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lyzed chemica l ly  and by X - r a y  di f f ract ion.  In sampling,  
the hot ca lc ine  was t r a n s f e r r e d  quickly to sea led  cans 
under  an a tmosphere  of n i t rogen to p reven t  fu r the r  oxi- 
dation dur ing cooling. Expe r imen t s  were  also c a r r i ed  
out in a 102 m m  diam fluid bed r o a s t e r  opera t ing within 
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An in te rmed ia te  step in the recovery  of copper f rom 
chalcopyri te  is the roas t ing  operat ion in which par t i a l  
r emova l  of su l fur  takes place.  This operat ion is  gene r -  
al ly ca r r i ed  out in a mul t ihear th  r oa s t e r  or a fluid bed 
r o a s t e r .  The k ine t i cs  of roas t ing  of chalcopyri te  are  
wel l  known. 1"~ Fo r  roas t ing  at the operat ing t e m p e r a -  
t a r e  of about 650~ the following three  s tages  are  be-  
l ieved to take place 2 

Stage 1 2CuFeS2 - -  CuzS + FeS + FeS2 [1] 

Stage 2 FeSz ~ FeS + �89 [2] 

~. s2 + o"  - s o .  [3]  

Stage 3 3FeS + 502 - -  FesO4 + 3So. [4] 

Taking magnet i te  (FesO4) as the stable i ron oxide at 
roas t ing  t empe ra tu r e  the overa l l  reac t ion  may be wr i t -  
ten as 

2CuFeS2 + 4~Oz - -  CuaS + ~ FesO4 + 3So. [5 ] 

For  a given level o f  sulfur removal f rom chalcopy-  
r i t e  two ex t reme paths may be envisaged:  

1) ini t ia l ly  aU " f r e e "  su l fur  in chalcopyri te  is r e -  
moved, i.e. 25 pct  of sul fur  in chalcopyri te  is in i t ia l ly  
removed according to Eqs.  [1] to [3]. Fu r the r  reduct ion 
in sulfur  takes place according to Eq. [4]. 

2) some chalcopyr i te  r e m a i n s  complete ly  unreac ted  
while the r e s t  r eac t s  to complet ion forming magnet i te ,  
chalcocite  and su l fur  dioxide according to Eq. [5]. 

For  a given level  of su l fur  r emova l  up to 75 pct of 
sul fur  in chalcopyri te ,  the composi t ion  of calc ine,  m in -  
i m u m  air  r e q u i r e m e n t  and heat  of reac t ion  a re  quite 
d i f ferent  for the two paths .  These  a re  compared  in Table  
I and Figs .  1 and 2. React ion Path  1 is  r e f e r r e d  to here  
as textbook mechanism while Path  2 is  r e f e r r e d  to as 
proposed mechanism.  Table  I shows that the magnet i te  
content  in ca lc ine  is cons ide rab ly  higher for the p ro -  
posed mechan i sm than for the textbook mechan i sm  over 
the p rac t ica l  range  of su l fur  r emova l  in a r o a s t e r .  S im-  
i l a r l y  the heat  of r eac t ion  (Fig.  1) and m i n i m u m  a i r  r e -  
qu i r emen t  (Fig.  2) are  also higher  for the proposed me-  
c hanis  m. 

In view of these d i f fe rences  a knowledge of what r e a c -  
tion path is followed in p rac t i ce  wil l  be of some impor -  
tance in the design and operat ion of r o a s t e r s ,  pa r t i cu -  
l a r l y  for the design of fluid bed r o a s t e r s .  Genera l ly  
the textbook m e c h a n i s m  is accepted.  Table  I suggests  
that  analys is  of the calcine product  f rom a r o a s t e r  can 
give useful  in format ion  on what reac t ion  path is  followed 
in prac t ice .  

Exper imenta l  As par t  of a comprehens ive  study of a 
6.85 m diam, eight decks mul t ihear th  roa s t e r ,  samples  
of calcine f rom var ious  decks were  collected and ann-  

Fig. 1--Minimum air requirements for roasting of chalcopyrite 
(basis: 100 lb dry feed containing 24.44 lb sulfur). (1 kg = 
2.205 lb). 
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Fig. 2--Heat of reaction for roasting of chalcopyrite (basis: 100 
lb dry feed containing 24.4 Ib sulfur). 
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Fig. 3-Average deck and gas t empera ture .  
pet sulfur and pct magnetite variat ion with 
deck no.(test run No. l). 

Fig. 4--Fe~O 4 in calcine vs CuFeS 2 in calcfne. 

the temperature range of 590~ to 650~ at space veloc- 
ities from 0.3 m/s to 1.2 m/s. Samples of calcines 
from the fluid bed roaster were also collected and 
tested. The feed to the roaster contains an average 30.1 
pct fluxes on a dry basis, the rest being mainly chalco- 
pyrite. The average dry feed sulfur content is 24.4 pet. 

Details of the comprehensive study are given else- 
where. 5 Typical results from the multihearth roaster 
is presented in Fig. 3 showing typical deck tempera- 
hare, gas temperature, and analyses of calcine in var- 
ious decks. The results show that decrease in sulfur 
content in calcine is matched by a corresponding in- 
crease in Fe304 content, suggesting that the textbook 
mechanism may not be consistent with the results. 
Fig. 4 plots Fe304 content in calcine us CuFeSz content 
in calcine both obtained by X-ray diffraction for cal- 
cines from the multi-hearth roaster and fluid bed 
roaster. Calculated lines based on the textbook mechan- 
ism and the proposed mechanism are also plotted for 
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comparison. The calculated lines are based on a dry 
roaster feed containing an average of 1.7 pct Fe304 and 
24.4 pct sulfur. Fig. 4 shows the results from the multi- 
hearth roaster and the fluid bed roaster are reasonably 
well correlated by the proposed mechanism line. 

A less sensitive method of establishing the compara- 
tive validity of the two mechanisms is given in Fig. 5 as 
a plot of x (defined as pct sulfur in dry feed less pct 
sulfur in calcine) vs y (defined as pct Fe304 in calcine 
less pct Fe304 in dry feed). The figure shows that most 
of the experimental points lie between predictions by 
the two models and the proposed mechanism gives a 
better description of the results than the textbook 
mechanism. The regression line for 581 points is repre- 
sented by 

y = 1.3306x + 0.1950 [6] 

w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  of 0 .90 .  Eq .  [6] m a y  be  of 
some use for predicting magnetite content in calcine 
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No sys temat ic  difference is observed between samples  
f rom the fluid bed r oa s t e r  and the mul t ihear th  r o a s t e r .  
An empi r i ca l  equation is proposed (Eq. [6]) for e s t ima-  
ting magnet i te  content for d i f ferent  level  of sulfur  r e -  
moval .  

The work descr ibed  here was c a r r i e d  out dur ing  a 
vacat ion school at Mount I sa  Mines,  Limited,  Mount Isa .  
The author wishes to thank the management  of the com- 
pany for providing faci l i t ies  for this work and for pe r -  
miss ion  to publish this paper;  the s tudents  M e s s r s .  
Bruce,  F i she r ,  Hanrahan,  Ho, Hoa, Hutton, Koh, Mc- 
Pherson ,  Moret to and Schache who c a r r i e d  out the ex- 
pe r imen t s ;  and to the l abora to ry  staff at Mount I sa  
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Table I. Comparison of Product Calcine Composition for the Two Reaction 
Paths, Basis 100 k9 of Dry Roaster Feed Consisting of 69.9 kg Chalcopyrite 

and 30.1 kg of Fluxes Free of Fe304 

kg of S Calcine Compositions 
Removed per 

100 kg of Textbook Mechanism Proposed Mechanism 

Feed CuFeS~ Cu~S FeS FeaO4 CuFeS2 Cu2S FeS Fe304 

5 13.2 26.2 28.9 0 52.2 8.5 0 8.3 
I0 0 32.1 26.0 10 33.6 17.5 0 17.0 
15 0 33.3 10.0 23.6 13.7 27.1 0 26.3 
18.3 0 33.7 0 32.7 0 33.7 0 32.7 

for different  l eve ls  of su l fu r  remova l  for concentra te  
feed s i m i l a r  to that studied he re .  

Discuss ion  It should be s t r e s s e d  that the p re sen t  
study is concerned  with the overa l l  k inet ics  of the r o a s t -  
ing operat ion.  The detai led step by step k inet ics  are  
much more  complex 3' 4 and have not been cons idered  
here .  The p r e s e n t  observa t ions  that in roas t ing,  pa r t  
of the chalcopyri te  r e m a i n s  unreac ted  while the r e -  
mainder  r e a c t s  to complet ion to form magnet i te ,  may 
be due to the fact that not all  chalcopyri te  is exposed 
to oxygen dur ing  reac t ion .  Unexposed chaicopyri te  r e -  
mains  unreac ted  while exposed chalcopyri te  r eac t s  to 
complet ion.  Wi l l i ams ,  6 however,  suggested that the ob- 
se rved  overa l l  k inet ics  can be explained in t e rms  of 
the nonuniformity  of act ivi ty  of chalcopyri te .  Thus the 
more  active chalcopyri te  with lower act ivat ion energy 
r eac t s  to complet ion while the less  active chalcopyri te  
r e m a i n s  un reac ted  at roas t ing  t empera tu re .  

Conclusion Examinat ion  of calcine f rom a mul t ihear th  
r oa s t e r  and a 4 in. d iam fluid bed roas te r  suggest  that 
pa r t  of the concent ra te  feed r e m a i n s  unreac ted  while 
the r e m a i n d e r  reac t s  to comple t ion  forming magnet i te .  
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Discussion of "Sulfide and Sulfate Solid 
Solubility in Lime, Magnesia, and 
Calcined Dolomite: Part 1. CaS and 
CoSO4 Solubility in CaO"* 

JAMES A. CLUM 

The work by Turkdogan,  e t  a l . ,  1 sets  forth impor tant  
thermodynamic  guidel ines for product ion of low sulfur 
l ime  products .  In pract ice ,  there  a re  a number  of other 
factors ,  in addition to oxygen and sulfur  potent ia ls ,  
which s t rongly  affect sul fur  l eve ls  of ca lc ines .  Those 
fac tors  re la te  to the p r inc ipa l  physical  cha rac t e r i s t i c s  
of the raw carbonate  which in turn  lead to the c ry s t a l -  
l ife s ize  d i s t r ibu t ion  and pore d i s t r ibu t ion  in the cal-  
c i n e f  "~ Such c ha r a c t e r i s t i c s  include carbonate  grain  
s ize  and g ra in  a r r a n g e m e n t  as well  as impur i ty  level .  
These  fea tures  vary  great ly  with the or igin  of the c a r -  
bonate a s  noted very  br ief ly  by Turkdogan,  e t  a l .  ~ in a 
previous  paper .  

The pa r t i cu la r  carbonate  spec imens  used  1 were  c a r e -  
fully cha rac te r i zed .  Unfor tunately ,  the carbonate  s t a r t -  
ing ma te r i a l  was f rom a s ingle  source  and thus the ex- 
t r eme  impor tance  of carbonate  or igin in application of 
the guidel ines was not emphas ized .  

This note intends to point out that phys ica l  cha rac t e r -  
i s t i c s  are s igni f icant  p a r a m e t e r s  in ca lc ine  ut i l izat ion 
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