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[57] ABSTRACT 
New and improved collector compositions for use in 
froth ?otation processes for the bene?ciation of mineral 
values from base metal sul?de ores are disclosed. The 
collector compositions comprise at least one hydrocar 
boxycarbonyl thiourea compound selected from com 
pounds of the formula: 

wherein R1 is hydrogen or R2; R2 is selected from satu 
rated and unsaturated hydrocarbyl radicals, hydrocar 
boxy radicals and aromatic radicals; and R3 is selected 
from saturated and unsaturated hydrocarbyl radicals, 
alkyl polyether radicals and aromatic radicals, said R2 
and R3 radicals, optionally, and independently, being 
substituted by polar groups selected from halogen, ni 
trile and nitro groups. The use of the hydrocarboxycar 
bonyl thiourea collectors provides excellent metallurgi 
cal recoveries of sul?de mineral values in froth ?otation 
processes conducted over a very broad range of pH 
including acid, neutral and mildly alkaline pH. 

15 Claims, No Drawings 
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NEUTRAL HYDROCARBOXYCARBONYL 
THIOUREA SULFIDE COLLECTORS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a a reissue application of our original 
patent No. 4,556,483, dated December 3, 1985, Serial No. 
641. 660 ?led Aug. 1 7. 1984 which is related to common 
ly-assigned, concurrently ?led US. application, Ser. 
No. 641,659, ?led Aug. 17, l984, of D. R. Nagaraj enti 
tled PROCESS FOR THE FLOTATION OF SUL 
FIDE MINERALS IN ACID, NEUTRAL 0R 
MILDLY ALKALINE CIRCUITS. 

BACKGROUND OF THE INVENTION 

The present invention relates to froth ?otation pro 
cesses for recovery of metal values from base metal 
sul?de ores. More particularly, it relates to new and 
improved sul?de collectors comprising certain hy 
drocarboxycarbonyl thiourea compounds which exhibit 
excellent metallurgical performance over a broad range 
of pH values. 
Froth ?otation is one of the most widely used pro 

cesses for bene?ciating ores containing valuable miner 
als. It is especially used for separating ?nely ground 
valuable minerals from their associated gangue or for 
separating valuable minerals from one another. The 
process is based on the af?nity of suitably prepared 
mineral surfaces for air bubbles. In froth ?otation, a 
froth or a foam is formed by introducing air into an 
agitated pulp of the ?nely ground ore in water contain 
ing a frothing or foaming agent. A chief advantage of 
separation by froth ?otation is that it is a relatively 
ef?cient operation at a substantially lower cost than 
many other processes. 

Current theory and practice state that the success of 
a sul?de ?otation process depends to a great degree on 
the reagent(s) called collector(s) that impart(s) selective 
hydrophobicity to the value sul?de mineral that has to 
be separated from other minerals. Thus, the ?otation 
separation of one mineral species from another depends 
upon the relative wettability of mineral surfaces by 
water. Typically the surface free energy is purportedly 
lowered by the adsorption of heteropolar collectors. 
The hydrophobic coating thus provided acts in this 
explanation as a bridge so that the mineral particles may 
be attached to an air bubble. The practice of this inven 
tion is not, however, limited by this or other theories of 
?otation. 

In addition to the collector, several other reagents are 
also necessary. Among these, the frothing agents are 
used to provide a stable ?otation froth, persistent 
enough to facilitate the mineral separation, but not so 
persistent that it cannot be broken down to allow subse 
quent processing. The most commonly used frothing 
agents are pine oil, creosote and cresylic acid and alco 
hols such as 4-methyl-2-pentanol, polypropylene gly 
cols and ethers, etc. 

Moreover, certain other important reagents, such as 
the modi?ers, are also largely responsible for the suc 
cess of ?otation separation of sul?de minerals. Modi? 
ers include all reagents whose principal function is nei 
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2 
ther collecting or frothing, but one of modifying the 
surface of a mineral so that a collector either adsorbs to 
it or does not. Modifying agents can thus be considered 
as depressants, activators, pH regulators, dispersants, 
deactivators, etc. Often, a modi?er may perform several 
functions simultaneously. Current theory and practice 
of sul?de ?otation again state that effectiveness of all 
classes of ?otation agents depends to a large extent on 
the degree of alkalinity or acidity of the ore pulp. As a 
result, modi?ers that regulate the pH are of great impor 
tance. The most commonly used pH regulators are lime, 
soda ash and, to a lesser extent, caustic soda. In sul?de 
?otation, however, lime is by far the most extensively 
used. In copper sul?de ?otation, which dominates the 
sul?de ?otation industry, for example, lime is used to 
maintain pH values over 10.5 and more usually above 
11.0 and often as high as 12 or 12.5. In prior art sul?de 
?otation processes, pre-adjustment of the pH of the 
pulp slurry to 11.0 and above is necessary, not only to 
depress the notorious gangue sul?de minerals of iron, 
such as pyrite and pyrrhotite or other gangue minerals, 
but also to improve the performance of a majority of the 
conventional sul?de collectors, such as xanthates, di 
thiophosphates, trithiocarbonates and thionocarba 
mates. The costs associated with adding lime are be 
coming quite high and plant operators are interested in 
?otation processes which require little or no lime addi 
tion, i.e., ?otation processes which are effectively con 
ducted at a slightly alkaline, neutral or even at acid pH 
values. Neutral and acid circuit ?otation processes are 
particularly desired because pulp slurries may be easily 
acidi?ed by the addition of sulfuric acid, and sulfuric 
acid is obtained in many plants as a by-product of the 
smelters. Therefore, ?otation processes which do not 
require preadjustment of pH or which provide for pH 
preadjustment to neutral or acid pH value using less 
expensive sulfuric acid are preferable to current ?ota 
tion processes because current processes require pH 
preadjustment to highly alkalin values of at least about 
11.0 using lime which is more costly. 
To better illustrate the current problems, in 1980, the 

amount of lime used by the U.S. copper and molybde 
num mining industry was close to 550 million pounds. 
For this industry, lime accounted for almost 92.5% by 
weight of the total quantity of reagent used, and the 
dollar value of the lime used was about 5l.4% of the 
total reagent costs, which amounted to over 28 million 
dollars. 
As has been mentioned above, lime consumption in 

individual plants may vary anywhere from about one lb. 
of lime/metric ton of ore processed up to as high as 20 
lbs. of lime/metric ton of ore. In certain geographical 
locations, such as South America, lime is a scarce com 
modity and the costs of transporting and/or importing 
lime have risen considerably in recent years. Still an 
other problem with prior art highly alkaline processes is 
that the addition of large quantities of lime to achieve 
suf?ciently high pH causes scale formation on plant and 
?otation equipment, thereby necessitating frequent and 
costly plant shutdown for cleaning. 

It is apparent, therefore, that there is a strong desire 
or reduce or eliminate the need for adding lime to sul 
?de ?otation processes to provide substantial savings in 
reagents costs. In addition, reducing or eliminating lime 
in sul?de ore processing may provide other advantages 
by facilitating the operation and practice of unit opera 
tions other than ?otation, such as slurry handling. 
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In the past, xanthates and dithiophosphates have been 
employed as sul?de collectors in froth ?otation of base 
metal sul?de ores. A major problem with these conven 
tional sul?de collectors is that at pH’s below 11.0, poor 
rejection of pyrite or pyrrhotite is obtained. In addition, 
with decreasing pH the collecting power of these sul 
?de collectors also decreases, rendering them unsuitable 
for ?otation in a mildly alkaline, neutral or acid envi 
ronment. This decrease in collecting power with de 
creasing pH, e.g., below about 11.0, requires that the 
collector dosage be increased many fold, rendering it 
generally economically unattractive. There are many 
factors which may account for the lowering of collector 
activity with decreasing pH. A collector may interact 
differently with different sul?de minerals at a given pH. 
On the other hand, poor solution stability at low pH, 
such as that exhibited by xanthates and trithiocarbon 
ates may very well explain the observed weak collector 
behavior. 

Efforts to overcome the above de?ciencies led to the 
development of neutral derivatives of xanthates such as 
alkyl xanthogen alkyl forrnates generally illustrated by 
the formula: 

is i’ 

The alkyl xanthoegen alkyl formates are disclosed as 
sul?de collectors in U.S. Pat. No. 2,412,500. Other 
structural modi?cations of the general structure were 
disclosed later. In U.S. Pat. No. 2,608,572 for example, 
the alkyl formate substituents contain unsaturated 
groups. In U.S. Pat. No. 2,608,573, the alkyl formate 
substituents described contain halogen, nitrile and nitro 
groups. Bis alkyl xanthogen formates are described as 
sul?de collectors in U.S. Pat. No. 2,602,814. These 
modi?ed structures have not found as much commer 
cial application as the unaltered structures. For exam 
ple, an alkyl xanthogen alkyl formate is currently com 
merically available under the trade name MINEREC A 
from the Mineric Corporation. MINEREC A, an ethyl 
xanthogen ethyl formate, as well as its higher homologs, 
still leave a lot to be desired at pH below 11.0 in terms 
of collecting power and pyrite rejection, as is more 
particularly described hereinafter. 
Another class of sul?de collectors which have ob 

tained some degree of commerical success in froth ?ota 
tion are oily sul?de collectors comprising dialkylth 
ionocarbamate or diurethane compounds having the 
general formula: 

II 
RO-CNHR' 

Several disadvantages are associated with the prepara~ 
tion and use of these compounds. In U.S. Pat. No. 
2,691,635, a process for making dialkylthionocarba 
mates is disclosed. The three steps of the reaction se 
quence described are cumbersome and the ?nal by-pro 
duct is methyl mercaptan, an air pollutant which is 
costly to treat. In U.S. Pat. No. 3,907,854 an improved 
process for making dialkylthionocarbamate is de 
scribed. Although good yields and high purity are 
claimed as the novel features of the process, it is note 
worthy that a side product of the reaction is sodium 
hydrosul?de, also a pollutant which requires special 
treatment for disposal. In U.S. Pat. No. 3,590,998 a 
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4 
thionocarbarnate sul?de collector structure in which 
the N-alkyl substitutent is joined by alkoxycarbonyl 
groups is disclosed. The preparation process described 
therein requires the use of expensive amino acid esters 
for the displacement reaction of the thio ester of xan 
thates. The by-products of this process are either 
methyl mercaptan or sodium thioglycolate. In addition, 
this type of structurally modi?ed thionocarbarnate has 
enjoyed very little commerical success. As will become 
apparent from the disclosure of this invention below, 
dialkylthionocarbamates are weak collectors as the pH 
drops below certain values. 

Accordingly, it is an object of the present invention 
to provide a new and improved sul?de collector and 
?otation process for the bene?ciation of sul?de minerals 
employing froth ?otation methods which does not re 
quire any pre-adjustment of pH to highly alkaline val 
ues. 

It is another object of the present invention to pro 
vide a new and improved sul?de collector and froth 
?otation process for the bene?ciation of sul?de materi 
als which provides selective recovery of sul?de metal 
values with selective rejection of pyrite and other 
gangue sul?des or non-sul?des. 

It is a further object of the present invention to pro 
vide a new and improved sul?de collector and ?otation 
process for the bene?ciation of sul?de minerals using 
froth ?otation methods which employs a novel class of 
sul?de collector reagents which may be prepared and 
used without the formation of harmful by-products or 
environmental pollutants. 

[t is another object of the present invention to pro 
vide a ?otation process for the bene?ciation of sul?de 
ores at pH values of I00 or below using certain novel 
collectors containing novel donor atom combinations 
designed speci?cally for low pH ?otation. 

It is still another object of the present invention to 
provide a new and improved process for selective ?ota 
tion of value sul?des in acid circuits, wherein inexpen 
sive sulfuric acid is used to control the pH. 

SUMMARY OF THE INVENTION 

In accordance with these and other objects, the pres 
ent invention, in one embodiment, provides a new and 
improved collector composition for bene?ciating an ore 
containing sul?de minerals with selective rejection of 
pyrite, and other gangue sul?des or non-sul?des, said 
collector composition comprising at least one hydrocar 
boxycarbonyl thiourea compound selected from com 
pounds having the formula: 

R2 

wherein Rl is hydrogen or R2; R2 is selected from satu 
rated and unsaturated hydrocarbyl radicals, hydrocar 
boxy radicals and aromatic radicals; and R3 is selected 
from saturated and unsaturated hydrocarbyl radicals, 
alkyl polyether radicals and aromatic radicals, and R2 
and R3 radicals optionally, and independently, being 
substituted with polar groups selected from halogen, 
nitrile and nitro groups. Particularly preferred hy 
drocarboxycarbonyl thiourea sul?de collectors for use 
in the process of the present invention comprises com 
pounds of the formula wherein Rl is hydrogen or 
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C1-C6 alkyl; R2 is C1-C3 alkyl, ally], alkaryl or aryl; and 
R3 is C1—C6 alkyl or aryl. 

Generally, and without limitation, the new and im 
proved hydrocarboxycarbonyl thionourea collectors of 
this invention may be used in amounts of from about 
0.005 to 0.5 pounds per ton of ore, and preferably from 
about 0.01 to 0.3 pounds per ton of ore, to effectively 
selectively recover metal and mineral values from base 
metal sul?de, ores while selectively rejecting pyrite and 
other gangue sul?de or nonsul?des. The new and im 
proved sul?de collectors of this invention may gener 
ally be employed independently of the pH of the pulp 
slurries. Again, without limitation, these collectors may 
be employed at pH values of from about 3.5 to 11.0, and 
preferably from about 4.0 to 10.0. 

In accordance with another embodiment, the present 
invention provides a new and improved process for 
beneficiating an ore containing sul?de minerals with 
selective rejection of pyrite and other gangue sul?des or 
non-sul?des, said process comprising: grinding said ore 
to provide particles of flotation size, slurrying said par 
ticles in an aqueous medium, conditioning said slurry 
with effective amounts of a frothing agent and a metal 
collector, and frothing the desired sul?de materials 
preferentially over pyrite and other gangue sul?des or 
non-sul?des by froth ?otation procedures, said metal 
collector comprising at least one hydrocarboxycarbo 
nyl thiourea compound selected from compounds hav 
ing the formula given above. 

In particularly preferred embodiments, a new and 
improved method for enhancing the recovery of copper 
from an ore containing a variety of copper sul?de min 
erals is provided wherein the flotation process is per 
formed at a controlled pH of less than or equal to 10,0, 
and the collector is added to the ?otation cell. 
The present invention therefore provides a new class 

of sul?de collectors and a new and improved process 
for froth ?otation of base metal sul?de ores. The by 
drocarboxycarbonyl thiourea collectors and the process 
of the present invention unexpectedly provide superior 
metallurgical recovery in froth ?otation separations as 
compared with conventional sul?de collectors, even at 
reduced collector dosages, and are effective under con 
ditions of acid, neutral or mildy alkaline pH. In accor 
dance with the present invention, a sul?de ore froth 
flotation process is provided which simultaneously pro 
vides for superior bene?ciation of sul?de mineral values 
with considerable savings in lime consumption. 
Other objects and advantages of the present invention 

will become apparent from the following detailed de 
scription and illustrative working examples. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In accordance with the present invention, sul?de 
metal and mineral values are recovered by froth ?ota 
tion methods in the presence of a novel sul?de collec 
tor, said collector comprising at least one hydrocarbox 
ycarbonyl thiourea compound of the formula: 

RI 0 
ll / 
HS 

II 

R2 

wherein R1 is hydrogen or R2; R2 is selected from satu 
rated and unsaturated hydrocarboxyl radicals, hy 
drocarboxy radicals and aromatic radicals; and R3 is 
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6 
selected from saturated and unsaturated hydrocarbyl 
radicals, alkyl polyether radicals and aromatic radicals, 
and R2 and R3 radicals, optionally, and independently. 
being substituted by polar groups selected from halo 
gen, nitrile and nitro groups. By hydrocarbyl is meant a 
radical comprised of hydrogen and carbon atoms which 
includes straight or branched, saturated or unsaturated. 
cyclic or acyclic hydrocarbon radicals, The R2 and R3 
radicals may be unsubstituted or optionally substituted 
by polar groups such as halogen, nitrile or nitro groups. 
In addition, R2 and R3 may independently be selected 
from alkyl polyether radicals of the formula: 

wherein R4 is C] to C6 alkyl; Y is an ethylene or propy 
lene group and n is an integer of from 1 to 4 inclusive. 
R2 and R3 may also independently be selected from 
aromatic radicals such as benzyl, phenyl, cresyl and 
xylenyl radicals, and aralkyl or alkaryl radicals or any 
of these aromatic radicals optionally substituted by the 
above-mentioned polar groups. 

In preferred embodiments of applicants’ process, the 
hydrocarboxycarbonyl thiourea collectors of the above 
formula employed are those compounds wherein R1 is 
hydrogen, R2 is selected from CFC}; alkyl radicals, for 
example methyl, ethyl, n-propyl, isopropyl, n-butyl, 
sec-butyl, isobutyl, n-amyl, isoamyl, n-hexyl, isohexyl, 
heptyl, n-octyl and Z-ethylhexyl, or aryl radicals, e.g., 
phenyl tolyl and xylyl; and R3 is selected from C1-C6 
alkyl or aryl. 

Illustrative compounds with the above formula for 
use as sul?de collectors in accordance with the present 
invention include: 
N-ethoxycarbonyl-N’-isopropyl thiourea; 
N-ethoxycarbonyl-N’-isobutyl thiourea; 
N-ethoxycarbonyl-N',N'-methylisopropyl thiourea; 
N-ethoxycarbonyl-N'~allyl thiourea; 
N-propoxycarbonyl-N'-phenyl thiourea; 
N-phenoxycarbonyl-N’-isopropyl thiourea; 
N'-phenoxycarbonyl-N’-tolyl thiourea; 
N’-phenoxycarbonyl-N'-allyl thiourea; and 
N'-phenoxycarbonyl-N‘~cyclohexyl thiourea, 
to name but a few. 
The hydrocarboxycarbonyl thiourea compounds for 

use in the flotation process of the present invention may 
be conveniently prepared, without forming polluting 
by-products, first, by reacting a corresponding chloro 
formate compound with ammonium, sodium or potas 
sium thiocyanaate to form an isothiocyanate intermedi 
ate, in accordance with equation (1) as follows: 

wherein R3 is the same as de?ned above and X is NEW, 
Na‘i', or Ki’. 

Thereafter, the hydrocarboxycarbonyl isothiocya 
nate intermediate is reacted with an active amine com 
pound in accordance with equation (2) as follows: 

i R' 
lU-O-C-NCS + I'IN 

R2 

OHS 
lllll / 
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By active amine compound is meant any amine com 
pound which will readily react with the isothiocyanate 
to form the corresponding thiourea. Illustrative active 
amine compounds include aliphatic amine, cyclic and 
acyclic, saturated and unsatured, unsubstituted or sub 
stituted by polar groups such as halogen, e.g., chloro, 
bromo or iodo, nitrile and nitro groups; aromatic amines 
such as aniline, toluidine, xylidine, benzylamine, alkoxy 
or aryloxy amines; ether amines and ethoxylated and/or 
propoxylated amines and anilines. 
The corresponding chloroformates for reaction with 

the ammonium, sodium or potassium thiocyanate in 
accordance with equation (1) above, may themselves be 
prepared by reaction of the corresponding aliphatic or 
aromatic alcohols with phosgene, in accordance with 
equation (3) as follows: 

til) (3) 
—-9 Mo-c-ct + HCl 

ll 
R3011 + Cl-C-Cl 

wherein R3OH comprises an active hydroxyl com 
pound. By active hydroxyl compound is meant any 
compound bearing an hydroxyl group which will 
readily react with phosgene to form the corresponding 
chloroformate material. Illustrative active hydroxy 
compounds include aliphatic alcohols, cyclic and acy 
clic saturated and unsaturated, unsubstituted or substi~ 
tuted by polar groups such as halogen, e.g. chloro, 
bromo or iodo, nitrile and nitro groups; aromatic alco 
hols such as phenol, xylenol; aryl alkanols such as ben 
zyl alcohols; and ethoxylated and propoxylated alco 
hols. 
By way of further illustration, chloroformates made 

from ethoxylated or propoxylated alcohols may be pre 
pared in accordance with this method, e. g., 

wherein R5 is C1-C6 alkyl and n is l to 4 inclusive; as 
well as, aromatic alcohols such as phenols, cresols and 
xylenols, e.g.. 

Rs on (I? (5) 
+ C1-C-Cl ——> 

R7 

ll 
Rs o-c-c1 

+ HCl 

R7 

wherein R6 is H or CH3 and R7 is H, CH3, Cl, Br, I, 
—N01 or —CaiN. 

Referring again to the preparation of the new and 
improved hydrocarboxycarbonyl thiourea sul?de col 
lectors of the present invention shown in Equations (1) 
and (2) above, it is apparent that sodium chloride is the 
only innocuous side product in the reaction of equation 
(1). Moreover, in equation (2), the condensation of the 
isothiocyanate with the active amine compound is fast 
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and complete and does not release any polluting by-pro 
duct. 

In accordance with the present invention, the above 
described hydrocarboxycarbonyl thioureas are em 
ployed as sul?de collectors in a new and improved froth 
?otation process which provides a method for en 
hanced bene?ciation of sul?de mineral values from base 
metal sul?de ores over a wide range of pH values and 
more particularly under acidic, neutral, slightly alkaline 
and highly alkaline conditions. 

In accordance with the present invention, the new 
and improved, essentially pH-independent, process for 
the bene?ciation of mineral values from base metal 
sul?de ores comprises, firstly, the step of size~reducing 
the ore to provide ore particles of ?otation size. As is 
apparent to those skilled in this art, the particle size to 
which an ore must be size reduced in order to liberate 
mineral values from associated gangue or non-values, 
i.e., liberation size, will vary from ore to ore and many 
depend on several factors, such as, for example, the 
geometry of the material deposits within the ore, e.g., 
striations, agglomeration, comatrices, etc. In any event, 
as is common in this art, a determination that particles 
have been size reduced to liberation size may be made 
by microscopic examination. Generally, and without 
limitation, suitable particle size will vary from between 
about 50 mesh to about 400 mesh sizes. Preferably, the 
ore will be size-reduced to provide ?otation sized parti~ 
cles of between about +65 mesh and about —200 mesh. 
Especially preferably for use in the present method are 
base metal sul?de ores which have been size-reduced to 
provide from about 14% to about 30% by weight of 
particles of +100 mesh and from about 45% to about 
75% by weight of particles of —200 mesh sizes. 

Size-reduction of the ores may be performed in ac 
cordance with any method known to those skilled in 
this art. For example, the ore can be crushed to —- 10 
mesh size followed by wet grinding in a steel ball mill to 
speci?ed mesh size or pebble milling may be used. The 
procedure employed in size-reducing the ore is not 
critical to the method of this invention, as long as parti 
cles of effective ?otation size are provided. Preadjust 
ment of pH is conveniently performed by addition of 
the modi?er to the grind during the size reduction step. 
The size-reduced ore, e.g., comprising particles of 

liberation size, is thereafter slurried in aqueous medium 
to provide a floatatable pulp. The aqueous slurry or 
pulp of ?otation sized ore particles, typically in a ?ota 
tion apparatus, is adjusted to provide a pulp slurry 
which contains from about 10 to 60% by weight of pulp 
solids, preferably 25 to 50% by weight and especially 
preferably from about 30% to about 40% by weight of 
pulp solids. 

Thereafter the pH of the pulp slurry may be pread 
justed to any desired value by the addition of either acid 
or base, and typically sulfuric acid or lime are used for 
this purpose, respectively. A distinct advantage of the 
present process is that the new and improved hydrocar 
boxycarbonyl thiourea sul?de collectors employed in 
the process of this invention do not require any pre 
adjustment of pH and generally the ?otation may be 
performed at the natural pH of the ore pulp, thereby 
simplifying the process, saving costs and reducing lime 
consumption and related plant shut-downs. Thus, for 
example, good bene?cation has been obtained in accor 
dance with the process of the present invention at pH 
values ranging between 3.5 to 11.0, and especially good 
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beneficiation has been observed with pH values within 
the range of from about 4.0 to about 10.0 pH. 

In accordance with a preferred embodiment of the 
process of the present invention, the ?otation of copper, 
zinc and lead sul?des is performed at a pH of less than 
or equal to 10.0 and preferably less than 10.0. It has been 
discovered that in conducting the ?otation at this pH, 
the new and improved hydrocarboxycarbonyl 
thionocarbamate collectors of the present invention 
exhibit exceptionally, good collector strength, together 
with excellent collector selectivity, even at reduced 
collector dosages. Accordingly, in this preferred pro 
cess, sulfuric acid is used to bring the pH of the pulp 
slurry to less than or equal to 10.0, if necessary. 

In any event and for whatever reason, the pH of the 
pulp slurry may be pre-adjusted if desired at this time by 
any method known to those skilled in the art. 

After the pulp slurry has been prepared, the slurry is 
conditioned by adding effective amounts of a frothing 
agent and a collector comprising at least one hydrocar 
boxycarbonyl thiourea compound as described above. 
By “effective amount” is meant any amount of the re 
spective components which provides a desired level of 
bene?ciation of the desired metal values. 
More particularly, any known frothing agent may be 

employed in the process of the present invention. By 
way of illustration such ?oating agents as straight or 
branched chain low molecular weight hydrocarbon 
alcohols, such as C6 to C8 alkanols, 2-ethyl hexanol and 
4-methyl-2-pentano1, also known as methyl isobutyl 
carbinol (MIBC) may be employed, as well as, pine oils, 
cresylic acid, polyglycol or monoethers of polyglycols 
and alcohol ethoxylates, to name but a new of the froth 
ing agents which may be used as frothing agent(s) 
herein. Generally, and without limitation, the frothing 
agent(s) will be added in conventional amounts and 
amounts of from about 0.01 to about 0.2 pounds of 
frothing agent per ton of ore treated are suitable. 
The new and improved hydrocarboxycarbonyl thio 

urea sul?de collectors for use in the process of the pres 
ent invention may generally be added in amounts of 
from about 0.005 to about 0.5 pounds of collector per 
ton of ore and preferably will be added in amounts of 
from about 0.01 lbs. to about 0.3 lbs/ton of ore pro 
cessed. In ?otation wherein pyrite and other gangue 
sul?des are to be selectively depressed over copper 
sul?des, the amount of collectors employed will gener 
ally be between 0.01 lbs/ton to 0.05 lbs/ ton. 

Thereafter, in accordance with the process of the 
present invention, the conditioned slurry, containing an 
effective amount of frothing agent and an effective 
amount of collector comprising at least one hydrocar 
boxycarbonyl thiourea compounds, is subjected to a 
frothing step in accordance with conventional froth 
?otation methods to ?otate the desired sul?de mineral 
values in the froth concentrate and selectively reject or 
depress pyrite. 

It has also been surprisingly discovered that, contrary 
to the conventional belief that a neutral, oily collector is 
most effective when it is added to the grind instead of to 
the ?otation cells, the new and improved hydrocarbox 
ycarbonyl thiourea collectors of the present invention 
exhibit more efficient recovery when they are added to 
the ?otation cell, as opposed to the grind. The novel 
collectors of this invention, although water-insoluble 
for all practical purposes, have the distinct advantage of 
being easily dispersible. The novel collectors when 
added to the ?otation cell provide higher copper recov 
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10 
ery in the ?rst ?otation together with improved copper 
recovery overall, indicating improved kinetics of ?ota 
tion, to be more fully described hereinafter. 
Other objects and advantages provided by the new 

and improved collectors and process of this invention 
will become apparent from the following working Ex 
amples, which are provided by way of further illustra~ 
tion only, to enable those skilled in this art to better 
understand and practice the present invention. 

PREPARATION 1 

Synthesis of Ethoxycarbonyl Isothiocyanate 
A 2-liter three-necked round-bottomed ?ask ?tted 

with a re?ux condenser protected from the moisture by 
a drying tube containing anhydrous calcium sulfate, an 
addition funnel and a mechanical stirrer was mounted in 
a heating mantle. In the ?ask were placed 700 ml of dry 
acetonitrile and 194 grams of potassium thiocyanate. 
The mixture was heated, with stirring, to 70° C. and 
then the external heating was discontinued. To the mix 
ture were added with stirring, 2l7 grams of ethyl chlo 
roformate from the addition funnel in 40 minutes. An 
exothermic reaction set in. The mixture thickened and 
turned yellow. After the addition was completed. the 
temperature of the reaction mixture reached 77° C. The 
reaction mixture was stirred for 3 hours without any 
external hearing. Thereafter, the reaction mixture was 
cooled to room temperature and the precipitate was 
removed by ?ltration. The precipitate cake was washed 
with dry acetonitrile. The ?ltrate and the washing were 
combined and concentrated by evaporation under re 
duced pressure. The residual liquid was distilled 
through a fractioning column. There were obtained 
86.9 grams of ethoxycarbonyl isothiocyanate, a color 
less liquid which boiled at 45° C./l1 mm Hg or 48° 
C./ 12 mm Hg. 

PREPARATION 2 

Synthesis of N-Ethoxycarbonyl-N'~Isopropyl Thiourea 
A solution of 7.1 grams of isopropylamine in 40 ml of 

anhydrous ethyl ether was added dropwise in 30 min 
utes with stirring to a solution of 15.5 grams of ethox 
ycarbonyl isothiocyanate (Preparation 1) in 10 ml of 
anhydrous ethyl ether. The reaction vessel was cooled 
with an ice-water bath. The reaction mixture was let 
stand at an ambient room temperature. After the reac 
tion was complete, the solution was concentrated by 
stripping off most of the solvent under reduced pres 
sure. The crystals were collected by ?ltering and wash 
ing with hexanes. The ?rst crop weighed 8.1 grams, 
m.p. 52.5°—54° C. The second crop weighed 7 grams, 
m.p. 52254" c. 

PREPARATION 3 

Synthesis of N-Ethoxycarbonyl-N'~Isobutyl Thiourea 
A solution of 5.3 grams of ethoxycarbonyl isothiocy 

anate (Preparation 1) in 100 m1 of petroleum ether (b.p. 
35°—60° C.) was cooled with stirring in an ice-water 
bath. To the above solution was added dropwise in 20 
minutes a solution of 3.9 grams of isobutylamine in 50 
ml of petroleum ether. The reaction ?ask was cooled in 
the ice-water bath during the addition. After the addi 
tion was complete the reaction ?ask was removed from 
the ice-water bath and let stand at an ambient tempera 
ture overnight. The solution was concentrated by strip 
ping off most of the solvent. The concentrated solution 



Re. 32,786 
11 

was cooled in a ice-water bath. The crystals were col 
looted by ?ltering and washing with hexanes. The prod 
uct weighed 7.5 grams and melted at 50°—52° C. 

PREPARATION 4 

Synthesis of A Liquid Product Containing 
N-Ethoxycarbonyl-N’-Isopropyl Thiourea and 

N-Ethoxycarbonyl-N'-Isobutyl Thiourea 
In a 250 ml round-bottomed ?ask were added 11.86 

grams of n-octane and 11.86 grams of ethoxycarbonyl 
isothiocyanate (Preparation 1). The ?ask was immersed 
in an ice-water bath and the mixture was stirred for 5 
minutes using a magnetic stirring bar. To the above 
solution was added dropwise from an addition funnel a 
solution of 2.63 grams of isopropylamine and 3.25 grams 
of isobutylamine in 3.57 grams of n-octane. The reaction 
?ask was immersed in the ice-water bath and the reac 
tion mixture was stirred during the addition of the 
amine solution. The reaction ?ask was then removed 
from the ice-water bath and the reaction mixture was 
stirred at ambient room temperature until the reaction 
was completed. The reaction solution was concentrated 
by stripping off the volatiles, which contained mostly 
n-octane, and yielded a liquid product weighing 18.34 
grams. It contained N-ethoxycarbonyl-N'isopropyl 
thiourea and N-ethoxycarbonyl-N'-isobutyl thiourea in 
a molar ratio 1:1 and the solids content of these two 
thioureas was 87.4%. 
The above synthesized hydrocarboxylcarbonyl thio 

ureas were employed as collectors for a variety of sul 
?de ores and tested for bene?ciation properties at a 
variety pH values and compared with prior art sul?de 
collector compounds. Other homologous and/or analo 
gous hydrocarboxylcarbonyl thioureas may be em 
ployed in the following examples which are easily pre 
pared according to substantially identical preparation 
methods, substituting the appropriate corresponding 
active amine compounds to provide the Rl and R2 
groups desired. 

In each of the following examples, the following 
general preparation and testing procedures were used: 
The sul?de ores were crushed to — 10 mesh sizes. An 

amount of the crushed ores of between about 500 to 
2,000 grams was wet ground in a steel ball mill with a 
steel ball charge of 10.7 kg and at 63% solids for about 
8 minutes or until a pulp having this size distribution 
indicated was obtained, generally about l0—20% +65 
mesh, 14—30%+100 mesh and 40-80% —200 mesh. 
Lime and sulfuric acid were used as the pH modifiers to 
adjust the pH as required. The frother used was added 
to the grind in some tests and added to the ?otation cell 
in others. In certain tests, 50% the collector was added 
to the grind, otherwise, the collector was added to the 
?rst and second stages of conditioning in the ?otation 
cell. 
The size reduced pulp, with or without frother and 

collector additives, was transferred to a Denver D12 
rectangular ?otation cell. The volume of the pulp was 
adjusted to 2650 ml by adding water to provide a pulp 
density of about 30—35% solids and a pulp level in the 
cell at about 2 cm below the lip. 

Collector and/or frother were added to the pulp 
while agitating at about 1400 rpm. The pulp was condi 
tioned for a period of two minutes and pH and tempera 
ture measurements were taken at that time. At the end 
of the two minutes conditioning, air was fed at about 7 
liters/minute from a compressed air cylinder. The froth 
?otation was continued for about 3 minutes during 
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12 
which a ?rst stage concentrate was collected. Thereafl 
ter the air was turned off and more collector and frother 
were added and the pulp was conditioned for an addi 
tional two minutes. After the second two minute condi 
tioning step the air was turned on and a second stage 
concentrate was collected. The ?otation times were 
predetermined to give a barren froth upon completion 
of flotation. 
The ?rst and second stage concentrates and tailings 

were ?ltered, dried, sampled and assayed for copper, 
iron and sulfur. Tap water at the required temperature 
was use in all tests. The abbreviation t is used to indicate 
a standard ton, e.g., 2000 lbs. and T represents a metric 
ton, e.g., 1000 kg. or 2204 lbs. 

EXAMPLES l-2 

Acid Circuit Flotation 

A South American copper-molybdenum ore with a 
copper head assay of 1.65% and pyrite head assay of 
2.5% and 0.025% molybdenum was used in the follow 
ing examples. The copper minerals present in the ore 
were chalcocite, chalcopyrite, covellite, bornite and 
some oxide copper minerals, such as malachite and 
cuprite. Although the ore contained a large amount of 
chalcopyrite, an appreciable amount of it was rimmed 
with chalcocite and covellite. 
About 500 grams of a — 10 mesh sample of this ore 

was wet ground for about 13 minutes in a steel ball mill 
containing a steel ball charge of 5.3 kg. and at a 63% 
solids content to yield a pulp with a size distribution of 
14% +100 mesh and 62% —200 mesh. The ore pulp 
had a natural pH of 5.5 and sulfuric acid was used to 
adjust pulp pH to about 4.0 10.5 g/I‘ of diesel oil were 
also added in each example. The collectors tested were 
added to the ?otation cell in the ?rst and second stages 
of conditioning. The ?otation procedure outline above 
was used in each of the ?otation tests. 
The standard collector for this ore is a 60/30/10 

blend of ethyl xanthogen ethyl formate/diesel fuel/ 
MIBC as well as 2.5 g/T of sodium diethyldithiophos 
phate. To provide additional comparisons, testing was 
also performed using the diethyl xanthogen formate in 
pure form as well as another standard collector, a dial< 
kyl thionocarbamate. The standard collectors as well as 
the new and improved hydrocarboxycarbonyl thiourea 
collectors of this invention were subjected to ?rst stage 
and second stage ?otations. The grade and the percent 
copper recovered, percent pyrite recovery were mea 
sured by assaying the froth concentrates and tailings of 
each ?otation stage. In addition, a selectivity/perfor 
mance index was calculated for each of the collectors 
tests. 

More particularly, the selectivity/ performance index 
was de?ned and calculated in accordance with the fol 
lowing equation: 

Iw : 100 — rcent n'te recovered 

(100 — percent copper recovered)2 

The selectivity index for copper is a convenient method 
for measuring not only the copper recovery of a collec 
tor but also its selectivity for rejecting gangue sul?des 
such as a pyrite and pyrrhotite. For example, if for this 
particular ore, a 90% recovery for copper and an 92% 
recovery of pyrite were accepted as optimum, then the 
optimum selectivity index of a collector for copper 
using this ore would be 0.08. The collectors tested and 
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the ?otation results obtained are set forth in Table l, as 
follows: 

TABLE 1 
ACID CIRCUIT FLOTATION 

14 
known to give optimum performance at a pH of 11.5. 
The collectors were tested at various dosage and pH 

Head Assay: Cu = 1.65%. FeSz = 2.5%: pH = 4.0 
Frother = polypropylene glycol monomethylether at 60 g/T: 

Sulfuric Acid 5.0 kg/T to pH 4.0 

Dosage % Cu % Cu % FeS; 
Example Collector g/T Rec. Grade Rec. 16,, 

A. Standard blend“ 10 46.7 4.5 21.1 0.028 
B. " 20 78.9 7.0 80.9 0.043 
C. " 30 89.6 7.2 91.5 0.078 
D. " 40 90.1 7.2 92.2 0.080 
E. Sodium diethyl dithiophosphate 20 65.1 6.2 45.4 0.045 
F. Diethyl xanthogen formate 15 88.5 8.8 88.2 0.09 
G. Diethyl xanthogen formate 20 90.6 8.4 93.4 0.075 
H. Isopropyl ethyl thionocarbamate 15 76.3 7.8 83.0 0.030 
1. N-Ethoxycarbonyl N'—isopropyl thiourea 9.5 91.3 8.6 92.1 0.104 
2. N-Ethoxycarbonyl N'—iscpropyl thiourea 10.2 90.7 8.3 93.5 0.075 

"60/30/10 blend of ethylxanthogen ethyl formale/diesel l'uel/MIBC 

It is apparent from the data contained in Table 1 that and the results are set forth in Table 2 as follows: 

TABLE 2 
MILDLY ALKALINE CIRCUIT FLOTATlON 
Head Cu = 0.867%. FeSg = 7.0%. Frother 91 g/l‘. 

Collector dosages and pH given below 
Lime Dosage % Cu % Cu FeSg 

Example Collector kg/T M/T pH Rec. Grade Rec. 1“. 

I. Sodium amyl xanlhatc 0.35 0.124 9.0 78.9 16.5 23.2 0.172 
.1. " 1.27 0.124 10.0 83.0 — 26.0 0.256 
K. " 3.92 0.124 11.50 88.6 8.5 33.9 0506 
L. " 0.062 10.0 80.5 — 22.0 0.205 

M. " 0.062 11.50 89.4 9.3 29.0 0.638 
3. N-Ethoxycarbonyl N'—isopropyl thiourea 0.35 0.124 9.0 89.1 8.4 46.1 0.455 
4. N-Ethoxycarbonyl N'—isopropyl thiourea 1.27 0.062 10.0 89.3 10.7 25.3 0.651 
5. N-Ethoxycarbonyl N'-isobutyl thiourca 0.35 0.124 9.0 89.6 9.6 37.1 0.584 
6. N-Ethoxycarbonyl N'—isobutyl thiourea 1.27 0.062 10.0 88.1 9.8 21.4 0.553 

the novel hydrocarboxycarbonyl thiourea collectors of 
this invention shown in Examples 1 and 2 gave superior 
metallurgical results at a reduced dosage as compared 
with the conventionally used standard collector blend 
of Examples A-D and the sodium diethyldithiophos 
phate of Example E. In addition, the collectors of this 
invention, Examples 1 and 2 performed better than the 
pure diethyl xanthogen formate collector of Examples 
F and G as well as the isopropyl ethyl thionocarbamate 
of Example H. Table 1 demonstrates that higher copper 
recoveries are obtained with a hydrocarboxycarbonyl 
thiourea collector of this invention at reduced dosages. 
Only the novel collectors provided the required Icu 
values. 

EXAMPLES 3-6 

Mildly Alkaline pH Flotation 
A Southwestern U.S. ore containing 0.867% copper 

and 7.0% pyrite head assay was used in these examples. 
The principal copper mineral was chalcopyrite al 
though the ore also contained some chalcocite, covellite 
and bornite. . 

510 grams of ore were ground for 8.5 minutes at 65% 
solids in a steel ball mill to obtained a pulp with the size 
distribution of 5.8% +65 mesh, 19% +100 mesh and 
53.3% of —200 mesh. Lime was used to adjust the pH 
of the pulp to the slightly alkaline values shown. The 
frothing agent employed was a 70/30 mixture of poly 
propylene glycol/polypropylene glycol monomethyl 
ether added at 91 g/T. To make the comparison more 
meaningful, collector dosage on an equimolar basis was 
used and reported as moles per metric ton. The standard 
collector for this ore is a sodium amyl xanthate which is 
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The results of Table 2 demonstrate that the hydrocar 
boxycarbonyl thiourea collectors of the present inven 
tion provide equivalent metallurgy at pH 9.0 or 10.0 and 
at a lime consumption of only l0—-30% as compared 
with the standard sodium amyl xanthate collector of 
Examples I-M. The data demonstrate that high copper 
recoveries and selectivity against pyrite are obtained at 
reduced lime consumption with the collectors of this 
invention shown in Examples 3-6. This is evident also 
from the high Icu obtained for these collectors. It is 
important to note that the standard collectors give very 
poor metallurgy at pH 9 and 10 as shown by the result 
in Examples 1, J and L. 

EXAMPLES 7-8 

Mildly Alkaline pH Flotation 
A South American copper-molybdenum ore contain 

ing 1.844% copper and 4.2% pyrite by head assay was 
used in the following examples. The copper minerals 
present were predominantly chalcocite, chalcopyrite, 
covellite and bornite. 

510 grams of the ore was wet ground in a steel ball 
mill for 7.5 minutes at 68% solids to obtain a pulp with 
the size distribution of 24.7% +65 mesh, 38.3% + 100 
mesh and 44% —200 mesh. 2.5 g/T ofdi-sec-butyldithi 
ophosphate was added to the grind in all of the tests. 
Lime was also added to the grind to obtain the required 
pH in ?otation. The pulp was transferred to a flotation 
cell and conditioned at 1100 rpm and 32% solids. The 
frothing agent employed was a l/ l/ 1 mixture of poly 
propylene glycol monomethylether/MlBC/pine oil 
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added at about 0.04 lb./T. The collectors of this inven 
tion were tested against a number of standard collectors 
and the results obtained are set forth in Table 3 as fol 
lows: 

TABLE 3 

32, 786 
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?rst stage was therefore not possible and was not at 
tempted. 880 grams of the ore were conditioned with 
500 g/T of ammonium sul?de and ground for 6 minutes 
in a steel ball mill at 55.5% solids to obtain a pulp with 

MILDLY ALKALINE CIRCUIT FLOTATION 
Head Cu = 1.844%. FeSZ = 4.2%. Frother 20 g/T. pH 9.0. 

Collector dosage = 0.125 mole/T. 

Lime % Cu % Cu % FeSZ 
Example Collector mole/T Kg/T pH Rec. Grade Rec. 14-“ 

N Sodium Isopropyl xanthate (standard) 0.125 0.53 10.5 84.4 11.8 86.2 0.057 
0 Sodium Isopropyl xanthate (standard) 0190 0.53 10.5 84.7 12.6 88.0 0.051 
P Sodium Isopropyl xanthate (standard) 0190 0.24 9.0 79.3 16.0 83.1 0.04 
Q Allyl amyl xanthate ester 0.125 0.24 9.0 49.0 12.2 20.3 0.031 
R Diisobutyl dithio phosphinate 0.125 0.24 9.0 62.6 13.9 46.3 0.038 
7 N-—Ethoxycarbonyl N’—isopropy1 thiourea 0.125 0.24 9.0 83.6 14.6 67.3 0.121 
8 N-—Ethoxycarbonyl N'—-isobutyl thiourea 0.125 0.24 9.0 85.4 12.3 82.4 0.082 

The data of Table 3 indicate that the novel hydrocar 
boxycarbonyl thioureas of this invention shown in Ex 
ample 7-8 provided copper recoveries at a pH 9.0 that 
were essentially equivalent to those obtained with the 
sodium isopropyl xanthate standard collector shown in 
Examples N-O at a pH of 10.5. In fact, the standard 
collector gave poor copper recovery at pH 9.0 even at 
a dosage level of 0.19 moles/T as shown in Example P. 
The use of the novel hydrocarboxycarbonyl thiourea 
collectors shown in Examples 7 and 8 as compared with 
the standard control of Examples N-P demonstrate that 
lime consumption is reduced with the collectors of the 
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a size distribution of 17.4% +65 mesh, 33% + 100 mesh 
and 47.4% —200 mesh. The pulp was conditioned at 
1500 rpm at 20.4% solids. 
The standard operating pH for this ore is 114-115 

using as a standard collector N-ethyl-O-isopropyl 
thionocarbamate. The lime consumption required to 
provide an operating pH of 11.4-11.5 is about 3.07 
kg/T. The standard frother used is cresylic acid at 
about 150 g/T. 
The collectors were tested at the dosages and under 

the pH conditions indicated. The results are set forth in 
Table 4 as follows: 

TABLE 4 
MILDLY ALKALINE CIRCUIT FLOTATION 
Head Cu = 0.778%. FeSg = 5.7%. Frother 150 g/T 

Lime % Cu % Cu % FeSZ 
Example Collector mole/T pH Kg/‘T Rec. Grade Rec. If“ 

S N—ethyl O-isopropyl thionocarbamate 0.210 8.0 0.23 68.6 8.3 73.5 0.027 
T N-ethyl O-—isopropyl thionocarbamate 0.105 9.0 0.74 78.2 9.7 62.0 0.080 
U N-ethyl O—isopropyl thionocarbamate 0.210 10.3 1.59 81.6 10.1 64.4 0.105 
V N—ethyl O—isopropyl thionocarbamate 0.105 11.4 3.07 57.8 15.4 24.4 0.042 
W N—ethyl O—isopropy1 thionocarbamate 0.210 11.4 3.07 81.0 11.6 54.8 0.126 
X Sodium n-butyl trithiocarbonate 0.105 8.0 0.23 26.3 7.6 24.1 0.014 
Y " 0.210 8.0 0.23 47.2 8.7 47.4 0019 
Z Allyl amyl xanthate ester 0.105 9.0 0.70 46.7 12.0 30.6 0024 
AA " 0.210 8.0 0.23 35.8 10.0 33.2 0.016 
BB Sodium diisobutyl dithiophosphate 0.210 8.0 0.23 60.1 9.8 51.5 0.030 
CC Ammonium diisobutyl thiophorsphinate 0.105 9.0 0.70 57.6 11.3 33.9 0.037 
9 N-Ethoxycarbonyl N‘—isopropyl thiourea 0.210 8.0 0.25 78.0 8.2 84.0 0.033 
10 N—Ethoxycarbonyl N'—isopropyl thiourea 0.105 9.0 0.70 77.7 10.5 60.1 0.080 
11 N-Ethoxycarbonyl N'—isopropyl thiourea 0.105 9.7 1.14 78.8 10.0 66.8 0.074 
12 N—-Ethoxycarbonyl N'—isobutyl thiourea 0.210 8.0 0.25 81.5 7.8 88.3 0.034 
13 N-Ethoxycarbonyl N’—isobutyl thiourea 0.105 9.0 0.70 81.2 9.3 66.3 0.095 
14 N-Ethoxycarbonyl N'—isobutyl thiourea 0.105 10.0 1.36 79.2 9.7 62.3 0.087 

present invention by over 50%. The collectors of Ex 
amples 7-8 gave satisfactory grade of copper in the 
concentrate and provided better selectivity against py 
rite. It is to be noted that the other conventional collec 
tors shown in Examples Q and R gave very poor copper 
recoveries as a pH of 9.0. 

Mildy Alkaline pH Flotations 
In the following examples, a Southwestern U.S. cop 

per-molybdenum ore was used which had a head assay 
for copper of about 0.778% and for pyrite of about 
5.7%. This ore was one of the most complicated of all 
the ores tested in terms of complex mineralogy, low 
overall copper recovery, high lime consumption and 
frothing problems. The ore contained predominantly 
chalcocite, however, the pyrite in the ore was exces 
sively rimmed and disseminated with chalcocite and 
covellite. Pyrite separation in the rougher flotation or 
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The data of Table 4 demonstrate that hydrocarbox 
carbonyl thioureas of the subject invention shown in 
Examples 9-14 at a pH of 8.0 or 9.0 provided copper 
recoveries that were essentially equivalent to those 
obtained with the standard collectors of Example U, V 
and W at a pH of 10.3 or 11.4. The copper grades were 
also comparable. The important results are that with the 
use of the novel collectors of this invention. the lime 
consumption can be reduced by more than 50—75% of 
the standard lime consumption. In fact, for the collector 
of this invention shown in Examples 12—l4, the lime 
consumption at a pH of 8.0 and a dosage of 0.210 mo 
les/I‘ could be reduced by 92% and at a pH of 9.0 and 
a dosage of only 0.105 moles/T, it could be reduced by 
78%. At a pH of 9.0, the selectively against pyrite is also 
acceptable and for this ore, higher pyrite recoveries are 
inevitable, as explained in the previous section. It is to 
be noted that with several of the other conventional 
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collectors shown in Examples X-CC, very poor copper 
recoveries were obtained. It should also be noted that 
the standard collector of Examples S-W gave very 
poor metallurgy at pH’s of 8.0 and 9.0. 
The foregoing examples demonstrate the signi?cant 

improvements and advantages achieved with the new 
and improved hydrocarboxycarbonyl thiourea collec 
tors of this invention over a number of conventional 
collectors known to those skilled in the art. 

Although the present process has been described 
with reference to certain preferred embodiments, modi 
?cations or changes may be made therein by those 
skilled in this art. For example, instead of N-ethoxycar 
bonyl-N’-alkyl thioureas and N-phenoxycarbonyl-N' 
alkyl thioureas, other hydrocarboxycarbonyl thioureas 
of the above formula may be used as the sul?de collec 
tor herein, such as N-cyclohexoxycarbonyl-N'-alkyl 
thiourea, N-(3-butene)-l-oxycarbonyl-N'-alkyl thio 
urea, N—alkoxycarbonyl-N’-aryl thioureas and N 
aryloxycarbonyl-N-aryl thiourea, to name but a few. 
Moreover, as been mentioned above, the process may 
be practiced using as the collector component mixtures 
of two or more of the hydrocarboxycarbonyl thioureas, 
as well as mixtures of at least one hydrocarboxycarbo 
nyl thiourea collector in combination with another 
known collector which may be selected from, for exam 
ple 

(a) xanthates or xanthate esters, e.g. 
S 

II II 
R3O—C—S-M+, or r?o-c-sn9 
respectively; 

(b) dithiophosphates, e.g. 
S .. 

ll 
(R8O)2— P-S — M + 

respectively; 

(c) thionocarbamates, es. 
5 
ll 

R8O-C—-NI~IR9; 

(d) dithiocarbamates e.g. 
H S 
I ll 

R8N-C—C_ M + 
respectively; 

(e) trithiocarbonates and derivatives thereof, e.g. 

ll 
RBs—c—c~M 
respectively; and 

(i) dithiophosphinates, e.g. 
8 5 

ll \ll 
(RB)2P—s-M+ or P—-s— 

R9 
respectively; 

(g? mercaptans, e.g., 
R 0 sn; 

wherein in each of (a)—(f) above R8 is C1-C6 alkyl and 
R9 is C1-C6 alkyl, aryl or benzyl, R8 may or may not be 
equal to R9, and in (g), R10 is C[—C1z alkyl. 

In place of copper mineral values, the process of the 
present invention may be used to bene?ciate other sul 
?de mineral and metal values from sul?de ores, includ 
ing, for example, lead, zinc, nickel, cobalt, molybde 
num, iron, as well as precious metals such as gold, sil 
ver, platinum, palladium, rhodium, irridium, ruthenium, 
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18 
and osminum. All such obvious modi?cations or 
changes may be made herein by those skilled in this art, 
without departing from the scope and spirit of the pres 
ent invention as de?ned by the appended claims. 
What is claimed is: 
1. A collector composition for froth ?otation of base 

metal sul?de minerals comprising at least one hydrocar 
boxycarbonyl thiourea compound selected from com 
pounds having the formula: 

wherein R1 is hydrogen [or R2], R2 is a saturated or 
unsaturated alkyl radical; and R3 is a saturated or unsat 
urated alkyl radical. 

2. A collector composition as de?ned in claim 1 
wherein [R1 is hydrogen,] R2 is C1-C8 alkyl and R3 is 
C1-C6 alkyl. 

3. A collector composition as de?ned in claim 1 
wherein [R1 is hydrogen,] R2 is isopropyl. and R3 is 
ethyl. 

4. A collector composition as de?ned in claim 1, 
wherein [R1 is hydrogen,] R2 is N-butyl, and R3 is 
ethyl. 

5. A collector composition as de?ned in claim 1 
wherein [R1 is hydrogen,] R2 is isobutyl, and R3 is 
ethyl. 

6. A collector composition as de?ned in claim 1, 
comprising a liquid mixture of the compound of the 
formula wherein [R1 is hydrogen,] R2 is isopropyl, 
and R3 is ethyl and the compound of the formula 
wherein R1 is hydrogen, R2 is isobutyl and R3 is ethyl in 
an aliphatic or aromatic hydrocarbon solvent. 

7. A collector composition as de?ned in claim 6, 
wherein said hydrocarbon solvent is n-octane. 

8. In a froth ?otation process for bene?ciating an ore 
containing sul?de minerals comprising slurrying libera 
tion-sized particles of said ore in an aqueous medium, 
conditioning said slurry with effective amounts of a 
frothing agent and a metal collector, respectively, and 
frothing the desired sul?de minerals by froth ?otation 
methods, the improvement comprising: employing, as 
the metal collector, at least one hydrocarboxycarbonyl 
thiourea compound having the formula: 

wherein R1 is hydrogen or R1; R2 is a saturated or unsat 
urated alkyl radical; and R3 is a saturated or unsaturated 
alkyl radical. 

9. A process as recited in claim 8, wherein said metal 
collector comprises a liquid mixture of the compound of 
the formula wherein Rl is hydrogen, R2 is isopropyl and 
R3 is ethyl and the compound of the formula wherein 
Ri is hydrogen, R2 is isobutyl and R3 is ethyl in a hydro 
carbon solvent. 

10. A process as recited in claim 8, wherein said aque 
ous slurry of liberation-sized ore particles has a pH 
value of from about 3.5 to about 11.0, inclusive. 
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11. A process as recited in claim 8, wherein in said 

metal collector Rl is hydrogen, R2 is C1-C3 alkyl and 
R3 is C1—C(J alkyl. 

12, A process as recited in claim 8, wherein in said 

metal collector, R1 is hydrogen, R2 is isopropyl and R3 
is ethyl. 

13. A process as recited in claim 8, wherein in said 
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metal collector Rl is hydrogen, R2 is butyl and R3 is 
ethyl. 

14. A process as recited in claim 8, wherein said metal 
collector is added in an amount of from about 0.005 to 
about 0.5 lb/T of ore. 

15. A process as recited in claim 14, wherein in said 
metal collector R1 is hydrogen, R2 is isobutyl and R3 is 
ethyl. 


