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This invention relates to an apparatus for roast 
ing finely divided sulfide ores, flotation concen 
trates and the like, and more particularly to ap 
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paratus for roasting finely divided pyrites ores or, 
flotation concentrates, for the purpose of thor 
oughly desulfurizing the same and producing Sul 
fur dioxide for use in the manufacture of sulfuric 
acid. 
The present practice in pyrites fines roasting 

generally involves the use of mechanically oper 
ated multiple hearth constructions, such, for ex 
ample, as the well known MacDougall, Herres 
hoff, and Wedge burners, and while these burn 
ers provide a very effective roasting of the fines, 
their complicated construction and operation in 
volve' considerable initial and maintenance ex 
penSe. 
As distinguished from the “bed” roasting op 

eration of these burners, it has been suggested 
to roast the fines while in gaseous suspension, 
wherein the fines are either injected into a roast 
ing chamber in suspension in an Oxidizing gas, 
or are simply showered downwardly into the 
roasting chamber wherein they encounter cross 
or counter currents of the suspending gas. 
This suspension roasting is best applicable 

when the fines are in a very finely divided state, 
e.g. as flotation concentrates, and presents the 
notable advantage over the mechanical multiple 
hearth operation of considerably lowering the 
cost of production, by reason of the elimination 
of the involved and expensive rabbling and other 
apparatus which distinguishes the construction 
and operation , of the mechanical burners. In 
the practice of this suspension roasting, however, 
and particularly as applied to roasting pyritic 
fines, difficulties of some moment are presented 
which must be overcome before the theoretical 
advantages of this type of operation are practi 
cally available. 
As indicated in U. S. Patent No. 1,758,188, dated 

May 13, 1930, to H. J. Cordy and W. J. Burgoyne, 
a serious difficulty encountered in the suspen 
sion roasting of pyrites fines is the objectionable 
formation of accretions or "scar' on the walls 
of the roasting chamber during the roasting op 
eration. These scar masses rapidly assume in 
posing proportions, and in a relatively short time, 
masses weighing several hundred pounds are 
commonly formed. Unless these masses are re 
moved, obstruction of the roasting passage will 
result, and the operation will be otherwise seri 
ously hindered. The accretions may be manual 
ly broken away, or “barred' down from the 
walls periodically, but the frequency with which 

(C. 266-28) 
this Operation must be repeated to keep the Scar 
formation. Within reasonable limits results in too 
frequent interruption of the operation and, in 
addition, the wear and tear on the apparatus oc 
casioned by the heavily falling masses raises 
even more serious objection to this manner of 
removal. Moreover, the problem of incomplete 
deSulphurization is not solved thereby for consid 
erable amounts of undesulphurized material con 
fined within the accretions pass-off in the cinder 
Substantially unaffected. - 
The scarring problem noted has been previous 

ly extensively investigated and, while the exact 
- reason for its occurrence is rather difficult to de 
termine, it has appeared to be more or less ascrib 
able to the pronounced tendency which sulfide 
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fines, particularly iron pyrites, exhibits to sinter 
at a particular stage of its desulphurization, at 
which stage it readily adheres to the inner walls 
of the roasting chamber and builds up accretions 
thereon. Investigation of a typical iron-pyrites 
ore in this relation appeared to indicate that at 
a point in its transition from FeS2 to Fe2O3 
which would roughly correspond to the oxidation 
of one atom of the sulphur in the FeS2, the par 
tially desulphurized material sinters much more 
readily than at prior or subsequent stages in the 
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desulphurization. This may perhaps be ex- . 
plained either on the basis that FeS is the major 
form existing at this particular stage, and that 
the FeS per se, sinters much more readily than 
any of the other transition or final products, or 
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possibly that there is a formation of a eutectic 
Of FeS and Fe2O3. V Kj 

Various methods of roasting the pyrites fines in 
Suspension have been heretofore investigated, in 
an endeavor to find a means of overcoming the 
effect of this transitory sintering condition. It 
has previously been found (see U. S. Patent No. 
1,758,188, referred to "above) that by injecting a 
quantity of the oxidizing gas adjacent the Walls 
of the roasting chamber in the upper part there 
of, that scarring of the chamber walls is largely 
eliminated, thorough desulphurization of the 
fines is obtained, and concentrations of sulfur 
dioxide are obtainable which are very suitable 
for use in the manufacture of Sulphuric acid. 
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The present invention relates generally to - 
methods of suspension roasting as outlined in 

The general aim of the foregoing paragraphs. 
the invention is directed toward the improvement 
of such processes with the particular object in 
view of increasing the flexibility of operation of 
such methods, and increasing the efficiency there 
of. The invention further contemplates the pro 
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vision of improvements in apparatus for Suspen 
sion roasting of sulfide fines and broadly in 
cludes general improvements in several items of 
furnace construction, ore feed mechanism, and 
means for economically regulating the temper 
ature of the combustion supporting gas in Such a 
Ananner as to facilitate efficient roasting in the 
furnace or reaction chamber. 
The invention accordingly comprises the sev 

eral steps of the process and the relation of one 
or more of Such steps with respect to each of the 
others, and the apparatus enoOdying features 
of construction, combination of elements and ar 
rangements of parts which are adapted to carry 
out the improved process, together with such 
other features of novelty which will appear from 
he following description taken in consideration 

"yith the accompanying drawings. 
In the drawings 
iig. 3 is an elevation, mostly in Section, of a 

preferred form of roasting furnace embodying 
the present invention; 

Fig. 2 is an enlarged fragmental horizontal Sec 
tion on the line 2-2 of Figs. 3 and 3; 

Fig. 3 is a vertical section on the line 3-3 of 
Sig. 2; 

Fig. 4 is a vertical section of the feed mecha 
IlSIYl 

Fig. 5 is a horizontal section on the line 5-5 
of Fig. 4; 
Referring to the drawings, and particularly to 

Fig. 1, the reference numeral 0 indicates a shaft 
burner comprising a shell generally indicated at 

l, constructed of some suitable refractory ma 
terial such as firebrick or the like, which defines 
a roasting or reaction chamber 2 of cylindrical 
cross-section throughout the major portion of 
its length. A casing 3 of steel or similar ma 
terial about the sides of the shell serves to 
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20 in the center of the burner crown 2. 

reinforce the same. It will be apparent that the 
height of the burner is several times greater than 
its cross-Sectional dimension. For convenience 
in construction, the steel shell 3 may be made 
up of several cylindrical sections 4 suitably se 
cured together at their contiguous edges by bolts 
or rivets passing through flanges 15. The shaft 
burner as a whole rests on a suitably constructed. 
platform 6 elevated by the supports it suff 
ciently to permit the operation of the cinder cars 
8 beneath the outlets of the cinder pit of the 
burner and the dust chamber. 
The chamber 2 is provided with a feed inlet 

The 
top of the steel shell 3 is closed off by the cover 
plate 22 suitably attached at its edges to the 
upper flange of the top section of the steel shell 
3. The space 23 between the crown 2 and the 
cover plate 22 is filled with suitable insulating 
material. The top of the burner is provided at 
several points about its circumference with suit 
able poke or inspection holes 24. Each hole 24 
is equipped with an Outwardly opening closure 
25 which may be provided with suitable sight 
glasses as are customarily employed in such 
apparatus. In the embodiment of the invention 
illustrated on the drawings, only a single poke 
hole 24 is shown. It will be understood that any 
number of such holes may be employed, ar 
ranged in any manner necessary or desirable to 
facilitate the proper operation of the burner. 
The lower end of the roasting chamber 2, as 

indicated on the drawings, is constructed to pro 
vide a trough-like cinder pit 26, constituting the 

5 
bottom of the chamber. The cinder pit extends 
diametrically across the burner and terminates at 

2,056,564 
the lower end in any suitable number of cinder 
outlets. 2. The upper end of each outlet 2 is 
covered by a grate, not shown, which serves to 
prevent the passage of large chunks of cinder 
through the outlets 27. The lower end of the 
burner is equipped with work holes indicated at 
23 and 29. While the burner is in operation the 
"york hole 28 is closed off by the sliding door 30 
constructed of a suitable steel frame enclosing a 
firebrick panel which, when the door is closed 
as shown in Fig. 3, is directly in line With the 
opening 28. The door 36 is vertically movable in 
2, frame 3, but normally rests in the position 
shown in Fig. 4. However, the closure may read 
ily be moved upwardly in the frame 3 by move 
inent of the counterweight 32 connected to the 
door 30 through the cable 33 running over Suit 
ably arranged pulleys 34. Work hole 28 is gen 
eraily for the purpose of inserting oil burners 
into the chamber 2 to preheat the furnace be 
fore the roasting operation is initiated. 
The work hole 29 is essentially for the purpose 

of affording access to the bottom of the cinder 
pit 26, so that any large accretions which may 
form on the walls of the roasting chamber and 
fail into the pit, may be broken up by Sledges by 
workmen to such size as to permit passage 
through the grates covering the upper ends of 
the outlets 27. The door 38 is constructed simi 
larly to the door 30, and is arranged to slide Wer 
tically in the frame 39. The door 38 is counter 
balanced by the weight 40 connected to the door 
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38 by the cable passing over the pulleys 2, . 
at will be apparent from the drawings that the 
work hole 29 and the door 38 are arranged on 
the far side of the burner shaft. Any number 
of work holes 28 and 29 Suitably arranged about 
the lower circumference of the burner may be 
employed as desired. 
The main gas outlet 44 is constructed in the 

wall of the burner immediately above the upper 
edge of the sloping walls forming the cinder pit 
26. The Outlet 44 is of Substantial cross-sectional 
dimensions, and serves to connect the roasting 
chamber 2 with the cinder pocket indicated at 
45. The pocket 45 is a comparatively large cham 
ber of substantial vertical length. The steel 
casing 86 forming the Outer shell of the pocket is 
rigidly connected to the shell of the burner, and 
is supported in the position illustrated in Fig. 1 
by suitable superstructure not shown in the draw 
ingS. 
The cinder pocket is lined with firebrick 4, and 

is arranged with a vertically disposed wall 38 
directly opposite the axis of the outlet 46. A 5; 
stream of gas issuing from the burner through 
the outlet 44 Strikes the vertical Wall 45 at a 
right angle, thus abruptly changing the course 
of the gas stream and causing the gas stream to 
drop substantially all the heavy cinder particles 
carried out of the reaction chamber in suspen 
Sion in the exit gas. The pocket outlet terminates 
in an elbow 49, suitably lined with firebrick, and 
arranged to permit connection between the pocket 
and the exit gas main, the latter including the 
usual dust chamber not shown. It will be ap 
parent that the course of the gas through the 
cinder pocket 45 is upward, this arrangement 
Serving to cause a large quantity of the fine 
dust particles to separate and settle out of the 
gas stream. The pocket 45 is formed with a fun 
nel-shaped bottom terminating in an outlet 50. 
The numeral 5 indicates conventional gates om 
the lower ends of the outlets 27 and 50, which 
gates may be manipulated by any necessary mech 
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arrangement by which the same is in communi 
cation with the upper ends of the vertical con 50 
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anism indicated diagrammatically on the draw 
ings at 53. 
The lower end of the shell f is constructed of 

the usual firebrick 54 up to the point indicated on 
the drawings by the numeral 55. The same con 
struction is employed in the upper end of the 
shell from the point indicated by the numeral 56 
upwardly to the crown 2. That section of the 
shell disposed between the points 55 and 56 
may be conveniently termed a heat transfer sec 
tion. The heat transfer section comprises hori 
zontal series of radially disposed firebrick indi 
cated at 58 in . Fig. 3. The individual bricks 
each include a central passage 59, so arranged 
that when the several horizontal series of bricks 
are superposed, and in position to form the shell 
of the roaster, there are then provided within 
the walls of the transferrer section, the several 
vertical passages or conduits 60 which begin at 
the lower end of the transferrer section at 55, and 
terminate at the upper end thereof at 56. 
As shown in Fig. 3, two horizontal Series of 

bricks 6 are arranged at the lower end of the 
transferrer section immediately within the cir 
cumference, the bustle pipe 62 surrounding the 
burner at the lower end of the transferrer section. 
The bricks of both series 6 are provided with 
suitable openings 63, thus establishing'communi 
cation between the several vertical conduits 60 
and the interior. of the bustle 62. The construc 
tion of the shell immediately, adjacent the 
bustle 62 is clearly shown in the enlarged de 
tails in Figs. 2 and 3. In Fig. 2 it will be seen 
that the bricks constituting a series 6 , are each 
radially disposed with reference to the vertical 
axis of the burner, and that each vertical conduit 
60 is in direct communication with the bustle 62 
by reason of the openings 63 in each brick of a 
series 6 . . ? 
The bustle 62 is suitably attached to the ad 

jacent steel section of the shell 3 by flanges 
as indicated at 65 in Fig. 3. The bustle 62 is in 
direct communication with the inlet pipe 66, Fig. 
1, which is in turn connected through another 
pipeline, not shown, to the plant blowers. . 
The burner O is also encircled at the upper 

end of the transferrer section by an outlet bustle 
67. The construction of the bustle 6, and the 

duits 60 is in all respects the same as that previ 
ously described in connection with the bustle 
62, and illustrated in the enlarged details in Figs. 
2 and 3. 
The outlet 68 of the bustle 67 is directly con 

nected to the short pipe section 69 which is joined 
at its opposite end to the main inlet pipe 70. The 
passage of gas through pipe 69 into the main ver 
tical pipe 70 is controlled by the valve 7. 
lower end of the vertical main 70 is connected 
to the inlet 66 as shown in Fig. 1, and the admis 
sion of gas from the inlet 66 to pipe 70 is con 
trolled by valve T2. The pipe 69 is in communi 
cation with the plant stack and the atmosphere 
through the pipe 73 which includes therein the 
control valves 74 and 75. The upper end of 
the vertical main. To terminates in a T 76. The T 
76 is in communication with conduits TT and 78 
controlled by the valves 79 and 80 respectively. 

O That section of the pipe 73 between the valves 
74 and 75 is in direct communication with the 
conduits 7 and 78 through pipes 82 and 83 

75 

respectively, each controlled by the valves 84 
and 85. The pipe system just described Supplies 
air or other oxidizing gas to the ore feeding 

The 

size of the cylinder and the sleeve. 

3 
mechanism indicated generally by the numeral 
8. 
The feed mechanism, illustrated more or less 

diagrammatically in Fig.1, is shown in detail in 
the section of Fig. 4. In Fig. 4 the Crown 2 of 
the burner, and the top plate 22 are ??parent. 
The cast iron cylindrical sleeve 88 is set into a 
circular opening in the crown 2, and is held 
in the position shown by the horizontal flange 89. 
A fange 90 is formed On the upper edge of the 
sleeve 88 and is adapted to be bolted or other 
wise attached to the bottom flange 9 on the 
casting or coupling member indicated generally 
at 92. The top flange 93 on the upper end of 
the cylindrical portion 94 of the coupling 92 is 
Similarly arranged to support and to be attached 
to the bottom flange.95. On the lower, edge of the 
primary gas inlet casting 96. The flange 97 on 

10 

casting 96 affords means for connecting the cast 
ing 96 to the inlet conduit 77, as indicated at 98 
in Fig. 1. 
The ore inlet chamber casing OC having the 

inlet connection of secured thereto rests on the 
top of the casting 96. The upper end of the pipe 
02 is threaded into the lower end of the cham 

ber casing 00. The exterior threads on the up 
per end of the pipe O2 extend downwardly far 
enough to thread into the opening in the top of 
casting 96, thus retaining casing 00 and pipe O2 
in place. The frusto-conical shaped orifice plate 
03 is supported in the position shown by the 

horizontally disposed flange 04 which is gripped 
between the flanges 93 and 95. The terminal. 
cylinder 06, forming a primary inlet conduit, is 
likewise provided at its upper edge with a flange 
A similarly clamped between the flanges 93 and 
95. The cylinder to extends downwardly and 
terminates in a curved rim 108, the function of 
which will hereinafter appear. The dispersion 
cones fo and are fixed to the adjusting rod 
2 which extends upwardly through the center 

of the terminal cylinder 06, through the ore feed 
pipe 02, through the ore inlet chamber and pro 
jects through the cap in the top of casing 100. 
The upper end of the rod 2 is threaded to re 
ceive the adjusting and lock nuts f3. The dis 
persion cone if f has fastened to its base and to 
the spindle projecting downwardly therefrom sev 
eral radially disposed vanes 15 which serve to 
center the dispersion cones do and fif, and 
maintain the same in a relatively fixed position 
in the center of the terminal cylinder f06. 
The numeral f6 indicates what may be gen 

erally designated as a gas mixing sleeve. 
sleeve 6 is supported in the position shown in 
Fig. 4 by vertical rods fill, the lower ends of which 
are welded or otherwise rigidly fastened to the 
upper edge of the sleeve 6. The free ends of 
rods 7 pass through Suitable openings in the 
annular top 18 of the casting 92. The upper 
ends of the rods are threaded to receive the 
adjusting and lock nuts 9. The lower end of 
the sleeve 6 is bent inwardly to form a funnel 
shaped deflecting or mixing portion f 8. The 
short cylindrical member í f9 is fixed to the lower 
end of the cylindrical portion of the sleeve 6 in 
such manner as to form substantially a continua 
tion thereof. The lower edge of member 9 is 
bent to provide an outwardly directed flange 20. 
The arrangement of the sleeve f6 and the cyl 
inder is such as to constitute between these two 
members an annular passage 2 ?, the dimensions 
and capacity of which depend upon the relative 

It will be 
understood that the cross-sectional dimension of 
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and air issuing from the lower ends of the cylin 

35 

2,056,564 
nism as whole, certain strong currents are set up 
which tend to carry large portions of ore against 
some particular spot on the interior of the reac 
tion chamber wall. These undesirable eddy cur 
rents are prevented by the construction just de 
scribed. . . s. 
About 85 to 95% of the total quantity of oxidiz 

ing gas necessary for the roasting of the ore in 
the reaction chamber is introduced into the re 
action chamber by Way of the gas inlet chamber 
429. In the neighborhood of 5 to 10% of the 
total air utilized in the roasting operation is in 
troduced into the reaction chamber through the 
annular passage 24 between the sleeve 823 and 
the outer surface of the distributing sleeve 6. 
This air passes through the annular mouth 25, 
and forms a gas blanket between the walls of the 
reaction chamber and the burning gaseous sus 
pension therein. The remaining quantity of air 
in the gas inlet chamber 29 passes into the an 
nular space 2? between the inner surface of the 
sleeve 6 and the outer surface of the cylinder 
406. It will be observed that the lower end of 
the cylinder 806 is bent up to form the curved 
rim 08. Air passing downwardly through the 
annular passage 2A strikes the sloping surface 
of the rim 8 and is deflected outwardly from 
the Vertical axis of the feed mechanism and im 
pinges upon the inwardly directed funnel-shaped 
deflecting portion 8 of the sleeve 6. This 
rapid change in the direction of the gas strean 
serves to further increase the mixing of the ore 
der 06 and the annular passage 2. 
The total amount of air introduced into the 

feed mechanism 87 will depend upon the amount 
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quantity may be accomplished in any suitable and perature to the feed mechanism 87, the valve 
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of sulfur in the fines to be desulfurized, the con 
centration of the sulfur dioxide desired in the exit 
gases, and other factors evident to one skilled in 
the art. The regulation of the air supply as to 

well known manner. In practice, determination 
of the sulfur dioxide content of the exit gas and 
the character of the cinder will usually indicate 
the necessary regulation of the air supply to pro 
vide the desired results, the fines being supplied 
at a substantially constant rate. The pressure 
under which the air is introduced may be regul 
lated to suit operating conditions, although it is 
usually desirable that a pressure approximately 
atmospheric is obtained over the cinder outlet. 
When the furnace is in operation, the sleeve 
6 should be so adjusted by means of the sus 

pension rods and the associated regulating 
and Set. nuts that the size of the mouth 25 is 
such that only sufficient air is admitted thereto 
to prevent Scar formation on the walls of the 
roasting chamber. This may be determined by 
varying the size of the mouth 25, and observing 
the effect upon the chamber walls through one 
of the sights in a workhole cover 25. The amount 
of scar inhibiting air necessary is usually a minor 
proportion of the total amount of air admitted 
and, as previously noted, ranges generally from 
5 to 10% of the total quantity of air necessary. 
for combustion in the furnace. The sheet of 
pyrites fines issuing from the lower end of the 
terminal cylinder 06 will be swept up by the cur 
rent of secondary air from the annular passage 
21, and the suspension of intimately mixed air 
and fines thus obtained is introduced into the 
hot roasting chamber 2. On entering the pre 

75 
heated chamber, the suspension of fines in air will 
be ignited and oxidation will thereafter proceed 
at a very rapid rate. 

5 
The oxidation of the iron pyrites is a strongly 

exothermic reaction, to the extent that it is sub 
stantially self-sustaining, and other than the ne 
cessity of initiating the reaction, for example by 
preheating the furnace to a suitable temperature 
above the ignition point of the pyrites, no sub 
stantial heat is required. In operation, the tem 
perature will be quite high throughout the roast 
ing chamber 2. In the production of an ap 
proximately 10% SO2 gas, from a typical iron 
pyrite ore, the temperature in the roasting cham 
ber for example may be in the neighborhood of 
1000° C. Upon the entry of the gaseous suspension into 
the enlarged space presented by the roasting 
chamber, expansion of the Suspension takes place, 
and this expansion is enhanced by the large 
amount of heat supplied by the combustion of the 
fines in addition to that emanating from the 
heated walls of the roasting chamber. This ex 
pansion tends to cause an appreciable proportion 
of the suspended particles to be drawn toward the 
chamber wall, and such particles as are in the 
transitory sticky stage hereinbefore discussed 
would under ordinary circumstances tend to 'ad 
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25 
here to the walls upon contacting therewith and 
rapidly build up accretions thereon. 

In the roasting of different grades of -pyrite 
and pyrrhotite ores and sulfide flotation concen 
trates from various sources, it is highly desirable 
to be able to control to a certain degree the tem 
perature of the mixture entering the roasting 
chamber 2 and to a corresponding degree the 
temperatures obtainable within the roasting 
chamber are thus regulated. Such desired con 
trol may be obtained by suitable manipulations 
of the several valves in the piping system between 
the inlet of the main pipe 66 and the feed mecha 
hism 87, and by controlling the quantity of air 
circulated through the conduits 60. 

if it is desired to supply air of ordinary ten 

in the line 69 is closed, and the valve T2 in pipe 
70 opened sufficiently to permit the passage of 
the required amount of air to support the con 
bustion in the reaction chamber 2. When pro 
ceeding under this mode of operation, the valves 
9 and 80 in the lines 7 and 8 are so adjusted 

to permit the admission of the desired propor 
tions of primary and secondary air to the feed 
mechanism through the inlet casting 96 and the 
bustle 28. Further, if it is desired at the same 
time to circulate air through the vertical conduits 
60 for the purpose of cooling the walls of the 
reaction chamber, the necessary quantity of air 
may be admitted to the passages 60 from pipe 
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66 through the bustle 62. After passing through 
the transferrer section and cooling the burner 
walls, and thus further serving to control the 
temperature of the reaction within the roasting 
chamber, the heated air leaves through the bustle 
67 and is vented to the atmosphere through the 
line 73. In such situation, the valves 74 and 5. 
are opened, and the valves 84 and 85 are closed. 
When it is desired to preheat the primary air 

and the secondary air to the same degree, cold 
air is circulated through the transferrer section 
and preheated therein, and is then mixed with 
the main stream of cold air entering the appa 
ratus through the main vertical pipe 70. To ac 
complish this mixing of cold and heated air, the 
valve is opened as required and the valve. 
closed as required. In this manner, the air in the 
upper end of the pipe 70 beyond the connection 
with the pipe 69 is heated to some required degree 
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6 
of preheat, and this heated stream of air is then 
divided and passed into the feed mechanism 
through the conduits 77 and 78. It will thus be 
Seen that under such operation the primary and 
Secondary air for the feed mechanism 8 is pre 
heated to the same degree. The degree of pre 
heat is regulated by the proportions of cool and 
heated air mixed at the connection between pipes 
69 and . 
There may also be encountered in practice, 

situations where it will be desired to preheat the 
primary and secondary air to different degrees. 
Assuming that it is required to preheat the pri 
mary air and not the secondary air, the valves 7 
and 79 are closed. The cold air passes upwardly 
through the main line T0, through the conduit 
78 and into the bustle 28. By regulation of the 
valve 72, the quantity of air required to be pre 
heated is admitted to the bustle 62, and passed 
through the transferrer section. On leaving the 
latter through the bustle 67, the stream of pre 
heated air passes through the open valve 74, into 
the pipe 73 and through the open valve 84 through 
pipe 82 and then into the conduit 77. In this 
instance the valve 85 is closed, and the valve 75 
is closed to such an extent as may be required by 
the quantity of gas required to be passed into 
the conduit T. 
Where it is desired to preheat the Secondary air 

and not the primary air, the valve 79 is opened 
and the valve 80 is closed. Unheated air is Sup 
plied to the conduit TT from the main line 70. 
Air preheated in the transferrer section passes 
through the pipe 69, through the open valve 4 
into pipe 73, thence through the open valve 85, 
through pipe 83 to conduit 78. In this instance, 
the valve 84 is closed and the valve 75 closed to 
such a degree as may be necessary. Intermediate 
temperature adjustments of primary and second 
ary air may be obtained by suitable manipular 
tion of the several valves in the piping System. 

Referring to the roasting of the ore, the initial 
stages of the roasting operation are the most in 
tense and normally take place in the upper part 
of the roasting chamber. It is in this upper pars 
of the chamber that the tendency toward Scar 
formation appears to be most marked, and it 
seems probable that as the proportion of the 
Fe2O3 increases, the tendency toward Scarring 
decreases. On that basis it would appear that 
the provision of the air blanket between the walls 
of the chamber and the burning Suspension need 
only be confined to the upper part of the cham 
ber in order to prevent scar formation, and it 
may be that such is the case in the operation of 
the present method as noted, although the par 
ticular path of the air blanket is more difficult 
to trace the greater its penetration into the fur 
nace. On the other hand it is quite possible that 
the gaseous suspension of fines could be intro 
duced under such pressure, for example, that the 
scar forming stage would occur at a point con 
siderably lower down in the roasting chamber, 
in which event it would be necessary to run the 
air blanket substantially throughout the length 
of the chamber. 

in view of these considerations it is of impor 
tance that the air blanket be interposed between 
the walls of the chamber and the burning pyrites 
While the latter is in a state conducive to scar 
formation, regardless of its relative location in 
the roasting chamber while in that, state. That 
Such is the case in the operation of the present 
method is evidenced by the fact that by suitably 
varying vertically the position of the flange 20, 

& 
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and thereby the volume and to a limited degree 
the direction of the air blanket admitted through 
the mouth 25, the formation of scar under suci. 
variations of the roasting operation as are in 
volved in ordinary industrial practice can be 
eliminated. ? 

Further improvements in the roasting opera 
tion arise from the particular structure of the 
feed mechanism and the arrangement of the pip 
ing system in association with the heat trans 
ferrer section of the burner. In regard to the 
former, the provision of a feed mechanism where 
by the oxidizing gas is radially introduced therein 
serves to avoid the setting up of strong eddy cur 
rents which in some instances, as hereinbefore 
mentioned, tend to direct pronounced streams of 
Ore against some particular portion of the roast 
ing chamber wall. In the present mechanism, 
the mixing of gas and ore is such that the mixture 
formed, on leaving the feed mechanism and after 
the initial expansion of the mixture has taken 
place, passes vertically through the shaft. Small 
individual streams of ore do not assume an in 
clined course, and hence clinkering is reduced to 
a minimum. h- 

Additionally, by manipulation of the valves in 
the piping system as described, the temperature 

15 

20 

of the oxidizing gas entering the feed mechanism. . 
may be controlled. The control of the tempera 
ture of the oxidizing gas permits control of the 
temperature within the roasting chamber. This 
renders the process applicable to the burning of 
a wide variety of sulfide Ores, and permits the 
maintenance of temperatures within the roast 
ing chamber most favorable for the efficient 
roasting of a particular sulfide ore. 
The length of the roasting chamber and the 

Speed of introduction and travel of the fines and 
air should be such that a thorough desulphuriza 
tion is obtained in the passage through the roast 
ing chamber. 
By conducting the roasting operation as de 

30 

35 

40 

scribed, the fines in suspension are quite thor 
oughly desulphurized by the time the cinder and 
gas outlets are reached, and by proper regulation 
of the oxidizing gas pressure, the major portion 
of the desulphurized particles, mainly in the form 
of iron oxide collects in the cinder pit 26 whence 
it is withdrawn through the outlets 27. The gases 
containing the sulfur dioxide passing into the 
dust chamber 45 carry entrained therein an ap 
preciable portion of solid particles, consisting 
mainly of iron oxide which are collected in the 
dust chamber 45. The gases containing the sul 
fur dioxide are drawn from the chamber 45 and 
conducted away for utilization in the production 
of Sulphuric acid, or for other purposes, 
While the invention has been specifically de 

Scribed in connection with the roasting of finely 
divided iron pyrites ore or flotation concentrate, 
the invention is not confined to the use of that 
particular material but is applicable generally to 
the roasting of a wide range of sulfide ores where 
undesirable sintering is involved and "Where it is 
desirable to control the temperature of the roast. 
ing operation. The invention conterplates the 
treatment of different grades of iron and copper 
pyrites, pyrrhotite, zinc blend and sinia ores 
and iotation concentrates of the same. 

claim: 
i. Apparatus of the character described com. 

prising a primary conduit, means for forming in 
Said conduit a mixture of a finely divided material 
in a primary volume of gas, means for ádding ?o 
the mixture a secondary volume of gas and form. 
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ing a suspension of said material therein includ 
ing a gas inlet chamber surrounding the conduit, 
a bustle encircling the inlet chamber, an annular 
passage between the bustle and the chamber 
whereby a secondary volume of gas is introduced 
radially into the inlet chamber, a sleeve forming 
a passage communicating with the inlet chamber 
and projecting beyond the primary conduit, and 
means in said sleeve for deflecting gas passing 
through the passage toward the axis of the pri 
mary conduit. 

2. Apparatus of the character described COm 
prising a primary conduit, means for forming in 
said conduit a mixture of a finely divided mate 
rial in a primary volume of gas, means for adding 
to the mixture a secondary volume of gas includ 
ing a gas inlet chamber surrounding the conduit, 
a bustle encircling the inlet chamber, an annular 
passage between the bustle and the chamber 
whereby a secondary volume of gas is introduced 
radially into the inlet chamber, a sleeve forming 
a passage communicating with the inlet chamber 
and projecting beyond the primary conduit, 
means in said sleeve for deflecting gas passing 
through the sleeve toward the axis of the primary 
conduit, whereby a suspension of said material in 
oxidizing gas is formed, and means associated 
with the sleeve for deflecting a stream of gas from 
the inlet chamber a Way from the axis of the pri 
mary condulit. 

3. Apparatus of the character described corn 
prising a primary conduit, means for forming 
in said conduit a mixture of a finely divided mas 
terial in a primary volume of gas, means for 
adding to the mixture a secondary volume of gas 
for forming a suspension of said material therein 
including a gas inlet chamber surrounding the 
conduit, a bustle encircling the inlet chamber, 
an annular connection between the bustle and 
the chamber whereby a secondary volume of 
gas is peripherally introduced radially into the . 
inlet chamber, and a sleeve Surrounding at least 
a portion of the primary conduit and forming a 
passage communicating with the inlet chamber 
and projecting beyond the outlet end of the pri 
nary conduit for introducing into the mixture 
formed in and discharged from the primary con 
duit a secondary volume of gas. 

4. Apparatus of the character described com 
prising a primary conduit, means for introducing 
finely divided material into said conduit, means 
for adding to the material a volume of gas for 
forming a suspension of said material therein 
including a gas inlet chamber surrounding the 
conduit, a bustle encircling the inlet chamber, 
an annular connection between the bustle and the 
chamber whereby a volume of gas is peripherally 
introduced radially into the inlet chamber, and 
a sleeve surrounding at least a portion of the 
primary conduit and forming a passage cons 
municating with the inlet chamber and pro 
pecting beyond the outlet end of the primary 
conduit for introducing into the material dis 
charged from the primary conduit a volume of 
gaS 

5. Apparatus of the character described com 
prising a primary conduit, means for forming 
in said conduit a mixture of a finely divided 
Irinaterial in a primary volume of gas, means for 
adding to the mixture a secondary volume of 
gas for forming a suspension of said material 
therein including a gas inlet chamber surround 
ing the conduit, a bustle encircling the inlet 
chamber, an annular connection between the 
bustle and the chamber whereby a secondary 

7 
Volume of gas is peripherally introduced radially 
into the inlet chamber and a sleeve, adjustable 
axially of the conduit, forming a passage com 
municating with the inlet chamber and project 
ing beyond the outlet end of the primary con 
duit for introducing into the mixture formed in 
and discharged from the primary conduit a sec 
Ondary Volume of gas. '? V 

6. Apparatus of the character described com 
prising a primary conduit, means for forming in 
said conduit a mixture of a finely divided mate 
rial in a primary volume of gas, means for adding 
to the mixture a secondary volume of gas for 
forming a suspension of said material therein in 
cluding a gas inlet chamber surrounding the con 
duit, a bustle encircling the inlet chamber, an an 
nular connection between the bustle and the 
chamber whereby a secondary volume of gas is pe 
ripherally introduced radially into the inlet cham 
ber; a sleeve, adjustable axially of the conduit, 
Surrounding at least a portion of the primary con 
duit and forming a passage communicating with 
the inlet chamber and projecting beyond the out 
let end of the primary conduit and means in said 
Sleeve beyond said end of the primary conduit 
for deflecting gas passing through the paSSage 
toward the axis of the conduit to thereby intro 
duce into the mixture formed in and discharged 
from the primary conduit a secondary volume of 

, galS. 
7. Apparatus of the character described com 

prising in combination a reaction chamber, feed 
mechanism therefor comprising a primary con 
duit, means for introducing finely divided mate 
rial into said conduit, means for adding to the 
material a volume of gas for forming a suspen 
sion of Said material therein including a gas 
inlet chamber surrounding the conduit, a bustle 
encircling the inlet chamber, a connection be 
tween the bustle and the chamber whereby a 
Volume of gas is introduced radially into the in 
let chamber; a sleeve, adjustable axially of the 
conduit, forming a passage communicating with 
the inlet chamber and projecting beyond the out 
let end of the primary conduit, means in said 
sleeve beyond the end of the conduit for deflect 
ing. gas passing through the passage toward the 
axis of the conduit, and means associated with 
said sleeve for maintaining a layer of gas between 
the walls of the reaction chamber and the ma 
terial therein. 

8. Apparatus of the character described con 
prising in combination a reaction chamber, heat 
transfer means associated with said chamber, 
means for circulating gas through said heat 
transfer means, reaction chamber feed mecha 
nism including meansforintroducing into the feed 
mechanism a primary volume of gas and for 
forming a mixture of finely divided material in 
said primary volume of gas, means for introducing 
into the feed mechanism a Secondary volume of 
gas and for adding to the Said mixture a sec 
ondary volume of gas thereby forming a suspen 
sion of the material in the oxidizing gas; means 
for introducing into the primary volume of gas 
a given quantity of gas circulated through the 
heat transfer means to preheat the primary Wol 
ume of gas to a given degree, means for introduc 
ing into the secondary volume of gas a different 
quantity of gas circulated through the heat trans 
fer means to preheat the secondary volume of 
gas to a different degree to thereby provide 
different degrees of preheat in the primary and 
secondary volumes of gas, and means for in 
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troducing the suspension into the i reactio. 
chamber. 

9. Apparatus of the character described COm 
prising in combination a reaction chamber, heat 
transfer means associated with said chamber, 
means for circulating gas through said heat 
transfer means, reaction chamber feed mecha 
nism including means for introducing into the 
feed mechanism a primary volume of gas and for 
forming a mixture of finely divided material in 
said primary volume of gas, means for introducing 
into the feed mechanism a secondary volume of 
gas and for adding to the Said mixture a Sec 
Ondary volume of gas, thereby forming a Sus 
pension of material in the gas; means for in 
troducing into the primary volume of gas a, 
given quantity of gas circulated through the heat 
transfer means to preheat the primary volume 
of gas to a given degree, means for introducing 
into the secondary volume of gas a different 
guantity of gas circulated through the heat trans 
fer means to preheat the secondary volume of gas 
to a different degree to thereby provide different 
degrees of preheat in the primary and secondary 
volumes of gas, means for introducing the sus 
pension into the reaction chamber, and means 
for maintaining a layer of gas between the Walls 
of the reaction chamber and the gaseous sus 
pensior therein. 
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10. Apparatus of the character described con 

prising in combination a reaction chamber, eat 
transfer means associated in heat transfer rela 
tion with said chamber, means for circulating 
oxidizing gas through said transfer means in 
quantity to remove variable amounts of heat 
from the reaction chamber to control the tem 
perature thereof, reaction chamber fe3d anech 
anism including means for introducing into the 
feed mechanisn a primary volume of gas and 
for forming a mixture of finely divided material 
in said primary volume of gas, means for intro 
ducing into the feed mechanisrin a Secondary 
volume of gas and for adding to the said mixture 
a secondary volume of gas, thereby forming a 
suspension of material in the oxidizing gas; means 
for introducing into the primary volume of gas 
a given quantity of gas circulated through the 
heat transfer means to preheat the primary Wo 
ume of gas to a given degree, means for intro 
ducing into the Secondary volume of gas a, 
different quantity of gas circulated through the 
heat transfer means to preheat the Secondary 
volume of gas to a different degree to thereby 
provide different degrees of preheat in the pri 
mary and secondary volumes of gas, and Ineans 
for introducing the suspension into the reaction 
chamber. 
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