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1. Cains. 

This invention relates to the froth flotation 
Separation of sulfide minerals wherein certain 
fiotation promoting agents are employed to fa 
cilitate Separation and recovery. The principal 
object of the invention is to improve many such 
operations. 

I have discovered that better recoveries of con 
tained values and cleaner concentrates can be 
Inade from ores containing lead, copper, zinc, iron 
and other sulfides, by the use as promoters of 
certain derivatives or reaction products from 
thiocarbanilid (diphenyl thiourea) which prod 
lucts are to be used in addition to the usual Or 
preferred frothing, inhibiting and activating 
agents which may be required. Subject matter 
herein disclosed but not claimed will be found in 
ny copending application Serial No. 11,997. 
The products or derivatives employed accord 

ing to the present invention are very finely di 
vided precipitated substances obtained by dis 
solving thiocarbanilid in fairly concentrated sul 
furic acid and pouring into or otherwise com 
mingling the solution with water. There forms 
a very fine precipitate which may be defined as 
peptized or partially peptized and is especially 
adapted for Suspension in flotation pulps par 
ticularly since it acts as a highly efficient flota 
tion promoter for sulfides. This precipitated 
derivative is much finer than thiocarbanilid and 
becomes highly dispersed upon addition to any 
flotation pulp, whether acid, alkaline or neutral. 
While it may be classed as substantially insoluble 
in Water as is thiocarbanilid, it is nevertheless 
more soluble in water than is thiocarbanilid. 
Perhaps it is this greater solubility which renders 
it much more valuable for flotation purposes than 
thiocarbanilid, or perhaps it is a different chem 
ical constitution or rearrangement. The prod 
uct described may be separated and prepared in 
a dry form which will be added to the flotation 
pulp at any stage or to the grinding mill for the 
ores being treated, or it may be added as a paste 
containing water or a quantity of the solution or 
liquor in which it was precipitated, or it may be 
added while still suspended in the liquor in which 
it was precipitated so long as the acid content be 
not objectionable or it may be added as a solu 
tion of thiocarbanilid in sulfuric acid. Again 
these materials may be distributed. On a carrier 
such as an inert carrier like diatomaceous earth, 
and the carrier supplied wet or dry to the flota 
tion pulp or grinding mill, in addition of course 
to any necessary frothing agents and the like. 
The invention therefore may be stated as re 

siding broadly in the use in froth flotation proc 

(C. 209-66) 
esses, particularly processes for the differential 
separation of various sulfides, of the very finely 
divided derivatives or reaction products precipi 
tated in water from a sulfuric acid solution of 
thiocarbanilid, and having much greater efficiency 
than thiocarbanilid, and being much finer in 
physical form than thiocarbanilid. It extends 
also to the use of the products in paste form, or 
in the original liquor from which precipitated, or 
in a dry powdered form, or in the form of the 
sulfuric acid solution itself. It includes also the 
product. 
The invention particularly covered in this case 

is the use of the derivative from thiocarbanilid 
precipitated from sulfuric acid solution, this de 
rivative being introduced into the fiotation pulp 
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or into the grinding mill for the Ore from which 
the pulp is prepared, in accordance with the dis 
closures hereinafter made. The derivative from 
thiocarbanilid and Sulfuric acid is in general pro 
duced by dissolving the thiocarbanilid in an ap 
propriate amount of sulfuric acid sufficiently con 
centrated to effect ready solution, this solution 
being then combined with varying amounts of 
Water to precipitate the desired derivative. 
As a specific procedure for the manufacture of 

the thiocarbanilid derivative or reaction product, 
the following is given as an example: One part by 
weight of thiocarbanilid is added to about 20 
parts of concentrated sulfuric acid and these are 
mixed at normal temperatures until complete So 
lution is obtained. This solution is then poured 
into about 50 parts of water, whereupon the new 
thiocarbanilid derivative product precipitates in 
a very finely divided form. The proportion of 
thiocarbanilid to sulfuric acid may be varied; 
however it is noted that if the thiocarbanilid is 
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increased much above one part of thiocarbanilid 
to 9 or 10 parts of sulfuric acid the resultant 
product tends to be lumpy; whereas if the Sulfuric 
acid is increased above about 20 parts of acid 
to one part of thiocarbanilid the product becomes 
slightly finer, but this of course requires more 
acid. The proportions of water to which the so 
lution is added may be varied within wide limits 
without affecting the result; for example the 
solution of one part of thiocarbanilid in 20 parts 
of acid described above may be added to as little 
as 25 parts of water or to as much as 400 parts of 
water. These are not in fact absolute limits al 
though they may represent about the practical 
limits for handling. It may be said however that 
in general the smallest amount of water consist 
ent with convenience should be used, especially 
where the acid is to be recovered from the re 
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2 
sultant solution inasmuch as this obviously 
cheapens acid recovery. 
The sulfuric acid strength preferred may be 

classed as concentrated, since it is preferable that 
it be at least as strong as three parts of 1.84 spe 
cific gravity HaSO4 to one part of water. The 
best strength seems to be about four parts of 
1.84 specific gravity. ISO4 to one part of water 
because the thiocarbanilid goes readily into Solti 
tion. If the acid of 1.84 gravity is used without 
dilution, the thiocarbanilid becomes gummy be 
fore going into solution which does not occur with 
less concentrated acids such as the 4:1 solution. 
The gumminess however does not affect the prod 
uct; it merely slows up the procedure. On the 
other hand, if the acid is too weak, precipitation 
begins before solution is complete; this occurs for 
example where the ratio is 1:1. The dilution lin 
it for practical purposes is between about 2 and 3 
parts of 1.84 specific gravity acid to one of water. 

Having obtained the desired precipitation, the 
precipitated derivative may be recovered by de 
cantation, filtration or otherwise, washed, dried 
and put up as a fine dry powder naturally result 
ing. It may also be put up as a wet paste con 
taining a part of the acid solution, or Washed 
and containing only water. When the Solution 
is separated the acid will be recovered for fur 
ther use; or the product may be used in sus 
pension in the liquor in which it is precipitated 
for mineral flotation processes where the acid 
is desirable or at least not objectionable; or in 
Such instances the sulfuric acid solution itself 
may be added to the ore pulp, in which case pre 
cipitation will take place in the pulp, Such 
cases exist where the acid solution is added after 
addition of soluble cyanides to ores containing 
copper Sulfide where cyanide is added to inhibit 
iron and/or zinc sulfides but acts also to depress 
part or all of the copper sulfide. 
As to characteristics, the new derivative or re 

action product is much finer, than thiocarbanilid, 
and is more efficient. For mineral flotation uses 
it is vastly superior to thiocarbanilid as a pro 
moter. Not only are the stated physical charac 
teristics different from those of thiocarbanilid, 
but in view of the superior action, it appears to 
be and is assumed to be chemically different al 
though I have not yet been able to determine 
what the chemical difference is, or whether there 
is a chemical rearrangement, or a different sub 
stitution, ...or whether there is any chemical 
change at all. It is conceivable that the fict of 
its having several times the solubility in Water 
Over thiocarbanilid, or its finer condition which 
makes it possible to disperse itself more widely, 
is the characteristic which makes it more valu 
able for its various uses. While both the new 
thiocarbanilid derivative and thiocarbaniid fall 
in the general classification of being substan 
tially insoluble in water, the new derivative is 
nevertheless several times more soluble. It is 
well known in flotation practice that thiocar 
banilid when fed to an ore pulp prior to flota 
tion is not satisfactory, and that good results can 
be obtained only when possible to introduce it as 
a dry powder in the grinding mill, or to intro 
duce it in a solvent into the flotation circuit prior 
to flotation. However, in the case of the new 
thiocarbanilid derivative of the present invention 
it can be introduced into the pulp in the flotation 
circuit in the form of a dry powder and will give 
very Satisfactory results under those conditions 

droxide, 
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which sharply distinguishes the present product 
from thiocarbanilid. 

It has also been discovered that if the new 
thiocarbanilid derivative is precipitated by the 
water in the presence of an inert material with 
large surface area such as diatomaceous earth, or 
after precipitation is mixed with such inert ma 
terial in water, the derivative is deposited upon 
said material and the surface area of the deriva 
tive is thereby still further effectively increased. 
The proportion of derivative to inert material 
may vary between very wide limits, for example 
from as low as one per cent up to as high as 
90% derivative. This phase is more fully de 
veloped hereinafter. 

O 
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As above indicated, the new flotation promoter 

reagent obtained with sulfuric acid may be used 
by addition as a dry material fed to the ore pulp 
prior to the flotation operation, or it may be 
fed as a wet paste, or as a solution containing 
the new promoter in suspension, or it may be fed 
as a resulting solution from dissolving thiocar 
banilid in concentrated sulfuric acid, the water 
in the ore pulp furnishing the water necessary 
for its precipitation as a practically water-insol 
uble promoting reagent. This new flotation po 
motor gives good results in alkaline, neutral or 
acid pulp; however, better results have been ob 
tained in some lead ores by floating in an alkaline 
pulp made alkaline for example by sodium hy 

and better results have been ob 
tained with some copper ores by floating in 
a non-basic pulp Or a pulp made acid by Sul 
furic acid. Zinc sulfides are floated in either 
basic or non-basic pulp. Beneficial results are 
obtained on some lead ores by the addition of 
a cyanide compound either in the grinding mill 
or prior to the flotation operation, a better lead 
recovery being made with less detrimental zinc 
and/or iron sulfides in the lead concentrate. This 
is also the case with lead ores containing Copper 
sulfides, in which instance a reactivator such as 
Soluble nickel or lead compounds or H2SO4 is 
added to reactivate the copper sulfides which have 
been partially inhibited by the cyanide. The 
following are examples of the invention as applied 
to different Ores: 

Eacample 1.-An Ore containing approximately 
15% combined lead, copper, zinc and iron sulfides 
in a siliceous and limestone gangue, is ground 
with water to liberate the sulfides from each other 
and from the gangue. This ground ore pulp is 
next introduced into a flotation machine and 
2/100 of a pound per ton of ore of the new 
thiocarbanilid-sulfuric acid derivative product 
is added together with cresylic acid as a froth 
ing agent, and a lead-copper doncentrate is re 
moved. Most of the iron and zinc sulfides remain 
in the tailing and are rejected with the gangue 
because the amount of thiocarbanilid derivative 
is too small to promote appreciable quantities of 
zinc or iron Sulfides. If the zinc or iron sulfides 
are desired, they can be floated by any well known 
standard method. 

Eacample 2.- The ground ore pulp from the ore 
of the above example was introduced into a flo 
tation machine and of a pound per ton of ore 
of Sodium cyanide added to the pulp. This was 
Such an ore, Substantially free from oxidized con 
stituents and soluble salts, that the cyanide acted 
not only in inhibit the iron and zinc sulfides but 
also considerable of the copper sulfide. One to 
two pounds of sulphuric acid was then added to 
reactivate the inhibited copper sulfide, together 
With 2/100 of a pound per ton of ore of the new 
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2,052,274 
thiocarbanilid-sulfuric acid derivative and Cre 
Sylic acid for a frothing agent, and a lead-cop 
per froth concentrate was removed. This gave 
a much cleaner copper-lead concentrate than 
that obtained in Example 1, as the cyanide in 
hibited those zinc and iron sulfides that Were 
floated with the copper sulfides in Example 1. 
At the same time the recovery of copper sulfide 
was as good as in Example 1 on account of the 
added H2SO4 which" reactivated the inhibited 
copper Sulfide. Here, the amount of thiocarban 
ilid derivative may be increased because the cya 
nide maintains the iron and zinc in a depressed 
condition. In this example, also, the zinc and 
iron sulfides may be floated if desired, but in this 
Operation they were rejected in the tailing. Solu 
ble nickel and lead salts may be substituted for 
the sulfuric acid in some instances if desired. 

Eacample 3.-A lead zinc iron ore containing 
approximately 10% lead, 10% zinc and 15 to 
20% iron, as sulfides, is ground with Water to 
liberate the sulfides from each , other and from 
the gangue, which is a siliceous and limestone 
gangue. After the ore is ground with water, 
it is introduced into a flotation machines and is 
of a pound per ton of ore of the new thiocarban 
ilid-sulfuric acid reaction product added together 
With a half pound of sodium hydroxide. per ton 
of ore and sufficient cresylic acid as a frothing 
agent to make the proper frothing condition, and 
a lead froth concentrate is removed. Sometimes 
it is desirable to add an additional Small amount 
of sodium hydroxide, as for example A to Az a 
pound and further float and remove the last of 
the lead froth concentrate. After the lead 
concentrate has all been removed, copper sul 
fate is added and of a pound per ton 
of dire of the new thiocarbanilid-sulfuric acid 
product added and a zinc froth concentrate re 
moved. Sometimes it is desirable to add addi 
tional new product, as for example 2/100 of a 
pound perton of ore, and remove the last of the 
zinc froth concentrate. After the zinc concen 
trate has all been removed, the iron Sulfide may 
be rejected with the tailing, or it may be floated 
With the addition of xanthate or other reagents 
and an iron froth concentrate removed. 

Eacample 4-The lead-zinc-iron ore of Ex 
ample 3 is ground in the same way with water. 
It is then introduced into a flotation machine and 
A of a pound of sodium cyanide added together 
With of a pound per ton of ore of the new thio 
carbanilid-sulfuric acid reaction product and a 
half pound per ton of ore of sodium hydroxide 
and sufficient cresylic acid as a frothing agent to 
make the proper frothing condition and a lead 
froth concentrate removed. The pulp is then 
further froth floated as in Example 3. Some 
times it is desirable to add the sodium cyanide in 
the grinding mill rather than to the flotation 
Eachine. 

Eacample 5-A copper ore containing approxi 
mately 2% copper as sulfide in an iron pyrite 
gangue is ground with water to liberate the cop 
per sulfide from the iron pyrite and the small 
amount of gangue. This ground ore pulp is in 
troduced into a flotation machine together with 
5/100 of a pound per ton of ore of the new thio 
carbanilid-sulfuric acid product, together with 
cresylic acid as a frothing agent and the copper 
froth concentrate removed. A large part of the 
iron pyrite is rejected as tailing. 

Eacample 6. An ore containing 5% copper sul 
fide, 10% zinc sulfide, 70% iron sulfide and the 
rest gangue was ground with water to liberate the 

exceptionally satisfactory. 

3 
sulfides from each other and from the gangue. 
It was then introduced into a flotation machine 
with the addition of 0.2 lb. sodium cyanide per 
ton of ore. This Ore was substantially free from 
oxidized constituents and soluble salts and a con 
siderable proportion of the copper sulfides, were 
inhibited along with the iron and zinc sulfides. 
This ore is to be distinguished from ores contain 
ing oxidized constituents or soluble salts where 
no copper sulfide is depressed by the cyanide. In 10 
the present instance a solution of one part of 
thiocarbanilid in from about 20 to 50 parts of 
concentrated sulfuric acid was added to the pulp 
in the proportion of about one to two pounds of 
the acid solution per ton of ore. The acid served 
to activate the depressed copper sulfides and the 

5 

thiocarbanilid derivative of the present invention 
was precipitated in the 
water. 

After addition of a frothing agent the pulp was 
then subjected to flotation and a copper sulfide 
froth concentrate removed which was substan 
tially free of iron and zinc sulfides. In a case 
like this, the iron and zinc Sulfides may be sepa 
rated and recovered by other methods or rejected 
as tailing as may be desired. 

In treating an Ore of the character of Example 
6 where soluble cyanides, such as Sodium and zinc 
cyanides act to depress quantities of the copper 
sulfide, sulfuric acid, in the amount of about 1 to 
3 lbs. per ton if concentrated, or equivalent 
amount of dilute acid, may be added to the pulp 
to reactivate the depressed copper Sulfide follow 
ing addition of the cyanide employed to depress 
iron and zinc sulfides, and some other promoter or 
collector than the thiocarbaniid derivative of the 
present invention or sulfuric acid solution there 
of, may be employed; for example other forms of 
thiocarbanilid, or xanthate, or the like. In these 
instances the added Sulfuric acid is relied upon 
to reactivate the portion of copper Sulfide de 
pressed by the cyanide, Such sulfuric acid not 
being necessarily added with the promoter. 
Where the derivative is deposited on a carrier 

such as diatonaceous earth as hereinbefore men 
tioned, the distribution by the carrier is such that 
less derivative may be used although more of 
total derivative plus carrier is used. The carrier 
is produced by introducing it into several times its 
volume of water, (e. g. 5 to 25 times) that is, 
enough not only to wet the carrier but also to 
make a sufficiently thin slurry for free agitation 
and intermingling. The solution of thiocar 
banilid may be poured in and mixing carried on 
for a time so that the precipitated derivative is 
deposited on the carrier. As in the case of the 
straight derivatives, the carrier modified by de 
posit of the thiocarbanilid derivative, may be re 
covered in dry powdered form or as a paste or a 
slurry. The derivative is found well distributed. 
The amount deposited is largely a matter of Se 
lection, but ranges of five to thirty per cent by 
weight of the earth of thiocarbanilid derivative 
deposited on the earth have been found to be 

pulp by the effect of the 

As an example, about 20 parts of finely divided 
diatomaceous earth are mixed with 400 parts of 
water and, while agitating, a Solution made froll 
one part of thiocarbanilid dissolved in 18 or 20 
parts of concentrated sulfuric acid is added to 
the slurry of diatomaceous earth in water. A 
practically insoluble thiocarbanilid derivative 
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precipitates upon admixture with the water. 
This new mixture is thoroughly agitated causing 
the resultant practically water-insoluble precipi 
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Over the Surface of the diatomaceous earth which 
is then separated from the solution and made into 
a wet paste, or separated from the solution and 
dried and made into a dry powdered product. 
This treated carrier is used in flotation processes 
in the same way that the derivative is employed 
according to the foregoing examples. 
Where the derivative is to be deposited upon 

diatomaceous earth or like inert carrier, other 
Solverits for thiocarbanilid may be substituted 
such as ethyl alcohol or other aliphatic alcohol 
or acetic acid or ortho toluidin, preferably those 
solvents which are freely miscible with water. In 
fact, in this connection thiocarbanilid itself may 
be distributed throughout the water slurry and 
deposited upon the earth. 

It is to be understood that the foregoing dis 
closures are merely illustrative of the generic 
invention and that they are not to be taken as 
limiting. 

claim: 
1. A froth flotation method comprising pre 

paring a Sulfide ore pulp, introducing a froth 
ing agent and the product obtained by dissolv 
ing thiocarbanilid in sulfuric acid at normal tem 
peratures and precipitating in water, and sub 
jecting the pulp to froth flotation to recover sul 
fides. 

2. A method for the froth flotation of sulfide 
minerals comprising preparing a pulp from a 
sulfide ore, dissolving thiocarbanilid in Sulfuric 
acid at normal temperatures, adding the solu 
tion to water, recovering the precipitate, supply 
ing the precipitate to the Ore pulp, adding a 
frothing agent to the ore pulp, and subjecting the 
pulp to a froth flotation treatment. 

3. A method for froth flotation comprising pre 
parting a pulp from a sulfide ore and water, Sup 
plying to the pulp a sulfuric acid solution of 
thiocarbanilid made at normal temperatures, in 
troducing a frothing agent to the pulp, and sub 
jecting the resulting pulp to a froth flotation 
treatment. 4. A flotation process comprising producing a 
flotation pulp from a sulfide ore, supplying to 
the pulp a flotation promoter and dispersing the 
same throughout the pulp, the promoter being 
a largely water-insoluble finely divided thiocar 
baniid reaction product producible as a pre 
cipitate by addition of water from a sulfuric acid 
solution of thiocarbanilid made at normal tem 
peratures, adding a frothing agent, and Subject 
ing the pulp to a froth flotation operation. 

5. A method according to claim 2 where the 
thiocarbanilid is dissolved in sulfuric acid more 
concentrated than about two parts of 1.84 spe 
cific gravity HaSO4 to one part of water. 

6. A method according to claim 3 wherein the 
thiocarbanilid is dissolved in sulfuric acid more 
concentrated than about two parts of 1.84 sp. gr. 
HaSO4 to one part water. 

7. A method according to claim 3 wherein one 
part of the thiocarbanilid is dissolved in at least 
about ten parts of strong sulfuric acid. 

8. A method according to claim 2 wherein one 
part of the thiocarbanilid is dissolved in not less 
than about ten parts of strong Sulfuric acid. 

9. A method for the froth flotation separation 
of ores containing copper sulfides and iron and/or 
zinc sulfides, comprising pulping the Ore, add 
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ing cyanide to depress zinc and iron sulfides 
present, adding a solution of thiocarbandid in 
strong. Sulfuric acid made at normal tempera 
tures whereby the acid activates depressed cop 
per sulfides and a thiocarbanilid derivative is 
precipitated which serves as a promoter, sup 
plying a frothing agent, and froth floating to 
recoVer a copper Sulfide froth concentrate. 

10. A method for the froth flotation separa 
tion of ores containing copper sulfides and iron 
and/or zinc sulfides wherein the copper sulfide 
is such that at least an appreciable proportion 
will be depressed by cyanide added to a flotation 
pulp, comprising pulping the ore, adding cyanide 
to depress zinc and iron sulfides present, sup 
plying to the pulp sulfuric acid to reactivate de 
pressed copper sulfides without substantially re 
activating zinc and iron sulfides present, sup 
plying as a promoter a thiocarbanilid derivative 
obtainable by dissolving thiocarbanilid in strong 
Sulfuric acid at normal temperatures and pre 
cipitating by means of water, supplying a froth 
ing agent to the pulp, and subjecting the pulp 
to froth flotation and recovering a copper sulfide 
concentrate containing substantially all the cop 
per and substantially free from iron and zinc. 

li. A method for the froth flotation separa 
tion of sulfide ores containing copper sulfides 
and iron and/or zinc sulfides wherein the cop 
per Sulfides are subject to at least partial de 
pression by cyanide added to a flotation pulp, 
comprising preparing a flotation pulp from the 
Ore, adding cyanide to the pulp to depress iron 
and Zinc sulfides present, adding thiocarbanilid 
and sulfuric acid to provide a promoter and an 
agent for reactivating depressed copper sulfides 
without substantial activation of iron and zinc 
sulfides present, supplying a frothing agent, and 
Subjecting the pulp to a froth flotation operation 
to separate a copper sulfide concentrate. sub 
stantially free from iron and zinc sulfides. 

12. A method according to claim 1 wherein the 
thiocarbanilid product is dispersed in diatoma 
'ceous earth, 

13. A method according to claim 2 wherein the 
Water receiving the precipitated thiocarbanilid 
product also receives an inert finely divided solid 
carrier of large surface area upon which the 
thiocarbanilid product is deposited, and such 
modified carrier is supplied to the ore pulp. 

14. A method according to claim 4 wherein the 
reaction product is distributed in an inert finely 
divided solid carrier of large surface area. 

15. A method according to claim 4 wherein the 
thiocarbanilid reaction product is distributed in 
diatomaceous earth. 

16. A froth flotation method comprising pre 
paring an Ore pulp, adding to the pulp a froth 
ing agent and a finely divided solid carrier ma 
terial of large surface area carrying upon its sur 
face a substantially water-insoluble promoter of 
the class of thiocarbanilid products including 
thiocarbanilid and thiocarbanilid derivatives 
precipitated from thiocarbanilid solutions by the 
action of Water, and subjecting the resultant pulp 
to a froth flotation treatment. 

17. A method according to clain 16 wherein 
the thiocarbanilid derivative is precipitated on 
the carrier from a solution of thiocarbanilid in 
a solvent freely miscible with water. 
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