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stage.
‘that the -oxidation:of ithe «vaporized sulfur from
the'initial ore is substantidily-segregated:from:the
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The present invention is directed to a method
for roasting sulfide ores, particularly pyrites.

-In the roasting -of sulfids ores, of ‘which pyrites
is the most commmonly employed, for the produe-

-tion of SC2 for use as suck or for conversion to

its salts, the principal objective is to produce a
gas substantially free from SOz, -excess .oxygen
and sulfur vapor. Sulfur vapor, if contained in

‘the final product, condenses on cocling surfaces
-when it is sought to liquefy the SO2 and inter-

feres with cooling. Excess oxygen oxidizes 802

-to 803 when the SOz is-dissolved-in agueous solu-

tion as such or in the form of sulfites:or bysulfites.
Hitherto difficulty has been encountered in

-achieving this objective.

The prineipal chiect-of the present-inventionis
the provision of a method for producing from
sulfide ores ‘SOz substantially free from 803, free
oxygen and elemental sulfur.

Another objective in the roasting of sulfide: -ores
is the complete recovery of the sulfur from the
ore. In the case of pyrites, this-is particularly

important hecause the presence of residual sulfur

in the cinder renders the latter unusable for
many purposes, for exampile, as ¢harge'to an-iron
blast furnace or as & catalyst or -catalyst ‘base.
Ii is-an additional object of ‘the present invention
to insure substantially cemplete elimination -of
sulfur from the sulfide ore. '

EBriefly, in the method of the present invention,

‘the sulfide ore is processed in finely divided form.
It is preferred that the ore ‘be ground to a size
such that substantially all of it will pass through
160 mesh screen. For the best performance the
ground ore should include 3 'wide range of particle

‘sizes ranging upwardly from -about 20 microns to
‘about 100 mesh with a'large proportion of mate-
1ial between about 200 .and 400-mesh.

In essence, the method of the present invention
resides in the processing of ‘the ore'in-stages, the
initial distillation and partial oxiddtion occurring
in a first stage with the finely ground ore in.a

‘fiuidized condition, the residual ‘partially oxidized

ore heing further oxidized in a'second. stage, again

‘in a fluidized condition so .as to’bring the sulfide
content down to a very‘low level,-and the:residugl

ore from this stage béing:subjected t0-a ¢lean-up
It is a -feature ‘of -the -present ‘invention

distillation step proper. Another feature-of the

‘present inverntion -is‘that sintering ‘temperatures
:are avoided at all points-where solids-are present.
. Other:features-of :the ;present invention -willhe.
-evident:from thefollowing detniled-description-of s depicted fordllustrative purposes only.
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the accompanying drawing in which the single

figure is a front elevation in diagrammatic form

of a plant suitable for the practice of the present

invention.

Referring to the drawing in detail, numeral |
designates a hopper for ground sulfide ore having
8 drop leg 2 which discharges into the bottom

‘portion of a vessel 3 which may he termed a dis-

tillation zone, The drop leg is provided with a
suitahle feed control valve 4 and may also be pro-
vided ‘with suitable aeration jets so as to main~
tain the powdered material therein in an aerated
eondition.

The vessel 3 is provided near its bottom, pref-
erably below the point of entry of the drop leg 2,

with a grid or'grate 5 below which is an inlet line

6 for air, pure oxygen, or oxygen-enriched gas.
At its upper end the vessel 3 is provided with an
internal eyclone T having a dip leg 8 which termi-
nates at a point in the reactor where the solid is
present in the form of a dense suspension. ‘To
achieve such a suspension, the velocity of the gas

introduced through line 6 through the vessel is

maintained at a wvalue between about 1% and 5
ft./second, preferably about 1 and 3 ft./second.
At veloeities in this range the powdered material
existsin the form of a dense, fluidized suspension

having g definite upper level such as indicated

by9. By denseis meant a suspension containing

-at least 6% by volume of solid, and, pr eferably,
'between 10 and 25% by volume of solid. ‘The
-exact density of the suspension will depend on
the rate of the feed of the solid as well as on the

velocity of the gas. With enough solid in the
zone to. provide a given density at a given velocity,

this density can be maintained by feeding solid

at the same rate at which it is withdrawn from
the vessel.

Vessel 3 is also provided with a dense phase
drawoff {8 which in the embodiment shown is in
the form of a duct arranged along one side of the
vessel ‘hayving its open upper end terminating at

ahout the level desired for the dense phase in the
reactor so that solid material can overfiow from

the dense phase into the drawofl. Suitable aer-

ating jets 11 are provided along the duct 10 to
‘maintain the material therein in an aerated con-
dition.

Vessel 3 is -also provided with an internal coil

42 -through -which may be circulated a cooling
medium suitably selected with regard to the tem-
‘peratureto ‘e maintained in the vessel 3.
be-understood that other forms of heat eychanve
devices may be employed and that a simple coil is

It will
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Air or other oxygen-containing gas enters the
system at several points. One of these points
is designated by 13. Gas from this point of
entry supplies the inlet 6 and, by suitable ma-
nipulation of valve (4, also helps to supply line
15 which discharges into a line which is a2 con-
tinuation of drawoff duct 10. By suitable ma-
nipulation of valves (6 and (1. air from this
source may also be divided between inlet line
6 and line I8 which connects with a line I§ con-

|10

ducting gas from the upper end of vessel 3 to -

an upper burning chamber 20. A supplemental -

supply of air or other oxygen-containing gas

4
with oxidation of FeS occurs at or near the point
of distillation of the sulfur. The high heats
of reaction cause high localized temperature, re-
sulting in well recognized sinfering difficulties.
The system of the present invention segregates
final sulfur vapor oxidation from the distillation
zone but furnishes the heat of distillation by par-

“tial combustlon of sulfur vapor and of FeS in

vessel 3.
In the operation of the present invention, all
distillable sulfur is removed from the solid in

. vessel 8. In order to insure this result enough
air is fed upwardly through the vessel to burn

may be introduced into the system at this- pomt -

through line 2f.
The chamber 20 may assume any de51red form

and may be, as shown, filled with packing.22;
such as Raschig rings, ceramic balls, or the like,

15

resting on a grate or grid 23. It is preferred that -

the gases entering chamber 20 pass through a
‘mixing device 24 so as to insure thorough mixing
‘of the components.

. Combustion gas leaves the upper end of bum-

20

ing zone 20 through a line 25 which passes .

through a heat exchanger 26 and thereafter
‘connects with line 15 through valve 27.

The fluidized solid leaving vessel 3 thlough
duct {8 passes through a confinuation of this
duet, in which its movement-is facilitated by gas

-entering through line 15, and discharges through .

-a funnel-shaped member 28 covered with a suit-
‘able grid 29 into a vessel 36, which may be simi-
lar in construction to vessel 3. This vessel:is also
-provided with internal cooling means represented
by coil 31 and with an internal cyclone 32 hav-
ing a dip leg 33 extending below the level 34 of
the suspension of fluidized solid maintained in
this vessel. Gas leaves the upper end of this
-vessel through a line 35 which passes through
-a heat exchanger 36 and thence to storage or to
recovery apparatus in which 11; is . further
-processed.

Solid material leaves the bottom of the ‘vessel
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-30 through a star feeder 37 which discharges the .

solid into the upper portion of a vessel 38.
is'a clean-up vessel in which residual sulfur is
removed from the ore. In the embodiment
-shown, this vessel is filled with packing 39 in the
form of Raschig rings, ceramic balls, or the like,
resting on a grate or grid 40. Hot air or other
‘oxidizing gas is fed into the bottom of  this
vessel through line 41 which receives this gas
from a loop 42 which includes’ both preheaters
26 and 36 and which receives fresh gas through
11ne 43.

Vessel 38 is also provided at various levels
W1th cold air inlets 44. Gas leaves the upper end
of vessel 38 through line 45 and may be conducted
by suitable manipulation of wvalve 46 through
vessel 30 or, by suitable manipulation of valve
47 and valve 48, to line (8.
stood that part of this gas may, if desired, be
caused to pass through vessel 3. Residual Fe20z
is removed from the bottom of vessel 38 through
bottom drawoff line 48.

The first thing that happens when FeS: is

heated is distillation of half the sulfur. -The
burning of this sulfur is difficult in that it must
be completely mixed with air and even then oxi-
dation to SOz is relatively slow unless the tem-
perature level is very high. Modern sulfur
burner desigh provides for these conditions, but
‘excess air is always required for complete.com-
Dbustion and some SOs formation results.--In a
pyrites roaster much sulfur oxidation tegether

It will be under- -
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‘preferably, more than 5%.

moved from-the solids.

the FeO to Fe:0s.
formed in addition to SOz The temperature in
4his:vessel must be high, limited only by the
sintering temperature of the solid. 'The oxidiz-

--some of the FeS to FeO, thereby providing heat

for the distillation of sulfur from FeS:. As a
feature of the invention, the duct {0 together
with its connecting pipe are sufficiently long so
that if there is any FeSz left in the solid leaving
vessel 3 it will react with the FeO contained in
the solid to produce PeS and SO:2. Thus, it is

‘desirable to conduct the operation in vessel 3 so

that some FeO will be formed and to maintain

.at.-least in the duct 10 a sufficiently high tem-

perature to support the reaction between FeS:z
and FeO.- The completion of this reaction in
the duct prevents the entry of FeS: into vessel
360 and the sublimation of sulfur from this vessel.

.." The temperature in vessel 3 should be main-
‘tained below 2000° F. and preferably below 1800°

F. by suitable removal of heat by the indirect
heat exchanger. The maximum temperature

.permissible in this vessel is just below that at
which the ore will sinter.

Sufficient air or other oxygen-containing gas

‘is fed to burner 20 to assure complete oxidation

of all distilled sulfur. This requires some excess
-oxygen and introduces some SO into the off-gas

Arom burner 26. - High combustion temperatures

can be used in burner 20 because there is no solid
present in this vessel to sinter other than what-
-ever.packing which may be employed which will
be sultably selected to withstand whatever tem-
perature is maintained. The gas leaving the

‘burner 20 contains oxygen, SOz, SOz and nitro-
_vgen if air has been employed. This gas should

contain at least 2% by volume of oxygen and
The oxygen content
of this gas can be regulated by controlling the
feed of oxygen-containing gas to burner 20.

The solid passing from vessel 3 o vessel 30 is
pr1mar1ly a mixture of FeS and FeO. Vessel 30

1s also.maintained at a temperature below 2000°

P. and préferably below 1800° F., the top tem-
Derature again being regulated by the sintering
temperature of the ore. The composition of the
solid mixture passing from vessel 3 to vessel 30
is contirolled by regulating the supply of oxygen-
containing gas to vessel 3. The gas recovered
from vessel 30 is primarily sulfur dioxide, mixed

‘with nitrogen, if air has been employed.

The solids passing from vessel 30 to vessel 38
will consist primarily of FPeO with a small but

‘definite amount of FeS. This content of FeS is

deliberately preserved in vessel 30 so as to pre-
clude the formation of SOs in this vessel. Iis

‘presence also insures that the off-gas from vessel
390 will be free from oxygen.

In vessel 38 the last traces of sulfur are re-
To achieve this, strong
oxidizing conditions must be maintained, that
is,: oxygen in excess of that required to carry
Therefore, some SOz will be
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ing gas and the solids in vessel 38 should pass
countercurrent to each other and this may be
assured by providing packing in this vessel. In
order to prevent run-away of temperature in this
vessel, cold air may be introduced through the
inlets 44 at spaced points. In fact, most of the
air will be inftreduced at these spaced points.
The quantity of air entering at the hottom is
relatively small in amount but should be hot in
order to strip all sulfur compounds from the
Fex03 cinder. The temperature of this air enter-
ing the botiom should be at least 1500° P. and
preferably above 1860° 7., the maximum being
the fusion point of the cinder.

It will be apparent that the present invention
is susceptible to considerable change without
suffering any essential change in character.
Wherever packing has been recommended in the
processing of solids, it will be apparent that trays
and bubble caps with downcomers can be used
as an alternative. Counsiderable control of the
process has been made possible by the various
connections from vessel to vessel permitting ad-
justment of the compesition of the gas passing
through any particular vessel. It will be under-
stood that the vessels do not have to have the
exact relationships shown so long as the sequence
of operations is substantially observed. While
vessels 8 and 30 have been illustrated as the
bottom drawof itype with internsil cyclones, it
will be apparent that the operations in these
vessels can be so conducted that the solids pass
off overhead to external eyclones or other suitable
separators for solids and geses.

The nature and objects of the present inven-
tion having thus keen set forth and a specific
illustrative embodiment of the same given, what
is claimed and desired to be secured by Letters
Patent is:

1. A process for roasting 2 metal suifide which
liberates suifur on heating which comprises sus-
pending the s ely divided form in a
zone in an tream of oxidizing gas
hav o maintain the suifide
: snsion, regulating the

o 1 izing character of the
upilowing d zone =0 as to insure the
rormation amount of metal oxide in
said zone whers ur iz liberated from said

ated sulfur from said
1 oI gas, separately
d from said zone,
under controlled

tiber

ation zone in said sty
rewiovinig finely divided
burning said removed sulfur
conditisns 1o produce 2 minimum of S0s3, com-
bining the combustion gas so preduced with the

finely divided id removed from caid zone,
feeding the mizture to a roasting zone, main-
taining th 7 divided solid in said reesting

zone in the form: ¢f a denge, fluidized mixture in
an upflowing stream of oxidizing gas, adjusting
the temperalure, the oxidizing sharacter of the
gas and the sclid cenlent in said rcasting Zone
so ag to convert substantially ail of the metal
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sulfide to metal oxide while preserving a minor
amount of metal sulfide in said solid suspension
and withdrawing from said roasting zone a gas,
ihe sulfur content of which is in the form of SOs,
and finely divided solid predominantly composed
of metal oxide and containing a minor amount of
metal sulfide.

2. A method according to claim 1 in which the
sulfide is FeS: and the solids passing from the
distillation zone to the roasting zone are main-
tained at an adequate temperature for sufficient
time to permit the FeO contained therein to
react with any FeSq contained therein.

3. A method according to claim 1 in which the
metal sulfide is pyrites.

4. A method according to claim 3 in which the
soiid recovered irom the roasting zone is sub-
jected to a high temperature treatment with an
oxidizing gas to reimmove the sulfur substantially
completely therefrom.

5. A method according to claim 4 in which the
clean-up operation ig performed by passing the
finely divided solid through a packed zone
countercurrent to the oxidizing gas.

6. A method according to claim 5 in which
cold air is introduced into said packed zone at
different levels therecf in amounts sufficient to
maintain the temperature within a selected level.

7. A method according to claim 6 in which the
temperature in all stages in which solid is present
is maintained below the sintering temperature of
the solid.

8. In a process for distilling FeS:z to produce
therefrom a vapor containing principally sulfur
with small amounts of SOz the improvement
which comprises feeding solid FeS:z in finely-
divided form to a bottom portion of a distillation
zZone, passing an oxygen-containing gas upwardly
through said bottom portion of said distillation
zone at a rate such as to maintain the finely-
divided solid in the form of a dense fluidized bed
having a weil-defined upper level, adjusting in
said zone the temperature, FeS2 content and the
amount of the oxygen-containing gas to burn
sufficient sulfur contained in the FeS:2 to supply
adequate heat for distilling sulfur from said
FeSz, withdrawing a vapor containing principaliy
sulfur with small amounts of SOz from an upper
end of said distillation zone and withdrawing a
stream of finely-divided solids containing prin-
cipally FeS from the upper level of the fluidized
bed.

WARREN K. LEWIS.
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