
0. 

20 

25 

30 

hydrogen sulfid in the presence of sulfur 

45 

55 

NITED STATES PATENT (OSCE, 
RAYINIOND F. BACON, OF PITTSBURGH, PENNSYLVANIA, ASSIGINOR, 8 MESNE ASSIGN. 

WIENTS, TO INIETALS RECOVERY COIAEANY, A. COR2ORATION OF VIANE. 

PROCESS OF TREATING OBES. 

A 19,589. 
No Drawing. 

To all whom it may concern: 
Be it known that I, RAYMOND F. BACON, 

a citizen of the United States, residing in 
Pittsburgh, Allegheny county, State of 
Pennsylvania, have invented certain new 
and useful Improvements in Processes of 
Treating Ores; and I do hereby declare the 
following to be a full, clear, and exact de 
Scription of the invention, such as will en 
able others skilled in the art to which it ap 
pertains to make and use the same. 
This invention relates to the treatment of 

non-sulfid ores, and ores containing non 
sulfid metal constituents, in order to make 
the same amenable to flotation methods of 
concentration, and to the subsequent con 
centration thereof by flotation. 

It has heretofore been proposed to effect 
the flotation and separation of oxidized or 
other non-sulfid ores from the gangue with 
which they are associated by first convert 
ing the ores into sulfids by treatment with 
soluble sulfids, and then subjecting the sul 
fidized ore to flotation methods of concen 
tration. 
The process of the present invention is an 

improvement upon such prior processes and 
also an improvement upon the colloidal sul 
fur flotation process of my Patent No. 
1,140,865, granted May 25, 1915, and it in 
volves the conversion of such non-sulfid ores 
into sulfids, and the production of colloidal 
sulfur therein, by treatment of the ores, 
either simultaneously or successively, with 
sulfur dioxid and hydrogen sulfid; where 
by the ores are subjected to the action of 
dioxid and the sulfidation of the ore and the 
formation of colloidal sulfur effected by a 
single operation. 
The invention will be more particularly 

described in connection with the treatment 
of copper oxid ores, but it will be under 
stood that such description is intended to 
be illustrative of one embodiment of the in 
vention, and that other copper ores, such as 
carbonate ores, or ores containing mixed 
oxids, carbonates, silicates, sulfids, etc., as 
well as ores of other metals such as Zinc, lead, 
etc., or mixed ores of two or more metals, can 
be treated in a more or less similar manner. 
Accordingly, while the description of the in 
vention is of a more or less specific nature, 
the invention is of a more comprehensive 
nature, being applicable to many different 

Specification of Letters iPatent, 

ing proportions, 

Patenated Sept. 2, 1916. 
Application filed June 28, 1915. Serial so. 38,698. 

Ores, which are referred to, generically, as 
non-sulfid ores. 

In practising the invention, various alter 
native methods of procedure may be fol 
lowed, depending upon the nature of the 
Ore treated, its physical condition, etc. As applied to copper oxid ores, the following 
equations illustrate the various reactions, 
which, under proper conditions, may take 
place: 
(1) CuO +SO, +3HS-> CuS+3S-3HO 
(2) CuO +SO,-CuSO, 
(3). CuSO, +HS as CuS+SO,--HO 
(4) CuSO3HS -- CuS+3S-3HO 
(5) Cu0+HS --> CuS+H,C 
(6) SO, +2HS - 3S-4-2HO 

If the ore is first treated with sulfur di 
oxid in sufficient amount to convert all the 
copper to Sulfite, the Subsequent treatment 
With hydrogen sulfid in the presence of sul 
fur dioxid already present in a free or 
combined form will precipitate the copper 
as Sulfid and will farther set free co 
loidal sulfur within the pulp. The precipi 
tate in such case will be physically separated 
from the gangue and the subsequent flota 
tion will be correspondingly facilitated. It 
is not essential, however, that the metal 
values be completely dissolved before pre 
cipitation, although such procedure may be 
more advantageous with some ores. Where 
complete solution is not desired, a smaller 
amount of sulfur dioxid is tised. 
solved metal will still be precipitated as 
sulfid, and colloidal sulfur set free, al 
though the Suifidizing reaction may be much 
less complete. With many ores, it is not es 
Sential that there should be complete sul 
fidizing, since a partial or superficial still 
fidizing may be sufficient. 
Where the sulfur dioxid and hydrogen 

sulfid are used simultaneously the resulting 
reaction may be that of the first equation 
above, or that of all of the equations in vary 

Thus there may be real 
ized a direct sulfidizing without solution, or 
with only temporary or transitory solution. 
Again, there may be direct combination of 
the sulfur dioxid and hydrogen sulfid to give 
colloidal sulfur, particularly where these re 
agents are used in excess. 
Where the ores require a preliminary 

crushing or grinding, as is the case with 
most ores, the sulfur dioxid can be added 110 
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sulfur, will take place. 

at the time of wet crushing, as by using an 
aqueous solution, and the treatment with 
hydrogen sulfid, either with or without fur 
ther treatment with sulfur dioxid, Subse 
quently effected. Where the ores are in the 
form of slimes or tailings, and grinding or 
crushing is not necessary, hey may be mixed 
with water to form a pulp of suitable con 
sistency, and the reagents added to this ulp. 
O E. ores treated may be treated cold with 
the coid reagents, either in gaseous form or 
in solution, or the ores may be heated, as 
by the use of hot smelter fumes containing 
the sulfur dioxid, and the reaction thereby 
facilitated. v 

The amount of sulfur dioxid and hydro 
gen sulfid required will necessarily vary 
with different ores, as well as with the par 
ticular method of use and the result desired. 
A partial or superficial conversion of the 
metal values may be sufficient, and a rela 
tively small amount of added colioidal sui 
fur may sufficiently facilitate the subsequent 
fiotation; while by prolonging the treat 

' ment, a more complete conversion into Sui 
fids, and a jarger production of colloidai 

With ores already 
of a sulfid nature, but containing oxid or 
other non-sulfid metal constituents, a corre 
sponding conversion of Such non-sulfid con 
stituents is all that is necessary. By avoid 
ing an excess of sulfur dioxid, or by the use 
of hydrogen suid with it, the sulfids are 
protected from Soitation. It is also possible, 
by the use of a suitable excess of sulfur di 
oxid, so effect, a Selective sulfidation of cer 
tain metal constituents, without complete 
sulfidation of the netal values. 
The sulfur dioxid imay be used as a gas, 

and passed into the ore pulp, or it may be 
used in aqueous Solution, as sulfurous acid. 
A convenient form is Smelter fumes, con 
taining it in variable amount, mixed with 
air and other gases. More or less sulfur 
trioxid may also be present and may form 
sulfuric acid when absorbed by water, but 
such acid in small amounts will assist in dis 
Solving the ore as sulfate which will be 
subsequently converted into sulfid by the hydrogen sulfid. 
By using hot Smelter fumes, as already 

pointed out, the Ore pulp can be heated and 
the reaction thereby facilitated. 
The hydrogen sulfid can be produced by 

any suitable process, e. g., by a reducing 
roast 9 sulfid ores, or by burning sulfur di 
oxid with an excess of a suitable reducing 
gas. It may be used either as a gas or in 
Solution in suitable solvents, e.g., as a solu 
ble sulfid such as a sodium or potassium sulfid. 
The production of the colioidal sulfur 

within the pulp, from the same reagents 
used in the Staliidizing process, results in 2, 
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particularly intimate intermixture of the 
Sulfur and sulfid which is made use of to 
advantage in the subsequent flotation pro 
cedure. . 

It will, of course, be understood that the 
pulp, during treatment, can be suitably agi 
tated, and that various forms of apparatus can be employed. 
The ore should, in general, be ground fine 

enough to separate the metal particles from 
the gangue, but where complete solution of 
the metal values is effected, this is not so 
important. In fact, with some ores, the 
metal and gangue is present in an exceed 
ingly intimate state of intermixture, and it 
may be advantageous to effect complete solu 
tion of the metal values and thus separate 
them from the gangue and precipitate them from Solution as physically separate parti 
cles. 

If, during the later stages of the process, 
there is an excess. of hydrogen sulfid or 
other Soluble sulfid present, such as might. 
prejudice the flotation process, this can be 
neutralized by further amounts of sulfur 
dioxid, and it is advantageous that it should 
be so neutralized and that the ore pulp 
should have an acid character, as described 
in my prior Patent No. 1,140,866. 
After the ore has been sufficiently sui 

fidized, and the colloidal sulfur has been 
formed therein, it is subjected to flotation 
in order to separate the metal values from the gangue, 
Where the ore is a simple copper oxid or 

carbonate ore, and the copper can be sep 
a rated physically from the gangue by suit 
able crushing, it is possible to convert the 
copper oxid or carbonate either superficially 
or completely into sulfid. A superficial sul 
fidizing is sufficient in such case, and it is 
not necessary that the copper should first 
be dissolved. Where, however, the ore is so 
intimately blended with the gangue that 
physical separation by crushing is impossi 
ble or imperfect, it may be more advanta 
geoils to effect complete solution of the cop 
per as sulfite by treatment first with the 
Sulful' dioxid and subsequently with hy drogen sulfid. 
With ores containing different metals such 

as copper, lead and zinc, it may be advan 
tageous to effect complete solution of the 
copper and zinc, without effecting solution 
of the lead. To the extent that sulfuric 
acid is present, due to oxidation of the sul 
fur dioxid or the presence of sulfur tri 
oxid mixed with the sulfur dioxid, the lead 
will be in part converted into the insoluble 
Sulfite and in part into the insoluble sulfate. 
Subsequently, upon treatment with hydro 
gen suifid, the copper will be precipitated 
as Suifid and the lead will be to a greater or 
less extent also converted into sulfid, while 
the zinc Willi 'emain in solution so long as 
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the solution is acid. By then subjecting the 
ore to flotation it is possible to separate the 
copper sulfid, together with lead sulfid, from 
the zinc. By a subsequent precipitation of 
the zinc with an alkaline sulfid which will 
neutralize the excess acid, the zinc can be 
converted into sulfid and then separated by 
a subsequent flotation treatment. As such 
alkaline sulfids, may be mentioned sodium 

16 sulfid, calcium sulfid, etc. 
With ores containing copper and nickel, 

the nickel will remain in solution in the 
presence of an excess of acid while the 
copper will be precipitated by the hydro 

15 gen sulfid. The present invention accord 
ingly enables the separation of copper from 
nickel by the combined fractional precipita 
tion and flotation treatment. 

In all of these various procedures, the 
20 flotation treatment is materially promoted 

and improved by the colloidal sulfur pres 
ent, as more fully pointed out in my prior 
Patent No. 1,140,865. The process of the 
present invention is an improvement upon 

25 such colloidal sulfur flotation process of my 
said prior patent in that it involves the 
treatment of non-sulfid ores and constituents 
with sulfur dioxid and hydrogen sulfid, 
simultaneously or successively, whereby the 

30 conversion of the ores into sulfids and the 
formation of colloidal sulfur is effected in a 
particularly advantageous manner, and the 
sulfur and sulfids formed in a most intimate 
state of intermixture. 

35 in separating the sulfur and sulfids from 
the gangue by flotation, the pulp may be 
subjected to aeration, with agitation, and 
the flotation thereby effected; or a small 
amount of oil can be beaten into the pulp 

40 together with air, and a froth thus obtained. 
In either case, the flotation is materially 
improved by the presence of the colloidal 
sulfur and by the nature and composition 
of the pulp which is subjected to the flota 

45 tion treatment. Where oil is used, a smaller 
amount is required to give a froth of proper 
consistency than where colloidal sulfur is 
not present. Some ores are too poor in 
metal values to form a coherent froth with 

50 oil in the oil fiotation process. With such 
ores, the fiotation is improved by the pres 
ence of the colloidal sulfur. The flotation 
is also improved by the intimate nature of 
the intermixture of sulfur with the sulfids. 

55 From the above description, it will be 
seen that the invention is of more or less 
general application both to the treatment 
of completely oxidized ores, and to the 
treatment of ores only partially oxidized. 

60 it will also be seen that other non-sulfid ores 
can be treated in a similar manner, and 
that in some cases the procedure may be 
one of complete solution and precipitation, 
while in others it may be one of sulfidization 

65 without such complete solution. It will also 

be seen that the reagents employed are sim 
ple and readily produced in amounts neces 
Sary for commercial operations, from the 
various roasting operations of the sulfid 
Ores themselves. It will also be seen that 
the process is capable of many different ap 
plications in the art, and accordingly that 
many variations and modifications can be 
made in the invention as described, without 
departing from its spirit and scope, as set 
forth in the accompanying claims. 
What I claim is: 
1. The method of effecting the separation 

of non-sulfidores from associated gangue, 
which, comprises subjecting the mixture, in so 
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75 

a finely divided condition, to the action of 
hydrogen sulfid in the presence of sulfur 
dioxid and thereby converting the metal 
values into Sulfids and forming colloidal 
sulfur within the mixture, and subjecting 85 
the resulting mixture to a flotation treat 
ment; Substantially as described. 

2. The method of effecting the separation 
of non-sulfidores from associated gangue, 
which comprises subjecting the mixture, in go 
a finely divided condition, to the action of 
hydrogen sulfid in the presence of and 
thereby converting the metal values into 
Sulfids and forming colloidal sulfur within 
the mixture, and subjecting the resulting gs 
mixture to a flotation treatment; substan 
tially as described. 

3. The method of effecting the separation 
of non-sulfidores from associated gangle, 
which comprises subjecting the mixture, in loo 
a finely divided condition, first to the action 
of sulfur dioxid and thereby effecting solu 
tion of metal values as sulfites, then subject 
ing the mixture to the action of hydrogen 
'Sulfid and thereby precipitating dissolved to 
metal values as sulfids and forming colloidal 
sulfur within the mixture, and finally sub 
jecting the resulting mixture to a flotation 
treatment; Substantially as described. 

4. The method of effecting the separation 
of non-sulfid ores from associated gangue, 
which comprises subjecting the mixture, in 
a finely divided condition, first to the action 
of Sulfur dioxid and thereby effecting sub 
stantially complete solution of the metal 11 
values as sulfites, then subjecting the mix 
ture to the action of hydrogen sulfid and 
thereby precipitating the dissolved metal 
values as sulfids and forming colloidal sui 
fur within the mixture, and finally subject- 12 
ing the resulting mixture to a flotation 
treatment; substantially as described. 

5. The method of effecting a selective 
Separation of the constituents of non-sulfid 
Ores fron associated gangue and from each 125 
other, which comprises subjecting the mix 
ture, in a finely divided condition, to the 
action of hydrogen Sufid in the presence of 
Sulfur dioxid, and maintaining an excess of 
sulfur dioxid and 8.5. acid reaction within 30 
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the mixture, and thereby forming colloidal 
sulfur within the mixture and converting 
into sulfids metal constituents forming sul 
fids insoluble in the acid, and finally sub 
jecting the resulting mixture to a flotation 
treatment; substantially as described. 

6. The method of effecting a selective 
separation of the constituents of non-sulfid 
Ores from associated gangue and from each 
other, which comprises subjecting the mix 
ture, in a finely divided condition, to the 
action of sulfur dioxid and thereby effecting 
substantially complete solution of the metal 
values as sulfites, then subjecting the mix 
ture to the action of hydrogen sulfid and 
maintaining an acid reaction within the 
mixture, and thereby forming colloidal sul 
fur within the mixture and precipitating as 
sulfids metal constituents forming sulfids 
insoluble in the acid, and finally subjecting 
the resulting mixture to a flotation treat 
ment; substantially as described. 

7. The method of effecting the separation 
of copper oxid, carbonate, and other non 
sulfid ores from associated gangue, which 
comprises subjecting the mixture, in a finely 
divided condition, to the action of hydrogen 
sulfid in the presence of sulfur dioxid and 
thereby converting the copper, into sulfid, 
and forming colloidal sulfur within the 
mixture, and subjecting the resulting mix 
ture to a flotation treatment; substantially 
as described. 

8. The method of effecting the separation 
of copper oxid, carbonate, and other non 
sulfid ores from associated gangle, which 
comprises subjecting the mixture, in a finely 
divided condition, to the action of hydrogen 
stifid in the presence of sulfur dioxid and thereby converting the copper, superficially 
or completely, into sulfid, and forming col 
loidal sulfur within the mixture, the sulfur 
dioxid being used in excess to make the mix 
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ture acid at the end of the reaction, and Sub 
jecting the resulting mixture to a flotation 
treatment; substantially as described. 

9. The mehod of effecting the separation 
of constituents of non-sulfid ores from as 
sociated gangue, and of effecting a selective 
separation of zinc from lead, copper, and 
other metal constituents forming acid-in 
soluble sulfids, which comprises subjecting 
the mixture, in a finely divided condition, to 
the action of hydrogen sulfid in the presence 
of sulfur dioxid, and maintaining an excess 
of sulfur dioxid and an acid reaction with 
in the mixture, and thereby forming col 
loidal sulfur within the mixture and con 
verting the lead, copper, and other metals 
forming acid-insuloble sulfids, into sulfids, 
Without converting the zinc into Sulfid, and 
finally subjecting the resulting mixture to a 
flotation treatment; substantially as de 
scribed. - 

10. The method of effecting the separa 
tion of constituents of non-sulfid ores from 
associated gangue, and of effecting a selec 
tive separation of zinc from lead, copper, 
and other metal constituents forming acid insoluble sulfids, which comprises subjecting 
the mixture, in a finely divided condition, 
to the action of sulfur dioxid and thereby 
effecting substantially complete solution of 
the metal values as sulfites, then subjecting 
the mixture to the action of hydrogen Sul 
fid and maintaining an acid reaction within 
the mixture, and thereby forming colloidal 
sulfur within the mixture and precipitating 
the copper, lead, and other metals forming 
acid-insoluble sulfids, as sulfids without pre 
cipitating zinc sulfid, and finally subjecting 
the resulting mixture to a flotation treat 
ment; substantially as described. 
in testimony whereof affix my signature. 

RATyOND F. BACON 
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