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N0 Drawing. 

This invention relates to the recovery of 
valuable ores and minerals by ?otation, and 
comprises more particularly the concentra 
tion of such ores and minerals by means of 

5 a certain class of organic ?otation agents. 
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It is one of the objects of the present in 
vention to carry out ?otation processes in an 
e?cient manner by using as the ?otation 
agent one of a class of organic compounds 
having highly selective properties when so 
used. It is-a further object to carry out 
the flotation processes by using ?otation 
agents which are suitable for use in neutral, 
alkaline or acid flotation circuits without de 
coinplosition of the ?otation agents. 

ave discovered that these and other ob! 
jects may be accomplished by using in a ?o 
tation process organic derivatives of trithio 
carbonic acid as the ?otation agents. These 
compounds are characterized by having the 
following general structural formula: 

r b 

where R and‘ R’ are orgamc groups. _ R and 
B’ may represent the same or different or 
ganic groups. 
A speci?c example of a derivative in which 

R and R’ are alkyl groups is diethyl ester 
of trithio carbonic acid having the follow 

~ ing formula: 
' s,-o,n5 

SJ 
\S—CaHt 

An example of a derivative in which R 
and R’ are substituted alkyl groups is B—-B 
trithio carbon 1 ethyl acetate having the fol 
lowing formu a: 

s =o/ 
\somooocm. 

Dibenzoyl trithio carbonate having the for 
mula: 

SCHgCOO 02115 

is an example of a derivative in which ‘R 
and R’ are acyl groups. Diethyl thiol ester 
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of thion carbonyl disul?de having the fol 
lowing formula: ' 

S=(l]-—SOgH5 
I 
S 

18 still another type of derivative of trithio 
carbonate, wherein Ris an alkyl group and 
R’ is another trithio carbonate group having 
the following formula: 

S 
SJ 

in which X represents an organic group such 
as an alkyl. ~ 
The various derivatives of trithio carbonic 

acid may be made in any suitable manner. 
For instance, diethyl trithio carbonate can 
be made by dissolving 150 grams of potas 
sium hydroxide in 250 cc. water, and satu 
rating this solution with hydrogen sul?de. 
To this solution is added 150 grams of po 
tasslum hydroxideand, when all is dissolved. 
250 grams of carbon bisul?de are added and 
the mixture agitated vigorously until all of 
the carbon disul?de goes into solution. The 
solution is washed once with 300 cc. of al 
cohol. To the water layer containing potas 
sium trithio carbonate, 300 grams of ethyl 
bromide are slowly added with agitation and 
coolin . The reaction product is washed 
with water and the excess ethyl bromide re 
moved by bubbling a current of air through 
the liquid. The resulting orange red liquid 
is pure diethyl trithio carbonate. _ 
This compound may loo-used as a ?otation 

reagent in the following manner: 500 grams 
of minus 29 mesh Phelps-Dodge Corporation 
Copper Queen ore are ground for 20 min 
utes in a pebble mill with 500 cc. ‘of water, 
0.6 grams of lime and 0.025 grams of diethyl 
trithio carbonate. The lime and diethyl 
trithio carbonate are in the proportions of 
2,4 lbs. and 0.10 lb. respectively per ton of 
ore. The pulp from the pebble mill is trans 
ferred to a J anney laboratory ?otation ma 
chine and a frothing agent (terpineol or pine 
oil) added. The pulp is diluted to about two 
liters and a rougher concentrate removed 
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for 10 minutes, water being added as needed. 
The following results were obtained: 
% Cu in concentrate=7 .25. 
% Cu in tailings=.22. 
Extraction = 87.6 %. 
Using Anaconda Table Tailings in a neu 

tral circuit with diethyl trithio carbonate as 
the ?otation reagent in the proportion of 
0.15 lbs. per ton of ore, the following results 
were obtained: ‘ - 

% Cu in heads=1.88. 
% Cu in concentrate: 8.84:. 
% Cu in tailings=0.18. 
Total Cu recovered=92.3%. 
The ?otation reagents forming part of the 

present invention do not decompose in an 
acid solution, and are therefore suitable for 
use in acid ?otation circuits. .Using as the 
?otation reagent diethyl trithio carbonate 
in the proportion of 0.15 lbs. per ton of ore 
in a circuit containing 7.0 lbs. of sulfuric 
acid per ton of ore, the following results 
were obtained: 
% Cu in heads=l.88. 
% Cu in concentrate=9.68. 
% Cu in tailings=0.085. 
Total Cu recovered=96.3%. 
Dibenzoyl trithio carbonate can be made 

conveniently by treating potassium trithio 
carbonate in benzene suspension with benzoyl 
chloride, removing the heat of reaction by 
cooling. After ?ltration from the potassium 
chloride and evaporation of the solvent, di 
benzoyl trithio carbonate is obtained as a 
yellowish orange oil. 
When tested as a ?otation‘ reagent using 

an alkaline circuit according to the process 
described, the following results were ob 
tained: , ' ~ 

% Cu in concentrate=6.67. 
% Cu in tailings=.20. 
Extraction=89.2%. . 
Diethyl thiol ester of thioncarbonyl disul 

?de may be made by treating the mono ethyl 
ester of trithio carbonic acid (Chancel Jahres 
bericht fiir Chemie 1851, p. 513) with iodine. 
The orange brown oil which is formed, is 
washed with water and then dried with cal 
cium chloride. 
When tested as a ?otation reagent using 

an alkaline circuit according to the process 
described, the following results were ob 
tained: 
% Cu in concentrate=6.60. 
% Cu in tailings=0.24. 
Ejxtraction=86.9%. 

_ In illustrating the present process, refer 
ence has been made speci?cally to certain 
ores and reagents, and to various speci?c 
conditions of operation. It will be under 
stood that the present process is not limit 

7 ed to the speci?c substances or details of 
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procedure mentioned, but includes generally 
processes of recovering values from ores by 
?otation in which the ?otation agents are 
members of the class of compounds de 
scribed. For instance, it has been pointed 
out as being desirable to add a frothing 
agent in the speci?c examples noted. How 
ever, where the ?otation agent itself has 
sut?cient frothing power, the frothing agent 
may be omitted. 
Any suitable modi?cations and changes 

may be made without departing from the 
spirit and scope of the invention. 

I claim‘: 
1. In the process of concentrating ores and 

minerals by ?otation the step which com 
prises subjecting the ore in the form of a 
pulp to a froth ?otation operation in the 
presence of an organic derivative of trithio 
carbonate. 

2. In the process of concentrating ores and 
minerals by ?otation, the step which com 
prises subjecting the ore in the form of a 
pulp to a froth flotation operation in the 
presence of an organic derivative of trithio 
carbonate having the following structural 
formula: 

where R and R’ are organic groups. 
3. In the process of concentrating ores 

and minerals by ?otation, the step which 
comprises subjecting the ore in the form of 

s: 

1 a pulp to a froth ?otation operation in the 
presence of an organic derivative of trithio 
carbonate having the following structural 
formula: 

SR 
=C/ 

\sn' 
8 

where R and R’ are the same organic group. 
4. In the process of concentrating ores 

and minerals by ?otation, the step which 
comprises subjecting the ore in the form 
of a pulp to a froth ?otation operation in 
the presence of an organic derivative of 
trithio carbonate having the following struc 
tural formula: 
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in which R is an alkyl group and R’ is an ’ 
organic radical. 

5. In the process of concentrating ores and 
minerals by ?otation, the step which corn~ 
prises subjecting the ore in the form of a 
pulp to a froth ?otation operation in the 
presence of diethyl trithio carbonate. 
In testimony whereof I af?x my signature. 

WILLIAM A. DOUGLASS. 
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