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[57) ABSTRACT

New and improved collector compositions for use in
froth flotation processes for the beneficiation of mineral
values from base metal sulfide ores are disclosed. The
collector compositions comprise at least one hydrocar-
boxycarbonyl thionocarbamate compound selected
from compounds of the formula:

O H S
I I
RIO~C=N=—C=—0R?

wherein R! and R? are each, independently, selected
from saturated and unsaturated hydrocarbyl radicals,
alkyl polyether radicals and aromatic radicals, or such
radicals optionally substituted by polar groups selected
from halogen, nitrile and nitro groups. The use of the
hydrocarboxycarbonyl thionocarbamate collectors pro-
vides excellent metallurgical recoveries of sulfide min-
eral values in froth flotation processes conducted over a
broad range of pH conditions including acid, neutral

and mildly alkaline pH.

13 Claims, No Drawings
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NEUTRAL HYDROCARBOXYCARBONYL
THIONOCARBAMATE SULFIDE COLLECTORS

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a reissue application of our original
patent No. 4,657,688 dated April 14, 1987, Serial No.
806,585, filed December 9, 1985, which is a division of
application, Ser. No. 641,657, filed August 17, 1984,
now U.S. Pat. No. 4,584,097 of D. R. Najaraj entitled
PROCESS FOR THE FLOTATION OF COPPER
SULFIDE MINERALS IN ACID, NEUTRAL OR
MILDLY ALKALINE CIRCUITS.

BACKGROUND OF THE INVENTION

The present invention relates to froth flotation pro-
cesses for recovery of metal values from base metal
sulfide ores. More particularly, it relates to new and
improved sulfide collectors comprising certain hy-
drocarboxycarbonyl thionocarbamate compounds
which exhibit excellent metallurgical performance over
a broad range of pH values.

Froth flotation is one of the most widely used pro-

cesses for beneficiating ores containing valuable miner- 30

als. It is especially used for separating finely ground
valuable minerals from their associated gangue or for
separating valuable minerals from one another. The
process i1s based on the affinity of suitably prepared
mineral surfaces for air bubbles. In froth flotation, a
froth or a foam is formed by introducing air into an
agitated pulp of the finely ground ore in water contain-
ing a frothing or foaming agent. A chief advantage of
separation by froth flotation is that it is a relatively
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efficient operation at a substantially lower cost than 40

many other processes.

Current theory and practice state that the success of
a sulfide flotation process depends to a great degree on
the reagent(s) called collector(s) that impart(s) selective
hydrophobicity to the value sulfide mineral that has to
be separated from other minerals. Thus, the flotation
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
flotation.

In addition to the collector, several other reagents are
also necessary. Among these, the frothing agents are
used to provide a stable flotation 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 modifiers, are also largely responsible for the suc-
cess of flotation separation of sulfide minerals. Modifi-
ers include all reagents whose principal function is nei-
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ther collecting nor frothing, but one of modifying the
surface of a mineral 3o 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 modifier may perform several
functions simultaneously. Current theory and practice
of sulfide flotation again state that the effectiveness of
all classes of flotation agents depends to a large extent
on the degree of alkalinity or acidity of the ore pulp. As
a result, modifiers that regulate the pH are of great
importance. The most commonly used pH regulators
are lime, soda ash and, to a lesser extent, caustic soda. In
sulfide flotation, however, lime is by far the most exten-
sively used. In copper sulfide flotation, which domi-
nates the sulfide flotation industry, for example, lime is
used to mamtain pH values over 10.5 and more usually
above 11.0 and often as high as 12 or 12.5. In prior art
sulfide flotation processes, preadjustment of the pH of
the pulp slurry to 11.0 and above is necessary, not only
to depress the notorious gangue sulfide minerals of iron,
such as pyrite and pyrrhotite, but also to improve the
performance of a majority of the conventional sulfide
collectors, such as xanthates, dithiophosphates, trithio-
carbonates and thionocarbamates. The costs associated
with adding lime are becoming quite high and plant
operators are interested in flotation processes which
require little or no lime addition, i.e., flotation processes
which are effectively conducted at slightly alkaline,
neutral or even at acid pH values. Neutral and acid
circuit flotation processes are particularly desired be-
cause pulp slurries may be easily acidified by the addi-
tion of sulfuric acid, and sulfuric acid is obtained in
many plants as a by-product of the smelters. Therefore,
flotation processes which do not require preadjustment
of pH or which provide for pH preadjustment to neutral
or acid pH values using less expensive sulfuric acid are
preferable to current flotation processes because cur-
rent processes require pH preadjustment to highly alka-
line 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 reagents used, and the
dollar value of the lime used was about 51.4% of the
total reagent costs for the industry, which amounted to
over 28 million dollars.

As has been mentioned above, lime consumption in
individual plants may vary anywhere from about one Ib.
of lime/metric ton of ore processed up to as high as 20
ibs. 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
sufficiently high pH causes scale formation on plant and
flotation equipment, thereby necessitating frequent and
costly plant shutdowns for cleaning.

It is apparent, therefore, that there is a strong desire
to reduce or eliminate the need for adding lime to sul-
fide flotation processes to provide substantial savings in
reagents costs. In addition, reducing or eliminating lime
in sulfide ore processing may provide other advantages
by facilitating the operation and practice of unit opera-
tions other than flotation, such as slurry handling.
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In the past, xanthates and dithiophosphates have been

employed as sulfide collectors in froth flotation of base
metal sulfide ores. A major problem with these conven-
tional sulfide 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-
fide collectors also decreases, rendering them unsuitable
for flotation in mildly alkaline, neutral or acid environ-
ments. This decrease in collecting power with decreas-
ing pH, e.g., below about 11.0, requires that the collec-
tor dosage be increased many fold, rendering it gener-
ally economically unattractive. There are many factors
which may account for the lowering of collector activ-
ity with decreasing pH. A collector may interact differ-
ently with different sulfide minerals at a given pH. On
the other hand, poor solution stability at low pH, such
as that exhibited by xanthates and trithiocarbonates may
very well explain the observed weak collector behav-
1OT.

Efforts to overcome the above deficiencies led to the
development of neutral derivatives of xanthates such as
alkyl xanthogen alkyl formates generally illustrated by
the formula:

s 0
i
RO=—C=—=8$—~C—0OR’

The akyl xanthogen alkyl formates are disclosed as
sulfide collectors in U.S. Pat. No. 2,412,500. Other
structural modifications 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
sulfide collectors in U.S. Pat. No. 2,602,814. These
modified structures have not found as much commeri-
cal application as the unaltered structures. For example,
an alkyl xanthogen alkyl formate is currently commer-
cially available under the trade name MINEREC® A
from the Minerec 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 sulfide collectors which have ob-
tatned some of commercial success in froth flotation are
oily sulfide collectors comprising dialkylthionocarba-
mate or diurethane compounds having the general for-
mula:

i
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 final 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
hydrosulfide, also a pollutant which requires special
treatment for disposal. In U.S. Pat. No. 3,590,998 a
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thionocarbamate suilfide collector structure in which
the N-alkyl substituent 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 esters of xan-
thates. The by-products of this process are either
methyl mercaptan or sodium thioglycolate. In addition,
this type of structurally modified thionocarbamate 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 sulfide collector and
flotation process for the beneficiation of sulfide minerals
employing froth flotation methods which does not re-
quire any pre-adjustment of pH to highly alkaline val-
ues.

It 1s another object of the present invention to pro-
vide a new and improved sulfide collector and froth
flotation process for the beneficiation of sulfide minerals
which provides selective recovery of sulfide metal val-
ues with selective rejection of pyrite, pyrrhotite and
other gangue sulfides.

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

It is another object of the present invention to pro-
vide a flotation process for the beneficiation of sulfide
ores at pH values of 10.0 or below using certain novel
collectors containing novel donor atom combinations
designed specifically for low pH flotation.

It is still another object of the present invention to
provide a new and improved process for selective flota-
tion of value sulfides 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 beneficiating an ore
containing sulfide minerals with selective rejection of
pyrite, pyrrhotite and other gangue suifide, said collec-
tor composition comprising at least one hydrocarbox-
ycarbonyl thionocarbamate compound selected from
compounds having the formula:

H S
I

®)
1
RIO—C—~N=—C=—0R?

wherein R! and R? are each independently selected
from saturated and unsaturated hydrocarbyl radicals,
alkyl polyether radicals and aromatic radicals and such
radicals optionally, and independently substituted with
polar groups selected from halogen, nitrile and nitro
groups. Particularly preferred hydrocarboxycarbonyl
thionocarbamate sulfide collectors in accordance with
the present invention comprise compounds for the for-
mula wherein R is C{-Cg¢ alkyl or aryl and Ry is C1-Cg
alkyl.

Generally, and without limitation, the new and im-
proved hydrocarboxycarbonyl thionocarbamate collec-
tors of this invention may be used in amounts of from
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about 0.005 to 0.5 pounds per ton of ore, and preferably
from about 0.01 to 0.1 pounds per ton of ore, to effec-
tively selectively recover metal and mineral values
from base metal sulfide ores while selectively rejecting
pyrite and other gangue sulfides. The new and im-
proved sulfide collectors in 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 sulfide minerals with
selective rejection of pyrite and pyrrhotite, said process

3

10

comprising: grinding said ore to provide particles of 15

flotation size, slurrying said particles in an aqueous
medium, conditioning said slurry with effective
amounts of a frothing agent and a metal collector, and
frothing the desired sulfide minerals preferentially over
gangue sulfide minerals by froth flotation procedures;
said metal collector comprising at least one hydrocar-
boxycarbonyl thionocarbamate compound selected
from compounds having the formula given above.

In particularly preferred embodiments, a new and
improved method for enhancing the recovery of copper

sulfide minerals from an ore containing a variety of

sulfide minerals is provided wherein the flotation pro-
cess 18 performed at a controlled pH of less than or
equal to 10.0, and the collector is added to the flotation
cell.

The present invention therefore provides a new class
of sulfide collectors and a new and improved process
for froth flotation of base metal sulfide ores. The hy-
drocarboxycarbonyl thionocarbamate collectors and
the process of the present invention unexpectedly pro-
vide superior metallurgical recovery in froth flotation
separations as compared with conventional sulfide col-
lectors, even at reduced collector dosages, and are ef-
fective under conditions of acid, neutral or mildly alka-
line pH. In accordance with the present invention, a
sulfide ore froth flotation process is provided which

simultaneously provides for superior beneficiation of

sulfide 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, sulfide
metal and mineral values are recovered by froth flota-
tion methods in the presence of a novel sulfide collec-
tor, said collector comprising at least one hydrocarbox-
ycarbonyl thionocarbamate compound of the formula:

O H S
1

RIQ=~C—N—C—0R?

wherein R! and R? are, independently, selected from
saturated and unsaturated hydrocarbyl radicals, alkyl
polyether radicals and aromatic radicals, said R! and R?
radicals, optionally and independently being substituted
by polar groups selected from halogen, nitrile and nitro
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groups. By hydrocarbyl is meant a radical comprised of 65

hydrogen and carbon atoms which includes straight or
branched, saturated or unsaturated, cyclic or acyclic

hydrocarbon radicals. The R! and R? radicals may be

6

unsubstituted or optionally substituted by polar groups
such as halogen, nitrile or nitro groups. In addition, R1
and R2 may independently be selected from alkyl poly-
ether radicals of the formula:

RY(OY)—

wherein R3 is C; to Cg alkyl; Y is an ethylene or propy-
lene group and n is an integer of from 1 to 4 inclusive.
R! and R? may aiso 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, the hydrocarboxycarbo-
nyl thionocarbamate collectors of the above formula
employed are those compounds wherein R! is selected
from C; to Cs alkyl, or aryl, and especially preferably
are ethyl, isopropyl, or phenyl radicals; and R2 is se-
lected from Ci-Cg alkyl radicals, for example, methyl,
ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl,
n-amyl, 1soamyl, n-hexyl, isohexyl, heptyl, n-octyl and
2-ethylhexyl.

Illustrative compounds within the above formula for
use as sulfide collectors in accordance with the present
invention include:

N-ethoxycarbonyl-O-methyl thionocarbamate,
N-ethoxycarbonyl-O-ethyl thionocarbamate,
N-ethoxycarbonyl-O-(n-propyl) thionocarbamate,
N-ethoxycarbonyl-O-isobutyl thionocarbamate,
N-ethyoxycarbonyl-O-(n-pentyl) thionocarbamate,
N-ethoxycarbonyl-O-(2-methylpentyl) thionocarba-
mate,
N-ethoxycarbonyl-O-allyl thionocarbamate,
N-ethoxycarbonyl-O-(2-methoxylethyl) thionocarba-
mate,
N-ethoxycarbonyl-O-(2-ethoxyethyl) thionocarbamate,
N-ethoxycarbonyl-O-(2-butoxyethyl) thionocarbamate,
N-propoxycarbonyl-O-propyl thionocarbamate,
N-phenoxycarbonyl-O-ethy! thionocarbamate; and
N-phenoxycarbonyl-O-1sopropyl thionocarbamate, to
name but a few.

The hydrocarboxycarbonyl thionocarbamate com-
pounds of the present invention may be conveniently
prepared, without forming polluting by-products, first,
by reacting a corresponding chloroformate compound
with ammonium, sodium or potassium thiocyanate to
form an isothiocyanate intermediate, in accordance
with equation (1) as follows:

0O (1)

0
| |
RIO=—C=—Cl + XSCN ~——=>»R!=—0=—C~—NCS + XCl

wherein R is the same as defined above and X is NH4 +,
Na+,or K+,

Thereafter, the hydrocarboxycarbonyl isothiocya-
nate intermediate is reacted with an active hydroxyl
compound in accordance with equation (2) as follows:
(2)

0 O H §
I [

Rl==Q=—C—NCS + R2OH —>R!0=~C~N-C—O0OR2
By active hydroxyl compound is meant any compound

bearing an hydroxyl group which will readily react
with the isothiocyanate to form the corresponding
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thionocarbamate. Illustrative active hydroxyl com-
pounds include aliphatic alcohols, cyclic and acyclic,
saturated and unsaturated, unsubstituted or substituted
by polar groups such as halogen, e.g., chloro, bromo or
iodo, nitrile and nitro groups; aryl alkanols such as
benzyl alcohols; ethoxylated and/or propoxylated alco-
hols and phenols.

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:

O

0
| Il
R‘OH + Cl~C—(l ——=>»R4*0—C—Cl + HCI

(3)

wherein R* comprises any of the active hydroxyl com-
pounds defined above. By way of further illustration,
chloroformates made from ethoxylated or propoxylated
alcohols may be prepared in accordance with this
method, e.g.,

0 (4)
I

R3(OCH;CH2),OH + Cl=C~Cl =———>>»
0
R3(OCH,;CH),0C—Cl + HCI

wherein R3 is C1-Cg alkyl and n is 1 to 4 inclusive; as
well as, aromatic alcohols such as phenols, cresols and
xylenols, e.g.,

(5)

i

R6 @ 0—C—Cl + HCl
R?

wherein R—=H or CH3 and R’=H, CH3, C], Br, 1,
—NO2 or —Ca=N.

Referring again to the preparation of the new and
improved hydrocarboxycarbonyl thionocarbamate sul-
fide collectors of the present invention shown in Equa-
tions (1) and (2) above, it 18 apparent that sodium chlo-
ride 18 the only innocuous side product is the reaction of
equation (1). Moreover, in equation (2), the condensa-
tion of the isothiocyanate with the active hydroxyl
compound is fast and complete and does not release any
polluting by-product.

In accordance with the present invention, the above-
described hydrocarboxycarbonyl thionocarbamates are
employed as sulfide collectors in a new and improved
froth flotation process which provides a method for
enhanced beneficiation of sulfide mineral values from
base metal sulfide 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 beneficiation of mineral values from base metal
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sulfide ores comprises, firstly, the step of size-reducing
the ore to provide ore particles of flotation 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,
1.e., liberation size, will vary from ore to ore and may
depend on several factors, such as, for example, the
geometry of the mineral deposits within the ore, e.g.,
striations, agglomeration, comatrices, etc. In any event,
as 1§ 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 flotation sized parti-
cles of between about + 65 mesh and about — 200 mesh.
Especially preferably for use in the present method are
base metal sulfide 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
715% 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
specified 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 flotation size are provided.

Preadjustment of pH is conveniently performed by
addition of the modifier to the grind during the size
reduction step.

The pH of the pulp slurry may be pre-adjusted 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 pro-
cess 18 that the new and improved hydrocarboxycarbo-
nyl thionocarbamate sulfide collectors employed in the
process of this invention do not require any pre-adjust-
ment of pH and generally the flotation may be per-
formed at the natural pH of the ore pulp, thereby simpli-
fying the process, saving costs and reducing lime con-
sumption and related plant shut-downs. Thus, for exam-
ple, good beneficiation has been obtained 1n accordance
with the process of the present invention at pH values
ranging between 3.5 and 11.0, and especially good bene-
ficiation has been observed with pH values within the
range of from about 4.0 to about 10.0 pH.

The size-reduced ore, e.g., comprising particles of
liberation size, i1s thereafter slurried in aqueous medium
to provide a flotation pulp. The aqueous slurry or pulp
of flotation size ore particles, typically in a flotation
apparatus, is adjusted to provide a pulp slurry which
contains from about 10 to 60% by weight of pulp solids,
preferably 235 to 50% by weight and especially prefera-
bly from about 30% to about 40% by weight of pulp
solids.

In accordance with a preferred embodiment of the
process of the present invention, the flotation of copper,
zin¢ and lead sulfides 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 flotation 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
coliector dosages. Accordingly, in this preferred pro-
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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 thionocarbamate compound as described
above. By “effective amount” is meant any amount of
the respective components which provides a desired
level of beneficiation of the desired metal values.

More particularly, any known frothing agent may be
employed in the process of the present invention. By
way of tllustration such floating agents as straight or
branched chain low molecular weight hydrocarbon
alcohols such as Cg to Cj alkanols, 2-ethyl hexanol and
4-methyl-2-pentanol, 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 few 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
thionocarbamate sulfide collectors for use in the process
of the present 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 Ibs. to about 0.3 1bs/ton of
ore processed. In flotations wherein it is desired to se-
lectively collect copper sulfide minerals and selectively
reject iron sulfide minerals such as pyride and pyrrho-
tite as well as other gangue sulfides, the collectors will
generally be added in amounts of from about 0.0l
lbs/ton to about 0.1 1bs/ton of ore. In bulk sulfide flota-
tions, higher levels of collector will be used, as will be
more particularly described below.

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 thionocarbamate compound, is subjected
to a frothing step in accordance with conventional froth
flotation methods to float the desired sulfide mineral
values in the froth concentrate and selectively reject or
depress pyride and other gangue sulfides.

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 flotation cell, the new and improved hydrocarbox-
ycarbonyl thionocarbamate collectors of the present
invention exhibit more efficient recovery when they are
added to the flotation 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 collec-
tors when added to the flotation cell provide higher
copper recovery in the first flotation stage together
with improved copper recovery overall, indicating
improved kinetics of flotation, to be more fully de-
scribed hereinafter. Of course, the new and improved
collectors may also be added to the grind in accordance
with conventional methods, and improved value miner-
als recovery are still obtained.
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Heretofore, the new and improved hydrocarboxycar-
bonyl thionocarbamate collectors and processes incor-
porating them of the present invention have been de-
scribed for use in those applications wherein it is desired
to selectively concentrate or collect certain metal value
sulfides, mainly those of copper, lead and zinc from
other gangue sulfides, e.g., pyrite and pyrrhotite, and
other gangue materials, e.g., silicates, carbonates, etc. In
certain cases, however it may be desirable to collect all
of the sulfides in an ore including sphalerite (ZnS) and
the iron sulfides, i.e., pyride and pyrrhotite, in addition
to the copper sulfide matenals.

More particularly, there exist certain massive or com-
plex sulfide ores which contain large amounts of iron
sulfide minerals, such as pyrite and pyrrhotite. With
these complex sulfide ores, flotation of the iron sulfide
minerals is frequently desired to obtain the sulfur-values
from these minerals, which after further processing can
be made to yield sulfur and sulfur reagents. Under these
circumferences, a bulk sulfide flotation is desired, i.e., a
flotation wherein all of the sulfide minerals are floated
and collected. Bulk sulfide flotations are also desired in
order to beneficiate precious metals from precious met-
al-bearing pyrite and pyrrhotite meterials.

Often, however, these massive or complex suifide
ores not only contain several value metals as sulfides,
such as copper, zinc, nickel, cobalt, etc., but also con-
tain, in close association therewith, gangue materials
such as carbonates as well as silicas and siliceous materi-
als.

These massive or complex sulfide ores are not un-
common and present a unique set of problems for froth
flotation beneficiation. Bulk sulfide flotation for these
ores cannot be successfully conducted conventional
flotation conditions, e.g., at pH values of > 10.0, be-
cause pyrite and pyrrhotite values are depressed at high
pH values. At pH values of 3.0 to 5.0, bulk sulfide flota-
tion is high using conventional collectors, such as xan-
thates, but sulfuric acid is used as the modifier to reduce
the pulp pH to these values. The carbonate gangue
minerals present in these complex ores are actd-soluble
and consequently large amounts of sulfuric acid are
required, e.g., after 10-12 lbs/ton or ore, which is eco-
nomically unattractive, and the use of sulfuric acid with
ores containing alkaline earth metal carbonates such as
calcite, dolomite, etc. results in the formation of large
amounts of insoluble, alkaline earth metal sulfates,
which causes very severe scaling on plant equipment,
again necessitating frequent and costly plant shut-
downs. At a pulp pH in the range of about 6.0 to 9.0,
bulk sulfide flotation with conventional collectors such
as xanthates is less than optimum.

It has been unexpectedly discovered that the new and
improved hydrocarboxycarbonyl thionocarbamate col-
lectors of this invention, under carefully specified con-
ditions, provide optimum flotation of bulk sulfides from
sulfide containing ores. In accordance with this aspect
of the present invention, optimum bulk sulfide flotations
are obtained by performing froth flotation under neutral
or slightly alkaline pH values, and more particularly at
a pH of 6.0 to 9.0, inclusive, and employing a larger
amount of the hydrocarboxycarbonyl thionocarbamate
collectors of this invention, namely at dosage levels of
from about 0.1 to about 1.0 Ibs/ton or, expressed differ-
ently, at levels of equal to or above about 0.05 moles/-
metric ton of ore.

After the bulk sulfide concentrate is prepared by
flotation under these pH conditions and at the collector
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dosages specified, the value sulfides of copper, lead and

zinc are separated from the large amount of iron sulfides
present in the bulk concentrate, by a second stage flota-
tion at a higher pH, i.e. values above 9.0, whereby the
value sulfides are collected and the iron sulfides are
selectively depressed. In the past, xanthate collectors
were employed in the bulk flotation at pH values of 3.0
to 5.0, and the second stage flotation wherein the iron
sulfides are selectively depressed had to be run at a pH
of about 11.0, because pyrite rejection for the xanthate
collectors is poor below pH 11.0. As can be appreciated,
considerable quantities of lime had to be added to mod-
ify the pH for this second stage flotation. Now, in ac-
cordance with this aspect of the present invention, using
the hydrocarboxycarbonyl thionocarbamate collectors,
bulk sulfide flotation is obtained at a higher pH of 6.0 to
9.0, and the lime consumption needed in the second
stage of flotation, i.e., the separation of value metal
sulfides from iron sulfides, is reduced. Moreover, the
hydrocarboxycarbonyl thionocarbamate collectors of
this invention are much stronger collectors for copper,
lead and zinc in the pH range of 9.0 to 11.0, such that
the second stage flotation may be carried out at pH
values just sufficient to depress the iron sulfides, in
which case there is no need to raise the pH beyond 11.0,
thereby providing further savings in lime consumption.
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 flask fitted
with a reflux condenser protected from the moisture by
a drymng tube containing anhydrous calcium sulfate, an
addition funnel and a mechanical stirred was mounted
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in a heating mantle. In the flask were placed 700 ml of 49

dry acetonitrile and 194 grams of potassium thiocya-
nate. The mixture was heated, with stirring, to 70° C.
and then the external heating was discontinued. To the
mixture were added with stirring, 217 grams of ethyl
chloroformate 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 heating. Thereafter, the reaction mixture
was cooled to room temperature and the precipitate
was removed by filtration. The precipitate cake was
washed with dry acetonitrile. The filtrate and the wash-
ing were combined and concentrated by evaporation
under reduced pressure. The residual liquid was dis-
tilled through a fractioning column. There were ob-
tained 86.9 grams of ethoxycarbonyl isothiocyanate, a
colorless liguid which boiled at 45° C./11 mm Hg or 48°
C./12 mm Hg.

PREPARATION 2

Synthesis of N-Ethoxycarbonyl-O-Isopropyl
Thionocarbamate

Forty ml of i1sopropyl alcohol were added to 10
grams of the ethoxycarbonyl isothiocyanate (PREPA-
RATION 1) and the reaction solution was mixed well
by stirring. After the exotherm was over, the reaction
solution was let stand overnight and the process of the
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reaction was monitored by the infrared spectrum of the
reaction solution. Completion of the reaction was indi-
cated by the disappearance of the absorption band at
1960-1990 cm —! for the N=Cm=S group. The excess of
isopropyl alcohol was removed by stripping under re-
duced pressure to give an oil residue. Crystallization
from petroleum ether (b.p. 35°-60° C.) yielded 13.1
grams of colorless crystals of N-ethoxycarbonyl O-ios-
propyl thiocarbamate, melting at 32°-33° C.

PREPARATION 3

Synthesis of N-Ethoxycarbonyl-O-Isobutyl
Thionocarbamate

Forty ml of isobutyl alcohol were added to 10 grams
of ethoxycarbonyl isothiocyanate of PREPARATION
1. After the reaction was complete, the excess isobutyl
alcohol was removed by stripping under reduced pres-
sure. There was obtained 15 grams of N-ethoxycarbo-
nyl-O-isobutyl thionocarbamate which was a colorless
oil.

PREPARATION 4

Synthesis of N-Phenoxycarbonyl-O-Ethyl
Thionocarbamate

Summary of Reaction Sequence

0
I kscN
oC—Cl £330
o

O H S
il
O—C—N—C—O0C;Hs

A 250 ml round-bottomed three-necked flask was
equipped with a reflux condenser, a thermometer, an
addition funnel and a mechanical stirrer. To the reac-
tion flask were added 100 ml of ethyl acetate and 9.7
grams of potassium thiocyanate. The mixture was
stirred and heated. To the mixture were added, drop-
wise from the addition funnel, 15.7 grams of phenyl
chloroformate in 30 minutes. After the exotherm was
over, the reaction mixture was let stir for 14 hours. (GC
indicated that phenyl chloroformate was reacted com-
pletely.) Ten ml of absolute ethyl alcohol were added.
The reaction mixture was stirred and the progress of the
reaction was monitored by IR until phenoxycarbonyl
isothiocyanate had been consumed complete. Fifty ml
of water were added to dissolve the solids. The reaction
mixture was transferred to a 250 ml separatory funnel.
The organic layer was collected. It was dried over
MgSQO4 and filtered. The filtrate was concentrated by
stripping off the volatiles. A solid weighing 20.4 grams
was obtained. The solid was recrystallized from hex-
anes. The pure product melts at 81°-83° C.

The above synthesized hydrocarboxycarbonyl
thionocarbamates were employed as collectors for a
variety of sulfide ores and tested for beneficiation prop-
erties at a variety pH values and compared with prior
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art sulfide collector compounds. The other homologous
and/or analogous hydrocarboxycarbonyl thionocarba-
mates employed in the following examples may be pre-
pared according to substantially identical preparation
methods, substituting the appropriate corresponding
active hydroxyl compounds to provide the R? group
shown.

In each of the following Examples, the following
general preparation and testing procedures were used:

The sulfide 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 5.3 to 10.7 kg and at 50 to 75% solids
for about 6 to 14 minutes or until a pulp having this size
distribution indicated was obtained, generally about
10-20% 465 mesh, 14-30% 4 100 mesh and 40-80%
— 200 mesh. Lime and suifuric acid were used as the pH
modifiers to adjust the pH as required. These modifiers
were generally added to the grind. The frother used
was added to the grind in some tests and added to the
flotation cell in others. In certain tests, 50% the collec-
tor was added to the grind, otherwise, the collector was
added to the first and second stages of conditioning in
the flotation cell.

The size reduced pulp, with or without frother and
collector additives, was transferred to a Denver D12
rectangular flotation cell. The volume of the pulp was
adjusted to 1200-2650 ml by adding water to provide a
pulp density of about 20-45% 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 1100-1400 rpm. The pulp was
conditioned for a period of two minutes and pH and
temperature measurements were taken at that time. At
the end of the two minutes conditioning, air was fed at
about 5-7 liters/minute from a compressed air cylinder.
The froth flotation was continued for about 3 minutes
during which a first stage concentrate was collected.
Thereafter the air was turned off and more collector
and frother were added and the pulp was conditioned
for an additional two minutes. After the second two
minute conditioning step the air was turned on and a
second stage concentrate was collected. The flotation
times were predetermined to give a barren froth upon
completion of flotation.

The first and second stage concentrates and tailings
were filtered, dried, sampled and assayed for copper,
iron and sulfur. Tap water at the required temperature
was used in all tests. The abbreviation t is used to indi-
cate a standard ton, e.g., 2000 Ibs. and T represents a
metric ton, e.g., 1000 kg. or 2204 1bs.

EXAMPLE 1

Natural pH Flotation

A U.S. southwestern copper ore with a copper head
assay of 0.3% and 1.7% pyrite (FeS;) head assay was
used in this series of tests. In this and all of the following
examples, the gangue iron minerals such as pyrite, pyr-
rhotite, etc., are for the sake of convenience, simply
referred to as pyrite. The principal copper minerals
were chalcocite and chalcopyrite.

460 grams of the ore were ground for 8.5 minutes at
60% solids to obtain a pulp slurry with a size distribu-
tion of 17.5% <65 mesh, 35.29% <+ 100 mesh and 41%
—200 mesh. The natural pH of the pulp, i.e. without
external addition of either lime or sulfuric acid pH mod-
ifiers, was found to be 5.5. The pulp was conditioned at
30% solids with the collector indicated and a frothing
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agent comprising 50/50 w/w MIBC/pine oil added at
0.08 1bs/ton of ore and first and second stage flotations
conducted in accordance with the procedures outlined
above. The collectors employed and the resuits of the
concentrate and tailings assays are set forth in TABLE
1, as follows:

TABLE 1

Natural pH 3.5; Frother - 1:1 MIBC/pine oil 0.08 1bs/t
Head Assay: Cu—0.3% FeS;—1.7%

Exam- Dos- % Cu % Cu % Fe$y
ple Collector age Rec. Grade Rec.
A. Sodium Ethyl 0054 186 0.7 2.1
Xanthate

B. Sodium Ethyl 0.200 82.8 4.0 89.7
Xanthate

C. Sodwum Diethyl 0.100 66.6 3.3 64.4
Dithiophosphate

D. Sodium diisobutyl 0.054 £69.3 2.3 11.2
dithiophosphinate

E. Ethyl Xanthogen
Ethyl formate
Batch 1 0.054 84.1 2.3 74.2
Batch 4 0054 79.2 1.9 51.2
Batch 3 0054 B64 39 91.1

F. O—isopropyl-N— 0054 73.2 2.7 §7.1
ethyl thiono-
carbamate

G. O—isobutyl-N—ethyl 0054 78.0 3.2 51.1
thionocarbamate

L N—-ethoxycarbonyl- 0.054 90.8 9.6 67.3
O~—isopropy! thi-
onocarbamate

osMINEREC (®) A. Minerec Corporation, Baitimore, Md. U.S.A,

It 1s apparent that the conventional collectors shown
in Examples A-G were much weaker than Example |
of the present invention at this pH. The hydrocarbox-
ycarbonyl thionocarbamate of Example 1 provided not
only the maximum copper recovery for the collectors
tested, but also maximum copper grade at an acceptable
pyrite rejection.

EXAMPLES 2-3

For the following Examples a U.S. Southwestern
copper-molybdenum ore was used which had a head
assay of 0.458% copper and 2.2% pyrite. The ore con-
tained chalcopyrite, chalcocite and covellite as the
major copper minerals. The ore was steel ball milled at
63% solids to provide a pulp with a size distribution of
about 16.4% -+ 65 mesh, 309% + 100 mesh and 43.8%
— 200 mesh. The natural pH of the ground ore pulp was
5.0. The frother used as 1:1 MIBC/pine oil added at 50
gms/metric ton (T). To make the comparisons more
rigorous and meaningful, the collectors were dosed on a
equimolar basis, 0.03 moles/T are approximately 0.01
lbs/ton. In addition a selectivity/performance index
was calculated for each of the collectors tested.

More particularly, the selectivity/performance index
was defined and calculated in accordance with the
equation:

(100 — % Pyrite recovered)

fon = (100 — % Copper recovered)?

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 pyrite. For exam-
ple, with this particular ore, if a 90% recovery for cop-
per and a 50% recovery of pyrite can be accepted as
optimum, then the optimum selectivity index for copper
would be
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TABLE 3-continued
foy = 100 — 30) _ 0.3, Mole/
(100 — 90)* Ex- T % %
am- Dos- Cu 9% Cu. Fe$y
The collectors tested and the results obtained are set 5 ple Collector age Rec. Grade Rec. I
forth in Table 2 as follows: Thionocarbamate
R Sodium ethyl Xan- 0.14  41.3 5.0 38.3 0.018
TABLE 2 hate
Natural pH 5.0 (no lime); S Sodium diisobutyl 0.14 590 7.7 24.0  0.045
Frother - 1:1 MIBC/pine oil at 50 g/T; 10 dithiophosphinate
Collectors at 0.03 Mole/Ton (approx. 0.01 lb./t) T  Ethyl xanthogen 0.14 860 B1 915 0.043
Ethyl formate
Ex- e Fo
e Cu % Cu FeS, U fSBodla@tFuI:n!t)mtyl tri- 0.14 838 66 435 0216
ple Collector Rec. Grade Rec. Iy thiocarbonate
H Sodium isobutyl xanthate 332 43 9.6 0.02 V  Dialiyl trithiocar- 0.14 794 92 501 0.117
I O—isobutyl N—ethyl thio- 768 82 466 0.100 15 bonate
nocarbamate W Amyl allyl xanthate 0.14 754 9.8 40.4 0.099
J  O—isopropyl N—methyl thi- 67.7 5.8 38.8 0.059 ester
nocarbamate 6 N—Ethoxycarbonyl- 003 90.8 9.6 67.3 0.389
K Ethyl Xanthogen Ethyl 84.6 9.2 50.0 0.211 O—isopropylthiono-
Formate, Batch | carbamate
Ethyl Xanthogen Ethyl® 882 7.1 585 0319 20 7 N-—ethoxycarbonyl- 0014 894 B84 486 0456
Formate, Batch 1 O—isopropylthiono-
Ethyl Xanthogen Ethyl 86.2 63  52.7 0.248 carbamate
Formate, Batch 2
Ethyl Xanthogen Ethyl 85.7 64 569 0212
Formate Batch 3, pure As demonstrated by the data of Table 3, the new and
L Sodium n-butyl trithio- 88 64 169 0049 25 improved collectors of Examples 4 and § each exhibited
carbonate better copper recovery and L., value at a 0.04 mole/T
M }”b“ttil xanthogen ethyl 856 77 382 0297 dosage than the conventional collectors of Example Q.
formate to Examples 4, 5, 6 and 7 even at dosage of 0.14 mole/T.
O ;m;ll't;_wl xanthogen 87 61 646 0277 33 These data shows that at pH 5.0 the novel collectors of
u ﬂ - . » .
P Ethyl m' mmﬂgen oheayl 2313 84 454 0.196 this invention outperform the conventional collectors
formate even at sharply reduced dosage levels, e.g., one-fifth as
2 N—Ethoxy carbonyl-O—iso- 90.8 96 67.3 0.389 much in Example 6 and one-tenth as much in Example
propyl thionocarbamate 7.
3 N—Ethoxy carbonyl-O—amyl 91.1 6.7 58.3 0.525 15
thionocarbamate EXAMPLES 8-14
rq:rodl his singuls Lo ALl othos data reprenant sveraair of ot oot 3 adneoiont risls whice Using the same ore, the performance of conventional
gave reproducibie results. collectors and the collectors of this invention were
compared with respect to hydrocarbon chain length
The results of Table 2 clearly show the superiority of 40 and structural effects on performance against known
the collectors of this invention, Exampies 2-3, over the dialkyl xanthogen formates. The collectors tested and
conventional collectors of Examples H-P. Examples 2 the results obtained are set forth in Table 4 as follows:
and 3 showed high copper recovery coupled with satis- TABLE 4
factory pyrite rejection. Only the collectors of Exam- N 1 5.0 (80 Hmo)
. . . atural pH 5.0 (no lime);
ples 2 and 3 provided I..’s close the the optimum 0.5 45 Frother - 1:1 MIBC,/pine oil at 50 g/T:
number. Collectors at 0.03 Mole/T (approx. 0.01 Ib./t)
Ex- Y
EXAMPLES 4-7 am- Ca %Cu % FeS:
In the following Examples, tests were conducted ple Collector Rec. Grade Rec. L
employing the same ore as in Examples 2-3 with vari- 50 Alkyl Xanthogen Alkyl (Phenyl) Formate
ous collectors to determine if the superiority of the S (Iili
collectors of this invention was exhibited even at higher R 1—0—!!.!:—8—(3—011 ,
dosage levels and was not restricted to just one dosage.
The collectors tested, the dosages and the results ob- R| = C;Hs, R; = CoHs,
tained are set forth in Table 3 as follows: 55 Batch 1 B4.6 9.2 500  0.211
Batch 2 86.2 6.3 52.7 0.248
TABLE 3 Batch 3 857 64 569 0212
Mole/ Y R;=i13Hy, Ry =CHs 86.2 6.5 85.5 0.180
Ex- T o o, Z Ri=i1C4Hg Ry = CiHg 85.6 1.7 38.2 0.297
am- Dos- Cu. % Cu FeS; AA R = rCiHy, R8.7 6.1 54.6 Q.277
ple Collector age Rec. Grade Rec. I, 00 Ry = !1-(24]-[9
BB Ri = 1-CiH9, R2 = CgHs 89.7 6.7 71.1 0.273
Q Ethyl Xanthogen CC Ri = CiHs, Ry = CgHs 83.3 8.4 45.4 0.196
Ethyl Formate Ethoxy (Phenoxy) Carbonyl Alkyl Thionocarbamates
(Batch 1) 004 860 88 556 0.227 O S
{Batch 1), pure 0.04 886 60 657 0.26l i |
4 N—Ethoxycarbonyl- 0.04 91.2 7.1 785 277 g5 R O=C=NH=-C—0OR;
O—isopropyl Thiono-
carbamate 8 Rj| = CiHs, R = C2Hs §3.2 10.1 38.2 0.219
5 N—Ethoxycarbonyl- 004 895 66 639 0.330 9 R{=C3Hs, Ry =iC3H7 908 96 67.3  0.389
O—Butyl 10 Ry =CiHs, R =1-CqHg 90.6 1.7 81.3 0.212
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TABLE 4-continued

Natural pH 5.0 (no lime);
Frother - 1:1 MIBC/pine cil at 50 g/7T;

Collectors at 0.03 Mole/T (approx. 0.01 Ib./t)

Ex-. Yo

am- Cu % Cu % FeSy

ple Collector Rec. Grade Rec. Les
11 Rj=CyHs, Ry = n-CqgHg 882 10.2 49.6 0.359
12 Rj) = CiHs, Ry = CsHy 91.1 6.7 58.3 0.525
13 Rj = CgHs, Rs = C;Hs 90.1 6.8 71.9 0.284
14 R| = CgHs, Ry = 1-C3Hs  90.9 6.5 68.1 0.384

The results shown in Table 4 demonstrate that, ex-
cept for the diethyl homolog, all of the collectors of the
present invention, e.g. Examples 8-14, showed better
copper recovery than the corresponding conventional
collectors substituted by the same Ri and R groups.
The 1. values were also correspondingly better. The
amyl homolog of Example 12 exhibited the best copper
recovery and the best I, value.

EXAMPLES 15-17

In the following Examples a South American copper-
molybdenum ore was used. This ore contained 1.65%
copper, 2.5% pyrite and 0.025% molybdenum. The
copper was present as chalcocite, chalcopyrite, covel-
lite, bornite, as well as 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 the —10 mesh ore was wet
ground for 13 minutes in a steel ball mill with a steel ball
charge of 5.3 kg and at 63% solids to yield a pulp with
a size distribution of 14% + 100 mesh and 629% —200
mesh. 10.5 g/T of diesel oil were also added in all tests.

The natural pH of the ore pulp was 5.5 The standard
collector used for this ore is a mixture of a neutral alkyl
xanthogen alkyl formate, e.g. ethyl xanthogen ethyl
formate (MINEREC A), gasoline and 4-methyl-2-pen-
tanol (MIBC) at a 60:30:10 ratio, respectively. The
frother used is a polypropylene glycol monoalkylether,
such as polypropylene glycol monomethyl ether, added
at 60 g/T. The standard collector in blended and un-
blended form was compared with the collectors of this
invention at various dosage levels and the collectors
were added to the flotation cell in the first and second
stages, in accordance with the flotation testing proce-
dure outlined above. The test results are set forth in
Table 5, as follows:

TABLE 5

Natural pH 5.5 (no lime, no H3SOy);
Frother - 60 2/T;

Dos- % Yo
age Cu % Cu Fe$y
# Collector g/T Rec. Grade Rec. Iy
DD 60/30/10 blend of ethyl 20 66.1 6.7 69.5 0.026
xanthogen ethyl
formate/gasoline/MIBC
EE 60/30/10 blend of ethyl 40 709 6.6 720 0.033
xanthogen ethyl
formate/gasoline/MIBC
FF 60/30/10 blend of ethyl 8 729 6.2 768 0.032
xanthogen ethyl
formate/gasoline/MIBC
15 N—Ethoxycarbonyl-O— 20 738 9.4 77.2  0.033
isopropyl
thionocarbamate
16 N-—Ethoxycarbonyl-O— 40 764 8.3 80.8 0.034
isopropyl

thionocarbamate
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TABLE 5-continued
Naturat pH 3.5 (no lime, no H2SO04);

Frother - 60 g/T;

Dos- % Yo
age Cu 9% Cu Fe8;
# Collector 2/T Rec. Grade Rec. I,
17 N—Ethoxycarbonyl-O— 58 79.3 1.5 —_ —
isopropyl
thionocarbamate
GG  Ethyl xanthogen ethyl 20 67.4 6.9 75.5 0.023
formate (Batch 1)
HH Ethyl xanthogen ethyl 44 723 6.7 75.8 0.032
formate (Batch 1)
II Ethyl xanthogen ethyl S8 684 7.2 70.5 0.030

formate (Baich 1)

As demonstrated by the data of Table 5, the hy-
drocarboxycarbonyl thionocarbamate collectors of this
invention shown in unblended form in Examples 15-17,
were superior both in terms of percent copper recov-
ered and grade as compared to the conventional neutral

xanthogen formate collectors used either in pure or in
blended form.

EXAMPLES 18-25

In the following Examples, the collectors of this in-
vention in blended and unblended form were compared
with the neutral xanthogen formate collectors on the
same South American copper-molybdenum ore using
the same testing procedures, however, this time the pH
of the pulp slurry was adjusted to 4.0 by the addition of
5.0 Kg/T of sulfuric acid prior to conditioning and
flotation testing. Again, the collectors were added to
the flotation cell only, during the first and second condi-
tioning steps. The collectors used and the results ob-
tained are set forth in Table 6, as follows:

TABLE 6

Cu = 1.65%, FeS; = 2.5%,
Sulfuric Acid 5.0 kg/T to pH 4.0

_Frother Dow 1012 = 60 g/T
Dos- % %
age Cu % Cu FeSz
# Collector g/T Rec. Grade Rec. Iy
JJ  Standard blend 60/30/10 5 334 3.4 15.8 0.019
Ethyl xanthogen ethyl
formate/gasoline/MIBC
KK Standard blend 60/30/10 10 46.7 4.5 21.1 0.028
Ethyl xanthogen ethyl
formate/gasoline/MIBC
LL Standard blend 60/30/10 20 3804 6.7 79.4 0.054
Ethyl xanthogen ethyl
formate/gasoline/MIBC
MM Standard blend 60/30/10 30 89.6 7.2 91.5 0.078
Ethyl xanthogen ethyl
formate/gasoline/MIBC
NN Standard blend 60/30/10 40 90.1 7.2 92.2 0.080
Ethyl xanthogen ethyl
formate/gasoline/MIBC
OO Pure ethyl xanthogen $ 61.7 5.6 44.5 0.038
ethyl formate (Batch 3)
PP Pure ethyl xanthogen IS 88.5 8.8 88.2 0.090
ethyl formate (Batch 3)
QQ Pure ethyl xanthogen 20 90.6 8.4 93.4 0.075
ethyl formate (Batch 3)
18 Ethoxy carbonyl isopro- 5 68.7 6.6 52.3 0.049
pyl thionocarbamate
19 Ethoxy carbonyl isopro- 10 89.7 7.9 92.1 0074
pyl thionocarbamate
20 Ethoxy carbonyl isopro- 20 93.2 7.4 91.7 0.180
pyl thionocarbamate
21 60/30/10 blend of 20 924 7.9 90.5 0.163
N—ethoxycarbonyl-O—
isopropyl thionocar-
bamate/gasoline/MIBC
22 36/54/10 blend of 20 91.6 9.1 90.3 0.136
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TABLE 6-continued TABLE 7-continued
Cu = 1.65%, FeS; = 2.5%, Ex-
Sulfuric Acid 5.0 kg/T to pH 4.0 am- H,S04 Cu CU Fe$
Frother Dow 1012 = 60 g/T ple Collector pPH kg/T Rec. Grade Rec.
Dos- % % > “ss Ethyl zanthogen 370 52 191 25 85
age Cu % Cu Feb ethyl formate (pure)

# Collector g/T Rec. Grade Rec. o

mﬁwﬂ_ The data of Table 7 clearly demonstrate that the
bamate/gasoline/MIBC 1o collectors of the present invention outperform by a

23 N—Ethoxycarbonyl-O— 5 675 72 450 0052 large margin the conventional neutral xanthogen for-
9 :ojléttyl: ;Eﬂw 0 08 90 g7 0119 mate collectors even under strongly acidic conditions,
isobutyl thionocarbamate * * R and that the hydrocarboxycarbonyl thionocarbamate

25 N—Ethoxycarbonyl-O— 20 935 82 970 0072 collectors of this nvention are generally not sensitive to
isobuty! thionocarbamate s PH. As shown in Table 7, under identical conditions,

the standard collectors provided only 20-25% copper

Table 6 demonstrates that the collectors of this inven- recovery, whereas the novel collector of this invention
tion in pure form as shown in Examples 18-20 and  shown in Examples 26 and 27 provided about an 80%
23_25 or iﬂ blended form as shown in Examples 21 and COpPPEr 1recovery. Th.l.s‘ resulF . 1S prﬂbabl}' due to the
22 exhibit stronger collector activity as compared to the 20 much greater hydrolytic stability of the present collec-
standard xanthogen formate collector m blended or tors over the standard collectors.
purec form at all of the dﬂsﬂges tested. Not Olﬂy was the EXAMPLES 28-30
copper recovery of Examples 18-25 an average of about |
3% ]ughcr with no loss in copper grade’ but the recov- The same U.S. Scuthwestem ore havmg a 0458%
ery increase was obtained at a dosage much lower than 25 copper and 2.2% pyrite head assay that was used in
that for the mrrespondmg standard collectors. The Examples 2-14 was used in these flotations. The frother
dosage advantage for the hydrocarboxycarbonyl used was a }:l pine o0il/MIBC {Ilixture added at 30 g/T :
thionocarbamate collectors of this invention renders Sulfuric acid was used to adjust the pH to the acid
their use economically advantageous, e.g., better recov- values indicated, and for a pH of 4.0, the sulfuric acid
ery with better grade at a cheaper reagents cost. 30 was added at about 1.7 kg/T.

It should be mentioned that with this particular ore, The novel collectors were evaluated for collector
the pyrite recoveries obtained were noticeably highand  strength and selectivity against a number of standard
appeared to closely follow the copper recovery. A collectors under acid pH conditions using this particu-
microscopic analysis disclosed in that the pyrite in this  lar ore. The collectors tested and the results obtained
particular ore at the grind empioyed was closely associ- 35 are set forth in Table 8 as follows:

;:ei and/or rimmed Wlttlhct(])]:[:spel' l{linel::‘}tl Sﬂ(:l:):lhag TABLE 8

gh copper recovery wi ore inevitably produc e e e Y —

. : . . H 4.0, sulfunc acid 1.7 kg/T, Frother-1:1 il/MIBC 50 .
high pyrite recovery. Even though high pyrite recover- P, e A o O] ool T (approx. 2 g/T) &1
ies were observed for all of the collectors tested in anless otherwise mentioned
Table 6, only the collectors of Examples 18-25 gave the 40 Dos- % % %
highest I, values for this ore at pH 4.0. Moreover, as Exam- age Cu Cu FeS;
shown in Example 22 of Table 6, a blend containing ple  Collector M/T pH Rec. Grade Rec. I,
only 36% of the hydrocarboxycarbonyl thionocarba- TT Sodium diisobu- 001 40 262 26 119 0016
mate collector gave a higher copper recovery than was tvhlaileithioﬁhm-

: : p
obtained with the standard collectors. 5 gy Sodium diisobu- 003 40 531 45 345 0030
EXAMPLES 26-27 ;ﬁnzmhﬂ*

The following examples were conducted using the VV  Sodium diisobu- 010 40 950 37 955 O0.180

same South American ore that was used in Examples ‘ﬁaﬁmm‘
15-25 to investigate the sensitivity of the collectors of 50 Sodinm isobutyl 001 40 200 19 106 0014
this invention to pH and to test their efficacy under xanthate
strongly acidic conditions. The flotation conditions and XX Sod:hu:e isobutyl 003 40 514 35 331 0028
reagents used in Examples 18-25 were used in the fol- Xanthate
lowing tests. Collector dosage was 5 g/T. Sulfuric acid ~ ** Jochm oyl 010 40 349 =0 595 0020
was used to adjust pulp pH to the pH value indicated. 55 zz Ethyl zanthogen 001 40 923 67 931 0.117
The collectors were each tested at pH 2.75 and 3.70, and ethyl formate
the results obtained are set forth in Table 7 as follows: (Batch 1)
AAA Ethyl xanthogen 001 37 652 56 70.1 0025
TABLE 7 ethyl formate
Ex- (Batch 1) pH 1.7
arn. H,SO4 Cu CU FeS; & BBB 5;113;1 fﬁ;gen 001 40 910 6.0 964 0.045
ple Collector pH kg/T Rec. Grade Rec. (Ba'-:'ch A
6 N—Ethoxycarbonyl- 2.7 8.0 79.9 7.5 593 CCC Ethyl xanthogen 001 39 341 44 500 0.019
O—isobutyl thionocar- ethyl formate
bamate (Batch 2) pH 3.9
27 N—Ethoxycarbonyi- 370 5.2 80.1 8.4 B81.0 g5 DDD Ethyl xanthogen 001 40 9548 353 934 0.249
O—isobutyl thionocar- ethyl formate
bamate (Batch 3), pure
RR Ethyl xanthogen 275 80 245 2.6 118 28  N-—Ethoxycar- 001 40 963 64 915 0621
ethyl formate (pure) bonyl-O—iso-
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TABLE 8-continued

pH 4.0, sulfuric acid 1.7 kg/T, Frother-1:1 pine oil/MIBC 50 g/T.
Collector Dosage 0.01 Mole/T (approx. 2 g/T)
unless otherwise mentioned

22

of these collectors provided additional advantages in
their use. In this connection, two flotations were per-
formed, one wherein 50% of the collector was added to
the grind and the other 50% was added to the flotation

Dos- % 9% 9% 5 cell during stage two flotation, and a second wherein
Exam- age Cu Cu Fe$S 30% of collector was added to the cell at stage 1 flota-
ple  Collector M/T pH Rec. Grade Rec. L, tion and the other 50% to the cell at stage 2 flotation.
propyl thionocar- The same ore and collectors were used herein as in
- ;WEEtfh 001 35 949 S8 924 Examples 4-14. The flotations were run and the con-
bony] Pt ' ' s 3 029 10 centrates and tailings were assayed for copper. The
propyl thionocar results obtained are set forth in Table 9 as follows:
TABLE 9
Stage Stage Over Over
Collector/Addition Dosage 1 2 all % all % Cu
Example Method M/T 9% CuRec. % CuRec. CuRec. Grade
31 N—Ethoxycarbon- 0.01 22.1 74.2 96.3 5.6
yi-O—isobutyl
thionocarbamate
added 50% to
grind + 50% to
Stage 2 flota-
tion.
32  N—Ethoxycarbon- 0.01 34.6 12.9 97.5 5.9
yl-O—isobutyl
thionocarbamate
added 50% to
Stage 1 and 50%
to Stage 2 flo-
tation.
bamate pH 3.90 L
30 N—Ethoxycar- 001 40 975 59 974 0426 30 The results of Table 9 indicate that unexpectedly
bonyl-O—isobutyl improved results are obtained by adding the collectors
thionocarbamate

The results in Table 8 clearly demonstrate the superi-
ority of the novel collectors of this invention (Examples 35
28-30) over the conventional collectors (examples
TT-DDD) in terms of copper recovery, copper grade
and selectivity index. It can be noted from Table 8 that
with water-soluble, ionic collectors, dithiophosphate
and xanthate, dosages that are 10 times more than that 40
required for novel collectors had to be used to achieve
the high copper recovery (approx. 95%) which is still
lower than the recovery obtained with the novel collec-
tors (97%). Even with the neutral collector, ethyl xan-
thogen ethyl formate, which is considered to be suitable
for acid circuit applications, the copper recovery ob-
tained is only in the range 91-95% (examples
2Z-DDD). Furthermore, the performance of this col-
lector appears to be very sensitive to small fluctuations
in pH; a slight decrease in pH from 4.0 to 3.9 or 3.7
drastically decreased copper recovery from 92.3 to
65.2% (compared Examples ZZ and AAA) and 919% to
54% (Examples BBB and CCC). Such is not the case
with the novel collector (compare Examples 28 and 29).
This unusual stability with respect to pH provides a
distinct advantage for the novel collectors over the
conventional collectors, especially under actual plant
conditions where pH fluctuations are inevitable.

EXAMPLES 31-32

It 1s generally believed that a neutral, oily collector is
most effective when it is added to the grind instead of to
the flotation cell. This statement generally holds true if
the collector is highly water-insoluble and indispersible.
The hydrocarboxycarbonyl thionocarbamate collectors 65
of this invention, although water-insoluble for all practi-
cal purposes, were known to be easily dispersible. Test-
ing was devised to evaluate whether the dispersability

435

50

33

of the present invention to the flotation cell rather than
to the grind. A comparison of Examples 31 with 32
shows that when the collectors of this invention are
added to the cell only, overall copper recovery is in-
creased, e.g. 97.5% Cu recovery for Example 32 as
opposed to 96.3% cu recovery for Example 31. One
possible explanation for this difference may be that
although the novel collectors of the present invention
are selective for iron, some of the collecting power of
the collector for copper may be lost in the grinding step
due to adsorption of the collector to iron values in the
steel ball milling/grinding apparatus.

It 1s interesting to note that the use of the novel col-
lectors of this invention coupled with adding them to
the flotation cell, instead of the grind, provides an unex-
pected and rather dramatic improvement in the kinetics
of flotation. More particularly, improved kinetics are
demonstrated by better copper recoveries in the stage 1
flotation. As is readily understood by those skilled in
this art, in a typical flotation process, the ore is floated
to provide a rougher concentrate and tailings. The tail-
ings are generally discarded and the rougher concen-
trate is reground, reconditioned and then subjected to
cleaner flotation. This provides a cleaner concentrate
and cleaner tailings. The cleaner concentrate is gener-
ally dried and delivered up for smelting or other further
refining steps. The cleaner tails are then subjected to a
scavenging flotation after reconditioning. Thereafter,
the scavenging concentrate may be combined with the
cleaner concentrate. The scavenged tailings may be
combined with the main feed to the rougher flotation.
In the reconditioning steps between the rougher,
cleaner and scavenger flotation, the pH of the slurry is
generally increased to provide better selectivity and
COpper recovery.

As shown by the data in Table 9, the novel collectors
of this invention, when added to the cell, provided
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much higher and faster collector activity than when
50% of the collector was added to the grind. When the
collector was added to the cell only, Exampie 32, about
84% of the copper floated in the stage 1 flotation in
contrast to Example 31, wherein only 22.1% of the
copper floated at stage 1. Improved kinetics of flotation
yields a stage 1 rougher concentrate containing more
copper and further indicates that reagent consumption
may be reduced by judicious control of reagent feed and
suggests that the number of cells in a flotation bank can
be reduced. Throughput in the plant can be also in-
creased.

EXAMPLES 33-34

The following flotation Examples were conducted at
a pH of about 8.3 using the Southwestern U.S. copper-
molybdenum ore having a 0.458% copper and 2.2%
pyrite head assay. The frother used was a 50/50 pine
oil/MIBC blend added at 50 gms/T. The collectors
were added at 0.01 mole/T (approximately 2 gms/T).
Lime was added in an amount of 1.76 kg/T to adjust the
pulp pH to about 8.3. Conventional flotation practice

5
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with this ore has been to provide an operating pH of 45

11.2-11.3 which requires the addition of about 4.412
kg/T of lime. The collectors tested and the results ob-
tained are set forth in Table 10 as follows:

TABLE 10

pH 8.3, Lime 1.76 kg/T
Frother 1:1 pine oil/MIBC 50 g/T,

Collector Dosage 0.01 M/T (approx. 2 g/T)

Exam- Cu Cu Fe$
ple Collector Rec. Grade Rec. Iy
EEE Ethyl xanthogen ethyl 34.2 5.4 28.6 Q.287
formate (Batch 3, pure)
FFF Ethyl xanthogen ethyl 33.9 6.7 29.6 0.352
formate (Batch 2)
33  N-—Ethoxycarbonyl-O—is0-  90.6 9.3 389 0.688
propyl thionocarbamate
34 N—Ethoxycarbonyl-O—iso- 908 1.7 46.2 0.633

butyl thionocarbamate

30

33

40

The results in Table 10 demonstrate the superiority of 43

the hydrocarboxycarbonyl thiocarbamates of this in-
vention over the conventional collector ethyl xantho-
gen ethyl formate. Examples 33 and 34 provided about
5% higher copper recovery than was obtained with the
conventional collector of Examples EEE and FFF, and
the copper grades and I, values were significantly
higher also. These results were obtained at a 60% re-
duction in the lime consumption needed to process this
ore, e.g. 1.76 kg/T for the present invention versus
4.412 kg/T for the conventional collectors.

EXAMPLES 35-36

Identical flotation tests were performed using the
same ore, frother and collector dosage used in Exam-
ples 33-34 with the exception that a pH of 7.2 was used.
To obtain this pH about 1.18 kg/T of lime were added
which represents a 73% reduction in lime consumption
over the standard 4.412 kg/T lime dosage required to
provide pH of 11.2-11.3 utilized in prior art flotations
for this ore. The collectors tested and the results ob-
tained are set forth in Table 11, as follows:

53

65
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TABLE 11

pH 7.2, Lime 1.18 kg/T,
Frother 1:1 Pine ol MIBC 50 g/T,

Collector dosage 0.01 M/T (approx. 2 g/T)

Exam- Cu Cu FeS?
ple Collector Rec. Grade Rec. Iy
GGG Sodium diisobutyl di- 61.9 6.1 20.6 0.055
thiophosphate
HHH Sodium isobutyl xan- 456 49 142 0.029
thate
[I1 Ethyl xanthogen ethyl 83.3 9.8 246 0.270
formate (Batch 1)
111 Ethyl xanthogen ethyl 6.0 7.7 30.8 0.35])
formate (Batch 2)
KKK Ethyl xanthogen ethyl 86.0 7.6 33.5 0.339
formate (Batch 3, pure)
35 N—Ethoxycarbonyl-O—iso-  90.9 7.4 476 0.632
propyl thionocarbamate
36 N-Ethoxycarbonyl-O—iso- 89.9 7.4 54.8 0.444

butyl thionocarbamate

As demonstrated by the data of Table 11, even at a
pH of 7.2, the new and improved hydrocarboxycarbo-
nyl thionocarbamate collectors of this invention pro-
vided the best metallurgical performance compared to
the conventional collectors, Examples GGG-KKK, in
terms of better copper recovery which was 4-45%
higher than obtained with the conventional collectors,
better grade of concentrate and higher 1., values.

EXAMPLE 37

Identical flotation tests were performed using the
same ore, frother and collector dosage as were used in
Examples 33-36, with the exception that a pH of 10.0
was used. Lime was added at about 2.75 kg/T which
represents a 38% reduction 1n ime consumption over
the conventional 4.412 kg/T employed in the prior art
processes. The results of testing at pH 10.0 are shown in
Table 12 as follows:

TABLE 12

pH 10.0, Lime 2.75 Kg/T,
Frother - 1:1 pine od/MIBC - 50 g/T,

Collector Dosage 0.01 M/T (approx. 2 g/1)

Exam- Cu Cu Fe$
ple  Collector Rec. Grade Rec. I
LLL Ethyl xanthogen ethyl 90.8 6.5 76.0 0.284
formate (pure, Batch 3)
MMM Ethyl xanthogen ethyl 88.7 7.3 52.6 0.373
formate (Batch 2)
37 N—Ethoxycarbonyl-O—iso-  89.7 8.2 31.8 0.640

butyl thionocarbamate

The results of Table 12 indicate, that at a pH of 10.0,
the hydrocarboxycarbonyl collector of Example 37
provided about 1% lower copper recovery than the
conventional collector of Example, but exhibited a dra-
matically better selectivity against pyrite, e.g. only 32%
pyrite recovery for Example 37 as compared with 76%
for Example LLL, which is reflected in the higher I,
values.

EXAMPLES 38-43

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 of
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-
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sively rimmed and disseminated with chalcocite and
covellite. Pyrite separation in the rougher flotation was
therefore not possible and was not attempted.

380 gms of the ore were conditioned with 500 gm/T
of ammonium sulfide and ground for six minutes at
55.5% solids to obtain a pulp with the size distribution
of 17.4% + 65 mesh, 33% + 100 mesh and 47.4% — 200
mesh. The pulp was conditioned at 1500 rpm and 20.4%
solids.

The standard operating pH for this ore 1s 11.4-11.5
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 is cresylic acid added to
about 150 gms/T.

The collectors were tested at the dosages and under
the conditions indicated, and the results are set forth in
Table 13, as follows:

TABLE 13

>

10

15

26
M/T instead of 0.210 M/T required for standard col-
lector at pH 11.3).

EXAMPLES 4447

A South American Cu-Mo ore which contained
1.844% Cu and 4.2% pyrite was used in the following
tests. The copper minerals were predominantly chalco-
cite, chacopyrite, covellite and bornite.

510 g of the ore was wet ground for 7.5 min. at 68%
solids to obtain a pulp with the size distribution of
24.7% +65M, 38.3% <+ 100M and 4% —200M. 2.5
g/T of di-sec butyl dithiophosphate was added to the
grind in all of the tests. Lime was also added to the
grind to obtain the required pH in flotation. The pulp
was transferred to the flotation cell and conditioned at

1100 rpm ad 32% solids.
This ore was used for further flotation tests in mildly

alkaline circuits with the novel collectors of this inven-

Head Assay Cu = 0.778%, FeS;= 5.79%,
Frother - Cresylic Acid - 150 g/T,

Collector Dosage and pH - see below

Dosage Lime %Cu % Cu % FeS;
Example Collector M/T pH Kg/T Rec. Grade Rec. Lew
NNN  N—ethyl O—isopropyl thiono- 0.105 80 0.23 74.3 10.3 62.2 0.057
carbamate
000  N-—ethyl O—isopropyl thiono- 0.210 8.0 0.2 68.6 8.3 73.5 0.027
carbamate
PPPF  N—ethyl O—isopropyl thiono- 0.105 9.0 0.74 78.2 9.7 62.0 0.080
carbamate
QQQ N—ethyl O—isopropyl thiono- 0.210 9.0 0.85 79.1 2.9 71.5 0.065
carbamate
RRR  N-—ethyl O—isopropyl thiono- 0.105 11.5 3.07 57.8 15.4 24.4 0.042
carbamate
SS§  N—ethyl O—isopropyl thiono- 0.210 115 3.07 §1.0 11.6 54.8 0.126
carbamate
38 N—Ethoxycarbonyl-O—isopro- 0.105 8.0 0.23 80.4 9.4 75.0 0.065
pyl thionocarbamate
39 N—Ethoxycarbonyl-O—isopro- 0.210 8.0 0.23 B1.5 7.8 92.5 0.022
py! thionocarbamate
40 N—Ethoxycarbonyl-O—isopro- 0.105 9.0 0.74 80.1 9.6 69.1 0.078
pyl thi -
41 N-—Ethoxycarbonyl-O-—isobutyl 0.105 8.0 0.23 78.8 8.3 85.6 0.032
thionocarbamate
42 N—Ethoxycarbonyl-O—isobutyl 0210 8.0 0.23 82.4 7.8 94.5 0.018
thionocarbamate
43 N—Ethoxycarbonyl-O—isobutyl 0.103 9.0 0.70 82.6 3.8 79.6 0.067
thionocarbamate

It 18 evident from the resuits in Table 13 that the
novel collectors of this invention (Examples 38-40 and
42-32) returned superior metallurgy at pH 8.0 and 9.0
compared with the stndard collector (Examples
NNN-SSS) at pH 11.5. By using the novel collectors at
pH 8.0 or 9.0, acceptable metallurgy can be achieved at
dramatically reduced lime consumption (7.5% of the
total lime consumption to give pH 8.0 and 25% of the
total to give pH 9.0) ad reduced collector dosage (0.105

tion. The standard collector scheme is composed of
about 30-40 g/T of sodium isopropyl xanthate and 2.5
g/T of di(sec-butyl) dithiophosphate and the standard
flotation pH is 10.5. The lime consumption at this pH is

so about 0.53 Kg/T. The standard frother is 1:1:1 polypro-

pvlene glycol monomethylether/MIBC/pine oil at
20-25 g/T. The collectors tested and the results ob-

tained are set forth in Table 14 as follows:

TABLE 14

Head Cu = 1.85%, FeS; = 4.2%,
Frother - 1:1:1 Dow 250/MIBC/pine o1l - 23.5 g/T,

Collector dosage and pH - see below

Dosage Lime % Cu % Cu % Fe$;
Example Collector M/T pH Kg/T Rec. Grade Rec. Loy
TIT  Sodium isopropyl xanthate 0.19 3.0 0.11 60.0 16.0 62.0
18] 5] ¢ B 0.19 90 0.29 79.3 16.0 33.1 0.04
vvvy " 0.19 10.5 0.53 85.5 15.6 38.1 0.057
XXX - 0.125 10.5 0.53 84.4 11.8 86.2 0.057
44 N—Ethoxycarbonyl-O—isoproply  0.123 90  0.25 84.2 4.5 78.0 0.088
thionocarbamate
45 N-—Ethoxycarbony}-O--isobutyl 00625 8.0 0.12 36.3 17.3 55.1 0.241
thionocarbamate
46 N—Ethoxycarbonyl-O—isobutyl 0.125 8.0 0.12 34.5 16.6 55.2 0.187

thionocarbamate



Re. 32,827

27 28
TABLE 14-continued
Head Cuo = 1.85%, Fe$S; = 4.2%,
Frother - 1:1:1 Dow 250/MIBC/pine oil - 25.5 g/T,
Collector dosage and pH - see below
Dosage Lime %Cu % Cu % Fe§y
Example Collector M/T pH Kg/T Rec. Grade Rec. leu
47 N—Ethoxycarbonyil-O—isobutyl 0.125 90 0.24 89.9 14.4 88.9 0.109
thionocarbamate
TABLE 15

The results given in Table 14 demonstrate that the
novel collectors of this invention show an excellent
performance, both in terms of copper recovery (with no
loss in Cu grade) and pyrite rejection at a reduced lime
consumption and reduced collector dosage. Most 1im-
portantly, the standard collector gave an unacceptably
low copper recovery at pH 8.0 even with an increased
collector dosage.

EXAMPLE 48

In the earlier examples, it has been demonstrated that
the new and improved hydrocarboxycarbonyl
thionocarbamate collectors of the present invention
exhibit superior performance at reduced or no lime
consumption and at reduced dosages of collector as
compared with a large number of conventional collec-
tors on a variety of ores in the rougher or first stage
flotation. In actual practice, the rougher concentrate is
cleaned in one or more stages to obtain a high grade
copper minerals or copper-molydenum minerals con-
centrate for further treatment for metal production.

The following examples illustrate the use of the new
and improved hydrocarboxycarbonyl thinonocarba-
mate collectors in cleaner flotation systems to provide
higher copper grade concentrates for use in smelters or
the like.

In the following examples, the same ore was used as
that for Examples 44-47. The first stage or rougher
flotation was performed in accordance with the meth-
ods of Examples 1-47. The concentrate was filtered and
dried and then reground to form a pulp of approxi-
mately 40% solids. The pH of the regrind was adjusted
with lime and more collector and frother were added as
needed. The reground pulp was conditioned and re-
floated as before with the rougher concentrate to pro-
vide cleaner concentrate and cleaner tails. The cleaner
tails were scavenged at gradually higher pH values,
with or without further addition of collector and
frother, and finally scavenged at a pH of greater than
11.0 with additional collector to float any remaining
copper minerals, and each stage product was separately
analyzed.

The following Table 15 shows the results obtained by
subjecting the ore to a rougher stage flotation and a
second stage or cleaner flotation, using a standard so-
dium isopropyl xanthate collector at pH 11.0 for com-
parison. Additional collector was added in Example 48,
in the stage 2 cleaner flotation, because it appeared that
the amount added in the rougher flotation was not
enough to carry over into the cleaner flotation. The
standard collector carried over and was present in suffi-
cient quantities in the second stage flotation, so that no
additional collector was added in the second stage con-
trol.

The results obtained are set forth in Table 15, as fol-
lows:

15

20

25

30

33

45

50

33

65

CLEANER FLOTATIONS
Cu Head Assay = 1.85% , Fe$2 = 4.2%,
Frother - 1:1:1 Dow 250/MIBC/Pine Qil

FFF¥F 48
Sodium N-—Ethoxycarbon-

EXAMPLE isopropyl yl-O—Isobutyi

Collector xanthate thionocarbamate
A. FIRST STAGE

Rougher Flotation

Collector dosage, g/T 30.0 12.8

pH 10.5 8.2

lime used, Kg/T 0.608 0.108

Recovery, %

Cu 86.9 88.1

Fe$S,y 90.9 63.7

Mo 64.0 55.6

Grade, %

Cu 18.30 21.30

Fe 20.70 16.40
B. SECOND STAGE

Cleaner Flotation

Collector dosage, g/T — 4.2

pH 11-11.6 8.7-9.6

Lime used, Kg/T 0.343 0.118

Grade of Cleaner Conc., %

Cu 394 41.9

Fe 22.2 18.6

Mo 0.56 0.58
TOTAL COLLECTOR 30.0 17.0
ADDED, g/T
TOTAL LIME ADDED, kg/T 0.951 0.226
TOTAL FROTHER ADDED, 38.0 39.0
g/T

The results of Table 15 clearly demonstrate the excel-
lent performance of the new and improved hydrocar-
boxycarbonyl thionocarbamate collectors of this inven-
tion in both rougher and cleaner flotation as compared
with the standard collector control. More particularly,
the grade of the copper cleaner concentrate was about
2.5 percentage points higher for Example 48 than for
the control (41.9%) and the grade of copper in the
rougher concentrate for Example 48 was similarly three
percentage points higher than that of the control. The
total collector dosage to achieve this grade of copper
was only 17 g/T for Example 48 vs. 30 g/T for the
control. Example 48 shows that better copper recovery
and grade are obtained using the collectors of this in-
vention at a collector cost savings of about 45%. Exam-
ple 48 shows that good recovery and good grade are
obtained in a cleaner flotation circuit with the collectors
of this invention using less lime, e.g. 0.226 kg/T vs.
0.951 kg/T for the control. This represents a savings in
lime consumption costs of over 75%. The cleaner con-
centrate of Example 48 had almost 4 percentage points
lower iron that did the standard collector, e.g. 18.6%
vs. 22.2%, which indicates superior selectivity against
pyrite for the collectors of this invention over the con-
trol. The superior selectivity of the collectors of this
invention is also evident from the low pyrite recovery
in the rougher flotation, e.g., 63.7% as compared with
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the standard collector, e.g., 90%. Moreover, the copper
recovery in the rougher flotation provided by the col-
lector of this invention in Example 48 was higher than
that obtained with the standard collector using less than
half the dosage of the standard collector in the rougher
flotation.

EXAMPLE 49
Bulk Sulfide Flotation

An Eastern/Southern U.S. copper-zinc-pyrite-pyrr-
hotite ore was used in the following flotation tests. It
contained about 0.5-0.7% copper as chalocopyrite,
0.9% zinc and 30-35% iron as pyrrhotite and pyrite.
The ore also contained a large amount of carbonate
gangue minerals, such as calcite, dolomite, etc., in addi-
tion to the usual silicate or siliceous type gangue.

The ball mill discharge from an operating plant was
used for all of the tests. The pulp contained ore particles
of about 40% —200 mesh. About 4 liters of pulp were
modified with 1-10 Ibs/ton of concentrated sulfuric
acid at 25% solids for 30 secs at 1800 rpm. The collector
and frother were then added and the pulp was condi-
tioned for 2 minutes. Flotation was carried out for 4
minutes with natural air flow rate at 1800 rpm agitation
and a first stage concentrate was collected. The pulp
was then conditioned for 30 seconds with additional
frother and a second stage flotation concentrate was
collected for 4 minutes. The first stage and second stage
concentrates and the tails were filtered, dried and as-
sayed for copper, iron, sulfur and zinc.

The results are given in Table 16, below. The conven-
tinal collector was sodium ethyl xanthate and the
frother was a polypropylene glycol (OP 515 of Oreprep
Inc.).

TABLE 16
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bonyl thionocarbamates of the above formula may be
used as the sulfide collector herein, such as N-cyclohex-
oxycarbonyl-O-alkyl thionocarbamates, N-(3-butene)l-
oxycarbonyl-O-alkyl thionocarbamates, N-alkoxycar-
bonyl-O-arylthionocarbamates and N-aryloxycarbonyl-
O-aryl thionocarbamates to name but a few, Moreover,
as has been mentioned above, the process may be prac-
ticed using as the collector component mixtures of two
or more of the hydrocarboxycarbonyl thionocarba-
mates, as well as mixtures of at least one hydrocarbox-
ycarbonyl thionocarbamate collector in combination
with another known collector which may be selected
from, for example

xanthates or xanthate esters, e.g. (a)
i I
R}O=—C—8~M, or R¥O—C—SR?, respectively;
?l (b)
dithiophosphates (R30)—P—8~M+;

IS| (c)
thionocarbamates, e.g. R3Q=—=C-=NHR?,

fi (d)
dithiophosphinates, e.g. (R$);P—~S—M+;

dithiocarbamates and derivatives thereof, e.p. (e)

Rll S Rll S

P |
RIN—C—8—M+* or REN—=C—S§—R?, respectively;

BULK SULFIDE FLOTATION

Head assay: Cu = 0.677, Zn = 1.00, Fe = 33.2, § = 19.24

Frother = 35 g/T

Collector HaSO4

Dosage Dosage Recovery, % Grade, %

Example Collector g/T kg/T Cu Fe Zn
GGGG  Sodium Ethyl 107.6 488 965 90.6 56.1
Xanthate
HHHH Sodium Ethyl 101.2 459 943 874 524
Xanthate
1111 Sodium Ethyl 70.0 424 920 881 433
Xanthate
49 N—Ethoxycarbonyl- 77.0 1.87 950 92.2 55.1
O—isobutyl thi-
onocarbamate

The results in Table 16 demonstrate that the hy-
drocarboxycarbonyl thionocarbamate collectors of this
invention in Example 49 provide essentially equivalent
metallurgy in bulk sulfide flotation at about 25% lower
dosage and about 62% lower sulfuric acid consumption,
as compared with the conventional collector of Exam-
ple GGGG-IIII.

The foregoing examples demonstrate the significant
improvements and advantages achieved with the new
and improved hydrocarboxycarbonyl thionocarbamate
collectors of this invention over a number of conven-
tional collectors known to those skilled in this art.

Although the present process has been described
with reference to certain preferred embodiments, modi-
fications or changes may be made therein by those
skilled in this art. For example, instead of N-ethoxycar-
bonyl-O-alkyl thionocarbamates and N-phenoxycarbo-
nyl-O-alkyl thionocarbamates, other hydrocarboxycar-
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trithiocarbonates and derivatives thereof, e.g., ()
S S
L I |
R3§—C—S—M* or R¥S—C—85—RY, respectively; and
S Cu Fe Zn S

97.5 122 3530 110 345
96.2 1.25 542 1.10 35.7
96.1 1.15 544 070 357
98.3 108 546 100 355

mercaptans, e.g., R10SH: (8)

wherein in each of (a)-(e) above R#8is C1-C¢ alkyl and
R?is Ci-Cg alkyl, aryl or benzyl, and Rl!is hydroxy or
R? and in (f) R10is C1-C;3 alkyl.

In place of copper mineral values, the process of the
present invention may be used to beneficiate other sul-
fide mineral and metal values from sulfide ores, includ-
ing, for example, lead, zinc, nickel, cobalt, molybde-
num, iron, as well as precious metals such s gold, silver,
platinum, palladium, rhodium, irridium, ruthenium, and
osmium. All such obvious modifications or changes
may be made herein by those skilled in this art, without
departing from the scope or spirit of the present inven-
tion as defined by the appended claims.

What is claimed is:
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1. A collector composition for froth flotation of sul-
fide minerals comprising at least one hydrocarboxycar-
bonyl thionocarbamate selected from the group consist-
ing of:

[ N-ethoxycarbonyl-O-n-butyl thionocarbamate; }
N-ethoxycarbonyl-O-isobutyl thionocarbamate;
N-ethoxycarbonyl-O-sec. butyl thionocarbamate;
N-ethoxycarbonyl-O-n-amyl thionocarbamate;
N-ethoxycarbonyl-O-isoamyl thionocarbamate;
N-ethoxycarbonyl-O-phenyl thionocarbamate;
N-phenoxycarbonyl-O-ethyl thionocarbamate;
N-phenoxycarbonyl-O-isopropyl thionocarbamate;
N-phenoxycarbonyl-O-n-butyl thionocarbamate;
N-phenoxycarbonyl-O-isobutyl thionocarbamate;
N-phenoxycarbonyl-O-sec. butyl thionocarbamate;
N-phenoxycarbonyl-O-n-amyi thionocarbamate and
N-phenoxycarbonyl-O-isoamyl thionocarbamate.

F2. A collector composition as defined in claim 1
wherein the thionocarbamate is N-ethoxycarbonyl-O-n-
butyl thionocarbamate.}

3. A collector composition is defined in claim 1
wherein the thionocarbamate is N-ethoxycarbonyl-O-
isobutyl thionocarbamate.

4. A collector composition as defined in claim 1
wherein the thionocarbamate is N-ethoxycarbonyl-O-
sec. butyl thionocarbamate.
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5. A collector composition as defined in clam 1
wherein the thionocarbamate is N-ethoxycarbonyl-O-n-
amyl thionocarbamate.

6. A collector composition as defined in claim 1
wherein the thionocarbamate i1s N-ethoxycarbonyl-O-
isoamyl thionocarbamate.

7. A collector composition as defined in claim 1
wherein the thionocarbamate is N-ethoxycarbonyl-O-
phenyl thionocarbamate.

8. A collector composition as defined in claim 1
wherein the thionocarbamate is N-phenoxycarbonyl-O-
ethyl thionocarbamate.

9. A collector composition as defined in claim 1
wherein the thionocarbamate is N-phenoxycarbonyl-O-
isopropyl thionocarbamate.

10. A collector composition as defined in claim 1
wherein the thionocarbamate is N-phenoxycarbonyl-O-
n-butyl thionocarbamate.

11. A collector composition as defined in claim 1
wherein the thionocarbamate is N-phenoxycarbonyl-O-
isobutyl thionocarbamate.

12. A collector composition as defined in claim 1
wherein the thionocarbamate is N-phenoxycarbonyl-O-
sec. butyl thionocarbamate.

13. A collector composition as defined in claim 1
wherein the thionocarbamate is N-phenoxycarbonyl-O-
n-amyl thionocarbamate.

14. A collector composition as defined in claim 1
wherein the thionocarbamate is N-phenoxycarbonyl-O-

tsoamyl thionocarbamate.
. £ A . *
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