
The Action of Sulfur Trioxide on Chalcopyrite 

FATHI HABASHI AND RAYMOND DUGDALE 

Chalcopyrite reacts readily with SOs at about 100~ to form water-soluble sulfates; the reac- 
tion is approximately: 

3CuFeSs + 26SOs ~ 3CUSO4 + FeSO4 + Fez(SO4), + 25SOs 

The presence of about 4 pct Os in the gas phase greatly accelerates the reaction presumably 
due to the complete transformation of ferrous into ferric sulfate in an extremely porous form: 

!O ~ 2CUSO4 + Fe2(SO4)3 + 16SOs 2CuFeSs + 17SOs + 2 

A stoichiometric mixture of SOz + ~Oz behaves towards chalcopyrite in nearly the same way 
as SO 3 although only in the temperature range 350 ~ to 700~ 

V E R Y  l i t t l e  is known about the r eac t i on  of sul f ides  
with SOs. S o m m e r  and Kel logg 1 showed in b r i e f  t e s t s  
that  spha l e r i t e  was conve r t ed  to zinc sulfate  at 360 ~ 
to 527~ acco rd ing  to the equat ion:  

ZnS + 4SO 3 --* ZnSO 4 + 4SOs [1] 

At that  t e m p e r a t u r e  ne i the r  oxygen nor  SO2 had any 
s igni f icant  ac t ion  on spha le r i t e .  Jonas  and Guth z r e -  
ac ted  py r i t e  with pure  SOs to get  p u r e  SOz sui table  for  
l iquefac t ion .  The p r e s e n t  s tudy is conce rned  with the 
r eac t i on  be tween  cha lcopyr i t e  and SOs. 

E X P E R I M E N T A L  

Tes t s  w e r e  conducted on a - 4 0 0  m e s h  cha lcopyr i t e  
flotation concentrate from Twin Buttes , Arizona ana- 
lyzing 29.6 pct Cu, 23.6 pct Fe, and 29.6 pct S. Sulfur 
trioxide used was pure, colorless liquid SO3 marketed 
under the trade name Sulfan by Baker and Adamson. 
The supplier guarantees a minimum of 99.4 pct SO3, 
a maximum of 0.3 pct H2SO4, and 0.25 pct stabilizer 
(e.g., SbCl~, SbFs, or boron compounds), and a boiling 
point of 44.8~ 

The action of liquid as well as gaseous SO 3 was in- 
vestigated. In the first case, a flask containing 5.7 g 
chalcopyrite and I0 ml liquid SOs were contacted at 
room temperature with occasional shaking. The pur- 
pose of these tests was to use as low a temperature 
as possible in an attempt to eliminate the interaction 
of SOs with any elemental sulfur that might be liber- 
ated. s Nitrogen was used to flush the flask at the end 
of the test to vaporize away any unreacted SOs. In the 
second case, gaseous SO s was generated by boiling 
Sulfan at 50~ The amount of liquid SO s vaporized 
was 25 ml/h which equaled to 13,400 ml of gaseous 
SO s fla. Chalcopyrite as I g samples were charged in 
a porcelain boat in a transparent Vycor tube and heated 
in a hinged type tube furnace (Lindberg) with a temper- 
ature control •176 for 1 or 2 h. The upper half of the 
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fu rnace  could be opened for  inspec t ing  the s ample  in 
the boat  without in t e r rup t ing  the reac t ion .  

At the end of each  tes t ,  the flow of SOs and the hea t -  
ing w e r e  stopped and the r eac t i on  tube purged  with ni-  
t rogen  for  a suff ic ient  t ime  to a s s u r e  the absence  of 
adso rbed  SOs or  SO2 in the s amp le s .  It was a lso  pos -  
s ib le  to r e m o v e  the r eac t i on  tube out of the furnace  to 
a c c e l e r a t e  the cooling.  The sol id  s a m p l e s  were  then 
l eached  with water  to d e t e r m i n e  the w a t e r - s o l u b l e  
copper  and i ron,  while the to ta l  copper  and i ron  were  
d e t e r m i n e d  in the r e s idue .  Solubili ty in 5 pct  HsSO 4 
was a l so  d e t e r m i n e d  but these  w e r e  not included on 
the d i a g r a m s  for  the sake of c l a r i t y .  All d e t e r m i n a -  
t ions were  made by a tomic  absorp t ion .  Although g rea t  
c a r e  has  been taken in m in im iz ing  contact  with a i r ,  
e .g . ,  use of d e s s i c a t o r  and d ry  box, yet  because  of the 
e x t r e m e l y  hygroscop ic  na tu re  of the s a m p l e s  high p r e -  
c i s ion  cannot be c l a imed .  

RESULTS AND DISCUSSION 

Tests using liquid SOs showed that the reaction is 
slow; contacting chalcopyrite with liquid SO3 at 30~ 
for 16 h converted about 30 pct of the copper into a 
water-soluble form and 8.8 pct of the sulfur into the 
elemental form. Heating at the boiling point for 8 h 
under a reflux condenser converted about 20 pct of the 
copper into a soluble form and 7.3 pct of the sulfur 
into the elemental form. The reaction 

S + 2SO3 ~ 3SOs [2] 

is greatly accelerated by temperature rise such that 
above the boiling point of SO s no elemental sulfur can 
be found in the reaction product, s 

Table I. Ferrous and Ferric Ion Contents in Solutions Obtained by Leaching the 
Reaction Products With Water, 1 g Samples, 2 h 

Water Soluble Iron 

Reactant Temp., ~ Fe 2 +, g/l Fe 3 +, g/l Fe 3 +/Fe 2 + 

SO3 65 1.9 4.3 2.3 
95 2.2 4.4 2.0 

120 2.4 4.8 2.0 
SO3 + 02 125 0.8 8.9 11.1 
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Fig. 1--Water solubility of copper and iron on reacting chal- 
copyrite with SO 3 �9 l h  /~ 2h.  

The ra te  of r eac t ion  of cha lcopyr i te  with gaseous 
SOs is  i n c r e a s e d  with t e m p e r a t u r e  as  shown in Fig. 1 
up to a m a x i m u m  at 100~ beyond which the ra t e  de-  
c r e a s e s .  Solutions obtained by leaching samples  r e -  
acted at 65 ~ to 120~ Table  I, showed that the Fen§ 
Fe 2+ ra t io  is  n e a r l y  2. There fore ,  the equat ion r e p -  
r e s e n t i n g  the r eac t ion  may be fo rmula ted  as  follows: 

3CuFeSa + 26SOs ~ 3CuSO4 + FeSO4 + Fe2(SO4)s 

+  .sso  [3] 

The unexpected dec rea se  in the r a t e  in the t e m p e r a t u r e  
range  150 ~ to 250~ is  mos t  p robab ly  due to the pa r t i a l  
decomposi t ion  of SOs ca ta ly t ica l ly  a accord ing  to the 
Eq. [4]: 

-'O SOs-- S02+ 2 2 [4] 

This assumption is supported by the fact that the re- 
acted samples  af ter  leaching with water  were u n r e -  
acted chalcopyr i te  as  ident if ied v i sua l ly ,  by X - r a y s ,  
and by chemica l  ana lys i s .  There  is no r e a s o n  to a s -  
sume that 0nly in this  t e m p e r a t u r e  range  the sulfa tes  
produced fo rm a pro tec t ive  l ayer  on chalcopyr i te  which 
Prevent  fu r the r  r eac t ion  with SOs. Above 300~ the r e -  
s idual  SOs together  with Oa fo rmed  by the above r e a c -  
t ion act  rap id ly  on chalcopyr i te  r e su l t i ng  in a high r e -  
act ion r a t e  as  obse rved  expe r imen ta l l y  in the i n c r e a s -  
ing so lubi l i ty  of copper and i ron.  

At 500~ the solubi l i ty  of i ron  r eaches  a max i mum 
s ince  beyond this  t e m p e r a t u r e  f e r rous  sulfate  is  known 
to decompose  to Fe20 s. This  can read i ly  be judged by 
the red  color  of the r eac ted  sample ,  and was conf i rmed  
by X - r a y  ana lys i s .  

The water  so lubi l i ty  of copper r eaches  a max i mum 
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Fig. 2--X-ray diffraction pattern (middle) of residue obtained 
by heating chalcopyrite in SO a atmosphere at 540~ then leach- 
ing with 5 pct H2SO 4 to remove soluble reaction products. The 
patterns of chalcopyrite (top) and bornite (bottom) are included 
for comparison. 

for  a roas t ing  t e m p e r a t u r e  of 650~ s ince  above this 
t e m p e r a t u r e  decompos i t ion  to oxysulfate ,  CuO.  CuSO4, 
takes  place as can be judged by the inso lub i l i ty  in water  
but  so lubi l i ty  in 5 pct HaSO 4. At higher  t e m p e r a t u r e s  
the fo rmat ion  of f e r r i t e  was conf i rmed  by X - r a y s  as 
well  as  by the fact the product  was insoluble  in 5 pct 
H~so4. 

There  is evidence by X - r a y  di f f ract ion and c h e m i -  
cal  ana ly s i s  that  bo rn i t e  is  f o rmed  as an in t e rmed ia t e  
in the t e m p e r a t u r e  range  300 ~ to 600~ Fig. 2 shows 
the X - r a y  pa t t e rn  of a r e s idue  obtained by heat ing 
chalcopyr i te  in SOs a tmosphere  at 540~ then leaching 
with 5 pct H~SO4 to r emove  soluble  r eac t ion  products .  
The pa t t e rn  shows the l ines  of born i te .  

Effect of Oxygen 

During the course  of s tudies ,  it was obse rved  that 
the p r e s e n c e  of sma l l  amounts  of a i r  in the r eac t ion  
tube g rea t ly  acce l e r a t ed  the ra te  of react ion�9 T h e r e -  
fore ,  a s e r i e s  of t es t s  were  planned to c la r i fy  this 
p r o c e s s .  This was s tudied by al lowing some of the ox- 
ygen to bubble through l iquid SO 3 at a ce r t a in  p r e d e -  
t e r m i n e d  ra te  to obtain the r e q u i r e d  composi t ion  of 
the gas mix ture .  The oxygen l ines  contained ca l ib ra ted  
f lowmete r s .  The amount  of l iquid SO3 evapora ted  per  
hour was noted by the d i f ference  in  level  in the g radu-  
ated f lask  holding the SOs dur ing  each tes t .  

The amount  of l iquid SOs vapor ized  was the s ame  as 
in the p rev ious  t es t s .  Oxygen concen t ra t ion  in the gas 
phase was main ta ined  at 60 pct by volume.  Fig. 3 give~ 
the r e s u l t s  of these  t e s t s  which show the i n c r e a s e  in 
wa te r - so lub l e  copper and i ron  in the low t e m p e r a t u r e  
range .  Solutions obtained by leaching the r eac t i on  p rod-  
uct were  analyzed for f e r r ous  and f e r r i c  contents ,  and 
compared  with s amples  of chalcopyr i te  subjected  to the 
act ion of SO3 alone.  A t e m p e r a t u r e  range  was so s e -  
lec ted where no side r eac t ions ,  i.e., decomposi t ion  of 
sul fa tes ,  take place.  It can be seen  f rom Table I that 
when oxygen was added to SOs, the i ron in the r eac t ion  
product  was ma in ly  in the f e r r i c  s ta te .  In this  case ,  
the re fore ,  the ove ra l l  r eac t ion  would be:  
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1 2CuFeS2 + 17SOa + ~O2 ~ 2CUSO4 + Fez(SO4)3 + 16SO~ o~ 

[5] r 
The effect of Oz concen t ra t ion  in the gas mix tu re  was Q" 

consequent ly  s tudied at  a cons tan t  total  gas flow. Fig. 4 o u 
gives the r e s u l t s  of these  tes t s .  It can be seen  that the r 
maximum ra te  of r eac t ion  of chalcopyr i te  takes  place -~ 
when the concen t ra t ion  of oxygen in the gas mix ture  _~ 
is  about 4 pct which is  nea r  to the s to ich iomet r i c  con-  O 
cen t ra t ion  of 2.9 pct accord ing  to the suggested equa-  
t ion.  It should be also noted that  pure  oxygen has p r a c -  

4 "  

t i ca l ly  no effect on the ra te  of r eac t ion  of chalcopyr i te  
at that t e m p e r a t u r e .  Although the ro le  of oxygen is b e -  
l ieved to be secondary ,  yet it has a grea t  effect on the 
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ra te  of the r eac t ion  due to inf luencing the phys ica l  
cha rac t e r  of the product .  The m a t e r i a l  becomes  more  
porous  and there fore  more  reac t ive  than when SO3 is 
used a lone.  

The reac t ion  of chalcopyr i te  with SOs-Or mix ture  
was rapid  at 125~ In 15 min  71.2 pct of the copper 
was a l r eady  conver ted  into a wa te r - so lub l e  fo rm.  

Applicat ion to Other Minera l s  

A mixed copper ore  containing chalcoci te ,  covell i te ,  
chalcopyri te ,  ch rysoco l l a ,  malachi te ,  and azur i t e  was 
t r ea ted  by SO3. It was found that 91.5 pct of the copper 
was conver ted  into a wa te r - so lub l e  form after  15 min  
reac t ion  with SOs at 150~ and 99.1 pct when SOa-O2 
mix ture  was used at  200~ 

The Action of SO2-O2 Mixture 

Tes t s  were conducted using a s to ich iomet r i c  mix ture  
1 of SOs + ~-O2 to compare  it with SOs. Resul t s  a re  shown 

in Fig.  5 f rom which it can be seen  that the s to ich io-  
m e t r i c  mix ture  is  as effective as SO3 in the t e m p e r a -  
tu re  range  350 ~ to 700~ only. The low t e m p e r a t u r e  
r eac t ion  at 100~ is c h a r a c t e r i s t i c  of SOs. The behav-  
ior  of the s to ich iomet r i c  mix ture  is a lso d i f ferent  f rom 
pure  02, Fig. 6. In case  of 02, the sulfide igni tes  and 
the t e m p e r a t u r e s  indicated a r e  not ce r ta in .  

C ONC L US ION 

1) SO3 reacts with chalcopyrite at about I00~ to 
form water-soluble sulfates and SO2. 

2) SO3 containing about 4 pct 02 reacts more rapidly 
than SOs alone at that temperature apparently due to 
the complete transformation of FeSO4 into ferric sul- 
fate in an extremely porous form. 

3) At that t e m p e r a t u r e  a s to ich iomet r i c  mix ture  of 
1 SOs + ~O2 has no effect on chalcopyr i te  but becomes  

s i m i l a r  only in the t e m p e r a t u r e  range  350 ~ to 700~ 
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