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FROTH FLOTATION PROCESSES

BACKGROUND OF THE INVENTION

Field

[0001] The disclosed subject matter relates generally to compositions and processes used
in the recovery of value minerals from mineral ore bodies. More particularly, the
disclosed subject matter relates to froth tlotation processes that utilize an organic

ammonium salt of a sulfur-containing acid as a value mineral collector.

State of the Art

[0002] Froth flotation 1s a widely used process for beneficiating ores containing valuable
minerals, often referred to as “value minerals”. Value mineral(s) refer to the metal,
metals, mineral or minerals that are the primary object of the flotation process, i.e., the

metals and minerals from which 1t 1s desirable to remove impurities.

[0003] A typical froth flotation process involves intermixing an aqueous slurry that
contains finely ground ore particles with a frothing or foaming agent to produce a froth.
Ore particles that contain the value mineral(s) are preferentially attracted to the froth
because of an atfinity between the froth and the exposed mineral on the surfaces of the
ore particles. The resulting beneticiated minerals are then collected by separating them
from the froth. Chemical reagents, referred to as ““collectors,” are commonly added to the
froth flotation process to ettect the separation. Certain theory and practice indicates that
success of a flotation process for base metal sulfide and precious metal ores 1s dependent
on the collectors which impart selective hydrophobicity to the value mineral separated
from other minerals. See, e.g., U.S. Patent No. 4,584,097, the entirety of which 1s

incorporated by reference herein.



CA 02852681 2014-04-16
WO 2013/059259 PCT/US2012/060526

[0004] Other reagents, such as “frothers”, may be added to the process to provide a
suitable basic froth phase to capture hydrophobic value minerals and facilitate separation
and recovery thereof. Certain other reagents, referred to as “modifiers™, may be used to
enhance separation and recovery of the desired minerals and/or metals. Moditiers, which
can include pH regulators, may be used to modity and control the pH of the ore pulp 1n
order to enhance separation and recovery of the desired minerals and/or metals. In some
instances, compounds referred to as “activators”, such as copper sulfate, may be used to
activate a certain value sulfide mineral 1n order to enhance collector coating on this
sulfide mineral.

[0005] Froth flotation 1s especially useful for separating finely ground value minerals
from the associate gangue or for separating value minerals from one another. Because of
the large scale on which mining operations are typically conducted, and the large
difference 1n value between the desired minerals and the associated gangue, even
relatively small increases 1n separation efficiency provide substantial gains in
productivity. Additionally, the large quantities of chemicals used in mining and mineral
processing pose a significant challenge 1n terms of health and safety to humans and the
environment. Consequently, the industry 1s continually searching for effective
alternatives that increase safety while lessening the impact on the environment.

[0006] Currently, a large variety of organic sulfur-containing compounds, such as
xanthates, dithiophosphates, dithiocarbamates, etc, are utilized as collectors 1n the
flotation recovery of value minerals from sulfide and precious metal ores. Existing
thought about such compounds 1s that either the free acid or any salt of the acid can be
used 1n flotation, and that all the salts and free acid are equivalent, and obtain
substantially the same result. Moreover, most of the collectors based on organic sulfur-
containing salts are aqueous and are the sodium or potassium salts of sultur-containing
acid. Thus, when names of collectors are mentioned, such as a xanthate or
dithiophosphate, it is 1n reference to a sodium or potassium salt.

[0007] A commonly used collector, xanthic acid, 1s an 1onic compound that 1s produced
and transported as solid sodium or potassium salts of xanthic acid and 1s used as aqueous
solutions at the mine site. While they have shown value 1in mining processes, xanthates
ox1dize and hydrolyze 1n the presence of water thereby releasing hazardous byproducts,
and causing reduction 1n metallurgical pertormance, such as reduction in value mineral
recovery and/or grade. Solid xanthate can pose a fire hazard. Other common water-

soluble 10nic collectors pose similar hazards to a varying degree and display reduced
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metallurgical performance. An additional hazard 1s when such aqueous collectors are
mixed with other collectors, some toxic gases may be generated, or precipitates can be
formed, which reduce the activity of the available collector or form some other
undesirable reaction products, all of which also cause reduced metallurgical performance.
[0008] Many current collector and formulations thereof do contain water, which reduces
the available active collector and contributes significantly to transportation costs. (Given
the recent increase in fuel costs, cost-effective transportation and energy savings are
important in developing alternatives to current collectors.

[0009] In view of the foregoing, there is a need in the art to develop a stable collector
formulation that offers improved metallurgical performance, cost savings, as well as
reductions 1n hazards to humans and the environment. The inventors of the instant
invention believe the subject matter disclosed and claimed herein 1s an answer to those

needs.

SUMMARY OF THE INVENTION

[0010] The value mineral collectors composed of organic amine salts of organic sulfur-
containing acids as described herein are practical, economically attractive and
environmentally friendly alternatives compared to aqueous 1onic collectors such as alkali
metal salts of organic sulfur-containing acids. Consequently, the collector compositions
of the present invention offer many advantages including easier handling, as well as
reduced costs to ship the compositions to remote metallurgical plants. As shown 1n more
detail below, the collector compositions of the present invention surprisingly exhibit
improved recovery of value minerals.

[0011] Accordingly, one aspect of the current invention 1s directed to froth flotation
processes for recovering value minerals from mineral ore bodies by: adding a
beneficiating amount of a collector to at least one stage of a froth flotation process,
wherein the collector 1s an organic tertiary or quaternary ammonium salt of a sulfur-
containing acid selected from the group consisting of hydrocarbyl dithiophosphoric acids,
hydrocarbyl monothiophosphoric acids, mercaptobenzothiazoles, hydrocarbyl xanthic
acids, hydrocarbyl dithiocarbamic acids, hydrocarbyl thioglycolic acids and hydrocarbyl
trithiocarbonic acids.

[0012] In a further aspect, the present invention is directed to froth flotation processes for

recovering at least one value mineral from a mineral ore body, the process comprising the
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steps of: grinding a mineral ore body containing at least one value mineral to form ground
ore; forming a slurry comprising the ground ore; intermixing an effective amount of at
least one value mineral collector as described herein with at least one of the ground ore,
the slurry, and combinations thereof; generating a froth with the slurry; and recovering
the at least one value mineral from the froth.

[0013] These and other objects, features and advantages of this invention will become
apparent from the following detailed description of certain embodiments of the invention

taken 1n conjunction with the accompanying Examples.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS OF THE INVENTION

[0014] The disclosed subject matter generally relates to processes and collectors, used in
the recovery of value minerals from an ore. In general, ores contain, inter alia, both
“value” and “‘non-value” minerals. In this context, “value” mineral(s) refer to the metal,
metals, mineral or minerals that are the primary object of the flotation process, i.e., the
metals and minerals from which 1t 1s desirable to remove impurities. Examples of metals
of 1interest include, but are not limited to, gold, silver, copper, cobalt, nickel, lead, zinc,
molybdenum, and platinum group metals, such as platinum and palladium, as well as
combinations thereof. The term “‘non-value” mineral refers to the metal, metals, mineral
or minerals for which removal from the value mineral i1s desired, i.e., impurities 1n the
value mineral. A non-value mineral 1s not necessarily discarded, and may be considered a
value mineral 1n a subsequent process.

[0015] While any ore may be subjected to the processes and the collectors described
herein, the disclosed subject matter typically pertains to base metal sulfide ores and
precious metal ores. Examples of such ores include, but are not limited to, Cu-Mo ores,
Cu-Au ores, primary Au ores, platinum group metal (PGM) ores, Cu ores, N1 ores, and
complex polymetallic ores containing Pb, Zn, Cu and Ag.

[0016] In one embodiment, the value mineral collector includes an organic ammonium

salt compound according to Formula I:
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Formula I

where: AN 1s an anion from an organic sulfur-containing acid selected
from the group consisting of hydrocarbyl dithiophosphoric acids, hydrocarbyl
monothiophosphoric acids, mercaptobenzothiazoles, hydrocarbyl xanthic acids,
hydrocarbyl dithiocarbamic acids, hydrocarbyl thioglycolic acids and hydrocarbyl
trithiocarbonic acids; R® is hydrogen or a hydrocarbyl group comprising from 1 to 16
carbon atoms, optionally substituted with a —OH group and/or with one or more —(YR’),-
YR groups, whereinn=01to 3, Y 1s O, NR™ or S, R’ 1s an alkylene or arylene group
containing from 1 to 12 carbon atoms, R” and R”’ are, each independently, hydrogen or a
hydrocarbyl group containing from 1 to 12 carbon atoms; and each of R®, R® and R is,
independently, a hydrocarbyl group comprising from 1 to 16 carbon atoms, optionally
substituted with a —OH group and/or with one or more —(YR"),-YR" groups, wherein n =
0to 3, Y1s O, NR” or S, R’1san alkylene or arylene group containing from 1 to 12
carbon atoms, R” and R are, each independently, hydrogen or a hydrocarbyl group
containing from 1 to 12 carbon atoms; and wherein two or more of R, R®, R® and R* may

be linked to form a cyclic compound.

[0017] The organic ammonium salt of a sulfur-containing acid collector is derived from
sulfur-containing organic acids that contain at least one 1onizable -SH or —OH group
attached to a carbon atom or a phosphorus atom. The organic ammonium salt 1s a tertiary
or quaternary ammonium salt, preferably a tertiary ammonium salt.

[0018] In one preferred embodiment, the collector is substantially free of water and
substantially fee of inorganic salts. The phrase “substantially free of water” as used herein
encompasses compositions that include less than 10% water by weight. For instance,
compositions that would be considered to be substantially free of water can include less
than 10% water by weight, e.g2., 7%wt.; S%wt.; 4%wt.; 3.5%wt, 3.0%wt., 2.75%wt.,
2.5%wt., 2.0%wt., 1.5%wt., 1.0%wt., 0.5%wt., 0.1%wt., 100ppm, and the like.
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[0019] The phrase “substantially free of inorganic salts” as used herein encompasses
collector compositions that include less than 5% inorganic salt by weight. For instance,
collector compositions that would be considered to be substantially free of 1norganic salt

can include less than 5% 1norganic salt by weight, e.g., 4%wt.; 3.5%wt, 3.0%wt.,
2. 75%wt., 2.5%wt., 2.0%wt., 1.5%wt., 1.0%wt., 0.5%wt., 0.1%wt., 100ppm, and the like.

[0020] As used herein, the terms “hydrocarbyl group”, “hydrocarbon group”,
“hydrocarbyl” and “hydrocarbon”, encompass compounds containing hydrogen and
carbon atoms, optionally substituted with one or more groups such as —OH groups and/or
with one or more —(YR’),-YR” groups, whereinn=0to 3, Y1s O, NR” or S, R’ 1s an
alkylene or arylene group containing from 1 to 12 carbon atoms, R” and R are, each
independently, H or a hydrocarbyl group containing from 1 to 12 C atoms. As used
herein, the pluralized version of acid, i.e., acids, indicates that the compounds can be
substituted or unsubstituted. The term “substituted™ as used herein encompasses the
replacement of one element, such as hydrogen, by another atom or a group containing one
Or more atoms or a heteroatom or a group containing one or more heteroatoms.

[0021] In some embodiments of the organic ammonium cation of the collector according
to Formula I, the R" group is a hydrocarbyl group containing 1-16 carbon atoms,
optionally substituted by an —OH group. However, it is contemplated that the R® group
may also be a hydrocarbyl group containing 1-10 carbon atoms or a hydrocarbyl group
containing 1-6 carbon atoms, optionally substituted by an —OH group.

[0022] In certain embodiments of the organic ammonium cation of the collector
according to Formula I, R" is hydrogen.

[0023] R"is preferably hydrogen or an alkyl group or an aryl group, and more preferably
hydrogen or an alkyl group containing 1 to 10 carbon atoms, most preferably 1 to 4
carbon atoms, optionally substituted with a -OH group.

[0024] Each of the R®, R® and R® groups of the organic ammonium cation may
individually be a hydrocarbyl group containing 1-16 carbon atoms, optionally substituted
with one or more groups such as —OH groups and/or with one or more —(YR’),-YR”
ogroups, whereinn=0to 3, Y1s O, NR” or S, R’ 1s an alkylene or arylene group
containing from 1 to 12 carbon atoms, R” and R’ are, each independently, H or a
hydrocarbyl group containing from 1 to 12 C atom. Pretferably, each of the R", R and R*

groups of the organic ammonium cation are, individually, a hydrocarbyl group containing

1-10 carbon atoms, more preferably containing 1-6 carbon atoms. R®, R® and R are
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preferably independently an alkyl group containing 1 to 10, more preferably 1 to 6 and
most preferably 1 to 4, carbon atoms.

[0025] In some embodiments, R, R® and R are, independently, alkyl groups having 1-16
carbon atoms or aryl groups having 6-12 carbon atoms. In a further example, R", R® and
R‘ independently are alkyl groups having 1-10 carbon atoms, preferably alkyl groups
having 1-6 carbon atoms, more preferably having 1 to 4 carbon atoms, optionally
substituted by a —OH group.

[0026] In other embodiments, at least three of R%, R°, R® and R are an alkyl group
containing from 1 to 4 carbon atoms.

[0027] In certain embodiments, at least two of Rb, R® and R are linked to form a cyclic
compound. In another embodiment, R°, R® and R are linked to form a cyclic compound.
An example of a cyclic compound 1s hexamethylene tetramine.

[0028] The organic ammonium cation (N*R*R°R°R?) of Formula I may be selected from
choline, tetrahydrocarbyl amines and trihydrocarbyl amines, and mixtures thereof.
[0029] Specific examples of ammonium salts include, but are not limited to,
trimethylammonium, (N,N-dimethyl, N-propyl ammonium), (N,N-dimethyl, N-ethyl
ammonium), (N-Allyl-N,N-dimethylammonium), triethylammonium,
tripropylammonium, tributylammonium, tetramethylammonium, tetracthylammonium,
tetrapropylammonium, tetrabutylammonium, triallylammonium, trimethanolammonium,
tricthanolammonium, tripropanolammonium, choline, triphenylammonium,
hexamethylene tetraammonium and diphenylethyl ammonium salts, and ammonium salts
derived from pyrrole and the like, and mixtures thereot. Preferred organic ammonium
cations are tertiary ammonium cations.

[0030] The organic ammonium cation (N*R*R°R°R?) of Formula I preferably has a
molecular weight that does not exceed 300, more preferably not exceeding 250 and most
preferably not exceeding 200. The organic ammonium cation (N"R*R°R°R?) of Formula I
preferably has a molecular weight of at least 60.

[0031] In certain embodiments, the organic sulfur-containing acid of the collector 1s
selected from hydrocarbyl dithiophosphoric acids, hydrocarbyl monothiophosphoric
acids, mercaptobenzothiazoles, hydrocarbyl xanthic acids, hydrocarbyl dithiocarbamic
acids, hydrocarbyl thioglycolic acids and hydrocarbyl trithiocarbonic acids.

[0032] Hydrocarbyl dithiophosphoric acids are generally according to the general

formula
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wherein R1 and R2 are hydrocarbyl groups with the proviso that
R1 and R2 may be linked to form a cyclic compound. R1 and R2 are preferably and are
cach independently C2-C12 hydrocarbyl groups. Preferably, R1 and R2 are
independently C2-C8 hydrocarbyl groups, more preferably C2-C4 hydrocarbyl groups.
Examples ot specitic dihydrocarbyl dithiophosphoric acids include diisobutyl
dithiophosphoric acid, diethyl dithiophosphoric acid, diisoamyl dithiophosphoric acid,
duisopropyl dithiophosphoric acid, dicresyl dithiophosphoric acid, di-sec-butyl
dithiophosphoric acid, di-2-ethylhexyl dithiophosphoric acid, ethyl sec-butyl
dithiophosphoric acid, and ethylamyldithiophosphoric acid.
[0033] Hydrocarbyl monothiophosphoric acids are generally according to the general

formula
R
1 O \ //S
p.
s
R, 0 OH

wherein R1 and R2 are each independently a C2-C12 hydrocarbyl
group, with the proviso that R1 and R2 may be linked to form a cyclic compound.
Preferably, R1 and R2 are each independently a C2-C8 hydrocarbyl group, more
preferably C2-C4 hydrocarbyl groups. Examples of specific dihydrocarbyl
monothiophosphoric acids include diisobutyl monothiophosphoric acid, diethyl
monothiophosphoric acid, ditsoamyl monothiophosphoric acid, diisopropyl
monothiophosphoric acid, dicresyl monothiophosphoric acid, di-sec-butyl
monothiophosphoric acid, di-2-ethylhexyl monothiophosphoric acid and ethyl sec-butyl

monothiophosphoric acid.

[0034] Hydrocarbyl dithiocarbamic acids are usually selected from the group of
dihydrocarbyl dithiocarbamic acids and monohydrocarbyl dithiocarbamic acids and are

generally according to the general formula:

Ri >
\ |
N—C—SH
Ry
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wherein R1 1s H or a C1-C12 hydrocarbyl group and R2, independently, 1s a C1-C12
hydrocarbyl group, with the proviso that R1 and R2 may be linked to form a cyclic
compound. Preferably, R1 and R2 are independently H or a C2-C8 hydrocarbyl group.
More preferably, R1 and R2 are independently H or a C2-C4 hydrocarbyl group.
Examples include diisobutyl dithiocarbamic acid, di-n-butyl dithiocarbamic acid, diethyl
dithiocarbamic acid, dusopropyl dithiocarbamic acid, dibenzyl dithiocarbamic acid,
diphenyl dithiocarbamic acid, dioctyl dithiocarbamic acid, monobutyl dithiocarbamic
acid, monoethyl dithiocarbamic acid, butyl phenyl dithiocarbamic acid, ethyl butyl

dithiocarbamic acid and the like.

[0035] Hydrocarbyl xanthic acids are generally according to the general formula:

s

%

Rl—O—C\
SH

wherein R1 1s a C2-C12 hydrocarbyl group. Preferably, R1 1s a C2 to C5 hydrocarbyl

oroup. Examples of specitic hydrocarbyl xanthic acids include ethyl xanthic acid, n-butyl
xanthic acid, 1sobutyl xanthic acid, n-propyl xanthic acid, isopropyl xanthic acid, sec
butyl xanthic acid, n-amyl xanthic acid, 1soamyl xanthic acid, 2 ethyl-hexyl xanthic acid,

phenyl xanthic acid, benzyl xanthic acid.

[0036] Hydrocarbyl trithiocarbonic acids are generally according to the general formula

i
R,—S—C—SH

wherein R1 1s a C2-C12 hydrocarbyl group. Preferably, R1 1s a C4 -C12 hydrocarbyl

ogroup. Examples of specitic hydrocarbyl trithiocarbonic acids include butyl

trithiocarbonic acid and dodecyl trithiocarbonic acid.

[0037] Hydrocarbyl thioglycolic acids are generally according to the general formula

1
R1-O—C—CHy—5H
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wherein R1 1s a C2-C12 hydrocarbyl group. Preferably, R1 is C4 to C8 hydrocarbyl
oroup. Examples of specific hydrocarbyl thioglycolic acids include butyl thioglycolic

acid, octylthioglycolic acid, and dodecyl thioglycolic acid.

[0038] Mercaptobenzothiazoles are generally according to the general formula

Ry

INZANGPEN

wherein R1 1s H or a —O-(C1-C12 hydrocarbyl) group or a C1-C12 hydrocarbyl group.
Preferably, R1 1s a H or a C1 to C6 hydrocarbyl group. Examples of specific
mercaptobenzothiazoles include 6-hexyl 2- mercaptobenzothiazole and 6-ethoxy 2-
mercaptobenzothiazole. Preferred mercaptobenzothiazoles are selected from 2-

mercaptobenzothiazole and 6-hydrocarbyl-2-mercaptobenzothiazoles.

[0039] In a preferred embodiment, the organic sulfur-containing collector is selected
from the group consisting of tertiary and quaternary ammonium salts of hydrocarbyl
dithiophosphoric acids, hydrocarbyl monothiophosphoric acids, mercaptobenzothiazoles,
hydrocarbyl xanthic acids and hydrocarbyl dithiocarbamic acids.

[0040] Examples of the collectors composed of an ammonium salt of an organic sulfur-
containing acid, include, but are not limited to, choline salt of diisobutyl dithiophosphoric
acid, trimethylammonium salt of diisobutyl monothiophosphoric acid, triethylammonium
salt of mercaptobenzothiazole, choline salt of mercaptobenzothiazole, triethylammonium
salt of diisobutyl monothiophosphoric acid, choline salt of diisobutyl monothiophosphoric
acid, tributylammonium salt of mercaptobenzothiazole, tripropylammonium salt of
diisobutyl dithiophosphoric acid, triethylammonium salt of diethyl dithiocarbamic acid,
tripropylammonium salt of dibutyl dithiocarbamic acid, trimethylammonium salt of
diisobutyl dithiophosphoric acid, hexamethylene tetraammonium salt of diisobutyl
dithiophosphoric acid, tetramethylammonium salt ot diisobutyl dithiophosphoric acid,
tricthanolammonium salt of butyl thioglycolic acid, trimethylammonium salt of butyl
trithiocarbonic acid, trimethylammonium salt of 1sobutyl xanthic acid,
trimethylammonium salt of amyl xanthic acid, trimethylammonium salt of monobutyl
dithiocarbamic acid, tripropylammonium salt of monoethyl dithiocarbamic acid,

tricthylammonium salt of dicresyl dithiophosphoric acid, trimethanolammonium salt of
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dicresyl dithiophosphoric acid, trimethanolammonium salt of diisobutyl dithiophosphoric
acid, trimethylammonium salt of dibutyl dithiocarbamic acid, trimethylammonium salt of
dicresyl dithiophosphoric acid, and trimethylammonium salt of mercaptobenzothiazole.
[0041] The physical state of the ammonium salt of an organic sulfur-containing acid 1s
dependent on the organic ammonium cation and the sultfur-containing anion. For
instance, trimethylammonium salt of diisobutyl dithiophosphoric acid and
tricthylammonium salt of diisobutyl dithiophosphoric acid are solids. Most other salts are
liquid.

[0042] The compounds of organic ammonium salt of an organic sulfur-containing acid as
described herein prove useful as value mineral collectors and may be used in methods for
recovering at least one value mineral from an ore. In general, the organic ammonium salt
of an organic sulfur-containing acid are utilized as collectors in froth flotation processes
by adding a beneficiating amount of the collector (1.e., an amount of collector sutficient to
effectively separate the value minerals from the non-value minerals) to one or more
stages of the froth flotation process.

[0043] The collector compositions described herein may be added to the froth flotation
processes as the organic ammonium salt of an organic sulfur-containing acid or they may
be part of a composition additionally including one or more compound usetul for froth
flotation. In general, the collectors according to the present invention as described herein
are present 1n the collector composition 1n amounts and ratios that are economically
feasible as well as effective to the recovery of the value minerals. The amount of
collector as described herein present 1n the collector composition can vary from about 1
wt.% to about 99 wt.% based on the total weight ot the collector composition. In one
embodiment, the amount of collectors as described herein present 1n the collector
composition is between about 30 wt.% and about 70 wt.% based on the total weight of the
collector composition.

[0044] Besides the collectors described herein, in some embodiments, the collector
compositions may optionally include one or more other collectors different from the
tertiary and quaternary ammonium salts of the organic sulfur-containing acids according
to the invention as described herein. Such other collectors can be any known collectors,
such as anionic collectors and neutral collectors.

[0045] In general, the tertiary and quaternary ammonium salts of the sulfur-containing
collectors that are described above display excellent physical compatibility with neutral

(so-called oily collectors) collectors. The physical stability of collector compositions that
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include the collector according to the invention as herein described, together with a
neutral collector allows them to be handled 1n an easy manner. Moreover, such collector
compositions are chemically stable and do not release toxic gases or fumes and do not
require the use of hazardous diluents and coupling agents.

[0046] As alluded to above, in some embodiments, the collector compositions according
to the present invention may optionally include one or more additives. Many such
additives are known to those of skill in the froth flotation art and need not be further
described 1n detail herein. Certain additives may include, for example, one or more of
hydrocarbon oils, surfactants, aliphatic alcohols, glycols, glycol ethers and non-aqueous
solvents. Combinations of the foregoing additives are also contemplated.

[0047] The amount and type of additives present in the collector composition will vary
depending on one or more of the following variables: the type of collectors, the amount of
the collectors, the type of ore, the value mineral, and the like, and combinations thereof.
The person of ordinary skill in the art will be able to determine such values based on no
more than routine experimentation. In one embodiment, the total amount of additives
present 1n the collector composition 1s between about 1 wt.% and about 95 wt.% based on
the total weight of the collector composition. In another embodiment, the total amount of
additives present in the collector composition 1s between about 1wt.% and about 50 wt. %
based on the total weight of the collector composition.

[0048] One example of a froth flotation process includes crushing an ore to form crushed
ore (referred to herein as the “pre-grinding™ or the “pre-grind” stage), and then grinding
the crushed ore particles 1n a grinding mill to form ground ore. A slurry of water and
oround ore 1s formed. The steps of grinding the ore and forming the slurry may be
collectively referred to as the “grinding stage”. The slurry containing the ground ore 1s
then sent to the “conditioning stage™ where the ground ore 1s conditioned 1n a conditioner.
The ground ore 1s subjected to a flotation process by passing air through the slurry in
flotation cells or a bank of flotation cells to cause tlotation of the desired minerals 1n a
froth. The desired minerals, i.e., the value minerals, are collected (“recovered™) from the
froth in launders (referred to as the “flotation stage™).

[0049] As one of ordinary skill in the art will appreciate, a froth flotation process may
include more than one stage of grinding, conditioning and flotation. Thus, the flotation
concentrate from the first stage (referred to as “roughers” or “rougher-scavengers™) may
be ground further and refloated 1n a circuit referred to as “cleaners”. The cleaners may

subject the concentrate of the first stage to further grinding, conditioning and flotation
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stages. Alternatively, the concentrate from the first stage may be refloated without
further grinding.

[0050] The tails from the cleaners may be refloated in a circuit referred to as “cleaner-
scavengers”. Itis envisioned that the froth flotation processes according to the present
invention encompass the addition of froth phase modifiers, monovalent 1on moditier
enhancing agents and other collector compositions at any stage of the process, i.e.,
addition of the froth phase moditier (and/or monovalent 1on modifier enhancing agent
and/or collector) 1in some 1nstance may be done until the second (or third) grinding stage,
conditioning stage, or flotation stage.

[0051] Flotation reagents, which include the organic ammonium salts of the organic
sulfur-containing collectors described herein as well as, for example, trothers, pH
regulators, froth phase modifiers, dispersants, depressants, and the like, may be added to
the crushed ore, ground ore and/or slurry, during the process at any or all of the stages of
the froth flotation process. Typically the flotation reagents, such as the organic
ammonium salts of the sulfur-containing acid collectors, especially those according to
Formula I, described herein, are added to the froth flotation process at one or more stages
of the process. FFor example, the organic ammonium salt of a sultur-containing collector
may be added to the grinding stage, the conditioning stage, or a combination thereof. The
term “added” or any variation thereof, as used herein, means any method that can be used
to bring two or more 1tems or compounds together and encompasses intermixing, mixing,
combining, incorporating, blending and the like. Similarly, the term “intermixed” or any
variation thereof, as used herein, means any method that can be used to bring two or more
items or compounds together and encompasses adding, intermixing, mixing, combining,
incorporating, blending and the like.

[0052] The organic ammonium salts of the sulfur-containing collectors described herein
are added to processes for recovering a value mineral from an ore 1n an amount that 1s
effective (“effective amount™ or “beneficiating amount™) to recover the value mineral.
The effective amount of the organic ammonium salt of a sulfur-containing acid may
depend on a variety of factors, including the process used, the ore used, the contents of
the organic ammonium salt of a sulfur-containing collector, and the like. In one
embodiment the effective amount of the organic ammonium salt of a sulfur-containing
collector added to the process 1s from about 0.5 gram per ton (g/t) to about 500 g/t. In
another embodiment, the effective amount of the organic ammonium salt of a sulfur-

containing collector added to the process i1s from about 1 g/t to about 200 g/t. In yet
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another embodiment, the effective amount of the organic ammonium salt of a sulfur-
containing collector added to the process 1s from about 2 g/t to about 100 g/t. In still a
further embodiment, the effective amount of the organic ammonium salt of a sulfur-
containing collector added to the process 1s from about 5 g/t to about 50 g/t. In another
embodiment, the effective amount of the organic ammonium salt of a sulfur-containing
collector 1s from about 5 g/t to about 20 g/t.

[0053] The organic ammonium salts of sulfur-containing collectors described herein, or
the collector compositions containing them, are typically added to processes 1n a liquid
form. Some of the compositions, when manufactured, can be 1n a solid form, but these
can be readily made 1nto liquid form by dissolving in a suitable solvent or diluent.

[0054] Besides the organic ammonium salts of the sulfur-containing collectors described
herein, or the collector compositions containing them, other collectors can be added to the

froth flotation process separately or simulataneously.

Examples

[0055] The following examples are provided to assist one skilled in the art to further
understand certain embodiments of the present invention. These examples are intended
for 1llustration purposes and are not to be construed as limiting the scope of the various
embodiments of the present invention.

[0056] Unless otherwise specifically noted, the following notations are used in the
Examples below: “percent,” “%”, “weight%” and “wt.%" denotes weight percent, “g”
denotes gram, ““C” denotes degrees Celsius, “g/t” denotes gram per ton, “min” denotes
“minutes”, “rec” and “Rec” denote recovery of value mineral in concentrate, S rec”
represents the total recovery of all the sultide minerals, “coll” stands for collector, “rpm”
stands for revolutions per minute, “kg” 1s kilogram, “ppm’ 1s parts per million on a mass

basis (also equal to g/t), “ml” 1s muilliliter, and “L” 1s liter.

Example 1. Preparation of triethylammonium salt of diisobutyl dithiophosphoric acid

[0057] Preparation of triethylammonium salt of diisobutyl dithiophosphoric acid 1s as
follows: 130 grams (0.54 mole) of diisobutyl dithiophosphoric acid 1s charged into a
jacketed pressure reactor. The system is bubbled through with nitrogen for 20 min and
53.5 grams (0.55 mole) of triethylamine 1s added to the addition funnel and the entire
system 1s under nitrogen. Then, with the system monitored by a pressure gauge and

thermometer, triethylamine 1s then added drop wise and the reaction temperature 1s kept

14



CA 02852681 2014-04-16
WO 2013/059259 PCT/US2012/060526

under 50°C and pressure under 10 psi. After the addition 1s over, the system 1s brought to
S50°C through the jacket by a heating circulator. The reaction temperature is kept at S0°C
for 1 hour. The product 1s then discharged. The acid number (normally below 30) and
10dine number (between 40-43) are measured to check the acidity and percent
dithiophosphoric acid. The product purity (ranging between 88-95%) 1s measured by LC-
MS and NMR.

Example 2. Preparation of tetracthylammonium salt of diisobutyl dithiophosphoric acid

[0058] Preparation of tetraecthylammonium salt of diisobutyl dithiophosphoric acid is as
follows: 264 grams (0.50 mole) of sodium diisobutyl dithiophosphate 1s charged into a
jacketed reactor. The system 1s bubbled through with nitrogen for 20 min and 165.7
grams (0.50 mole) of tetracthylammonium chloride (50% solution in water) 1s added
slowly through an addition funnel to the DTP acid. The reactor 1s heated at 50 to 60°C
for 1 hour with vigorous agitation. Then, 50 ml of toluene 1s added to dissolve the
product and the aqueous layer 1s separated and drained out. The toluene solution 1s then
washed with 50x2 ml water and dried with magnesium sulfate. After that filtration 1s
applied to remove the magnesium sulfate and the toluene 1s stripped out at 20 mm Hg/80

°C condition to obtain final product. The product 1s then discharged. The product purity
(ranging between 80-90%) 1s measured by LC-MS and NMR.

Example 3. Preparation of trimethylammonium salt of diisobutyl dithiophosphoric acid

[0059] Preparation of trimethylammonium salt of diisobutyl dithiophosphoric acid is as
follows: 130 grams (0.54 mole) of diisobutyl dithiophosphoric acid 1s charged into a
jacketed pressure reactor. The system i1s bubbled through with nitrogen for 20 min and 35
grams (0.59 mole) of liquefied trimethylamine 1s added to the addition funnel and the
entire system 1s then sealed under nitrogen. Then, with the system monitored by a
pressure gauge and thermometer, trimethylamine is then added drop wise and kept the
reaction temperature under S0°C and pressure under 10 psi1. After the addition 1s over, the
system 1s brought to 50°C through the jacket by a heating circulator. The reaction
temperature 1s kept at S0°C for 1 hour. The product is then discharged. The acid number
(normally below 30) and 10dine number (between 40-43)are measured to check the
acidity and percent dithiophosphoric acid. The product purity (ranging between 83-95%)
1s measured by LC-MS and NMR.
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Example 4. Preparation of tripropylammonium salt of diisobutyl dithiophosphoric acid

[0060] Preparation of tripropylammonium salt of diisobutyl dithiophosphoric acid 1s as
follows: 130 grams (0.54 mole) of diisobutyl dithiophosphoric acid 1s charged into a
jacketed pressure reactor. The system is bubbled through with nitrogen for 20 min and
77.2 grams (0.54 mole) of tripropylamine 1s added to the addition funnel and the entire
system 1s under nitrogen. Then, with the system monitored by a thermometer,
tripropylamine 1s added drop wise and the reaction temperature 1s kept under 5S0°C. After
the addition is over, the system is brought to 50°C through the jacket by a heating
circulator. The reaction temperature 1s kept at S0°C for 1 hour. The product 1s then
discharged. The acid number (normally below 30) and 10dine number (between 40-43)

are measured to check the acidity and percent dithiophosphoric acid. The product purity

(ranging between 88-95%) 1s measured by LC-MS and NMR.

Example 5. Preparation of choline salt of diisobutyl dithiophosphoric acid

[0061] Preparation of choline salt of diisobutyl dithiophosphoric acid is as follows: 264
orams (0.50 mole) of sodium diisobutyl dithiophosphate 1s charged into a jacketed
reactor. The system 1s bubbled through with nitrogen for 20 min and 139.6 grams (0.50
mole) of choline chloride (50% solution 1n water) 1s added slowly through an addition
funnel to the DTP acid. The reactor 1s heated at SO to 60°C for 1 hour with vigorous
agitation. Then, S0 ml of toluene 1s added to dissolve the product and the aqueous layer
1s separated and drained out. The toluene solution is then washed with 50x2 ml water and
dried with magnesium sulfate. After that, filtration is applied to remove the magnesium
sulfate and the toluene is stripped out at 20 mm Hg/80 °C condition to obtain a final
product. The product 1s then discharged. The product purity (ranging between 380-90%) 1s
measured by LC-MS and NMR.

Example 6. Preparation of choline salt of mercaptobenzothiazole

[0062] Preparation of choline salt of mercaptobenzothiazole is as follows: 83.6 grams
(0.50 mole) of powder 2-mercaptobenzothiazole is suspended in 100 ml absolute ethanol
and neutralized by mixing 134.4 grams (0.50 mole) of choline hydroxide (45 wt. % 1n
methanol) at room temperature under nitrogen. Then the mixture 1s heated to 50°C for 1

hour. The solution 1s then stripped under vacuum to remove the excess ethanol /methanol
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to obtain final product. The acid number (normally below 30) 1s measured to check the

acidity. The product purity (ranging between 80-90%) 1s measured by LC-MS and NMR.

Example 7. Preparation of triethylammonium salt of mercaptobenzothiazole

[0063] Preparation of triethylammonium salt of mercaptobenzothiazole 1s as follows:
33.6 grams (0.50 mole) of powder 2-mercaptobenzothiazole 1s suspended in 100 ml
absolute ethanol and neutralized by mixing 50.5 grams (0.50 mole) of triethylamine at
room temperature under nitrogen. Then the mixture 1s heated to SO°C for 1 hour. The
solution 1s then stripped under vacuum to remove the excess ethanol /methanol to obtain

final product. The acid number (normally below 30) 1s measured to check the acidity.

The product purity (ranging between 80-90%) 1s measured by LLC-MS and NMR.

Example 8. Preparation of tributylammonium salt of mercaptobenzothiazole

[0064] Preparation of tributylammonium salt of mercaptobenzothiazole is as follows:
33.6 grams (0.50 mole) of powder 2-mercaptobenzothiazole 1s suspended in 100 ml
absolute ethanol and neutralized by mixing with 92.7 grams (0.50 mole) of tributylamine
at room temperature under nitrogen. Then the mixture 1s heated to S0°C for 1 hour. The
solution 1s then stripped under vacuum to remove the excess ethanol to obtain final

product. The acid number (normally below 30) 1s measured to check the acidity. The

product purity (ranging between 80-90%) 1s measured by LC-MS and NMR.

Example 9. Preparation of triethylammonium N,N-diethyl dithiocarbamate

[0065] Preparation of triethylammonium salt of diethyl dithiocarbamate is as follows: 76
orams (1 mole) carbon disulfide and 101 grams (1 mole) triethylamine are mixed at 10°C
under nitrogen. To the mixture 1s added in slowly 80.5 grams (1.1 mole) diethylamine
drop wise and maintain the temperature below 30°C. Then the mixture is heated to 50°C
for 1 hour. The solution 1s then stripped out under vacuum to remove the excess amine
and for the removal of low volatiles to obtain final product. The acid number (normally
below 30) 1s measured to check the acidity. The product purity (ranging between 85-
95%) 1s measured by LC-MS and NMR.

Example 10. Preparation of tripropylammonium N,N-diethyl dithiocarbamate

[0066] Preparation of tripropylammonium salt of diethyl dithiocarbamate is as follows:

76 grams (1 mole) carbon disulfide and 143 grams (1 mole) tripropylamine are mixed at
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10°C under nitrogen. 80.5 grams (1.1 mole) diethylamine 1s added slowly and drop wise
to the mixture and the mixture 1s maintained at a temperature below 30°C. Then the
mixture 1s heated to SO°C for 1 hour. The solution 1s then stripped out under vacuum to
remove the excess amine and for the removal of low volatiles to obtain final product. The

acid number (normally below 30) 1s measured to check the acidity. The product purity

(ranging between 85-95%) 1s measured by LC-MS and NMR.

Example 11. Preparation of choline salt of dusobutyl monothiophosphoric acid

[0067] Preparation of choline salt of diisobutyl monothiophosphoric acid (“MTP acid”) is
as follows: 248 grams (0.50 mole) of sodium diisobutyl monothiophosphate (Aero 6697,
50% solution 1n water) 1s charged 1nto a jacketed reactor. The system is bubbled through
with nitrogen for 20 min and 134.4 grams (0.50 mole) of choline chloride (50 wt. % 1n
water) 1s added slowly through an addition funnel to the MTP acid. The reactor 1s heated
at S0 to 60°C for 1 hour with vigorous agitation. Then, 50 ml of toluene is added to
dissolve the product and the aqueous layer is separated and drained out. The toluene
solution 1s then washed with 50x2 ml water and dried with magnesium sulfate. After that,
filtration 1s applied to remove the magnesium sulfate and the toluene 1s stripped out at 20
mm Hg/380 °C condition to obtain final product. The product 1s then discharged. The
product purity (ranging between 80-90%) 1s measured by LC-MS and NMR.

Example 12. Preparation of triethylammonium salt of diisobutyl monothiophosphoric acid

[0068] Preparation of triethylammonium salt of diisobutyl monothiophosphoric acid is as
follows: 248 grams (0.50 mole) of sodium diisobutyl monothiophosphate (Aero 6697,
S50% solution 1n water) 1s charged 1nto a jacketed reactor. The system 1s bubbled through
with nitrogen for 20 min and 50.5 grams (0.50 mole) of triethylamine 1s added slowly
through an addition funnel to the MTP acid. The reactor is heated at S0 to 60°C for 1
hour with vigorous agitation. Then, 50 ml of toluene i1s added to dissolve the product and
the aqueous layer 1s separated and drained out. The toluene solution 1s then washed with
S50x2 ml water and dried with magnesium sultate. After that, filtration 1s applied to
remove the magnesium sulfate and the toluene 1s stripped out at 20 mm Hg/s80 °C

condition to obtain final product. The product 1s then discharged. The product purity
(ranging 80-90%) is measured by LC-MS and NMR.
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Examples 13-26: Recovery of mineral values from a Au ore

[0069] An ore samplecontaining Au (1.3 ppm or g/t) is beneficiated by froth flotation. In
each test, 1000g of ore sample 1s ground for 17 min. 1n a mild steel rod mill containing a 10
kg rod charge and approximately 660 ml of water resulting 1n ground ore slurry with a
particle size distribution of approximately 80% passing 106 microns. Lime 1s added to the
mill to achieve a target pH of approximately 9.7 in the flotation stage. After grinding, the
slurry 1s then transferred to a 2.5 L Denver flotation cell and water 1s added to adjust the
solids density to 33%. The slurry is agitated at 1200 rpm 1n the cell. The collector 1s added
in one addition at 25 g of active collector per ton of ore 1n the conditioning stage. The
frother used 1s a (15:85) mixture of glycols and methyl 1sobutyl carbinol added at 30 g/t of
ore 1n the flotation stage. Flotation 1s conducted for 7 min. The results are presented in

Table 1 (for tests at pH 6.5) and Table 2 (for tests at pH 9.7).

Table 1 Au ore (pH 6.5)

Example No* | Dosage, g/t | Collector type | Au Rec,%
NaDIBDTP

Ch-DIBDTP

TEA-DIBDTP
NaMBT

Ch-MBT

TEA-MBT
NaDIBMTP

Ch-DIBMTP

TEA-DIBMTP
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Table 2 Au ore (pH 9.7)

Example No* | Dosage, g/t | Collector type | Au Rec,%

220 25 NaDIBD TP /4.3
Ch-DIBDTP

TEA-DIBDTP

NaDIBMTP

Ch-DIBMTP

*C: Comparative

NaDIBDTP: Sodium salt of Diisobutyl Dithiophosphoric acid
Ch-DIBDTP: Choline salt of Diisobutyl Dithiophosphoric acid
TEA-DIBDTP: Triethylamine salt of Diisobutyl Dithiophosphoric acid
NaMBT: Sodium salt of Mercaptobenzothiaozole

TEA-MBT: Triethylamine salt of Mercaptobenzothiaozole

Ch-MBT: Choline salt of Mercaptobenzothiaozole

NaDIBMTP: Sodium salt of Diisobutyl Monothiophosphoric acid
TEA-DIBMTP: Triethylamine salt of Diisobutyl Monothiophosphoric acid
Ch-DIBMTP: Choline salt of Diisobutyl Monothiophosphoric acid

Examples 27-39: Recovery of mineral values from a N1 ore

[0070] An ore sample containing Ni (1.6%) 1s beneficiated by froth flotation. In each test,
S500¢g of ore sample is ground for 6 min. in a mild steel rod mill containing a 9.2 kg rod
charge and approximately 333 ml of water resulting 1n ground ore slurry with a particle size
distribution of approximately S6% passing 75 microns. Lime 1s added to the mull to
achieve a target pH of approximately 9.0 in the flotation stage. After grinding the slurry is
then transferred to a 1.2 L. Denver flotation cell and water 1s added to adjust the solids
density to 33%. The slurry 1s agitated at 1000 rpm 1n the cell. The collector 1s added in one
addition at 15 or 30 g of active collector per ton of ore 1n the conditioning or grinding stage.
In all tests, the frother used is Dowfroth® 250 flotation agent, available from the Dow
Chemical Company, USA, which is added at a dose of 25 g/t. It is noted that Dowfroth®
250 flotation agent can be replaced with Aerofroth® 68 flotation agent from Cytec

Technologies Inc., USA. Flotation 1s conducted for 7 min. The results are presented 1n

Table 3.
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Table 3 Nickel Ore

Collector
Addition Point

Collector type

PCT/US2012/060526

NI Rec.%

Cell NaMBT /3.5
Cell TBA-MBT 81.5

NaDIBDTP

Ch-DIBDTP

TEA-DIBDTP
32C 15 Grind NaMBT 65.8
TBA-MBT

NaDIBDTP
35 30 Cell Ch-DIBDTP 77.2
36 30 Cell TEA-DIBDTP 78.5
37C 30 Grind NaDIBDTP 71.2
38 30 Grind Ch-DIBDTP 76.2
39 30 Grind TEA-DIBDTP 77.1

*C : Comparative

Na DIBDTP: Sodium Diisobutyl Dithiophosphate
Ch-DIBDTP:Choline salt of Diisobutyl Dithiophosphoric acid
TEA-DIBDTP: Triethylamine salt of Diisobutyl Dithiophosphoric acid
NaMBT: Sodium Mercaptobenzothiaozole
TBA-MBT: Tributylamine salt of Mercaptobenzothiaozole

Examples 40-50: Recovery of mineral and metal values from a precious metal containing

O1C

[0071] An ore sample containing platinum group precious metals (approximately 2 g/t of

Pt and 1.1g/t of Pd; also containing value mineral Ni) 1s beneficiated by froth flotation in

a single stage of grinding and flotation with the objective of maximizing the recovery of

Pt and Pd 1in this stage. Additionally, 1t 1s desirable to recover almost all of the sultide

minerals including those of Ni1. In each test, approximately 1 kg of ore sample 1s ground
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for 29.5 min. 1n a mild steel rod mill containing a 10 kg rod charge and approximately

670 ml of water resulting 1n slurry having a particle size distribution of approximately

30% passing 106 microns. A total of 50 g/t of guar gum depressant as a 1% solution 1s

added to the conditioning stage. The ground slurry is transferred to the 2.5 L. Denver

flotation cell and water 1s added to obtain slurry solids density of 33%. The slurry 1s

agitated at 1300 rpm. The collector dosages are 40 or 60 g of active collector per ton of

ore. The results are presented 1in Table 4.

Example No*

Table 4 Pt- Pd Ore

Dosage, g/t | Collector type | Pt Rec. % | Pd Rec. %

40C 40 NaDIBDTP
41 40 TEA-DIBDTP | 63.4

42C 40 NaDIBMTP

43 40 Ch-DIBMTP

44 40 TEA-DIBMTP [ 48.9

45C 60 NaDIBDTP

46 60 Ch-DIBDTP

47 60 TEA-DIBDTP | 66.8

48C m 36.5 40.8
49 60 Ch-DIBMTP

50 60 TEA-DIBMTP | 514

*C . Comparative

NaDIBDTP: Sodium Diisobutyl Dithiophosphate
Ch-DIBDTP: Choline salt of Diisobutyl Dithiophosphoric acid

TEA-DIBDTP: Triethylamine salt of Diisobutyl Dithiophosphoric acid

NaDIBMTP: Sodium Diisobutyl Monothiophosphate

Ch-DIBMTP: Choline salt of Diisobutyl Monothiophosphoric acid

TEA-DIBMTP: Triethylamine salt of Diisobutyl Monothiophosphoric acid

Examples 51-54: Recovery of mineral values from a base metal (copper) containing ore

[0072] An ore sample containing Cu (0.56%) 1s beneficiated by froth flotation. In each

test, 1000g of ore sample 1s ground for 8.5 min. in a mild steel rod mill containing a 10 kg

rod charge and approximately 667 ml of water resulting in ground ore slurry with a particle
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size distribution of approximately 80% passing 106 microns. Lime 1s added to the muill to
achieve a target pH of approximately 10.5 1n the flotation stage. After grinding, the slurry
1s then transterred to a 2.5 LL Denver tlotation cell and water 1s added to adjust the solids
density to 33%. The slurry 1s agitated at 1200 rpm 1n the cell. The collector 1s added in one
addition at 5 g of active collector per ton of ore 1n the conditioning stage. In all tests, the

frother used i1s PBM 604 frother, available from Cytec Industries Inc., USA, which 1s added

at a dose ot 30 g/t. Flotation 1s conducted tor 9 min. The results are presented 1n Table 5.

Table 5 - Cu Ore

Example No* | Dosage, g/t | Collector type | Cu Rec. %
51C 5 NaDIBDTP 83.1
52 5 TEA-DIBDTP 87.1
53 5 Ch-DIBDTP 86.7
54 5 TetE-DIBDTP 84.7

*C . Comparative

NaDIBDTP: Sodium salt of Diisobutyl Dithiophosphoric acid
TEA-DIBDTP: Triethylamine salt of Diisobutyl Dithiophosphoric acid
Ch-DIBDTP: Choline salt of Diisobutyl Dithiophosphoric acid
TetE-DIBDTP: Tetracthyl amine salt of Diisobutyl Dithiophosphoric acid

Examples 55-57: Recovery of mineral values from a base metal (copper) containing ore

[0073] The same ore and procedure as in Examples 51-54 are used in this example. In
one comparative test, the sodium salt of diisobutyl dithiophosphoric acid 1s added to the
ground pulp in the conditioning stage. In another comparative test, the choline and the
diisobutyl dithiophosphoric acid are added separately to the ground pulp in the
conditioning stage. In the example utilizing choline salt of the diisobutyl dithiophosphoric
acid, it 1s added 1nto the conditioning stage to the ground pulp. The results are presented
in Table 6. These results demonstrate that separate additions of sultur-containing acid and
amine do not provide the same level of performance as 1s achieved with the amine salt of

the sulfur-containing acid according to the invention.
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Table 6 Cu ore

NaDIBDTP

Choline + DIBDTP Acid
(added separately)

Ch-DIBDTP

*C . Comparative

NaDIBDTP: Sodium salt of Diisobutyl Dithiophosphoric acid
Ch-DIBDTP: Choline salt of Diisobutyl Dithiophosphoric acid
Choline: Choline hydroxide

IBDTP Acid: Diisobutyl Dithiophosphoric acid.

Examples 53-59: Recovery of mineral values from a base metal (copper) containing ore

[0074] An ore sample containing Cu (0.56%) is beneficiated by froth flotation. In each
test, 1000g of ore sample i1s ground for 8.5 min. in a mild steel rod mill containing a 10 kg
rod charge and approximately 667 ml of water resulting 1n ground ore slurry with a particle
size distribution of approximately 80% passing 106 microns. Lime 1s added to the muill to
achieve a target pH of approximately 10.5 1n the flotation stage. After grinding, the slurry
1s then transterred to a 2.5 LL Denver tlotation cell and water 1s added to adjust the solids
density to 33%. The slurry 1s agitated at 1200 rpm 1n the cell. The collector 1s added in one
addition at 5 g of active collector per ton of ore 1n the conditioning stage. In all tests, the
frother used 1s X-133, available from Cytec Industries Inc., USA, which 1s added at a dose

of 15 g/t. Flotation 1s conducted for 9 min. The results are presented 1n Table 7.
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Table 7 - Cu Ore

Example No* | Dosage, g/t | Collector type | Cu Rec. %

58C 4 NaDIBD TP 75.3

o9 4 TMA-DIBDTP 32.8

*C . Comparative
NaDIBDTP: Sodium salt of Diisobutyl Dithiophosphoric acid
TMA-DIBDTP: Trimethylamine salt of Diisobutyl Dithiophosphoric acid

Examples 60-64: Recovery of mineral values from a base metal (copper) containing ore

[0075] The same ore and procedure as in Examples 58-59 are used in this example. In
one comparative test, the trimethylamine and the diisobutyl dithiophosphoric acid are
added separately to the ground pulp 1n the conditioning stage. In another comparative test,
the trimethylamine 1s added with the sodium salt of the diisobutyl dithiophosphoric acid.
In another comparative test, the diisobutyl dithiophosphoric acid i1s added by itself.
Finally, the trimethylamine salt of diisobutyl dithiophosphoric acid 1s used. The results
are presented 1n Table 8. These results demonstrate that separate additions ot sulfur-
containing acid and amine do not provide the same level of performance as 1s achieved
with the organic amine salt of the sulfur-containing acid according to the invention. Also,
adding the acid by 1tselt does not result in good metallurgical pertormance. Additionally,
addition of the trimethylamine alongside the sodium salt of the diisobutyl

dithiophosphoric acid does not yield an improvement in metallurgical performance either.

Table 8 Cu ore
Component 1 Component 1 Component 2 | Component Cu
type dosage, g/t 2 dosage Rec.,
(g/t) %
60C DIBDTP acid 4 TMA 4 72.9
61C DIBDTP acid 4 None 74.2
62C Na DIBDTP 4 TMA 4 72.9
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63 TMA DIBDTP 4 None 82.8

*C . Comparative

NaDIBDTP: Sodium salt of Diisobutyl Dithiophosphoric acid
TMA-DIBDTP: Trimethylamine salt of Diisobutyl Dithiophosphoric acid
DIBDTP Acid: Diisobutyl Dithiophosphoric acid.

TMA- Trimethylamine

Examples 65-66. Recovery of mineral values from a base metal (copper) containing ore

[0076] The same ore and procedure as in Examples 58-59 are used in this example. The
comparative test 1s the inorganic ammonium salt of diisobutyl dithiophosphoric acid. The
trimethylamine salt of diisobutyl dithiophosphoric acid collector composition according

to the invention shows higher copper recovery.

Table 9 - Cu Ore

Example No* | Dosage, g/t Collector type Cu Rec. %
65C 4 Inorganic Ammonium (NH**) DIBDTP 70.4
66 4 TMA-DIBDTP 82.8

*C . Comparative
Ammonium DIBDTP: Ammonium salt of Diisobutyl Dithiophosphoric acid
TMA-DIBDTP: Trimethylamine salt of Diisobutyl Dithiophosphoric acid

[0077] As employed above and throughout the disclosure, various terms are provided to
assist the reader. Unless otherwise defined, all terms of art, notations and other scientific
terminology used herein are intended to have the meanings commonly understood by
those of skill in the mineral and/or mining chemical arts. As used herein and 1n the
appended claims, the singular forms include plural referents unless the context clearly
dictates otherwise. All numbers expressing quantities of ingredients, reaction conditions,
and so forth used 1n the specification and claims are to be understood as being modified 1n
all instances by the term “about.” Similarly, all numbers expressed in a range as
indicated by the word “between™ include the upper and lower limits 1n the range.
Accordingly, unless 1ndicated to the contrary, the numerical parameters set forth in the
specification and attached claims are approximations that may vary depending upon the

desired properties sought to be obtained by the present invention. At the very least, and
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not as an attempt to lumit the application of the doctrine ot equivalents to the scope of the
claims, each numerical parameter should be construed 1n light of the number of
significant digits and ordinary rounding approaches.

[0078] Various patent and/or scientific literature references have been referred to
throughout this application. The disclosures of these publications in their entireties are
hereby incorporated by reterence as 1f written herein. In the case of contlicting terms, the
terms of this document will prevail. In view of the above description and the examples,
one of ordinary skill in the art will be able to practice the invention as claimed without
undue experimentation.

[0079] Although the foregoing description has shown, described, and pointed out the
fundamental novel features of the present teachings, 1t will be understood that various
omissions, substitutions, and changes in the form of compositions, as well as the uses
thereof, may be made by those skilled 1n the art, without departing from the scope of the
present teachings. Consequently, the scope of the present invention should not be limited

to the foregoing discussion, but should be detfined by the appended claims.
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CLAIMS

WHAT IS CLAIMED IS:

1. A froth flotation process for recovering at least one value mineral from a mineral

ore body, the process comprising:

adding a beneficiating amount of a collector to at least one stage of a froth
flotation process, wherein the collector comprises a tertiary or quaternary organic
ammonium salt of a sulfur-containing acid selected from the group consisting of
hydrocarbyl dithiophosphoric acids, hydrocarbyl monothiophosphoric acids,
mercaptobenzothiazoles, hydrocarbyl xanthic acids, hydrocarbyl dithiocarbamic acids,

hydrocarbyl thioglycolic acids and hydrocarbyl trithiocarbonic acids,

thereby recovering said value mineral.

2. A froth flotation process according to claim 1, wherein the organic ammonium

salt of a sultur-containing acid 1s a compound according to Formula I:

where:

AN 1s an anion from an organic sulfur-containing acid selected from the group
consisting of hydrocarbyl dithiophosphoric acids, hydrocarbyl monothiophosphoric acids,
mercaptobenzothiazoles, hydrocarbyl xanthic acids, hydrocarbyl dithiocarbamic acids,

hydrocarbyl thioglycolic acids and hydrocarbyl trithiocarbonic acids;

R® is hydrogen or a hydrocarbyl group comprising from 1 to 16 carbon atoms,
optionally substituted with a —OH group and/or with one or more —(YR’),-YR™ groups,
whereinn=0to 3, Y1s O, NR” or S, R’ 1s an alkylene or arylene group containing from

1 to 12 carbon atoms, R” and R™ are, each independently, hydrogen or a hydrocarbyl
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group containing from 1 to 12 carbon atoms; and each of Rb, R® and R* 1s, independently,
a hydrocarbyl group comprising from 1 to 16 carbon atoms, optionally substituted with a
—OH group and/or with one or more —(YR’),-YR” groups, whereinn=0to 3, Y 1s O,
NR™ or S, R’ 1s an alkylene or arylene group containing from 1 to 12 carbon atoms, R”
and R™’ are, each independently, hydrogen or a hydrocarbyl group containing from 1 to

12 carbon atoms; and

wherein two or more of R? R”, R and R* may be linked to form a cyclic

compound.

3. A froth flotation process according to claim 2, wherein R® is hydrogen or an alkyl

oroup containing 1 to 10 carbon atoms, optionally substituted with an OH group.

4. A froth flotation process according to claim 2 or claim 3, wherein each of R®, RS

and R is independently chosen from an alkyl group containing 1 to 10 carbon atoms.

d. A froth flotation process according to any one of claims 2 to 4, wherein at least

three of R?, R®, RS, and R? are an alkyl group containing from 1 to 4 carbon atoms.

0. A froth flotation process according to any one of claims 2 to 4, wherein at least

two of Rb, R, and R¢ form a ring structure.

7. A froth flotation process according to any one of claims 1 to 6, wherein the
organic sulfur-containing acid is selected from the group consisting of hydrocarbyl
dithiophosphoric acids, hydrocarbyl monothiophosphoric acids, mercaptobenzothiazoles,

hydrocarbyl xanthic acids and hydrocarbyl dithiocarbamic acids.
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3. A froth flotation process according to any one of claims 1 to 7, wherein the

organic ammonium salt 1s selected from the group consisting of choline salts,

tetrahydrocarbyl ammonium salts, and trthydrocarbyl ammonium salts.

9. A froth flotation process according to any one of claims 1 to 8, wherein the
organic ammonium salt 1s selected from the group consisting of trimethylammonium,
(N,N-dimethyl, N-propylammonium), triethylammonium, tripropylammonium,
tributylammonium, tetramethylammonium, tetracthylammonium, tetrabutylammonium,
tricthanolammonium, choline, triphenylammonium, hexamethylene tetraammonium, and

diphenylethyl ammonium salts.

10. A froth flotation process according to claim 9, wherein the organic ammonium

salt 1s trimethylammonium.

11. A froth flotation process according to any one of claims 1 to 10, wherein the
organic ammonium salt of a sultur-containing acid 1s selected from the group consisting
of choline salt of dusobutyl dithiophosphoric acid, trimethylammonium salt of diisobutyl
monothiophosphoric acid, triethylammonium salt of mercaptobenzothiazole, choline salt
of mercaptobenzothiazole, triethylammonium salt of diisobutyl monothiophosphoric acid,
choline salt of diisobutyl monothiophosphoric acid, tributylammonium salt of
mercaptobenzothiazole, tripropylammonium salt of diisobutyl dithiophosphoric acid,
tricthylammonium salt of diethyl dithiocarbamic acid, tripropylammonium salt of dibutyl
dithiocarbamic acid, trimethylammonium salt of diisobutyl dithiophosphoric acid,
hexamethylene tetraammonium salt of diisobutyl dithiophosphoric acid,
tetramethylammonium salt of diisobutyl dithiophosphoric acid, triethanolammonium salt
of butyl thioglycolic acid, trimethylammonium salt of butyl trithiocarbonic acid,
trimethylammonium salt of 1sobutyl xanthic acid, trimethylammonium salt of amyl
xanthic acid, trimethylammonium salt of monobutyl dithiocarbamic acid,
tripropylammonium salt of monoethyl dithiocarbamic acid, triethylammonium salt of
dicresyl dithiophosphoric acid, trimethanolammonium salt of dicresyl dithiophosphoric

acid, trimethanolammonium salt of diisobutyl dithiophosphoric acid, trimethylammonium
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salt of dibutyl dithiocarbamic acid, trimethylammonium salt of dicresyl dithiophosphoric

acid, and trimethylammonium salt of mercaptobenzothiazole.

12. A froth flotation process according to claim 11, wherein the collector 1s selected
from the group consisting of triethylammonium salt of mercaptobenzothiazole,
tricthylammonium salt of diisobutyl monothiophosphoric acid, triethylammonium salt of

diethyl dithiocarbamic acid, and triethylammonium salt of dicresyl dithiophosphoric acid.

13. A froth flotation process according to claim 11, wherein the collector 1s selected
from the group consisting of trimethylammonium salt of diisobutyl monothiophosphoric
acid, trimethylammonium salt of diisobutyl dithiophosphoric acid, trimethylammonium
salt of butyl trithiocarbonic acid, trimethylammonium salt of 1sobutyl xanthic acid,
trimethylammonium salt of amyl xanthic acid, trimethylammonium salt of monobutyl
dithiocarbamic acid, trimethylammonium salt of dicresyl monothiophosphoric acid,
trimethylammonium salt of dicresyl dithiophosphoric acid, trimethylammonium salt of

dibutyl dithiocarbamic acid, and trimethylammonium salt of mercaptobenzothiazole.

14. A froth flotation process according to any one of claims 1 to 13, wherein the

collector 1s substantially water free.

15. A froth flotation process according to any one of claims 1 to 14, wherein the
beneficiating amount of the collector is added 1n an amount between 0.5 and 500 grams

per ton of ore.

16. A froth flotation process according to claim 15, wherein the beneficiating amount

of the collector 1s added in an amount between 1 and 200 grams per ton of ore.
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17. A froth flotation process according to any one of the preceding claims further

comprising intermixing one or more additive selected from the group consisting of
hydrocarbon oils, surtactants, aliphatic alcohols, glycols, glycol ethers, and non-aqueous

solvents.

18. A froth flotation process according to any one of claims 1 to 17, wherein the at

least one stage of the froth flotation process is selected from the group consisting of the

flotation stage, the grinding stage, the conditioning stage, and the pre-grinding stage.

19. A froth flotation process according to any one of the preceding claims, wherein
the at least one value mineral 1s selected from the group consisting of copper, cobalt, lead,

zinc, nickel, molybdenum, gold, silver, and platinum group metals.

20. A froth flotation process according to claim 19, wherein the platinum group metal

1s platinum or palladium.
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