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CaIcium oxide was found to accelerate the reduction of copper sulfides by 

H2 1-2_ For example, at 800°C in the presence of the stoichiometric amount of CaO 
reduction of Cu,S was complete in an hour while in absence of CaO only traces of 
Cu were formed under similar conditions_ This enhancing effect was attributed to the 
strong a&&y of 
equations: 

cu,s M-I2 

H$ +CaO 

CaO for H2S which is formed during reduction according to the 

3 2CutH,S (0 

+ CaS+H,O (2) 

The equilibrium constant for reaction (1) at 800°C is 3 x IO- 3 whiie for reaction (2) 
it is 1-7~ 103_ Therefore, the equilibrium constant for the overall reaction: 

is 5-1, thus the reduction is thermodynamically favored. 

-I-he utilization ofCa0 as an aid in the reduction of other sulfides and especialiy 
PbS was next investigated- It is known that PbS can be readily reduced to Pb by Hz at 
about 750°C; but, at that temperature the volatility of PbS is appreciable and leads 
to inconvenient operation’_ Reduction of PbS in the liquid and vapor phase was 
considered by other investigators4-5 but the temperature required had to be above 
looO”C_ If CaO enhances the reduction of PbS in a similar way to the case of Cu,S 
then it might he possible to conduct the reaction at a lower temperature, (e-g-, 4OOOC) 
as which Pb is already molten and the volatility of PbS is negligible_ 

Contrary to expectation, the presence of CaO was found to inhibit the reduction 
of PbS_ Thus in absence of CaO, reduction was 26% complete in 100 min at 600% 
55% at 65O”C, and 80% at 7OO”C- In presence of CaO, on the other hand, no redue 
tion took pIace below 650°C, and only traces of Pb for-r&d at 700°C. Ford and 
Fahim6 studied the reduction of Co& by II2 in presence of CaO by noting the 
change in weight of ibe mixture using a thermobaIauce_ They found that at a gas -. 
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flow-rate of 200 ml mirl- f an appreciabIe~amount of HzS representing as much as 
10% of the sulfur in tbe sample escaped from the system without~reaction with the 
I& and, therefore, they recommended using low Hz ffow for an effective C&O role 
although this will result in a lower reduction rate, In the caseof chakzopyrite, this 
phenomeuon was not observed in our laboratory. It &came evident, then, that for a 

better understanding of the role of CaO in the reduction of &des it Was necessary to 
study the Icin&cs of the reaction of CaO with HiS on which little is kuowu7*. 
GabriIova and Ahshuler’ who were the only msearchezs to investigate this reaction 

found that the absorption of HzS by CaO is slow_ Contacting a gas mixture containing 
03% H2S and the balance IV2 with a static bed of CaO at 700°C for 50 min at 
213msec-* gas flow-m@ msubed in 71% absorption of H$L At 500°C the 
absorption was 55% after 1 h, other conditions being equal_ They also found that at 
IOOO”C, the rate increased lineariy with increasing gas flow-rate; the highest linear 
flow-rate permissible in their apparatus was 213 msee-‘_ They sug@ that the 
reaction was diffusion-contro&d through the bouudary layer_ This was confirmed 
when they studied the effca of tempcmture in the range 500 to 1000°C and found an 
activation energy of 3.3 to 4.5 kcai mol- I. In the present study, emphasis was 
therefore iaid on eliminating the effect of diffusion through the boundary layer so that 
conchrsions could be drawn regarding the reaction mechanism_ 

Reagent grade CaO was heated at different temperatures in H,S atmosphere in 
a thermogravimetric analysis unit The TG instrument was a Fisher 10-560-100 
assembly with a C&II RG electrobalance. The heating system consisted of a vertical 
tube furnace co~ecfed to the model 360 linear temperatme pro_@-ammer which 
provides linear heating rates. The reuxder was a Honeywell Eiektronik i9_ The 
sampie was about S mg. The effect of gas flow-rate was studied at 470 and 800°C using 
undiluted H,S_ Results are shown in Fig, 1; they show that the boundary layer 
diffusion barrier can be overcome at a gas flow-rate of 40 and 70 ml min- ’ at 470 

-and NW’C, mqxctivefy_ Therefore, all tests were conducted at a gas flow-rate of 
7omf mm-‘_ 



321 

TIME. min 

Fig- 2. Plot of fraction rca~ed vcfsus time according to Jandcr’s -Con. 
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Fig. 3, Arrhcnius plot for the reaction: HIS+CaO+ CZjtH20. 
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Data of isothermaI tests f&xi Jander’s equation: 

fl -(I -R)“3]2 = kz (4) 

where R is the fraction reacted in time r, and k is the rate con&at, as shown in Fig. 2. 
This indicates that the reaction is diE~ion-controlIed. Other plots were tried but did 
not yieId a sxraight Iine The plot of log k versus I/T yiehied a straight line (Fig. 3) 
from which the activation energy of the proazss was c&z&ted to be 16 kcaI mol- I. 
This v&c is typical for gaseous diiTnsion tbrougb the product layer. 

An explanation for the different behavior of CaO during the reduction of Cu=S 
and PbS can be as folfows. AIthough the absorption of H,S by C&O is thermo- 
dynamically highly favorabIc yet khxticaIIy especiaIIy below SOOOC, it is a slow 
reaction that is governed by diffusion. If the rate of formation of H,S according to: 

MS+H, --+ M+H,S 0 

is slower than that of its reaction with Cao, the partial pressure of H2S surrounding 
the sulfide partide will be Iowex than the equiiirium concentfation and therefore the 
reduction will pr&. This seems to be the case in the reduction bf Cu,S by Hz. On 
the other hand, if the rate of reduction of sulfide is higher than that of the reaction of 
H,S with CaO, the parti& pressure of H=S surrounding the suI!ide parWe wil1 
approach the equiIiirium concentration and the reaction wiII stop. This is probabIi 
the case with PbS. 
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