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PROCESS FOR THE SEPARATION OF
NON-SULFIDIC MINERALS AND ORES
FROM UNWANTED CONSTITUENTS OF

CRUDE MINERAL AND ORE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the National Stage entry of PCT/
EP2008/000309, filed Jan. 177, 2008, which claims priority to
European Patent application number 07001677, filed Jan.
26, 2007, both of which are imncorporated herein by reference
in their entireties.

FIELD OF THE INVENTION

This mvention relates to the flotation of non-sulfidic
minerals and ores and more particularly the use of certain
cationic surfactants as collectors in a froth flotation process.

BACKGROUND OF THE INVENTION

Flotation 1s a separation technique commonly used 1n the
dressing of minerals and crude ores for separating valuable
materials from the gangue. Non-sulfidic minerals and ores in
the context of the present mvention include, for example,
calcite, apatite, fluorite, scheelite, baryta, 1ron oxides and
other metal oxides, for example, the oxides of titanium and
zirconium, and also certain silicates and aluminosilicates. In
dressing processes based on tlotation, the mineral or ore 1s
normally first subjected to preliminary size-reduction, dry-
ground, but preferably wet-ground and suspended 1n water.
Collectors are then normally added, often in conjunction
with frothers and, optionally, other auxiliary reagents such
as regulators, depressors (deactivators) and/or activators, 1n
order to facilitate separation of the valuable maternals from
the unwanted gangue constituents of the ore 1n the subse-
quent tlotation process. These reagents are normally allowed
to act on the finely ground ore for a certain time (condition-
ing) before air 1s blown into the suspension (flotation) to
produce a froth at 1ts surface. The collector hydrophobicizes
the surface of the minerals so that they adhere to the gas
bubbles formed during the activation step. The valuable
constituents are selectively hydrophobicized so that the
unwanted constituents of the mineral or ore do not adhere to
the gas bubbles. The valuable material-containing froth 1s
stripped ofl and further processed. The object of flotation 1s
to recover the valuable maternial of the minerals or ores 1n as
high a yield as possible while at the same time obtaining a
high enrichment level of the valuable mineral.

Surfactants and, in particular, anionic, cationic and
ampholytic surfactants are used as collectors 1n the flotation-
based dressing of minerals and ores, in particular of calcite
which 1s of considerable value especially for the paper
industry. Calcite represents an important filler with the
ability for adjusting the whiteness and transparency of the
paper. Calcite minerals, however, are often accompamed by
silicates so that, to purily the calcite, the silicate—which 1s
undesirable for many applications—has to be removed.
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Another problem which has a serious impact on the selec-
tivity of the froth flotation process 1s related to the magne-
stum content of the minerals or ores. Magnesium salts
seriously improve the stability of the froth, which collapses
slowly and therefore increases the flotation time, while the
selectivity drops. In order to overcome the disadvantages
known from the state of the art, for example, International
patent application WO 97/026995 (Henkel) suggests the use
of readily biodegradable mixtures of quaternised mono- and
diesters of fatty acids and triethanolamine (so-called mono/
diesterquats). Although said esterquat mixtures show a supe-
rior biodegradability when compared with other cationic
collectors, the products still do not lead to satisfactory
recovery of the valuable material, 1n particular calcite min-
erals, when used 1n economically reasonable quantities.
Accordingly, an object of the present invention 1s to
provide improved collectors which make tlotation processes
more economical, 1.e. with which 1t 1s possible to obtain
cither greater yields of valuable material for the same
quantities of collector and for the same selectivity or at least
the same yields of valuable materials for reduced quantities
of collector. A second object 1s to supply collectors which
simultaneously meet the needs for high biodegradability.

PREFERRED

EMBODIMENTS

The present invention refers to a process for the flotation
of non-sulfidic minerals or ores, in which crushed crude
minerals or ores are mixed with water and a collector to form
a suspension, air 1s mntroduced into the suspension in the
presence of a reagent system and a floated foam containing
said non-sulfidic minerals or ores formed therein along with
a flotation residue comprising the gangue, wherein the
improvement comprises using as the collector polymeric
esterquats, obtainable by reacting alkanolamines with a
mixture of monocarboxylic acids and dicarboxylic acids and
quaternising the resulting esters 1n known manner, option-
ally after alkoxylation

Surprisingly 1t has been observed that said polymeric
esterquats are extremely eflective as collectors for the flo-
tation of non-sulfidic minerals and ores. In particular with
respect to the presence of silicates and/or magnesium salts in
the minerals or ores, the collectors according to the present
invention have been found even more eflective compared to
the conventional mono/diesterquat mixture while exhibiting
a stmilarly high degree of biodegradability. In particular, the
products have been found rather useful for the separation of
silicate minerals from calcite by froth tlotation.

The Collectors

The polymeric esterquats to be used as collectors accord-
ing to the present invention represent known cationic sur-
factants which have so far been used as softeners for textiles
and rinse conditioners for treating hair. The products are
disclosed 1n detail, for example, 1n EP 0770594 B1 (Henkel);
the teaching of this reference 1s therefore incorporated by
reference. More particularly, the polymeric esterquats are
obtained by reacting alkanol amines with a mixture of fatty
acids and dicarboxylic acids and quaternising the resulting
esters 1n known manner, optionally after alkoxylation.

According to the present invention, suitable polymeric
esterquats are derived from alkanolamines are derived from
amines following general formula (1).

()

R!—N—R?
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in which R' represents a hydroxyethyl radical, and R* and R”
independently from each other stand for hydrogen, methyl
or a hydroxyethyl radical. Typical examples are methyldi-
cthanolamin (MDA), monoethanolamine (MES), dietha-
nolamine (DEA) and triethanolamine (TEA). In a preferred
embodiment of the present invention, tricthanolamine 1is
used as the starting material.

Fatty acids 1in the context of the invention are understood
to be aliphatic carboxylic acids corresponding to formula

(1I):

RYCOOH (I1)

in which R*CO is an aliphatic, linear or branched acyl
radical containing 6 to 22 carbon atoms and 0 and/or 1, 2 or
3 double bonds. Typical examples are caproic acid, caprylic
acid, 2-ethyl hexanoic acid, capric acid, lauric acid, 1sotri-
decanoic acid, myristic acid, palmitic acid, palmitoleic acid,
stearic acid, 1sostearic acid, oleic acid, elaidic acid, pet-
roselic acid, linoleic acid, linolenic acid, elaeostearic acid,
arachic acid, gadoleic acid, behenic acid and erucic acid and
the technical mixtures thereof obtained, for example, 1n the
pressure hydrolysis of natural fats and oils, 1n the reduction
of aldehydes from Roelen’s oxosynthesis or in the dimeriza-
tion of unsaturated fatty acids. Technical fatty acids con-
taining 12 to 18 carbon atoms, for example, coconut oil,
palm o1l, palm kernel o1l or tallow fatty acids, preferably in
hydrogenated or partially hydrogenated form, are preferred.

Dicarboxylic acids suitable for use as starting materials in
accordance with the ivention correspond to formula (I1I):

HOOC—[X]—COOH (I11)

in which [X] stands for an optionally hydroxysubstituted
saturated or unsaturated alk(en)ylene group containing 1 to
10 carbon atoms. Typical examples are succinic acid, maleic
acid, glutaric acid, 1,12-dodecanedioic acid and, 1n particu-
lar, adipic acid.

The fatty acids and the dicarboxylic acids may be used in
a molar ratio of 1:10 to 10:1. However, 1t has proved to be
of advantage to adjust a molar ratio of 1:4 to 1:6. The
trialkanolamines on the one hand and the acids—i.e. fatty
acids and dicarboxylic acids together—on the other hand
may be used 1n a molar ratio of 1:1.3 to 1:2.4. A molar ratio
of trialkanolamine to acids of 1:1.4 to 1:1.8 has proved to be
optimal. The esterification may be carried out in known
manner, for example as described 1n International patent
application WO 91/01295 (Henkel). In one advantageous
embodiment, 1t 1s carried out at temperatures between 120°
C. and 220° C., and more particularly from 130° C. to 170°
C. under pressures of 0.01 to 1 bar. Suitable catalysts are
hypophosphorous acids and alkali metal salts thereof, pret-
erably sodium hypophosphite, which may be used 1n quan-
tities of 0.01 to 0.1% by weight, and preferably 1in quantities
ol 0.05 to 0.07% b.w. based on the starting materials. In the
interests of particularly high colour quality and stability, 1t
has proved to be of advantage to use alkali metal and/or
alkaline earth metal borohydrnides, for example potassium,
magnesium and, in particular, sodium borohydride, as co-
catalysts. The co-catalysts are normally used in quantities of
50 to 1000 ppm, and more particularly 1n quantities of 100
to 500 ppm, again based on the starting materials. Corre-
sponding processes are also the subject of DE 4308792 C1
and DE 4409322 C1 (Henkel) which are incorporated herein
by reference in their entireties. Mixtures of the fatty acids
and dicarboxylic acids may be used or, alternatively, the
esterification may be carried out with the two components 1n
successive steps.
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Polymeric esterquats contaiming polyalkylene oxide may
be produced by two methods. First, ethoxylated trialkano-
lamines may be used. This has the advantage that the
distribution of alkylene oxide in the resulting esterquat is
substantially the same in regard to the three OH groups of
the amine. However, 1t also has the disadvantage that the
esterification reaction 1s more diflicult to carry out on steric
grounds. Accordingly, the preferred method 1s to alkoxylate
the ester before quaternisation. This may be done 1n known
manner, 1.¢. 1n the presence of basic catalysts and at elevated
temperatures. Suitable catalysts are, for example, alkali
metal and alkaline earth metal hydroxides and alcoholates,
preferably sodium hydroxide, and more preferably, sodium
methanolate. The catalysts are normally used 1n quantities of
0.5 to 5% by weight and preferably 1n quantities of 1 to 3%
by weight, based on the starting materials. Where these
catalysts are used, free hydroxyl groups are primarily
alkoxylated. However, 11 calcined hydrotalcites or hydrotal-
cites hydrophobicized with fatty acids are used as catalysts,
the alkylene oxides are also inserted into the ester bonds.
This method 1s preferred where the required alkylene oxide
distribution approaches that obtained where alkoxylated
trialkanolamines are used. Ethylene and propylene oxide
and mixtures thereof (random or block distribution) may be
used as alkylene oxides. The reaction 1s normally carried out
at temperatures 1n the range from 100° C. to 180° C. The
incorporation of, on average, 1 to 10 moles of alkylene oxide
per mole of ester increases the hydrophilicity of the ester-
quat, improves solubility and reduces reactivity to anionic
surfactants.

The quatermisation of the fatty acid/dicarboxylic acid
trialkanolamine esters may be carried out in known manner.
Although the reaction with the alkylating agents may also be
carried out 1n the absence of solvents, 1t 1s advisable to use
at least small quantities of water or lower alcohols, prefer-
ably 1sopropyl alcohol, for the production of concentrates
which have a solids content of at least 80% by weight, and
more particularly, at least 90% by weight. Suitable alkylat-
ing agents are alkyl halides such as, for example, methyl
chloride, dialkyl sulfates, such as dimethyl sulfate or diethyl
sulphate, for example, or dialkyl carbonates, such as dim-
cthyl carbonate or diethyl carbonate for example. The esters
and the alkylating agents are normally used 1n a molar ratio
of 1:0.95 to 1:1.03, 1.e. 1n a substantially stoichiometric
ratio. The reaction temperature 1s usually in the range from
40° C. to 80° C., and more particularly, 1n the range from 50°
C. to 60° C. After the reaction it 1s advisable to destroy
unreacted alkylating agent by addition of, for example,

ammonia, an (alkanol) amine, an amino acid or an oligo-
peptide, as described for example 1 DE 14026184 Al

(Henkel).
Co-Collectors

In certain cases it may be advantageous to modify, adjust
or even support the properties of the quaternised
alkanolamine-monoesters by adding defined co-collectors
such as, for example, cationic surfactants other than the
quaternised alkanolamine-monoesters or amphotheric sur-
factants.

Where cationic surfactants are to be used as co-collectors
in accordance with the invention, they may be selected 1n
particular from

Primary aliphatic amines,

Alkylenediamines substituted by alpha-branched alkyl

radicals,

Hydroxyalkyl-substituted alkylenediamines,

Water-soluble acid addition salts of these amines,

Quaternary ammomium compounds, and 1n particular

Quaternised N,N-dialkylaminoalkylamines.
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Suitable primary aliphatic amines include, above all, the
Cy-C,, fatty amines derived from the fatty acids of
natural fats and oils, for example n-octylamine,
n-decylamine, n-dodecylamine, n-tetradecylamine,
n-hexadecylamine, n-octadecylamine, neicosylamine,
n-docosylamine, n-hexadecenylamine and n-octadece-
nylamine. The amines mentioned may be individually
used as co-collectors, although amine mixtures of
which the alkyl and/or alkenyl radicals derive from the
fatty acid component of fats and oils of animal or
vegetable origin are normally used. It 1s known that
amine mixtures such as these may be obtained from the
fatty acids obtained by lipolysis from natural fats and
o1ls via the associated nitriles by reduction with sodium
and alcohols or by catalytic hydrogenation. Examples
include tallow amines or hydrotallow amines of the
type obtainable from tallow fatty acids or from hydro-
genated tallow fatty acids via the corresponding nitriles
and hydrogenation thereof.

The alkyl-substituted alkylenediamines suitable for use as
co-collectors correspond to formula (IV),

R®CHR’—NH—(CH,) NH, (IV)

in which R® and R’ represent linear or branched alkyl or
alkenyl radicals and 1n which n=2 to 4. The production
of these compounds and their use in flotation 1is
described 1n East German Patent DD 64275.

The hydroxyalkyl-substituted alkylenediamines suitable
for use as co-collectors correspond to formula (V),

(V)
OH

RSCH—CHR’ —NH—(CH,),NH,

in which R® and R” are hydrogen and/or linear alkyl
radicals containing 1 to 18 carbon atoms, the sum of the
carbon atoms in R®*+R” being from 9 to 18, and n=2 to
4. The production of compounds corresponding to
formula (V) and their use 1n flotation 1s described 1n
German Patent DE-AS 2547987,

The amine compounds mentioned above may be used as

such or in the form of their watersoluble salts. The salts are
obtained 1n given cases by neutralization which may be
carried out both with equimolar quantities and also with
more than or less than equimolar quantities of acid. Suitable
acids are, for example, sulturic acid, phosphoric acid, acetic
acid and formic acid.

The quaternary ammonium compounds suitable for use as
co-collectors correspond to formula (VI),

[RIDRIIRIERI 3N+]X— (VI)

in which R'" is preferably a linear alkyl radical containing
1 to 18 carbon atoms, R'" is an alkyl radical containing
1 to 18 carbon atoms or a benzyl radical, R'* and R"”
may be the same or different and each represent an
alkyl radical containing 1 to 2 carbon atoms, and X 1s
a halide anion, particularly a chloride 1on. In preferred
quaternary ammonium compounds, R'® is an alkyl
radical containing 8 to 18 carbon atoms; R'', R'#, and
R"™ are the same and represent either methyl or ethyl
groups; and X 1s a chloride 1on.

The most preferred cationic co-collectors, however,
encompass the group of quaternised N,N-dialkylam-
inoalkylamides corresponding preferably to formula

(VID),
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(VII)
Rlﬁ

[R¥CO—NH-[A]-NT—RD>X-

]5{17“r

in which R'*CO stands for is an aliphatic, linear or
branched acyl radical containing 6 to 22 carbon atoms,
preferably 12 to 18 carbon atoms and 0 and/or 1, 2 or
3 double bonds, [A] 1s a linear or branched alkylene

radical having 1 to 4 carbon atoms, preferably 2 or 3
carbon atoms, R", R'® and R'" may be the same or

different, and each represent an alkyl radical containing
1 to 2 carbon atoms, and X 1s a halide or a alkyl sulfate,
particularly a methosulfate 1on. A preferred species 1s
Coco fatty acid-N,N-dimethylaminopropylamide. The
products are obtainable also according to known man-
ners, for example by transamidation of N,N-dimethyl-
aminopropane with hydrogenated coco glycerides and
subsequent quaternisation by means of dimethyl sul-
fate. It 1s also preferred to prepare a mixture of collector
and co-collector by blending the intermediate poly-
meric alkanolamine ester and the intermediate N,N-
dialkylalkylamide and subject the mixture to a joint
quaternisation.

The ampholytic surfactants used as co-collectors 1n accor-
dance with the mvention are compounds which contain at
least one anionic and one cationic group in the molecule, the
anionic groups preferably consisting of sulfonic acid or
carboxyl groups, and the cationic groups consisting of
amino groups, preferably secondary or tertiary amino
groups. Suitable ampholytic surfactants include, 1n particu-
lar,

Sarcosides,

Taurides,

N-substituted aminopropionic acids and

N-(1,2-dicarboxyethyl)-N-alkylsulfosuccinamates.

The sarcosides suitable for use as co-collectors corre-

spond to formula (VIII),

(VIIT)
CH;

RIBCO—N"H— CH,COO"

H

in which R"® is an alkyl radical containing 7 to 21 carbon
atoms, preferably 11 to 17 carbon atoms. These sarco-
sides are known compounds which may be obtained by
known methods. Their use 1n flotation 1s described by
H. Schubert i “Autbereitung fester mineralischer
Rohstofle (Dressing of Solid Mineral Raw Materials)”,
2nd Edition, Leipzig 1977, pages 310-311 and the
literature references cited therein.

The taurides suitable for use as co-collectors correspond
to formula (IX),

(1X)
CH;

R°CO—NH—CH,CH,S05

H
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in which R"” is an alkyl radical containing 7 to 21 carbon
atoms, preferably 11 to 17 carbon atoms. These taurides
are known compounds which may be obtained by
known methods. The use of taurides 1n flotation 1s
known; cf. H. Schubert, loc. cit.

N-substituted aminopropionic acids suitable for use as
co-collectors correspond to formula (X),

R*°(NHCH,CH,) N*H,CH,CH,COO™ X)

in which n may be 0 or a number from 1 to 4, while R*"
1s an alkyl or acyl radical containing from 8 to 22
carbon atoms. The afore-mentioned N-substituted
aminopropionic acids are also known compounds
obtainable by known methods. Their use as collectors
in flotation 1s described by H. Schubert, loc. cit. and 1n
Int. J. Min. Proc. 9 (1982), pp 353-384.

The  N-(1,2-dicarboxyethyl)-N-alkylsuliosuccinamates
suitable for use as co-collectors according to the mnven-
tion correspond to formula (XI),

(XI)
(‘300-
rFOOCCH,CH—N'H—CO—CH,CH—S80;7] 4M*

REI

COO"

in which R*' is an alkyl radical containing 8 to 22 carbon
atoms, preferably 12 to 18 carbon atoms, and M 1s a
hydrogen 10n, an alkali metal cation or an ammonium
ion, preferably a sodium 1on. The N-(1,2-dicarboxy-
cthyl)-N-alkylsulfosuccinamates mentioned are known
compounds which may be obtained by known methods.
The use of these compounds as collectors 1n flotation 1s
also known; cf. H. Schubert, loc. cit.

Said collectors and said co-collectors can be used 1n a
weight ratio of about 10:90 to about 90:10, preferably about
25:75 to about 75:25, and most preferably about 40:60 to
about 60:40.

To obtain economically useful results 1n the flotation of
non-sulfidic minerals or ores, the collectors or, respectively,
the mixtures of collectors and co-collectors must be used in
a certain mimmum quantity. However, a maximum quantity
of collectors/co-collectors should not be exceeded, because
otherwise frothing 1s too vigorous and selectivity with
respect to the valuable minerals decreases. The quantities in
which the collectors are be used in accordance with the
invention are governed by the type of minerals or ores to be
floated and by their valuable mineral content. Accordingly,
the particular quantities required may vary within wide
limits. In general, the collectors and collector/co-collector
mixtures according to the invention are used in quantities of
from 50 to 2000 g/mltric ton, and preferably 1in quantities of
from 100 to 1500 g/metric ton of crude ore.

The Flotation Process

Typical steps 1n the process sequence are, generally, firstly
the dry or preferably wet grinding of the minerals or ores,
suspension of the resulting ground mineral or ore 1n water 1n
the presence of the flotation aids, and preferably after a
contact time of the collectors and optionally co-collectors
present 1 the flotation aids to be determined 1n each
individual case, mjection of air into the plant. In the fol-
lowing the nature of the starting maternials as well as the
flotation aids 1s 1llustrated 1n more detail.

Non-Sulfidic Minerals and Ores

Floatable minerals and ores may be divided into the two

groups ol polar and non-polar materials. Since non-
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polar minerals and ores are dithcult to hydrate, these
materials have to be classified as hydrophobic.
Examples of non-polar minerals are graphite, molyb-
denite, diamond, coal and talcum which are all floatable
in their naturally occurring state. By contrast, polar
minerals and ores have strong covalent or 10nic surface
bonds which are accesible to rapid hydration by water
molecules 1n the form of multi-layers, These starting
materials include, for example, calcite, malachite, azur-
ite, chrysocolla, wulfenite, cerrusite, whiterite, megne-
site, dolomite, smithsonite, rhodochrosite, siderite,
magnetite, monazite, hematite, goethite, chromite,
pyrolusite, borax, wollramite, columbite, tantalite,
rutile, zircon, hemimorphite, beryl, mica, biotite,
quartz, feldspar, kyanite and garnet. The flotation of
non-sulfidic, but polar minerals and ores 1s a preferred
object of the present invention.
Particle Size
The flotation behaviour of the individual mineral con-
stituents can be controlled within certain limits through the
particle size distribution of the ground mineral. Conversely,
however, the use of the collector or collector/co-collector
mixture 1s also mfluenced by the particle size so that both
particle size and, for example, collector concentration may
be determined in situ 1 a brief series of tests. Generally,
however, 1t may be said that the particles have to be
increasingly hydrophobicised with increasing particle size
betore tlotation occurs. As a general rule, the ores should be
so finely ground that the individual fine particles consist
only of one type of mineral, namely either the valuable
minerals or the impurities. The 1deal particle size normally
has to be determined in dependence upon the particular
mineral. In the present case, however, a particle size distri-
bution of around 5 to 500 um has generally been found to be
practicable, narrower distributions being of advantage in
some cases. For example, silicate-rich ores can be separated
by flotation with excellent results using the flotation aids
according to the present invention, providing less than 40%
b.w., preferably less than 30% b.w., and more preferably less
than 15% b.w. of the total mineral or ore fraction has particle
s1zes of less than 250 um. To enable the flotation process to
be optimally carried out, i1t can be particularly preferred for
the particles larger than 125 um 1n size to make up less than
15% b.w., or preferably less than 10% b.w. or even 6% b.w.
The lower limit to the particle sizes 1s determined both by
the possibility of size reduction by machine and also by
handling properties of the constituents removed by flotation.
In general, more than 20% b.w. of the ground mineral or ore
should be smaller than about 50 um 1n size, a percentage of
particles with this diameter of more than 30 or even 40%
b.w., for example, being preferred. According to the present
invention 1t 1s of particular advantage for more than 40%

b.w. of the mineral or ore particles to be smaller than 45 um
in diameter.

In certain cases, it may be necessary and appropriate to
divide the ground material into two or more fractions, for
example three, four or five fractions differing 1n their particle
diameter and separately to subject these fractions to sepa-
ration by flotation. According to the present invention, the
flotation aids may be used in only one separation step
although, basically, they may even be used 1n several sepa-
ration steps or in all necessary separation steps. The inven-
tion also encompasses the successive addition of several
different flotation aids, in which case at least one or even
more of the flotation aids must correspond to the invention.
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The fractions obtainable in this way may be further pro-
cesses either together or even separately after the flotation
pProcess.

Technical Parameters

The technical parameters of the tlotation plant in con-
junction with a certain flotation aid and a certain mineral or
ore can influence the result of the flotation process within
certain limits. For example, it can be of advantage to remove
the froth formed after only a short tlotation time because the
content of tloated impurities or tloated valuable materials
can change according to the flotation time. In this case, a
relatively long flotation time can lead to a poorer result than
a relatively short flotation time. Similarly, 1t can happen 1n
the opposite case that the separation process leads to a
greater purity or otherwise improved quality of the valuable-
mineral fraction with increasing time. Optimising external
parameters such as these 1s among the routine activities of
the expert familiar with the technical specifications of the
particular flotation machine.

Surface Modifiers as Auxiliary Agents

Reagents which modily surface tension or surface chem-
istry are generally used for flotation. They are normally
classified as frothers, controllers, activators and depressants

(deactivators), and of course (co-)collectors which already
have been discussed above.

Frothers support the formation of froth which guarantee
collectors with an inadequate tendency to froth a sufliciently
high froth density and a suiliciently long froth life to enable
the laden froth to be completely removed. In general, the use
of the collectors or collector/co-collector systems mentioned
above will eliminate the need to use other frothers. In special
cases, however, 1t may necessary or at least advantageous—
depending on the flotation process used—+to regulate the
frothing behaviour. In this case, suitable frothers are, for
example, alcohols, more particularly aliphatic C-C, alco-
hols such as, for example, npentanol, 1soamyl alcohol,
hexanol, heptanol, methylbutyl carbinol, capryl alcohol,
4-heptanol, which all have good frothing properties. Natural
oils may also be used to support frothing. In particular,
alcohols, ethers and ketones, for example alpha-terpineol,
borneol, fennel alcohol, piperitone, camphor, fenchol or
1,8-cineol, have both a collecting and a frothing effect. Other
suitable {rothers are non-ionic compounds, like, for
example, polypropylene glycol ethers.

Depressants which may be eflectively used for the pur-
pose of the present invention include, for example, naturally
occurring polysaccharides, such as guar, starch and cellu-
lose. Quebracho, tannin, dextrin (white dextrin, British gum,
and vellow dextrin) and other chemical derivatives may also
be used, including 1n particular the denivatives of starch,
guar and cellulose molecules of which the hydroxyl groups
may be equipped with a broad range of anionic, cationic and
non-1onic functions. Typical anionic derivatives are epoxy-
propyl trimethylammonium salts while methyl, hydroxy-
cthyl and hydroxypropyl derivatives are mainly used as
non-ionic compounds.

Solvents

To adjust their rheological behaviour, the flotation aids
according to the present invention may contain solvents in a
quantity of 0.1 to 40% b.w., preferably 1n a quantity of 1 to
30% b.w., and most preferably in a quantity of 2 to 15% b.w.
Suitable solvents are, for example, the aliphatic alcohols
mentioned above and other alcohols with shorter chain
lengths. Thus the flotation aids according to the present
invention may contain small quantities of glycols, for
example, ethylene glycol, propylene glycol or butylene

10

15

20

25

30

35

40

45

50

55

60

65

10

glycol, and also monohydric linear or branched alcohols, for
example, ethanol, n-propanol or isopropanol.

As outlined above, flotation 1s carried out under the same
conditions as state-of-the-art processes. Reference in this
regard 1s made to the following literature references on the
background to ore preparation technology: H. Schubert,

Aulbereitung fester mineralischer Stofle (Dressing of Solid
Mineral Raw Matenals), Leipzig 1967; B. Wills, Mineral

Processing Technology Plant Design, New York, 1978; D. B.
Purchas (ed.), Solid/Liquid Separation Equipment Scale-up,
Croydon 1977; E. S. Perry, C. J. van Oss, E. Grushka (ed.),
Separation and Purification Methods, New York, 1973 to
1978. As far as the process for conducting the froth flotation
of non-sulfidic minerals and ores 1s concerned, their contents
are incorporated by reference.

INDUSTRIAL APPLICATION

Another object of the present invention i1s the use of
polymeric esterquats as collectors for the froth flotation of
non-sulfidic minerals or ores. The collectors to be used 1n
accordance with the invention may be used with advantage
in the dressing of such minerals or ores as quartz, kaolin,
mica, phlogopite, feldspar, silicates and iron ores.

EXAMPLES

Manufacturing Example M1

567 g (2.1 moles) of partly hydrogenated palm o1l fatty
acid, 219 g (1.5 moles) of adipic acid and 0.3 g of hypo-
phosphonic acid were introduced into a stirred reactor and
heated to 70° C. under a reduced pressure of 20 mbar. 447
g (3 moles) of triethanolamine were then added dropwise 1n
portions and, at the same time, the temperature was
increased to 120° C. After the addition, the reaction mixture
was heated to 160° C., the pressure was reduced to 3 mbar
and the mixture was stirred under those conditions for 2.5 h
until the acid value had fallen to below 5 mg KOH/g. The
mixture was then cooled to 60° C., the vacuum was broken
by introduction of nitrogen, and 0.6 g of hydrogen peroxide
was added 1n the form of a 30% by weight aqueous solution.
For the quaternisation step, the resulting ester was dissolved
in 376 g of 1sopropyl alcohol, and 3357 g (2.83 moles) of
dimethyl sulfate were added to the resulting solution over a
period of 1 hour at such a rate that the temperature did not
rise above 65° C. After the addition, the mixture was stirred
for another 2.5 h, the total nitrogen content being regularly

checked by sampling. The reaction was terminated when
constant total nitrogen content had been reached. A product
with a solids content of 80% b.w. was obtained.

Application Examples

The following examples demonstrate the superiority of
the polymeric esterquats to be used 1n accordance with the
invention over collector components known from the prior
art, 1n particular compared to conventional mono/di-ester-
quat mixtures. The tests were carried out under laboratory
conditions, 1n some cases with increased collector concen-
trations considerably higher than necessary in practice.
Accordingly, the potential applications and 1n-use conditions
are not limited to separation exercises and test conditions
described 1n the examples. The quantities indicated for
reagents are all based on active substance.
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Examples 1-3

Comparative Examples C1-C3

The following examples and comparative examples 1llus-
trate the effectiveness of the collectors according to the
present invention compared to conventional mono/di-ester-
quat collectors in the flotation of silicate containing calcite
minerals. The results are shown 1n Table 1.

Particle size distribution: >40 um: >50% b.w.
Silicates: about 1.5 to 2.5% b.w.
Calcite: about 97.5 to 98.5% b.w.

TABLE 1

Calcite flotation

Composition Cl1 C2 C3 1 2 3
Dehyquart ® AU 46' [g *t7'] 660 560 320 S —
Dehyquart ® 04° [g * t~1 — — — 350 300 250
OMC 6317 [g * t71] 100 100 85 S —
Results
Yield Floated Material [g] 39.8 754 597 403 803 64.8
Yield Residue [g] 383 361 438 401 438 525
Feed: HCI msoluble [%] 2.6 2.6 2.2 2.5 2.6 2.1
Floated Material: 257 13.6 184 457 490 50.7
HCI mnsoluble [%0]
Residue: HCI insoluble [%0] 0.09 0.18 057 0.06 0.1 0.35
Calcite Loss [%)] 7.2 153 100 29 26 1.7

Examples 4-5

Comparative Examples C4-C5

The following examples and comparative examples 1llus-
trate the eflectiveness of the collectors according to the
present mvention compared to conventional mono/di-ester-
quat collectors under conditions of high magnesium con-
centrations. The foam height was measured according to the
well known Ross-Miles method. The results are shown 1n

Table 2:

TABLE 2

Foaming behaviour in the presence of magnesium chloride
(AS = Active Substance)

Addition Quantity Foam Foam
AS Product Test height half life

Ex. Product [0 b.w.] [g] Solution [ml]  [min]
C4 Dehyquart ® 1 2.25 2% MgCl, 220 2:35
AU 46 2.29 2% MgCl, 220 2:35

C5 Dehyquart ® 1 2.27 5% MgCl, 220 0:30
AU 46 2.34 5% MgCl, 220 0:30

4 Dehyquart ® 1 2.25 2% MgCl, 220 2:05
AU 04 2.29 2% MgCl, 220 2:05

5 Dehyquart ® 1 2.27 3% MgCl, 220 0:15
AU 04 2.54 5% MgCl, 220 0:15

lMeth}rl-quatemised Triethanolamine-mono/di-stearate, Methosulfate, 90% b.w. AS (Cog-
nis Iberia, ES)

ZPDI}FII]EI‘E esterquat, 90% b.w. AS (Cogms Iberia, ES) according to Manufacturing

Example M1
*Frother (Cognis Deutschland GmbH & Co. KG, DE)

As one can see, the collectors according to the present

invention lead to a faster collapse of the foam compared to
the state of the art which 1s desirable in the Hotation of
minerals and ores.
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What 1s claimed 1s:

1. A process for the [flotation] separation of non-sulfidic
minerals or ore from unwanted constituents of crude mineral
o¥ ore, the process comprising:

(a) mixing the crushed crude minerals or ores with water

and a collector to form a suspension, and

(b) introducing air into said suspension in the presence of

a reagent system to form a floated foam [containing
said non-sulfidic minerals or ores along with a tlotation
residue comprising the ganguel,

wherein said collector comprises polymeric esterquats,

which are obtained by reacting alkanolamines with a
mixture of monocarboxylic acids and dicarboxylic
acids 1n a molar ratio of 1:10 to 10:1, and quaternising,
the resulting esters, optionally after alkoxylation.

2. The process of claim 1, wherein said polymeric ester-
quats are dertved from said alkanolamines represented by
formula (1),

(D
R3

R!'—N—R"

in which R' represents a hydroxyethyl group, and R* and R’
independently represent hydrogen, methyl or hydroxyethyl.

3. The process of claim 1, wherein said alkanolamine
comprises tricthanolamine.

4. The process of claim 1, wherein said polymeric ester-
quats are derived from mixtures of

(1) Monocarboxylic acids according to general formula

(Il)ﬂ

RYCO—OH (1)

in which [[X]] R*CO represents a linear or branched acyl
moiety having 6 to 22 carbon atoms and 0 or 1 to 3 double
bonds, and

(11) Dicarboxylic acids according to general formula (I1I),

HOOC—[X]—COOH (I11)

in which [X] represents an optionally hydroxysubstituted
alk(en)ylene group having 1 to 10 carbon atoms.

5. The method of claim 1, wherein the alkanolamines and
mixture of monocarboxylic and dicarboxylic acids are pres-
ent 1n a ratio of 1 to 1.2.

6. The process of claim 1, [characterised in that] wherein
said polymeric esterquats are based on mixtures of C12-C22
fatty acids and adipic acid.

7. The process of claim 1, further comprising [quatenised]
quaternised N,N-dialkylaminoalkylamides as co-collectors.

8. The process of claim 7, wherein said collectors and said
co-collectors are used 1n a weight ratio of 10:90 to 90:10.

9. A method of froth flotation of non-sulfidic minerals or
ores comprising adding the polymeric esterquats, which are
obtained by reacting alkanolamines with a mixture of mono-
carboxylic acids and dicarboxylic acids 1n a molar ratio of
1:10 to 10:1, and quaternising the resulting esters, optionally
alter alkoxylation, as collectors.

10. The method of claim 9, wherein calcite minerals are
subjected to said froth flotation.

11. The method of claim 1, wherein the alkanolamines and

mixture ol monocarboxylic and dicarboxylic acids are pres-
ent 1n a ratio of 1:1.3 to about 1:2.4.

12. The method of claim 11, wherein the ratio 1s 1:1.4 to
1:1.8.

13. The method of claim 1, further comprising alkoxy-
lation prior to quaternization.



US RE46,235 E
13

14. The method of claim 9, further comprising alkoxy-
lation prior to quaternization.

15. The method of claim 9, wherein the alkanolamines
and mixture of monocarboxylic and dicarboxylic acids are
present 1n a ratio of 1 to 1.2. 5

16. The method of claim 6, wherein the monocarboxylic
acid comprises oleic acid.

17. The method of claim 9, wherein the monocarboxylic
acid comprises oleic acid and the dicarboxylic acid com-
prises adipic acid. 10

18. A method of separating non-sulfidic minerals or orves
from gangue comprising adding polymeric esterquats, which
are obtained by reacting alkanolamines with a mixture of
monocarboxylic acids and dicarboxylic acids in a molar
ratio of 1:10 to 10:1, and quaternising the vesulting esters, 15
optionally after alkoxylation, as collectors.

¥ ¥ H ¥ K
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