nauk U z . 
SSR, S e r . T e k h n . Nauk 8, (5), 7 8 - 8 0 ( R u s s . ). 
T e s t s s h o w e d tha t e n r i c h i n g t h e b l a s t wi th <25% O i n c r e a s e d t h e s m e l t i n g 
of the c h a r g e by 19. 1%, d e c r e a s e d the f u e l c o n s u m p t i o n by 15. 3%, i n c r e a s -
ed the t h e r m a l e f f i c i e n c y of t h e f u r n a c e by 37. 8%, d e c r e a s e d t h e a m t . of 
e x h a u s t g a s e s by 33%, d e c r e a s e d the e x h a u s t dus t by 45%, and i n c r e a s e d 

. t he S 0 2 con t en t in the e x h a u s t g a s e s f r o m 1 . 5 - 2 . 0%. T h e s e f i g u r e s w e r e 
f o r a c h a r g e c o n t g . ^ 2 0 % p y r i t e s . 

LEVIN, A . I . , and MUKHIN, V. A. , (1964), App l i ca t i on of C h a n n e l e d E l e c t r o -
l y z e r s f o r E l e c t r o l y t i c R e f i n i n g of C o p p e r , T s v e t n y e M e t a l l y (6), 18 -22 , 
J u n e . 
T h i s d e s i g n m a k e s it p o s s i b l e to c h a n g e p o s i t i o n of e l e c t r o d e s in r e l a t i o n 
to e a c h o t h e r ; s y s t e m of c i r c u l a t i o n , p r o v i d i n g m o v e m e n t of e l e c t r o -
ly t e p a r a l l e l to e l e c t r o d e s , r e d u c e s c o n c e n t r a t i o n p o l a r i z a t i o n and m a k e s 
i t p o s s i b l e to i n c r e a s e c u r r e n t d e n s i t y ; s c h e m a t i c l ayou t of i n s t a l l a t i o n 
i s g iven ; i n v e s t i g a t i o n shows t h a t i n t r o d u c t i o n of c h a n n e l e d b a t h s w i l l 
m o r e t h a n double p r o d u c t i v i t y of e l e c t r o l y t i c . p l a n t ; c a t h o d e c o p p e r ; wi th 
a l l o w a b l e con ten t of s i l v e r and gold , c a n b e o b t a i n e d with c u r r e n t d e n s i t y 
of 500 a m p / s q m . 

LEVIN, A. I . , and N O M B E R G , M. I. , (1964), P r e s e n t S ta te of E l e c t r o l y t i c 
C o p p e r R e f i n i n g and E c o n o m i c a l C u r r e n t Dens i t y , T s v e t n y e Me ta l l y 
(Eng. T r a n s ) 5, (2), 19 -24 , F e b . 

OKABE, T . , and ITO, H. , (1964), New H y d r o m e t a l l u r g y of C o p p e r , Tohoku 
Univ. - F a c u l t y Eng . - T e c h n o l o g y R e p o r t s 29_, ( l ) , 157 -68 . 
Method u s e s a m m o n i u m su lph i t e a s r e d u c i n g agen t of c u p r i c s u l p h a t e ; 
h igh ly p u r e c o p p e r i s p r o d u c e d wi thout e l e c t r o l y t i c r e f i n i n g . 

ONAEV, I. A . , e t a l , (1964), C o m p l e x T r e a t m e n t of B a l k h a s h C o p p e r C h a r g e s 
by a C y c l o n e Method , V e s t n . Akad . Nauk K a z . SSR 20, (2), 4 2 - 9 . 
R e s u l t s o b t a i n e d on a p i l o t - p l a n t c y c l o n e i n s t a l l a t i o n w e r e u s e d to c a r r y 
out b a l a n c e d s m e l t i n g of B a l k h a s h Cu c h a r g e s by t h e c y c l o n e m e t h o d . 
T h e ex tn . of Cu was298%. 

ONAEV, I . A . , P A N F I L O V , P . F . , and SHUMAKOV, V. V. , (1964), I m p o v e r i s h -
m e n t of C o n v e r t e r S lags in C o p p e r S m e l t i n g P l a n t s , T s v e t n . M e t a l 37, 
(3), 8 2 - 5 . 
The m o s t e f f i c i e n t way of r e d u c i n g u s e f u l m e t a l c o n t e n t in c o n v e r t e r s l a g s 
w a s p r o c e s s i n g the s l a g in the l iqu id s t a t e in an e l e c . f u r n a c e to w h i c h a 
m i x t . of c o k e and CaO (o r C a C 0 3 ) w a s added . 

O P I E , W. R . , (1964), F a c t o r s . Af f ec t i ng P u r i t y and S t r u c t u r e of C o m m e r c i a l 
G r a d e s of C o p p e r , W i r e and W i r e P r o d u c t s 39., (9), 1 3 0 9 - 1 0 , 1312-14 , 
1367, Sept . 
S o u r c e s of c o p p e r ( o r e and s c r a p ) , a s w e l l a s r e f i n i n g t r e a t m e n t , i n f l u e n c e 
end p r o d u c t and p r o p e r t i e s . 
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P O G O D I N - A L E K S E E V , G . I . , and SYROVATKIN, A. A. , (1964), E l e c t r o s l a g 
Re m e l t i n g of C a t h o d e C o p p e r , T s v e t n . M e t a l . 37 ,̂ (9), 7 8 - 8 0 . 
C a t h o d e Cu w a s r e m e l t e d by t h e e l e c t r o s l a g m e t h o d in to d e n s e i n g o t s , 
f r e e of p o r e s and i n c l u s i o n s , and h a v i n g - m e c h . p r o p e r t i e s b e t t e r t h a n 
t h o s e of i ngo t s m a d e by t h e u s u a l c o m . c a s t i n g m e t h o d s . 

P R Z B Y S Z E W S K I , J . , MUSIAL, S. , G R Z E S I E K , F . , Z I E T Y , J . , and 
SEDZIK, S. , (1964) R e f i n i n g of C o p p e r , P o l . P a t . 48, 319, ( t o Hu ta 
M i e d z i in H. W a l e c k i e g o ) . 
The m e t h o d m a k e s it p o s s i b l e to r e d u c e t h e r e f i n i n g t i m e byai 8 h r . 
T h u s , c o n v e r t e r C u con tg . 1.5% i m p u r i t i e s w a s r e f i n e d in the c o n v e r -
t e r at 1300° f o r 3 - 5 m i n by p a s s i n g an a i r s t r e a m at 0 . 5 - 0 . 8 a t m . t h r o u g h 
the m o l t e n Cu. The oxidn . w a s c a r r i e d out to an O c o n t e n t of 0. 2 5 -
0,30%. Nex t , t he i m p u r i t i e s w e r e o x i d i s e d in a n e l e c . f u r n a c e a t 1180-
1200° f o r 8 h o u r s , and Cu z O w a s r e d u c e d in the s a m e f u r n a c e by a 
c o n v e n t i o n a l m e t h o d . 

R A B E A U , E . F . , (1964), Anode F u r n a c e R e f r a c t o r y P r a c t i c e at I N C O ' s C o p p e r 
R e f i n i n g D iv i s ion , Can . Min. and Met . Bui . 57_, (629), 9 5 9 - 6 5 , Sep t . 
Anode r e v e r b e r a t o r y f u r n a c e c o n s t r u c t i o n p r a c t i c e s wi th e m p h a s i s on 
b o t t o m s and s p r u n g b a s i c r o o f s ; e f f e c t of v a r i o u s f u e l s on r e f r a c t o r y 
l i f e . 

R A M P A C E K , C. , (1964), T r e a t m e n t of L o w - G r a d e C o p p e r O r e f o r F l o t a t i o n , 
(to U . S . Dept . of t h e I n t e r i o r ) , U . S . 3, 148, 974 (C175-72) , Sept . 15, 
(Appl . May 15, 1962), 5 pp . 
In the t r e a t m e n t of ox ide o r s u l p h i d e s o r e s contg .<5% Cu by the " s e g r e g a -
t ion r e a c t i o n " p r o c e s s of U . S . 1 , 6 7 9 , 3 3 7 (CA22, 3620) invo lv ing p r e -
h e a t i n g t h e o r e to 750-800° and p a s s i n g it t h r o u g h a r e a c t o r hav ing a 
n e u t r a l a t m . wi th N a C l and c o a l , f o r i m p r o v e d s e p n . of Cu by f l o t a t i o n , 
l e a c h i n g , e t c . , good r e s u l t s a r e ob t a ined on o r e s con tg . <2 . 5% Cu if the 
i n s u f f i c i e n t r e a c t i o n h e a t due to the l e a n o r e i s a u g m e n t e d by a g a s b u r n e r 
i n s i d e t h e r e a c t o r . 

S E H N A L E K , F . , H O L E C Z Y , J . , and SCHMIE DL , J . , (1964), C o n t i n u o u s 
C o n v e r t i n g of C o p p e r M a t t e s , J . of M e t a l s 16, (5), 4 1 6 - 2 0 , May. 
D e v e l o p m e n t of new p r o c e s s in C z e c h o s l o v a k i a i s d e s c r i b e d ; u n d e r l y i n g 
t h e o r y i s e x p l a i n e d : E x p e r i m e n t a l c o n v e r t e r h a s b e e n in o p e r a t i o n at 
I n s t i t u t e of T e c h n o l o g y a t K o s i c e f o r 3 y e a r s ; s a m p l e a n a l y s e s a r e g iven 1 

and o v e r a l l a d v a n t a g e s of p r o c e s s d i s c u s s e d . 

SNURNIKOV, A. P . , e t a l , (1964), F l o t a t i o n D e c o p p e r i z a t i o n of S l ags f r o m 
O x y g e n - f l u i d i z e d S m e l t i n g of C o p p e r C o n c e n t r a t e s and C o n v e r t e r B lowing 
of C o p p e r M a t t e , Dobycha i O b o g a s h c h . Rud . T s v e t n . Met . , N a u c h n . -
I s s l e d . T e k h n . S b ( l ) , 3 2 - 4 . 
T h e p r o c e s s i n v o l v e s coo l ing of t h e s l a g m e l t in a s l a g - p o u r i n g m a c h i n e 
wi th a b u n d a n t supp ly of w a t e r , c r u s h i n g , p u l v e r i z i n g to a g r a i n s i z e of 
< 50 m i c r o n s , m a i n and c o n t r o l Cu f l o t a t i o n , and 2 c l e a n i n g s of t h e Cu 

c o n c e n t r a t e . 
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S U T U L O V , A . , (1964), L P F : U s e i t f o r A l l O x i d i s e d C o p p e r O r e s , 
W o r l d Mining \T_, (5), 42, 79, May. 

THOUMSIN, F . J . , and C O U S S E M E N T , R. , (1964), F l u i d - B e d R o a s t i n g 
R e a c t i o n s of C o p p e r and Coba l t Su lph ide C o n c e n t r a t e s , J . of M e t a l s 16_, 
(10), 8 3 1 - 4 , Oct . 
D i s c u s s i o n of m e c h a n i s m s and p r o c e s s v a r i a b l e s of f l u i d - b e d r o a s t i n g of 
c o p p e r o r e s at Union M i n i e r e du Haut - K a t a n g a , Congo R e p u b l i c , s p e c i f i -
c a l l y of c h a l c o c i t e , c a r r b l l i t e , c h a l c o p y r i t e , and b o r n i t e to p r o d u c e a c i d 
s o l u b l e c o p p e r and c o b a l t c o m p o u n d s , s u l p h a t e s and s u l p h u r i c ac id to b e 
u s e d in p r o d u c t i o n of c o p p e r . 

TOGURI , J . M . , T H E ME LIS, N. J . , and JENNINGS, P . H. , ( N o r a n d a R e s . 
C e n t r e , Q u e b e c , ) , (1964), A R e v i e w of R e c e n t S tud i e s on C o p p e r 
S m e l t i n g , C a n . Met . Q u a r t 3, (3), 197-220 . 
S t u d i e s of t h e p h y s i c o c h e m . s y s t e m s p e r t a i n i n g to s m e l t i n g and c o n v e r t -
ing o p e r a t i o n s s i n c e 1950 a r e r e v i e w e d . P h e n o m e n a l i t t l e s t u d i e d a r e 
the k i n e t i c a s p e c t s of Cu s m e l t i n g : c h e m . r e a c t i o n s and hea t and m a s s 
t r a n s f e r . T h e i r r e l a t i o n s to Cu l o s s e s a r e d i s c u s s e d . 

W O R N E R , H. K. , (1964), D i r e c t S m e l t i n g of M e t a l V a l u e s f r o m C o n c e n t r a t e s 
and M i n e r a l s , Be lg . P a t . 6 4 6 , 4 2 9 . 

• 1965 

ANON, (1965)(1), A n a c o n d a A i m s a t M o r e C e m e n t C o p p e r , E n g . and Min. J . 
166, 8 4 - 5 , A p r i l . 

ANON, (1965)(2), A n d e s C o p p e r ' s New E l e c t r o l y t i c R e f i n e r y Now O p e r a t i n g 
In C h i l e , W o r l d Mining 18_, (2), 3 2 - 3 3 , F e b . 

ANON, (1965)(3), C h a m b i s h i - C o p p e r b e l t ' s New Mine R e c o v e r s F i r s t C o p p e r 
f r o m Oxide O r e , W o r l d Mining 18, (6), 3 0 - 3 2 , J u n e . 

ANON, (1965)(4), C o p p e r ; 1968 F o c u s i s on N o r t h A m e r i c a , t h e n a Shif t 
t o C h i l e , E n g . and Min. J . 166, 5 8 - 6 1 , J a n . . 

ANON, (1965)(5), H i g h - s p e e d O n - s t r e a m C o p p e r A n a l y s i s , E n g i n e e r i n g 199, 
839, 4 , June 25. 

ANON, (1965)(6), S t r e a m l i n i n g K e n n e c o t t ' s Utah C o p p e r S m e l t e r , J . M e t a l s 
17_, 6 1 9 - 2 1 , J u n e . 

B E A L L , J . V . , (1965), S o u t h - w e s t C o p p e r - A P o s i t i o n S u r v e y , Min. E n g . 
IT_, (10), 7 7 - 9 2 , Oc t . 

B E A L S , G . C . , KOCHERHANS, J . , and OGILVIE, K. M. , (1965), R e v e r b e r a -
t o r y C o p p e r Mat t e S m e l t i n g with Oxygen I n j e c t i o n , U . S . P a t . 3 , 2 2 2 , 162 
(to K e n n e c o t t C o p p e r C o r p ) . 

B R I T T I N G H A M , G. J . , (1965), Som e P r o b l e m s in t h e D e s i g n of a C o n t i n u o u s 
S m e l t i n g and C o n v e r t i n g Unit f o r C o p p e r , E igh th C o m m . Min. and Met . 
C o n g r . A u s t r a l i a and N Z , P r e p r i n t No. 55. 
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DAY, F . H . , (1965), C o p p e r S m e l t i n g at the A n a c o n d a R e d u c t i o n D e p a r t m e n t , 
AIME S y m p o s i u m on P y r o m e t a l l u r g i c a l P r o c e s s e s in N o n - f e r r o u s 
M e t a l l u r g y , P i t t s b u r g h , Nov. 29 - Dec . 3. 

F O R E M A N , J . H. , (1965), M a t h e m a t i c a l Mode l f o r C o p p e r C o n v e r t e r C o n t r o l , 
J . M e t a l s J_7, 6 1 6 - 1 8 . 

O K A Z O E , T . , KATO, T . , and MURAO, K. , (1965), T h e D e v e l o p m e n t of the 
F l a s h S m e l t i n g P r o c e s s at A s h i o C o p p e r S m e l t e r , F u r u k a w a Mining Co. 
L td . 
AIME S y m p o s i u m on P y r o m e t a l l u r g i c a l P r o c e s s e s in N o n - F e r r o u s 
M e t a l l u r g y , P i t t s b u r g h , Nov. 29. 

ONAEV, I. A. , et' a l , (1965), C y c l o n e S m e l t i n g of B a l k h a s h C o p p e r O r e s 
Us ing O x y g e n - e n r i c h e d B l a s t , V e s t n . Akad. Nauk K a z . SSR 2A_, ( l ) , 
2 7 - 3 4 ( R u s s . ) 
P i l o t - p l a n t s m e l t i n g of o r e con tg . 2 1 . 7 1 Cu, 1 . 2 6 P b , 0 . 6 1 Zn , 1 4 . 3 3 F e , 
1 9 . 7 S, wi th c o a l dus t a s f u e l and s e c o n d a r y a i r p r e h e a t e d to 4 5 0 - 5 0 0 ° 
and c a r r y i n g 30-3% O i s c l o s e l y e x a m i n e d and c o m p a r e d wi th t h e s a m e 
p r a c t i c e but o m i t t i n g O addn . 

ONAEV, I . A. , (1965), C y c l o n e S m e l t i n g of Cu and C o m p l e x C o n c e n t r a t e s , 
Neue Hue t t e _1_0, (4), 210-16 ( G e r ) . 
C y c l o n e s m e l t i n g a l l o w s the o r e to be e f f i c i e n t l y t r e a t e d in a c o m p a c t , 
app . wi th a m a x . d i f f u s i o n and a m a x . h e a t e x c h a n g e . T h e p r o c e s s i s 
s u i t a b l e f o r the t r e a t m e n t of Cu arid c o m p l e x c o n c e n t r a t e s b e c a u s e i t 
a l l o w s t h e a c c o m p a n y i n g e l e m e n t s to be r e m o v e d by s u b l i m a t i o n . Cu m a y 
be f r e e d c o m p l e t e l y f r o m P b and Cd and f r o m m o s t of i t s Z n , Se, T e and 
Rh by t h i s m e t h o d . A l m o s t c o m p l e t e s u b l i m a t i o n of Rh and Mo m a y be 
o b t a i n e d wi th O - e n r i c h e d a i r . 

O X F O R D , D. D. , and WILLIAMS, P . H. , (1965), C o m p u t e r i z e d S y s t e m of 
M e t a l l u r g i c a l Accoun t ing and C o n t r o l at N c h a n g a C o n s o l i d a t e d C o p p e r 
M i n e s L td , Min . E n g . _17_, 5 5 - 9 , J a n . 

RAMACHANDRAN, T . R. , KRISHNAN, K . N . , and M A L L I K A R J U N A N , R . , 
( Indian. I n s t . T e c h n o l . B o m b a y ) (1965), Oxygen Top Blowing of C o p p e r 
M a t t e , T r a n s . Indian I n s t . M e t a l s 1_8, 5 6 - 8 , M a r c h . 
Top b lowing of Cu m a t t e s l e d to the p r o d u c t i o n of Cu. T h e e x p e c t e d 
a d v a n t a g e s of t h e p r o c e s s a r e l i s t e d . 



A P P E N D I X C 

DEFINITIONS AND DATA USED IN COST E S T I M A T I O N 

1. C A P I T A L COST 

1. 1 Subd iv i s ion 

The t o t a l c a p i t a l i n v e s t m e n t r e q u i r e d f o r a p r o c e s s c o n s i s t s of f ixed 
c a p i t a l ( to ta l c o s t of p r o c e s s i n g i n s t a l l a t i o n s , b u i l d i n g s , a u x i l i a r y s e r v i c e s 
and e n g i n e e r i n g invo lved in the c r e a t i o n of a new p lan t ) and w o r k i n g c a p i t a l 
( f unds r e q u i r e d f o r t h e n o r m a l conduc t of b u s i n e s s ) ( a ) ( k ) , T h e f i x e d c a p i t a l 
i s subd iv ided a s f o l l o w s : 

$ 
P u r c h a s e d e q u i p m e n t 
E q u i p m e n t i n s t a l l a t i o n 
P i p i n g 
I n s t r u m e n t a t i o n 
I n s u l a t i o n 

; E l e c t r i c a l 
B u i l d i n g s 
L a n d and Y a r d i m p r o v e m e n t s 
U t i l i t i e s 

P h y s i c a l P l a n t C o s t $ 

E n g i n e e r i n g and c o n s t r u c t i o n 
D i r e c t P l a n t Cos t $ 

C o n t r a c t o r ' s f e e 
C o n t i n g e n c y 

F i x e d C a p i t a l $ 

1 . 2 E s t i m a t i o n 
In t h e a b s e n c e of p r e c i s e da t a one of t h e f o l l o w i n g t h r e e m e t h o d s h a s 

b e e n u s e d to e s t i m a t e the f i x e d c a p i t a l c o s t f o r e a c h of t h e p r o c e s s e s 
d i s c u s s e d . 
1 . 2 . 1 P e r c e n t a g e of E q u i p m e n t C o s t 

G i v e n the p u r c h a s e d c o s t of e q u i p m e n t , the fo l l owing p e r c e n t a g e s c a n 
be a l l o c a t e d to t h e c o m p o n e n t s of t h e f ixed c a p i t a l c o s t : 

(a r 
(a) ARIES, R . S . , and N E W T O N , R. D. , " C h e m i c a l E n g i n e e r i n g C o s t 

E s t i m a t i o n " , M c G r a w Hi l l , 1955. 

(b) BUCHANAN, R . H . , and SINCLAIR, C. G. , " C o s t and E c o n o m i c s of 
the A u s t r a l i a n P r o c e s s I n d u s t r i e s " , Wes t P u b l i s h i n g C o r p . , 1964. 
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P u r c h a s e d e q u i p m e n t 

E q u i p m e n t i n s t a l l a t i o n 

P i p i n g : so l id p r o c e s s 
s o l i d - f l u i d p r o c e s s 

I n s t r u m e n t a t i o n : 
f ew o r no c o n t r o l s 
s o m e s p e c i f i c c o n t r o l s 
e x t e n s i v e c o n t r o l s 

I n s u l a t i o n 

E l e c t r i c a l s u b s t a t i o n s , f e e d e r s and w i r i n g 

B u i l d i n g s (ou tdoor c o n s t r u c t i o n ) 

Land and y a r d i m p r o v e m e n t s 

U t i l i t i e s ( c o m p l e t e new s e r v i c e s ) 

E n g i n e e r i n g and c o n s t r u c t i o n 

C o n t r a c t o r ' s f e e 

C o n t i n g e n c y 

% of 
E q u i p m e n t C o s t 

1 0 0 

25 
14 
36 

5 
15 
30 

8 

10-15 

30-40 

10-15 

75 

% of 
P h y s i c a l P l a n t C o s t 

20-30 

% of 
D i r e c t P l a n t C o s t 

4 - 1 0 

10-25 

1. 2. 2 L a n g ' s Method 
T h i s m e t h o d a l s o r e q u i r e s the p u r c h a s e d c o s t of e q u i p m e n t : 

F i x e d C a p i t a l Cos t = P u r c h a s e d E q u i p m e n t C o s t x L a n g ' s F a c t o r . 
. ( L a n g ' s F a c t o r f o r a s o l i d - f l u i d p r o c e s s i s 3. 63). 

1 . 2 . 3 S e v e n - T e n t h s Method 
T h i s m e t h o d r e q u i r e s the f i x e d c a p i t a l c o s t of a p l an t f o r the s a m e 

p r o c e s s , but of d i f f e r e n t c a p a c i t y : 

F i x e d C a p i t a l of P l a n t A _ /"Product ion R a t e of P l a n t A 
I F i x e d C a p i t a l of P l a n t B ^ P r o d u c t i o n R a t e of P l a n t B, r 
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2. MANUFACTURING COST 

2. 1 Subd iv i s ion 

M a n u f a c t u r i n g c o s t i s t he s u m of a l l the. d i r e c t , i n d i r e c t and f i x e d 
e x p e n s e s i n c u r r e d a s a r e s u l t of t h e a c t u a l m a n u f a c t u r e of a p r o d u c t . M a n u -
f a c t u r i n g c o s t i s subd iv ided a s f o l l o y s : ( A r i e s and Newton , loc c i t ) 

R a w m a t e r i a l s $ 
L a b o u r 
S u p e r v i s i o n 
M a i n t e n a n c e 
P l a n t s u p p l i e s 
R o y a l t i e s and P a t e n t s 
U t i l i t i e s 

D i r e c t M a n u f a c t u r i n g C o s t $ 

P a y r o l l o v e r h e a d $ 
L a b o r a t o r y 
P l a n t o v e r h e a d 
P a c k a g i n g 
Shipping 

I n d i r e c t M a n u f a c t u r i n g Cos t $ 

D e p r e c i a t i o n $ 
P r o p e r t y t a x e s 
I n s u r a n c e 

F i x e d M a n u f a c t u r i n g Cos t $ 

M a n u f a c t u r i n g C o s t $ 

2 . 2 E s t i m a t i o n 

T h e fo l lowing p r i c e s and p r o p o r t i o n s wi l l be u s e d f o r e s t i m a t i o n 
p u r p o s e s : 

D i r e c t M a n u f a c t u r i n g C o s t . 

M a t e r i a l s (at s m e l t e r o r r e f i n e r y ) 

R a w M a t e r i a l s ( cos t not i n c l u d e d in T r e a t m e n t Cos t ) 

C o s t p e r Ton 
- J t 

R e a g e n t s : L i m e s a n d 4 
S i l i c a s a n d 2 
I r o n s t o n e -2 
Coke 22 



C - 4 

L a b o u r : 

S u p e r v i s i o n : 

M a i n t e n a n c e : 
( a v e r a g e w e a r ) 

P l a n t s u p p l i e s : 

R o y a l t i e s and P a t e n t s : 

U t i l i t i e s : 

I n d i r e c t M a n u f a c t u r i n g Cos t 

P a y r o l l o v e r h e a d 

L a b o r a t o r y 

P l a n t o v e r h e a d . 

P a c k a g i n g 

Shipping 

F i x e d M a n u f a c t u r i n g C o s t 

D e p r e c i a t i o n 

P r o p e r t y t a x e s 

I n s u r a n c e 

A s s u m e u n s k i l l e d l a b o u r e r s pa id $ 3 0 0 0 p a , 
$ 1 . 5 0 p e r m a n h r 
A s s u m e s k i l l e d l a b o u r e r s pa id $ 4 0 0 0 pa , 
$ 2 . 00 p e r m a n h r 
( i n c l u s i v e of o v e r t i m e , s h i f t a l l o w a n c e , 
b o n u s e s , e t c . ) 

10-20% of d i r e c t l a b o u r c o s t 

6% a n n u a l l y of f i x e d c a p i t a l i n v e s t m e n t . 

15% of m a i n t e n a n c e c o s t s 

1-5% of s a l e s p r i c e of p r o d u c t 

Unit C o s t , $ 

F r e s h w a t e r 1000 g a l 0. 20 
Sea w a t e r 1000 g a l 0. 04 
E l e c t r i c p o w e r kWh 0. 016 
F u e l o i l t on 16. 0 
F u e l o i l g a l 0. 064 
C o m p r e s s e d a i r 1000 c f m 0. 04 

(100 ps i ) 
1000 c f m 

B l o w e r a i r 1000 c f m 0. 01 

15-20% of l a b o u r c o s t 

10-20% of l a b o u r c o s t 

50-100% of p r o d u c t i v e l a b o u r c o s t 

8-10% a n n u a l l y of f ixed c a p i t a l i n v e s t m e n t 

1-2% a n n u a l l y of f ixed c a p i t a l i n v e s t m e n t 

1% a n n u a l l y of f ixed c a p i t a l i n v e s t m e n t 



F I G U R E S 1 T O 4 



F I G . 1: SOUTH AUSTRALIA 
Showing s o m e c o p p e r o c c u r r e n c e s 



Cu F« S , 
Choice pi rite 

o t \ ROASTING 

Cu&S • F« O + S04 

~ • - x S I O . REVERBERATORY SMELTING 
Cu Ft S t \ * 

Cu,S • Ft S + F c O . S i O t 
matte reverb, slag 

CONVERTING-FIRST STAGE 

Cu,S • FcO SiO, • SO. 
white aetal converter slag 

CONVERTING -
SECOND STAGE 

Cu • S O , 
blister copper 

F I G . 2: R E A C T I O N S O C C U R R I N G IN C O P P E R S M E L T I N G 
S i m p l i f i e d , d i a g r a m m a t i c 



CONCENTRATE 

F I G . 3: H A R J A V A L T A F L A S H S M E L T I N G F U R N A C E 
500 tpd c o n c e n t r a t e 

F I G . 4: INCO F L A S H S M E L T I N G F U R N A C E 
F i r s t c o m m e r c i a l uriit 
500 tpd c o n c e n t r a t e 
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