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(54) Title: SEPARATION OF A MIXTURE USING MAGNETIC CARRIER PARTICLES

(57) Abstract: The present invention relates to a process for separating at least one first material from a mixture comprising this at least
one first material, at least one second material and at least one third material, which comprises at least the following steps: (A) providing
a mixture comprising at least one first material, at least one second material, at least one third material and at least one hydrocarbon in
an amount of more than 0.4% by weight, based on the sum of mixture, in the presence or 10 absence of at least one dispersion medium,
(B) if appropriate, addition of at least one dispersion medium to the mixture obtained in step (A) in order to obtain a dispersion, (C)
treatment of the dispersion from step (A) or (B) with at least one hydrophobic magnetic particle, so that the at least one first material
and the at least one magnetic particle agglomerate, (D) separation of the adduct from step (C) from the mixture by application of a

first material and the at least one magnetic particle separately.

magnetic field, (E) if appropriate, dissociation of the adduct which has been separated off in step (D) in order to obtain the at least one
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Separation of a mixture using magnetic carrier particles

Description

The present invention relates to a process for separating at least one first material from
a mixture comprising this at least one first material, at least one second material and at
least one third material, wherein a mixture comprising this at least one first material, at
least one second material, at least one third material and at least one hydrocarbon in
an amount of more than 0.4% by weight, based on the sum of mixture, is further
brought into contact with at least one hydrophobic magnetic particle so that the
magnetic particle and the at least one first material agglomerate and this agglomerate
is separated from the at least one second material and the at least one third material by
application of a magnetic field and, if appropriate, the at least one first material is
subsequently separated, preferably quantitatively, from the magnetic particle, with the
magnetic particle preferably being able to be recirculated to the process.

In particular, the present invention relates to a process for separating at least one ore
from a mixture in the presence of at least one further ore and the gangue. Processes
for separating ores from mixtures comprising these are already known from the prior
art.

WO 02/0066168 A1 relates to a process for separating ores from mixtures comprising
these, in which suspensions or slurries of these mixtures are treated with particles
which are magnetic and/or able to float in aqueous solutions. After addition of the
magnetic and/or floatable particles, a magnetic field is applied so that the agglomerates
are separated off from the mixture. However, the degree of binding of the magnetic
particles to the ores and the strength of the bond is not sufficient to carry out the
process with sufficiently high yield and effectiveness.

US 4,657,666 discloses a process for the enrichment of ores, wherein the ore present
in the gangue is reacted with magnetic particles, as a result of which agglomerates are
formed due to hydrophobic interactions. The magnetic particles are hydrophobized on
the surface by treatment with hydrophobic compounds, so that binding to the ore
occurs. The agglomerates are then separated from the mixture by means of a magnetic
field. Said document also discloses that the ores are treated with a surface-activating
solution of 1% of sodium ethylxanthogenate before the magnetic particle is added. Ore
and magnetic particle are separated in this process by destruction of the surface-
activating substance which has been applied in the form of the surface-activating
solution to the ore.
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US 4,834,898 discloses a process for separating off nonmagnetic materials by bringing
them into contact with magnetic reagents which are enveloped by two layers of
surface-active substances. US 4,834,898 further discloses that the surface charge of
the nonmagnetic particles which are to be separated off can be influenced by various
types and concentrations of electrolyte reagents. For example, the surface charge is
altered by addition of multivalent anions, for example tripolyphosphate ions.

S. R. Gray, D. Landberg, N. B. Gray, Extractive Metallurgy Conference, Perth, 2 - 4
October 1991, pages 223 - 226 discloses a process for recovering small gold particles
by bringing the particles into contact with magnetite. Before contacting, the gold
particles are treated with potassium amylxanthogenate. A process for separating the
gold particles from at least one hydrophilic material is not disclosed in this document.

WO 2007/008322 A1 discloses a magnetic particle which is hydrophobized on the
surface for the separation of impurities from mineral substances by magnetic
separation processes. According to WO 2007/008322 A1, a dispersant selected from
among sodium silicate, sodium polyacrylate or sodium hexametaphosphate can be
added to the solution or dispersion.

WO 2010/097361 A1 discloses a process for separating at least one first material from
a mixture comprising this at least one first material, at least one second material and at
least one third material, wherein the mixture to be treated is firstly brought into contact
with at least one hydrocarbon in an amount of from 0.01 to 0.4% by weight, based on
the sum of mixture and at least one hydrocarbon, this mixture is further brought into
contact with at least one hydrophobic magnetic particle so that the magnetic particle
and the at least one first material agglomerate and this agglomerate is separated from
the at least one second material and the at least one third material by application of a
magnetic field and, if appropriate, the at least one first material is subsequently
separated, preferably quantitatively, from the magnetic particle, with the magnetic
particle preferably being able to be re-circulated to the process.

It is an object of the present invention to provide a process by means of which at least
one first material can be separated efficiently from mixtures comprising at least one first
material, at least one second material and at least one third material, where the at least
one first material and the at least one second material have an identical or similar
character. For example, the at least one first material and the at least one second
material can be ionic compounds having the same anion but different cations, for
example two sulfides of different transition metal cations. Furthermore, it is an object of
the present invention to treat the at least one first material to be separated off in such a
way that the adduct of magnetic particle and first material is sufficiently stable to ensure
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a high yield of the first material in the separation without a large amount of second
material being separated off at the same time.

These objects are achieved by a process for separating at least one first material from
a mixture comprising this at least one first material, at least one second material and at
least one third material, which comprises at least the following steps:

(A) providing a mixture comprising at least one first material, at least one second
material, at least one third material and at least one hydrocarbon in an amount
of more than 0.4% by weight, based on the sum of mixture, in the presence or
absence of at least one dispersion medium,

(B) if appropriate, addition of at least one dispersion medium to the mixture
obtained in step (A) in order to obtain a dispersion,

(C) treatment of the dispersion from step (A) or (B) with at least one hydrophobic
magnetic particle, so that the at least one first material and the at least one
magnetic particle agglomerate,

(D)  separation of the adduct from step (C) from the mixture by application of a
magnetic field,

(E) if appropriate, dissociation of the adduct which has been separated off in step
(D) in order to obtain the at least one first material and the at least one magnetic
particle separately.

The process of the invention is preferably employed for separating at least one first,
hydrophobic or hydrophobized material from a mixture comprising this at least one first,
hydrophobic or hydrophobized material, at least one second, hydrophobic or
hydrophobized material and at least one third, hydrophilic material, where the at least
one first material and the at least one second material have a different hydrophobicity
or are hydrophobized to different extents.

For the purposes of the present invention, materials are referred to as "hydrophobic"
when their surface forms a contact angle against water of more than 90°. The larger
the contact angle formed, the more hydrophobic the material. For the purposes of the
present invention, materials are referred to as "hydrophilic" when their surface forms a
contact angle against water of less than 90°. The smaller the contact angle formed, the
more hydrophilic the material. In a preferred embodiment, the at least one first material
has a greater hydrophobicity than the at least one second material. According to the
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invention, the at least one first material and, if appropriate, the at least one second
material can, if appropriate, be hydrophobized by addition of a hydrophobizing agent in
order to have a hydrophobicity suitable for the process of the invention.

In a preferred embodiment of the process of the invention, the at least one first material
and the at least one second material are hydrophobic or hydrophobized metal
compounds and the at least one third material is a hydrophilic metal compound.

Thus, the at least one first material to be separated off and the at least one second
material are preferably metal compounds selected from the group consisting of sulfidic
ores, oxidic and/or carbonate-containing ores, for example azurite [Cus(CO3),(OH),] or
malachite [Cu,[(OH),|COs]]), and the noble metals, where the at least one first material
is preferably more hydrophobic than the at least one second material. In another
embodiment, the at least one second material is identical to the at least one first
material.

The at least one third material which is present in the mixture to be treated according to
the invention is preferably a hydrophilic metal compound selected from the group
consisting of oxidic and hydroxidic metal compounds, for example silicon dioxide SiO,,
silicates, aluminosilicates, for example feldspars, for example albite Na(SizAl)Og, mica,
for example muscovite KAL[(OH,F),AlSizO40], garnets (Mg, Ca, Fe')s(Al, Fe'"),(SiO,)s,
AlLOz;, FeO(OH), FeCO,;, Fe,0O;, FesO4, and further related minerals and mixtures
thereof.

Examples of sulfidic ores which can be used according to the invention are, for
example, selected from the group of copper ores consisting of covellite CusS,
molybdenite (molybdenum(lV) sulphide), chalcopyrite (copper pyrite) CuFeS,, bormnite
CusFeS,, chalcocite (copper glance) Cu,S, pentlandite (Ni,Fe)S, pyrrhotite Feq,S,
pyrite FeS, and mixtures thereof.

Accordingly, preference is given to using untreated ore mixtures which can be obtained
from mines in the process of the invention. In another embodiment preference is given
to using ore mixtures which can be obtained from mines in the process of the invention.

Very particularly preferred first materials are selected from the group consisting of
molybdenum(1V) sulfide, pyrrhotite Fe S, chalcopyrite (copper pyrite) CuFeS,, bornite
CusFeS, and mixtures thereof. Further examples of the at least one first material which
is separated off by means of the process of the invention are noble metals, for example
Au, Pt, Pd, Rh, etc., preferably in the native state or as sulfides or embedded in other
minerals e.g. pentlandite (Ni,Fe)S.
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Very particularly preferred second materials are selected from the group consisting of
copper sulfides, for example chalcopyrite (copper pyrite) CuFeS,, covellite CuS, Cu,S,
pyrite FeS, and mixtures thereof.

Depending on the conditions set (pH, redox potential of the suspension, etc.), CuS,
Cu,S, ZnS, PbS, bornite CusFeS,; can be counted as either first materials or second
materials. This is known to those skilled in the art.

The present invention also provides a process according to the invention in which the
at least one first material is a sulfidic molybdenum ore and the at least one second
material is a sulfidic copper ore.

The present invention further provides a process according to the invention in which
the at least one first material is chalcopyrite (copper pyrite) CuFeS, and the at least
one second material is ZnS.

The present invention further provides a process according to the invention in which
the at least one first material is Cu,S and the at least one second material is pyrite
F982.

The present invention also provides a process according to the invention in which the
at least one third material is selected from the group consisting of oxidic and hydroxidic
metal compounds.

Very particularly preferred third materials are selected from among silicon dioxide SiO,,
feldspar (Ba,Ca,Na,K,NH,)(Al,B,Si),Og, limestone CaCO,, dolomite (Ca,Mg)CO,;, mica
KAL[AISizO10(OH),], olivine (Mg,Mn,Fe),[SiO,4], clay minerals and mixtures thereof.

In addition to the compounds mentioned, sulfides of metals other than copper, for
example sulfides of iron, lead, zinc or molybdenum, i.e. FeS/FeS,, PbS, ZnS, can also
be present in the mixtures. Furthermore, oxidic compounds of metals and semimetals,
for example silicates or borates, or other salts of metals and semimetals, for example
phosphates, sulfates or oxides/hydroxides/carbonates and further salts, for example
azurite [Cuz(CO3).(OH),], malachite [Cu,[(OH),(CO3)]], barite (BaSO,), monazite
((La-Lu)PO,4) can be present in the ore mixtures to be treated according to the
invention.

Thus, a particularly preferred mixture which is treated in the process of the invention
comprises molybdenum(lV) sulfide, chalcopyrite (copper pyrite) CuFeS, or Cu,S as
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first material, copper sulfide, for example CuS and/or Cu,S, ZnS or pyrite FeS, as
second material and silicon dioxide SiO, and possibly further oxides and/or hydroxides
as third material.

In the mixture to be provided in step (A), the at least one first material is preferably
present in an amount of from 0.001 to 5.0% by weight, more preferably from 0.01 to 1%
by weight, particularly preferably from 0.01 to 0.1% by weight, in each case calculated
as metal and based on the total amount of the at least one first material, the at least
one second material and the at least one third material. In another embodiment, in the
mixture to be provided in step (A), the at least one first material is preferably present in
an amount of from 0.0001 to 50% by weight, more preferably from 0.001 to 40% by
weight, particularly preferably from 0. 01 to 0.20% by weight, in each case calculated
as metal and based on the total amount of the at least one first material, the at least
one second material and the at least one third material.

In the mixture to be provided in step (A), the at least one second material is preferably
present in an amount of from 0.1 to 5.0% by weight, more preferably from 0.5 to 4.0%
by weight, in each case calculated as metal and based on the total amount of the at
least one first material, the at least one second material and the at least one third
material.

In the mixture to be provided in step (A), the at least one third material is generally
present in such an amount that the sum of the at least one first material, the at least
one second material and the at least one third material is 100% by weight.

Further to the at least one first material, the at least one second material and the at
least one third material, at least one hydrocarbon is present in the mixture to be
provided in step (A). The amount of the at least one hydrocarbon is more than 0.4 % by
weight based on the total amount of the at least one first material, the at least one
second material, the at least one third material and the at least one hydrocarbon.

In a preferred embodiment of the process of the invention, the mixture comprising at
least one first material, at least one second material and at least one third material is
present in step (A) in the form of particles having a size of from 100 nm to 500 um, for
example <125 um, see, for example, US 5,051,199. In a preferred embodiment, this
particle size is obtained by milling. Suitable processes and apparatuses are known to
those skilled in the art, for example wet milling in a ball mill.

In a preferred embodiment of the process of the invention, the mixture comprising at
least one first material and at least one second material is therefore milled to particles
having a size of from 100 nm to 500 ym, preferably from 100 nm to 100 um, for
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example < 125 ym, before or during step (A).

An ore mixture which is typically used for separation by means of the process of the
invention has the following composition: about 30% by weight of SiO,, about 30% by
weight of feldspar, about 2% of FeCuS,, about 0.5% of CusFeS,, about 0.04% by
weight of MoS,, balance chromium, iron, titanium, manganese and magnesium oxides.
Another ore mixture which is typically used for separation by means of the process of
the invention has the following composition: about 1% by weight of SiO,, about 1% by
weight of feldspar, about 3% of FeCuS,, 10% pyrophyllite, 10% Kaolinite about 70% by
weight of MoS,, balance chromium, iron, titanium, manganese, aluminium, silicon and
magnesium oxide minerals.

The individual steps of the process of the invention are described in detail below:

Step (A):

Step (A) of the process of the invention comprises providing a mixture comprising at
least one first material, at least one second material, at least one third material and at
least one hydrocarbon in an amount of more than 0.4% by weight, based on the sum of
mixture, in the presence or absence of at least one dispersion medium.

Suitable and preferred first, second and third materials have been mentioned above.

For the purposes of the present invention, a hydrocarbon is an organic chemical
compound which is made up essentially of carbon, hydrogen and possibly oxygen. If
oxygen is present in addition to carbon and hydrogen in the hydrocarbons which can
be used according to the invention, it is present, for example, in the form of ester,
carboxyl and/or ether groups. Either an essentially uniform hydrocarbon or a
hydrocarbon mixture can be used in step (A) of the process of the invention.

Hydrocarbons or hydrocarbon mixtures which can be used according to the invention
generally have a low viscosity under the conditions of the process of the invention, so
that they are liquid and mobile under the process conditions according to the invention.
Preference is given to using hydrocarbons or hydrocarbon mixtures which have a
viscosity of from 0.1 to 100 cP, preferably from 0.5 to 5 ¢P, in each case at 20°C.

Hydrocarbons or hydrocarbon mixtures which can be used according to the invention
generally have a flash point of 220°C, preferably 240°C. The present invention
therefore also provides the process according to the invention in which the at least one
hydrocarbon has a flash point of 2 20°C, particularly preferably = 40°C.
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In a preferred embodiment of the process of the invention, the at least one hydrocarbon
is selected from the group consisting of mineral oils, vegetable oils, biodiesel, BtL
(Biomass-to-Liquid) fuels, products of coal liquefaction, products of the GiL (Gas to
Liquid, from natural gas) process and mixtures thereof.

Mineral oils are, for example, crude oil derivatives and/or oils produced from brown
coal, hard coal, peat, wood, petroleum and, if appropriate, other mineral raw materials
by distillation. Mineral oils generally comprise hydrocarbon mixtures of paraffinic
hydrocarbons, i.e. saturated chain-like hydrocarbons, naphthenic hydrocarbons, i.e.
saturated cyclic hydrocarbons, and aromatic hydrocarbons.

A particularly preferred crude oil derivative is diesel or gas oil. Diesel generally has a
composition known to those skilled in the art. Diesel is based essentially on mineral oil,
i.e. diesel is a fraction in the fractionation of mineral oil by distillation. The main
constituents of diesel are predominantly alkanes, cycloalkanes and aromatic
hydrocarbons having from about 9 to 22 carbon atoms per molecule and a boiling
range from 170°C to 390°C.

Further names for suitable petroleum derivatives comprise: light gas oil (boiling point
235-300°C, also referred to, depending on the specification, as "diesel", "diesel fuel",
"DF", "light heating oil", "LHO"), heavy gas oil (boiling point 300-375°C) and also (in the
USA) "No. 2 fuel".

Vegetable oils are generally fats and fatty oils which are obtained from oil plants.
Vegetable oils comprise, for example, triglycerides. Vegetable oils which are suitable
for the purposes of the invention are, for example, selected from the group consisting
of sunflower oil, rapeseed oil, safflower oil, soybean oil, corn oil, peanut oil, olive oil,
herring oil, cotton seed oil, palm oil and mixtures thereof.

Biodiesel generally has a composition known to those skilled in the art. Biodiesel
comprises essentially methyl esters of saturated Cq-Cqg-fatty acids and unsaturated
Cg-fatty acids, in particular the methyl ester of rapeseed oil.

Products of coal liquefaction can, for example, be obtained by the Fischer-Tropsch or
Sasol process. The BtL and GtL processes are known to those skilled in the art.

In a preferred embodiment of the process of the invention, diesel, kerosene and/or light
gas oil is used as hydrocarbon in step (A). On a laboratory scale, diesel of the brands
Solvesso® and/or Shellsol® can advantageously be used.
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In step (A) of the process of the invention, at least one hydrophobizing agent may, if
appropriate, be additionally added. For the purposes of the present invention, a
"hydrophobizing agent” is a substance which is able to increase the hydrophobicity of
the surface of the at least one first material in the presence of the other particles which
are not to be separated off. Hydrophobizing agents which can be used according to the
invention become attached to the at least one first material and thereby produce a
suitable hydrophobicity of the first material.

The present application therefore provides, in a preferred embodiment, the process of
the invention in which a hydrophobizing agent is added in step (A).

In a preferred embodiment, a hydrophobizing agent of the general formula (1)
A-Z (I)

which binds to the at least one first material, where

A is selected from among linear or branched Cj;-Cs-alkyl, Cs3-Cso-heteroalkyl,
optionally substituted Cgs-Csp-aryl, optionally substituted Cgs-Csp-heteroalkyl,
CG-Cgo-aralkyI and

4 is a group by means of which the compound of the general formula (I) binds to
the at least one hydrophobic material,

is added in step (A) of the process of the invention.

In a particularly preferred embodiment, A is a linear or branched C4-Cq,-alkyl, very
particularly preferably a linear C4-Cg-alkyl. Heteroatoms which may be present
according to the invention are selected from among N, O, P, S and halogens such as
F, Cl, Brand I.

In a further preferred embodiment, A is preferably a linear or branched, preferably
linear, Cg-Cyo-alkyl. Preference is also given to A being a branched Cs-Cqs-alkyl in
which the at least one substituent, preferably having from 1 to 6 carbon atoms, is
preferably present in the 2 position, for example 2-ethylhexyl and/or 2-propylheptyl.

In a further particularly preferred embodiment, Z is selected from the group consisting
of anionic groups -(X),-PO3;%, -(X),-P0O,S%, -(X),-POS,%*, -(X),-PS3%, -(X),-PS,,
-(X)-POS’, -(X)a-PO2, -(X)a-POs*, -(X)i-CO7, -(X)i-CSy, -(X)a-COS, -(X),-C(S)NHOH,
-(X)n-S-, where X is selected from the group consisting of O, S, NH, CH, andn =0, 1 or
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2, with, if appropriate, cations selected from the group consisting of hydrogen, NR4*
where the radicals R are each, independently of one another, hydrogen or C,-Cg-alkyl,
alkali or alkaline earth metals. The anions mentioned and the corresponding cations
form, according to the invention, uncharged compounds of the general formula (I).

If n = 2 in the formulae mentioned, two identical or different, preferably identical, groups
A are bound to a group Z.

In a particularly preferred embodiment, use is made of compounds selected from the
group consisting of xanthates A-O-CS,, dialkyldithiophosphates (A-O).-PS,,
dialkyldithiophosphinates (A),-PS, and mixtures thereof, where the radicals A are
each, independently of one another, a linear or branched, preferably linear, Cg-Cyo-
alkyl, for example n-octyl, or a branched Cgq-C4-alkyl, with the branch preferably being
in the 2 position, for example 2-ethylhexyl and/or 2-propylheptyl. In these compounds,
counterions present are preferably cations selected from the group consisting of
hydrogen, NRs* where the radicals R are each, independently of one another,
hydrogen or C;-Cg-alkyl, alkali or alkaline earth metals, in particular sodium or
potassium.

Very particularly preferred compounds of the general formula (1) are selected from the
group consisting of sodium or potassium n-octylxanthate, sodium or potassium
butylxanthate, sodium or potassium di-n-octyldithiophosphinate, sodium or potassium
di-n-octyldithiophosphate, and mixtures of these compounds.

In the case of noble metals, for example Au, Pd, Rh, etc., particularly preferred surface-
active substances are monothiols, dithiols and trithiols or 8-hydroxyquinolines, for
example as described in EP 1200408 B1.

In the case of metal oxides, for example FeO(OH), Fe3;0,4, Zn0O, etc., carbonates, for
example azurite [Cu(COj3),(OH),], malachite [Cu,[(OH),CO3]], particularly preferred
hydrophobizing agents are octylphosphonic acid (OPA), (EtO);Si-A, (MeO);Si-A, where
A has the abovementioned meanings. In a preferred embodiment of the process of the
invention, no hydroxylates are used as hydrophobizing agent for modifying metal
oxides.

In the case of metal sulfides, for example Cu,S, MoS,, etc., particularly preferred
hydrophobizing agents are monothiols, dithiols and trithiols or xanthogenates.

In a further preferred embodiment of the process of the invention, Z is -(X),-CS.,
-(X)n-POy or -(X),-S- where X is O and n is 0 or 1 and a cation selected from among
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11
hydrogen, sodium or potassium. Very particularly preferred hydrophobizing agents are
1-octanethiol, potassium n-octylxanthate, potassium butylxanthate, octylphosphonic
acid and di(n-octyl) thionocarbamate (a compound of the formula (II))

(I1)

The addition of at least one abovementioned hydrophobizing agent in step (A) of the
process of the invention is preferably carried out when the hydrophobicity of the at least
one first material is not sufficiently high, particularly preferably when the at least one
first material is selected from among FeCuS,, CuS.,.

Providing the mixture of the at least one hydrocarbon and, if appropriate, the at least
one hydrophobizing agent in step (A) of the process of the invention can occur by all
methods known to those skilled in the art. Step (A) can be carried out in bulk or in
dispersion, preferably in suspension, particularly preferably in aqueous suspension.

In an embodiment of the process of the invention, step (A) is carried out in bulk, i.e. in
the absence of a dispersion medium.

For example, the mixture to be treated and the at least one hydrocarbon or
hydrocarbon mixture and, if appropriate, at least one hydrophobizing agent are
combined and mixed in the appropriate amounts without a further dispersion medium.
Suitable mixing apparatuses are known to those skilled in the art, for example mills
such as a ball mill.

In a further preferred embodiment, step (A) is carried out in a dispersion, preferably in
suspension. As dispersion media, it is possible to use all dispersion media in which the
mixture in step (A) is not completely soluble. Suitable dispersion media for preparing
the slurry or dispersion in step (A) of the process of the invention are selected from the
group consisting of water, water-soluble organic compounds, for example alcohols
having from 1 to 4 carbon atoms, and mixtures thereof.

In a particularly preferred embodiment, the dispersion medium in step (A) is water.
The solids content of the dispersion obtained in step (A) is generally from 40 to 80% by

weight, preferably from 50 to 70% by weight, in each case based on the total mixture.
In another embodiment, the solids content of the dispersion obtained in step (A) is
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generally from 0,1 to 99,5% by weight, preferably from 5 to 50% by weight, in each
case based on the total mixture.

Step (A) of the process of the invention is generally carried out at a temperature of from
1 to 80°C, preferably from 20 to 40°C, particularly preferably at ambient temperature.

Step (B):

The optional step (B) of the process of the invention comprises addition of at least one
dispersion medium to the mixture obtained in step (A) in order to obtain a dispersion.

The mixture obtained in step (A) comprises, in one embodiment when step (A) is
carried out in bulk, at least one first material, at least one second material and at least
one third material and also at least one hydrocarbon and, if appropriate, at least one
hydrophobizing agent. If step (A) is carried out in bulk, step (B) of the process of the
invention is carried out, i.e. at least one suitable dispersion medium is added to the
mixture obtained in step (A) in order to obtain a dispersion.

In the embodiment in which step (A) of the process of the invention is carried out in
dispersion, it is not absolutely necessary to carry out step (B). However, even in this
embodiment, preference is given to carrying out step (B), i.e. further dispersion medium
is added in order to obtain, in step (B), a dispersion which has a lower solids content
than the dispersion in step (A).

Suitable dispersion media are all dispersion media which have already been mentioned
in respect of step (A). In a particularly preferred embodiment, the dispersion medium in
step (B) is water.

Thus, in step (B), either the mixture present in bulk from step (A) is converted into a
dispersion or the mixture which is already present in dispersion from step (A) is
converted into a dispersion having a lower solids content by addition of dispersion
medium.

In general, the amount of dispersion medium added in step (A) and/or step (B) can,
according to the invention, be selected so that a dispersion which is readily stirrable
and/or flowable is obtained. In a preferred embodiment, the solids content of the
dispersion obtained in step (B) of the process of the invention is from 0.5 to 50% by
weight, preferably from 10 to 40% by weight, more preferably from 10 to 30% by
weight, still more preferably 20 to 30 % by weight, particularly preferably from 22 to
28% by weight, in each case based on the total dispersion.
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In a preferred embodiment of the process of the invention, step (B) is carried out since
an aqueous dispersion having a high solids content, as indicated above, is preferably
produced in step (A) and this is preferably converted in step (B) into a dispersion which
has a lower solids content, as indicated above, in order to be used in step (C) of the
process of the invention.

The addition of dispersion medium in step (B) of the process of the invention can,
according to the invention, be carried out by all methods known to those skilled in the
art.

In preferred embodiments, the mixture of step (A) or, if step (B) is carried out, the
dispersion obtained from step (B) can be mixed vigorously such that a specific energy
in an amount of at least 1 kWh/m?, such as 1 to 300 kWh/m3, preferably 1 to 50
kWh/m?3 is introduced into the mixture prior to step (C). In order to accomplish the
introduction of such an amount of specific energy, mixing at a specific power of at least
10 kW/m3, such as 10 to 3500 kW/m3, preferably 10 to 1000 kW/m?® can be carried out.
Mixing is carried out for a period of 5 minutes or less, 15 minutes or less, 30 minutes or
less, 1 hour or less, 6 hours or less or 12 hours or less. The time of mixing and the
specific power employed for mixing are adjusted such that the desired amount of
specific energy can be introduced.

The energy can be introduced into the mixture or dispersion by different means.
Typically it is done by a stirred vessel that may contain baffles to render the energy up
take more efficient. Also a common mean to keep a slurry homogeneous and
introducing mixing energy is to circulate the content of a vessel may it be stirred or not
by a circulating pump e.g. a centrifugal pump. Other means are milling aggregates like
ball mills or any type of stirred ball mills. Also the use of rotor stator mixing devices is
possible. Provided the correct amount of energy can be introduced the turbulent flow of
the dispersion through a pipe conveyed by pumps or by gravity will also yield the
required agglomeration. Static mixers and counter current flow mixers are another way
to introduce shear energy into the flowing dispersion of the first type particles, the
second type particles and the magnet type particles.

The specific energy (i.e. the amount of energy per volume) introduced is calculated by
dividing the stirring power by the suspension volume multiplied by the treatment time

[h]. The stirring power is calculated (e.g. for a stirred vessel) from the formula

P=pNen3d5
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with r = density [kg/m?], n = rotational speed of stirrer [sec'], d = stirrer diameter,

Ne = Newton number [-].

The Newton no. is obtained from experimentally determined Reynolds no. and
published correlations between Newton and Reynolds no. for different stirrer
geometries (J.H. Rushton, E.W. Costich, H.J. Everett, Power Characteristics of mixing
impellers, Part [, Chem. Eng. Progr. 46 (8) 395 — 404 (1950) and J.H. Rushton, E.W.
Costich, H.J. Everett, Power Characteristics of mixing impellers, Part I, Chem. Eng.
Progr. 46 (9) 467 — 476 (1950) for propeller with ring and radial flow impeller; J.G. van
de Vusse Mixing by agitation of miscible liquids, Part I, Chem. Eng. Sci. 4 / 178 — 200
(1955) and J.G. van de Vusse Mixing by agitation of miscible liquids, Part Il, Chem.
Eng. Sci. 4 /209 — 220 (1955) for pitched blade turbines).

Step (C):

Step (C) of the process of the invention comprises treatment of the dispersion from
step (A) or (B) with at least one hydrophobic magnetic particle so that the at least one
first material and the at least one magnetic particle agglomerate.

In step (C) of the process of the invention, it is possible to use all magnetic substances
and materials known to those skilled in the art. In a preferred embodiment, the at least
one magnetic particle is selected from the group consisting of magnetic metals, for
example iron, cobalt, nickel and mixtures thereof, ferromagnetic alloys of magnetic
metals, for example NdFeB, SmCo and mixtures thereof, magnetic iron oxides, for
example magnetite, maghemite, cubic ferrites of the general formula (ll)

M2+ Fe?*, ,Fe3*,0, (1
where

M s selected from among Co, Ni, Mn, Zn and mixtures thereof and
X is<1,

hexagonal ferrites, for example barium or strontium ferrite MFegO49 where M = Ca, Sr,
Ba, and mixtures thereof. The magnetic particles can additionally have an outer layer,
for example of SiO,.

In a particularly preferred embodiment of the present patent application, the at least
one magnetic particle is magnetite or cobalt ferrite Co?*,Fe?*;Fe3*,0, where x < 1.
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In a further preferred embodiment, the at least one magnetic particle is hydrophobized
on the surface by means of at least one hydrophobic compound. The hydrophobic
compound is preferably selected from among compounds of the general formula (IV)

[(B)e-(Y)Hg (IV),

wherein each B is independently selected from among linear or branched C4-Csp-alkyl,
C+-Cyo-heteroalkyl, optionally substituted Cg-Cso-aryl, optionally substituted Cg-Cso-
heteroalkyl, Cs-Csp-aralky;

and each Y is independently selected as a group by means of which the compound of
the general formula (Ill) binds to the at least one magnetic particle;

each e is the integer 1, 2, 3,4, 5,6, 7,8, 9 or 10;
each fis the integer 1, 2, 3,4, 5,6, 7, 8, 9 or 10; and
each gis the integer 1, 2, 3,4, 5,6, 7,8, 9 or 10 to 100.

In a particularly preferred embodiment, B is a linear or branched CgCig-alkyl,
preferably linear Cg-C1o-alkyl and very particularly preferably a linear Cq>-alkyl.

In a further particularly preferred embodiment, Y is selected from the group consisting
of -(X)p-Si(R?)3, -(X)p-SiH(R?),, -(X),SiH,R? wherein each R? is independently selected
from F, Cl, Br, | or OH; and anionic groups such as

.
i i 3 Nty
—(X)y—P=0 —(X)y—P=0  —(X);—P-S"  —(X)—P=S (X)’p
O- ) S- ) O ) S- ) \ )
o) 0
—Xh~pl - — X~ 0 s X)—CZ>
/S /Y0 = = 20 TN
(X) X —(X)p—CT_ —(X),—CT —(X)p—CT NI
\p ’ ( )\p ’ p \O_ ’ p \S_ ’ P \S_ ’ \O',
%
_(X)p_C\Nlj
O- s_(x)p_s-s

wherein each X is independently O, S, NH, or CH, and pis 0, 1 or 2.

Very particularly preferred hydrophobizing agents of the general formula (IV) are
silicon-based oils or siloxanes resulting from in-situ hydrolysis of dodecyl- or other
alkyltrichlorosilanes or alkyltrialkoxysilanes; phosphonic acids, for example
octylphosphonic acid; carboxylic acids; for example lauric acid, oleic acid or stearic
acid; partly polymerized siloxanes (also known as silicon oils), or mixtures thereof.
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Suitable hydrophobizing agent are compounds as disclosed in WO 2012/028701,
WO 2015/110555 or WO 2012/140065.

Further preferred hydrophobizing agents are mono-, oligo- or polysiloxanes with free
OH groups, such as the compounds of formula (IVa), (IVb) and (IVc) or derivatives
thereof,

\
o)
R3 R3 R3-—S,|\R3
T O\,sli’]r/ RS ! rOH R® o/ R®
R? Hd A OSSOSO
Ry RS

Sli
OH
(IVa) (IVb) (IVc)

wherein each r, s, t, and u is independently an integer from 1 to 100, and each R? is
independently a straight or branched C4-C4, alkyl group.

In formula (IVc),* denotes a bonding to further moieties comprising —SiOR, and
wherein R* is selected from hydrogen, linear or branched, optionally substituted C;-Cs,-
alkyl, linear or branched, optionally substituted C,-Csp-alkenyl, linear or branched,
optionally substituted C,-Csp-alkynyl, optionally substituted C;-Cyo-cycloalkyl, optionally
substituted C3-Cyo-cycloalkenyl, optionally substituted C4-Cyo-heteroalkyl, optionally
substituted Cs-C,o-aryl, optionally substituted Cs-Cos-alkylaryl, optionally substituted Cg-
Cys-arylalkyl or optionally substituted Cs-Coo-heteroaryl.

In a preferred embodiment, the hydrophobizing agents of formula (IVa), (IVb) or (IVc)
have a molecular weight from about 250 to about 200000 g/mol, preferably from about
250 to about 20000 g/mol and particularly preferably from about 300 to about

5000 g/mol.

According to a preferred embodiment, the hydrophobizing agent is a compound of the
general formulas (V), (Va), (Vb), (Vc) or derivatives thereof

R®-Si(OR®)s. (V)
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OR® R5 RS
Ol R N R5 Ny R
R6‘{/ \/Si/]r/ RB'{/ \/Si/]r/ R6{/ \/Si/]r/
OR® OR® R®
(Va) (Vb) (Vc)

wherein each R® is independently selected from hydrogen, linear or branched,
optionally substituted C4-Cse-alkyl, linear or branched, optionally substituted C,-Cso-
alkenyl, linear or branched, optionally substituted C,-Csg-alkynyl, optionally substituted
Cs-Cyo-cycloalkyl, optionally substituted Cs;-Cyo-cycloalkenyl, optionally substituted C;-
Cyo-heteroalkyl, optionally substituted Cs-Cy-aryl, optionally substituted Cg-Cos-
alkylaryl, optionally substituted Cg-Cys-arylalkyl or optionally substituted Cs-Cyo-
heteroaryl;

each R® is independently selected from hydrogen, linear or branched, optionally
substituted C4-Csg-alkyl, linear or branched, optionally substituted C,-Csg-alkenyl, linear
or branched, optionally substituted C,-Csp-alkynyl, optionally substituted Cs-Cyo-
cycloalkyl, optionally substituted C;-Coo-cycloalkenyl, optionally substituted C4-Cyo-
heteroalkyl, optionally substituted Cs-C,,-aryl, optionally substituted Ces-C,s-alkylaryl,
optionally substituted Cs-Cys-arylalkyl or optionally substituted Cs-Co,-heteroaryl, and

the integer r is as described above and v is the integer 1, 2 or 3.

Preference is given to the radicals R® each being, independently of one another, linear
or branched, optionally substituted C;-Csg-alkyl, particularly preferably C4-Cop-alkyl,
very particularly preferably C4-Cy,-alkyl. In a preferred embodiment, R is linear or
branched, unsubstituted C;-Cap-alkyl, particularly preferably C4-Cye-alkyl or very
particularly preferably C4-C4,-alkyl. Examples of linear or branched C4-Cqs-alkyl radicals
are butyl, in particular, n-butyl, isobutyl, tert-butyl; pentyl, in particular n-pentyl,
isopentyl, tert-pentyl; hexyl, in particular n-hexyl, isohexyl, tert-hexyl, heptyl; in
particular n-heptyl, isoheptyl, tert-heptyl; octyl in particular n-octyl, isooctyl, tert-octyl;
nonyl, in particular n-nonyl, isononyl, tert-nonyl, decyl, in particular n-decyl, isodecyl,
tert-decyl, undecyl, in particular n-undecyl, isoundecyl, tert-undecyl, or dodecyl, in
particular n-dodecyl; isododecyl or tert-dodecyl.

Further preference is given to the radicals R% each being, independently of one
another, linear or branched, optionally substituted C,-Cso-alkenyl, particularly preferably
C,-Cyo-alkenyl, very particularly preferably or C,-Ci>-alkenyl. Examples of alkenyl
radicals which are particularly preferred according to the invention are ethenyl (vinyl),
propenyl, in particular n-propenyl, isopropenyl, butenyl, in particular n-butenyl,
isobutenyl, tert-butenyl, pentenyl, in particular n-pentenyl, isopentenyl, tert-pentenyl,
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hexenyl, in particular n-hexenyl, isohexenyl, tert-hexenyl, heptenyl, in particular
n-heptenyl, isoheptenyl, tert-heptenyl, octenyl, in particular n-octenyl, isooctenyl, tert-
octenyl, nonenyl, in particular n-nonenyl, isononenyl, tert-nonenyl, decenyl, in particular
n-decenyl, isodecenyl, tert-decenyl, undecenyl, in particular n-undecenyl, isoundecenyl,
tert-undecenyl, or dodecenyl, in particular n-dodecenyl, isododecenyl and tert-
dodecenyl.

Further preference is given to the radicals R® each being, independently of one
another, linear or branched, optionally substituted C,-Csp-alkynyl, particularly preferably
C,-Cyo-alkynyl, very particularly preferably C,-Cq,-alkynyl. Examples of alkynyl radicals
which are particularly preferred according to the invention are ethynyl, propynyl, in
particular n-propynyl, isopropynyl, butynyl, in particular n-butynyl, isobutynyl, tert-
butynyl, pentynyl, in particular n-pentynyl, isopentynyl, tert-pentynyl, hexynyl, in
particular n-hexynyl, isohexynyl, tert-hexynyl, heptynyl, in particular n-heptynyl,
isoheptynyl, tert-heptynyl, octynyl, in particular n-octynyl, isooctynyl, tert-octynyl,
nonynyl, in particular n-nonynyl, isononynyl, tert-nonynyl, decynyl, in particular n-
decynyl, isodecynyl, tert-decynyl, undecynyl, in particular n-undecynyl, isoundecynyl,
tert-undecynyl, or dodecynyl, in particular n-dodecynyl, isododecynyl and tert-
dodecynyl.

Further preference is given to the radicals R® each being, independently of one
another, optionally substituted C3-Coo-cycloalkyl, particularly preferably Cs;-Cqp-
cycloalkyl, very particularly preferably Cs-Cg-cycloalkyl, such as cyclopropyl, cyclobutyl,
cyclopentyl or cyclohexyl.

Further preference is given to the radicals R® each being, independently of one
another, optionally substituted C;-Cyo-cycloalkenyl, particularly preferably Cs;-Ciq,-
cycloalkenyl, very particularly preferably Cs;-Cs-cycloalkenyl such as cyclopropenyl,
cyclobutenyl, cyclopentenyl or cyclohexenyl.

Further preference is given to the radicals R® each being, independently of one
another, optionally substituted C;-Coo-heteroalkyl, particularly preferably C4-Ciq,-
heteroalkyl. The heteroalkyl radicals present according to the invention are derived
from the abovementioned alkyl radicals, with at least one carbon atom being replaced
by a heteroatom selected from among N, O, P and S.

Further preference is given to the radicals R® each being, independently of one
another, optionally substituted Cs-Coo-aryl, particularly preferably Cs-Cq,-aryl. Examples
of aryl radicals which are preferred according to the invention are phenyl, naphthyl or
biaryls.
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Further preference is given to the radicals R® each being, independently of one
another, optionally substituted Cg-Cys-alkylaryl, particularly preferably Cs-Cqs-alkylaryl.
An example of an alklaryl radical which is preferred according to the invention is
benzyl.

Further preference is given to the radicals R® each being, independently of one
another, optionally substituted Cs-Cos-arylalkyl, particularly preferably Cs-Cqs-arylalkyl.
Examples of arylalkyl radicals which are preferred according to the invention are tolyl,
xylyl, propylbenzyl or hexylbenzyl.

Further preference is given to the radicals R® each being, independently of one
another, optionally substituted Cs-Coo-heteroaryl, particularly preferably Cs-Cqo-
heteroaryl.

The abovementioned radicals R® can optionally be substituted. Suitable substituents
are, for example, selected from among amino, amido, imido, hydroxyl, ether, aldehyde,
keto, carboxylic acid, thiol, thioether, hydroxamate and carbamate groups. The
abovementioned radicals R® can be mono- or poly- substituted. In the case of multiple
substitutions, one substituent group can be present a plurality of times or various
functional groups are simultaneously present. The radicals mentioned for R® can also
be monosubstituted or polysubstituted by the abovementioned alkyl, alkenyl, alkynyl,
aryl, alkylaryl, arylalkyl, heteroalkyl or heteroaryl radicals.

Very particularly preferred radicals R are octyl, in particular n-octyl; hexyl, in particular
n-hexyl; and/or butyl, in particular n-butyl; decyl, in particular n-decyl; or dodecyl, in
particular n-dodecyl.

Preference is given to the radicals R® each being, independently of one another,
hydrogen, linear or branched, optionally substituted C4-Cse-alkyl, particularly preferably
C1-Cyo-alkyl, very particularly preferably C4-C4,-alkyl. In a preferred embodiment, R® is
linear or branched, unsubstituted Cs-Csg-alkyl, particularly preferably C4-Cyo-alkyl, or
very particularly preferably C4-Cqs-alkyl. Examples of linear or branched C;-C,-alkyl
radicals are methyl, ethyl, propyl, in particular n-propyl, isopropyl, butyl, in particular n-
butyl, isobutyl, tert-butyl, pentyl, in particular n-pentyl, isopentyl, tert-pentyl, hexyl, in
particular n-hexyl, isohexyl, tert-hexyl, heptyl, in particular n-heptyl, isoheptyl, tert-
heptyl, octyl, in particular n-octyl, isooctyl, tert-octyl, nonyl, in particular n-nonyl,
isononyl, tert-nonyl, decyl, in particular n-decyl, isodecyl, tert-decyl, undecyl, in
particular n-undecyl, isoundecyl, tert-undecyl, or dodecyl, in particular n-dodecyl,
isododecyl or tert-dodecyl.
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Further preference is given to the radicals R® each being, independently of one
another, linear or branched, optionally substituted C,-Cso-alkenyl, particularly preferably
C,-Cy-alkenyl and very particularly preferably C,-Cq-alkenyl. Examples of alkynyl
radicals which are particularly preferred according to the invention are ethenyl (vinyl),
propenyl, in particular n-propenyl, isopropenyl, butenyl, in particular n-butenyl,
isobutenyl, tert-butenyl, pentenyl, in particular n-pentenyl, isopentenyl, tert-pentenyl,
hexenyl, in particular n-hexenyl, isohexenyl, tert-hexenyl, heptenyl, in particular
n-heptenyl, isoheptenyl, tert-heptenyl, octenyl, in particular n-octenyl, isooctenyl, tert-
octenyl, nonenyl, in particular n-nonenyl, isononenyl, tert-nonenyl, decenyl, in particular
n-decenyl, isodecenyl, tert-decenyl, undecenyl, in particular n-undecenyl, isoundecenyl,
tert-undecenyl, or dodecenyl, in particular n-dodecenyl, isododecenyl or tert-dodecenyl.

Further preference is given to the radicals R® each being, independently of one
another, linear or branched, optionally substituted C,-Csp-alkynyl, particularly preferably
C,-Cy-alkynyl or very particularly preferably C,-Cqx-alkynyl. Examples of alkynyl
radicals which are particularly preferred according to the invention are ethynyl,
propynyl, in particular n-propynyl, isopropynyl, butynyl, in particular n-butynyl,
isobutynyl, tert-butynyl, pentynyl, in particular n-pentynyl, isopentynyl, tert-pentynyl,
hexynyl, in particular n-hexynyl, isohexynyl, tert-hexynyl, heptynyl, in particular
n-heptynyl, isoheptynyl, tert-heptynyl, octynyl, in particular n-octynyl, isooctynyl, tert-
octynyl, nonynyl, in particular n-nonynyl, isononynyl, tert-nonynyl, decynyl, in particular
n-decynyl, isodecynyl, tert-decynyl, undecynyl, in particular n-undecynyl, isoundecynyl,
tert-undecynyl, or dodecynyl, in particular n-dodecynyl, isododecynyl or tert-dodecynyl.

Further preference is given to the radicals R® each being, independently of one
another, optionally substituted C3-Coo-cycloalkyl, particularly preferably Cs;-Cqp-
cycloalkyl and particularly preferably C;-Cg-cycloalkyl, for example cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl.

Further preference is given to the radicals R® each being, independently of one
another, optionally substituted C;-Cyo-cycloalkenyl, particularly preferably Cs;-Ciq,-
cycloalkenyl and very particularly preferably Cs;-Cg-cycloalkenyl, for example
cyclopropenyl, cyclobutenyl, cyclopentenyl or cyclohexenyl.

Further preference is given to the radicals R® each being, independently of one
another, optionally substituted C;-Coo-heteroalkyl, particularly preferably C4-Ciqo-
heteroalkyl. The heteroalkyl radicals which are present according to the invention are
derived from the abovementioned alkyl radicals, with at least one carbon atom being
replaced by a heteroatom selected from among N, O, P and S.
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Further preference is given to the radicals R® each being, independently of one
another, optionally substituted Cs-Cyp-aryl, particularly preferably Cs-Cq,-aryl. Examples
of aryl radicals which are preferred according to the invention are phenyl, naphthyl or
biaryls.

Further preference is given to the radicals R® each being, independently of one
another, optionally substituted Cs-Cos-alkylaryl, particularly preferably Cs-Cqs-alkylaryl.
An example of an alkylaryl radical which is preferred according to the invention is
benzyl.

Further preference is given to the radicals R® each being, independently of one
another, optionally substituted Cg-Coz-arylalkyl and particularly preferably Cg-Coqs-
arylalkyl. Examples of arylalkyl radicals which are preferred according to the invention
are tolyl, xylyl, propylbenzyl or hexylbenzyl.

Further preference is given to the radicals R® each being, independently of one
another, optionally substituted Cs-C,,-heteroaryl and particularly preferably Cs-Ci,-
heteroaryl.

The abovementioned radicals R® may optionally be substituted. Suitable substituents
are, for example, selected from among amino, amido, imido, hydroxy, ether, aldehyde,
keto, carboxylic acid, thiol, thioether, hydroxamate and carbamate groups. The
abovementioned radicals R® can be mono- or poly substituted. In the case of multiple
substitutions, one substituent can be present a plurality of times or various functional
groups are simultaneously present. The radicals mentioned for R® can also be
monosubstituted or polysubstituted by the abovementioned alkyl, alkenyl, alkynyl, aryl,
alkylaryl, arylalkyl, heteroalkyl or heteroaryl radicals.

In another preferred embodiment, the at least one hydrophobizing agent is selected
from the group consisting of (NaO)(CH3)Si(OH),, (NaO)(C,H5)Si(OH),,
(NaO)(CsH11)Si(OH),,  (NaO)(CgH17)Si(OH),,  (KO)(CH3)Si(OH),, (KO)(C2Hs)Si(OH),,
(KO)(CsH11) Si(OH),, (KO)(CgH17)Si(OH),, (NH4O)(CH3)Si(OH),, (NH,O)(C2Hs)Si(OH),,
(NH,O)(CsH14) Si(OH)., (NH40)(CsH17)Si(OH)s, (NaO),(CH3)Si(OH),
(NaO)(C2Hs)Si(OH), (NaO)(CsH11)Si(OH), (NaO),(CsH17)Si(OH), (KO),(CHs)Si(OH),
(KO)2(C2Hs)Si(OH),  (KO)2(CsH11)Si(OH),  (KO)2(CsH17)Si(OH),  (NH4O)2(CH;)Si(OH),
(NH40)2(C2Hs)SI(OH),  (NH40)2(CsH11)Si(OH), (NH40)5(CeH17)Si(OH), (NaO)s(CHs)Si,
(NaO)3(C,Hs)Si,  (NaO)s(CsH11)Si,  (NaO)s(CsH17)Si,  (KO)3(CH3)Si,  (KO)s(C2Hs)Si,
(KO)3(CsH14)Si, (KO)3(CgH17)Si, (NH40)3(CH3)Si, (NH4O)3(C,Hs)Si, (NH4O)3(CsHq4)Si,
(NH40)3(CsH17)Si,  (NaO)(CHs),Si(OH),  (NaO)(C2Hs),Si(OH),  (KO)(CHs),Si(OH),
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(KO)(C2H5)2Si(OH), (NaO)z(CH3),Si, (NaO)x(CaHs)2Si, (KO)A(CH3),:Si, (KO)x(CoHs).Si,
Ca?[(O)(CH3)Si(OH);], Ca*[(O)(C2Hs)Si(OH)2l2, Ca*[(O)(CsH11)Si(OH)2]2,
Ca?*[(O")(CsH17)Si(OH);L, Ca?'[(O)(CHa)2Si(OH)L, Ca?[(O")(C2H5).Si(OH)]2,
Ca?*[(O)(CH3)Si(OH)], Ca?*[(O)2(C,Hs)Si(OH)], Ca?'[(O)2(CsH11)Si(OH)],

Ca?*[(O),(CgH17)SiI(OH)], Ca?*[(O"),(CHs3),Si], Ca?[(O)(C,Hs),Si] and combinations
thereof.

The treatment of the solution or dispersion with at least one hydrophobic magnetic
particle in step (C) of the process of the invention can be effected by all methods
known to those skilled in the art.

In a preferred embodiment, the at least one magnetic particle is dispersed in a suitable
dispersion medium.

Suitable dispersion media are all dispersion media in which the at least one magnetic
particle is not completely soluble. Suitable dispersion media for effecting dispersion in
step (C) of the process of the invention are selected from the group consisting of water,
water-soluble organic compounds, for example alcohols having from 1 to 4 carbon
atoms, for example methanol, ethanol, n-propanol, isopropanol, and mixtures thereof,
in particular water and/or isopropanol or water/surfactant mixtures.

In general, the amount of dispersion medium for predispersion of the magnetic particles
can, according to the invention, be selected so that a slurry or dispersion which is
readily stirrable and/or flowable is obtained. In a preferred embodiment, the amount of
mixture to be treated based on the total slurry or dispersion is up to 60% by weight.

The dispersion of the magnetic particles can, according to the invention, be produced
by all methods known to those skilled in the art. In a preferred embodiment, the
magnetic particles to be dispersed and the appropriate amount of dispersion medium
or mixture of dispersion media are combined in a suitable reactor, for example a glass
reactor, and stirred by means of apparatuses known to those skilled in the art, for
example in a glass tank by means of a mechanically driven propeller stirrer, for
example at a temperature of from 1 to 80°C, preferably at ambient temperature.

In step (C) of the process of the invention, the at least one hydrophobic magnetic
particle is generally used in an amount which is sufficient to separate virtually all of the
at least one first material from the mixture to be treated. The at least one magnetic
particle is preferably used in an at least 10-fold, particularly preferably at least 50-fold,
very particularly preferably at least 140-fold, weight excess, based on the amount of
the at least one first material in the mixture to be treated, in step (C) of the process of
the invention. In another embodiment, the weight ratio of magnetic particles to the sum
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of ore feed particles typical lies between 1:1000 to 1:1, more preferably between 1:100
and 1:20.

The treatment of the dispersion from step (B) with at least one hydrophobic magnetic
particle is generally effected by combining the two components by methods known to
those skilled in the art. In a preferred embodiment, a dispersion of the at least one
magnetic particle is added to the mixture which has been treated beforehand with at
least one hydrocarbon. In a further embodiment, the magnetic particle can be added in
solid form to a dispersion of the mixture to be treated. In a further preferred
embodiment, the two components are present in dispersed form.

In preferred embodiments, the mixture of step (C) is obtained by introducing mixing
energies such that a specific energy in an amount of 0,001 to 10 kWh/m? is introduced
into the mixture of step (C). In order to accomplish the introduction of such an amount
of specific energy, mixing at a specific power of 0,01 to 100 kW/m? can be carried out.
Mixing is carried out for a period of 5 minutes or less, 15 minutes or less, 30 minutes or
less, 1 hour or less, 6 hours or less or 12 hours or less. The time of mixing and the
specific power employed for mixing are adjusted such that the desired amount of
specific energy can be introduced.

The energy can be introduced into the mixture or dispersion by different means.
Typically it is done by a stirred vessel that may contain baffles to render the energy up
take more efficient. Also a common mean to keep a slurry homogeneous and
introducing mixing energy is to circulate the content of a vessel may it be stirred or not
by a circulating pump e.g. a centrifugal pump. Other means are milling aggregates like
ball mills or any type of stirred ball mills. Also the use of rotor stator mixing devices is
possible. Provided the correct amount of energy can be introduced the turbulent flow of
the dispersion through a pipe conveyed by pumps or by gravity will also yield the
required agglomeration. Static mixers and counter current flow mixers are another way
to introduce shear energy into the flowing dispersion of the first type particles, the
second type particles and the magnet type particles.

Step (C) is generally carried out at a temperature of from 1 to 80°C, preferably from 10
to 30°C, for example ambient temperature.

In step (C), the at least one magnetic particle becomes attached to the at least one first
material of the mixture to be treated. The bond between the two components is based
on hydrophobic interactions. In a preferred embodiment, little if any hydrophobic
interaction occurs between the at least one magnetic particle and the at least one
second material. In general, there is no bonding interaction between the at least one
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magnetic particle and the at least one third material, i.e. the hydrophilic component of
the mixture, so that no agglomeration between these components occurs. After step
(C), adducts of the at least one first material and the at least one magnetic particle are
therefore present in addition to the at least one second material and the at least one
third material in the mixture. The process of the invention thus makes it possible to
separate off one material selectively from a mixture comprising at least three materials,
where at least two of the three materials have a very similar chemical character in
respect of hydrophobicity or affinity to the hydrophobizing agent, the anion present, etc.

Step (D):

Step (D) of the process of the invention comprises separation of the adduct from step
(C) from the mixture by application of a magnetic field.

Step (D) can, in a preferred embodiment, be carried out by introducing a permanent
magnet into the reactor in which the mixture from step (C) is present. In a preferred
embodiment, a dividing wall made of nonmagnetic material, for example the glass wall
of the reactor, is present between permanent magnet and the mixture to be treated. In
a further preferred embodiment of the process of the invention, an electromagnet which
is only magnetic when an electric current flows is used in step (D). Suitable
apparatuses are known to those skilled in the art.

Step (D) of the process of the invention can be carried out at any suitable temperature,
such as above the melting point and below the boiling point of the dispersent, for
example in water from 10 to 60°C.

During step (D), the mixture is preferably stirred continually by means of a suitable
stirrer.

In step (D), the adduct from step (C) can, if appropriate, be separated off by all
methods known to those skilled in the art, for example by draining off the liquid together
with the component of the dispersion which is not held by the magnet from the reactor
used for step (D) through the bottom valve or pumping away the components of the
dispersion which are not held by the at least one magnet through a hose.

The magnetic separators used can be operated in batch or continuous mode. Typical
batch separators are HI-filters, typical continuous separators are of the Jones type,
WHIMS (wet high intensity magnetic separators) or magnetic drum separators LIMS or
MIMS (low intensity or medium intensity magnetic separators).

Step (E):
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The optional step (E) of the process of the invention comprises dissociation of the
adducts separated off in step (D) in order to obtain the at least one first material and
the at least one magnetic particle separately. In a preferred embodiment of the process
of the invention, the dissociation in step (E) is carried out nondestructively, i.e. the
individual components present in the dispersion are not altered chemically.

The dissociation can be carried out by all methods known to those skilled in art which
are suitable for dissociating the adduct in such a way that the at least one magnetic
particle can be recovered in reusable form. In a preferred embodiment, the magnetic
particle which has been split off is reused in step (C). In general the dissociation of the
agglomerates is achieved by introduction of mixing energy to the suspension of the
agglomerates. In a preferred embodiment chemicals are added to this mixture in order
to weaken the bonds between the magnetic particles and the one first particles.

In a preferred embodiment, the dissociation in step (C) of the process of the invention
is effected by treating the adduct with a substance selected from the group consisting
of organic solvents, basic compounds, acidic compounds, oxidants, reducing agents,
surface-active compounds and mixtures thereof.

Examples of suitable organic solvents are methanol, ethanol, propanol, for example
n-propanol or isopropanol, aromatic solvents, for example benzene, toluene, xylenes,
ethers, for example diethyl ether, methyl t-butyl ether, ketones, for example acetone,
diesel and mixtures thereof. Examples of basic compounds which can be used
according to the invention are aqueous solutions of basic compounds, for example
aqueous solutions of alkali metal and/or alkaline earth metal hydroxides, for example
KOH, NaOH, aqueous ammonia solutions, aqueous solutions of organic amines of the
general formula R%N, where the radicals R? are selected independently from the group
consisting of C4-Cg-alkyl, optionally substituted by further functional groups. In a
preferred embodiment, step (D) is effected by addition of aqueous NaOH solution to a
pH of 13. The acidic compounds can be mineral acids, for example HCI, H,SO,, HNO;
or mixtures thereof, organic acids, for example carboxylic acids. As oxidant, it is
possible to use, for example, Na,S,0, or H,0,, for example as a 30% strength by
weight aqueous solution of H,O, (Perhydrol).

Examples of surface-active compounds which can be used according to the invention
are nonionic, anionic, cationic and/or zwitterionic surfactants. Preferred surfactants are
non-ionic alkoxylated alcohols.

In a preferred embodiment, the adduct of at least one first material and magnetic
particle is dissociated by means of an organic solvent, particularly preferably acetone
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or diesel. This operation can also be aided mechanically. In a preferred embodiment,
ultrasound is used for aiding the dissociation step.

In general, the organic solvent is used in an amount which is sufficient to dissociate
virtually all of the adduct. In a preferred embodiment, from 2 to 100 ml of the organic
solvent are used per gram of adduct of at least one first material and magnetic particle
which is to be dissociated.

According to the invention, the at least one first material and the at least one magnetic
particle are present as a dispersion in the dissociation reagent mentioned, preferably
an organic solvent, after the dissociation.

The at least one magnetic particle is separated off from the dispersion comprising this
at least one magnetic particle and the at least one first material by means of a
permanent magnet or electromagnet. Details of this separation are analogous to step
(D) of the process of the invention.

The first material to be separated off, preferably the metal compound to be separated
off, is preferably separated from the organic solvent by distilling off the organic solvent.
The first material which can be obtained in this way can be purified by further
processes known to those skilled in the art. The solvent can, if appropriate after
purification, be recirculated to the process of the invention.

Examples

Example 1: Enriched Mo-ore

In a buffled beaker 20 g of an enriched solid Mo-ore (19.5 g dry mass), containing
30.0% Mo as Molybdenite (MoS,) and 1.5% Cu mainly as Chalcopyrite (CuFeS,), are
provided. The material has a particle size d80 of 30 um. The material was dispersed in
60 g of filtrated river water yielding a solid content of 25 w% (step 1).

To this dispersion 500 mg corresponding to a concentration of 25000 g/t solid of a
liquid mixed hydrocarbon having a boiling range of 145 — 202°C and a dynamic

viscosity of 1.2 - 10 m?/sec (20 °C) were added (step 2). Afterwards this dispersion
was vigorously mixed with an Ultra Turrax T25 stirrer for 10 min at 10000 rpm (spec.
energy input approx. 600 kWh/m?) (Step 2a).

Subsequently to this slurry 0.6 g (3 w% with respect to the solid feed material) of a
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magnetite powder (Fe;O,, particle size: x50 = 1-3 um, x90 = 4-10 ym) coated with 1.35
w% of a solid methyl silicone resin (melting range 35-55 °C) from a toluene solution
according to WO 2015/110555 dispersed in 3.6 g of an 0.1 w% aqueous solution of a
non-ionic surfactant (general formula RO(CH,CH,O),H, x = 8, derived from a Cyj
Guerbet alcohol ROH, wherein R = CoH»1) was added (step 3). This slurry was stirred
for 15 min with a 30 mm pitch blade stirrer at 1400 rpm corresponding to an energy
input of approx. 0.7 kWh/m? (step 3a).

The resulting dispersion is pumped with a rate of 6 I/h to an Eriez L4 WHIMS lab-scale
magnetic separator equipped with a 4x2 mm wedged wire matrix at a magnetic field
strength of 0.7 T (step 4). After completion of the feed addition the matrix is flushed
with water (step 4a). The combined dispersion and flush water are collected as tailings.
Afterwards the magnetic field was switched off and the magnetic fraction containing the
magnetite molybdenite agglomerates are flushed out from the matrix and collected
separately vyielding the magnetic concentrate. The elemental composition of both
fractions was analyzed.

non-magnetic fraction magnetic fraction
dry mass 8.28 g 11.65¢
Cu-content 1.58% 1.10%
Mo-content 5.08% 48.27%
Cu-recovery 50.2% 49.8%
Mo-recovery 7.0% 93.0%

Example 2: Enriched Mo-ore

The experimental conditions were as in example 1 except that 100 mg (0.5%) of the
liquid mixed hydrocarbon was used.

non-magnetic fraction magnetic fraction
dry mass 15.73 g 3.88 g
Cu-content 1.24% 1.68%
Mo-content 30.51% 39.68%
Cu-recovery 75.0% 25.0%
Mo-recovery 75.7% 24.3%

Example 3: Enriched Mo-ore
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The experimental conditions were as in example 1 except that 200 mg (1.0%) of the
liquid mixed hydrocarbon was used.

non-magnetic fraction magnetic fraction
dry mass 14.94 g 4.89 g
Cu-content 1.32% 1.38%
Mo-content 27.75% 42.19%
Cu-recovery 74.5% 25.5%
Mo-recovery 66.8% 33.2%
5
Example 4: Enriched Mo-ore
The experimental conditions were as in example 1 except that 300 mg (1.5%) of the
liquid mixed hydrocarbon was used.
10
non-magnetic fraction magnetic fraction
dry mass 11.63 g 8.08 g
Cu-content 1.49% 1.12%
Mo-content 18.68% 49.69%
Cu-recovery 65.7% 34.3%
Mo-recovery 35.1% 64.9%

Comparative example 1: Enriched Mo-ore

15 The experimental conditions were as in example 1 except that 80 mg (0.4%) of the

liquid mixed hydrocarbon was used.

non-magnetic fraction magnetic fraction
dry mass 16.14 g 3.66 g
Cu-content 1.26% 1.73%
Mo-content 29.85% 39.35%
Cu-recovery 76.2% 23.8%
Mo-recovery 77.0% 23.0%

20 Comparative example 2: Enriched Mo-ore

The experimental conditions were as in example 1 except that 60 mg (0.3%) of the
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liquid mixed hydrocarbon was used.
non-magnetic fraction magnetic fraction
dry mass 16.88 g 265¢g
Cu-content 1.29% 1.76%
Mo-content 26.22% 40.38%
Cu-recovery 82.4% 17.6%
Mo-recovery 82.2% 17.8%

Comparing examples 1 to 4 and comparative examples 1 and 2 show that in the case
of the given Mo feed material the amount of added hydrocarbon strongly determines
the Mo recovery in the inventive separation process and that with amounts of
hydrocarbons above the one described in the art the separation process becomes
more efficient.

Example 5: Enriched Mo-ore

In a buffled beaker 20 g (19.3 g dry mass) of an enriched solid Mo-ore, containing
35.5% Mo as Molybdenite (MoS,) and 1.6% Cu mainly as Chalcopyrite (CuFeS,), are
provided. The material has a particle size d80 of 40 um. The material was dispersed in
60 g of filtrated river water yielding a solid content of 25 w% (step 1). This dispersion
was stirred with an Ultra Turrax T25 stirrer for 5 min at 10000 rpm (step 1b).

To this dispersion 1.0 g corresponding to a concentration of 50000 g/t solid of the same
liquid mixed hydrocarbon as used in example 1 (boiling range of 149 — 213 °C, dynamic

viscosity of 1.2 - 10-° m?/sec (20 °C)) (step 2) and a slurry 0.6 g (3 w% with respect to
the solid feed material) of a magnetite powder (the same as used in example 1) coated
with 1.35 w% of a solid methyl silicone resin (melting range 35-55 °C, the same as
used in example 1) from a toluene solution according to WO 2015/110555 dispersed in
4 g isopropanol was added (step 3) were added thus, omitting the stirring step 2a.

This slurry was stirred for 15 min with a 30 mm pitch blade stirrer at 1400 rpm
corresponding to an energy input of approx. 0.7 kWh/m3 at a specific power input of 3
kW/m3 (step 3a). The resulting dispersion is pumped with a rate of 6 I/h to an Eriez L4
WHIMS lab-scale magnetic separator equipped with a 4x2 mm wedged wire matrix at a
magnetic field strength of 0.7 T (step 4). After completion of the feed addition the matrix
is flushed with water (step 4a).

The combined dispersion and flush water are collected as tailings. Afterwards the
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magnetic field was switched off and the magnetic fraction containing the magnetite
molybdenite agglomerates are flushed out from the matrix and collected separately
yielding the magnetic concentrate. The elemental composition of both fractions was

analyzed.
non-magnetic fraction magnetic fraction
dry mass 7.55¢ 12.37 g
Cu-content 2.54% 1.49%
Mo-content 23.07% 46.09%
Cu-recovery 50.9% 49.1%
Mo-recovery 23.4% 76.6%

Example 6: Enriched Mo-ore

The experimental conditions were as in example 7 except that the stirring of the water
and the liquid mixed hydrocarbon with the Ultra Turrax stirrer in step 1b was omitted.
Instead, after the addition of the liquid mixed hydrocarbon and before the addition of
the magnetite carrier the mixture is vigorously stirred with an Ultra Turrax T25 for 5 min
at 10000 rpm (spec. energy input approx. 300 kWh/m? at a spec. power of 3600
kW/m3) (Step 2a).

non-magnetic fraction magnetic fraction
dry mass 560 g 14.31¢
Cu-content 4.08% 1.13%
Mo-content 3.69% 51.03%
Cu-recovery 58.5% 41.5%
Mo-recovery 2.8% 97.2%

Example 7: Enriched Mo-ore

In a buffled beaker 122.8 g of an enriched solid Mo-ore (120.0 g dry mass), containing
30.0% Mo as Molybdenite (MoS,) and 1.5% Cu mainly as Chalcopyrite (CuFeS,), are
provided. The material has a particle size d80 of 30 um. The material was dispersed in
357 g of filtrated river water yielding a solid content of 25 w% (step 1) and mixed with
an Ultra Turrax T50 stirrer for 5 min at 6000 rpm (spec. energy input approx. 150
kWh/m?3). To this dispersion 3000 mg of the same liquid mixed hydrocarbon as used in

example 1 (boiling range of 149 — 213 °C, dynamic viscosity of 1.2 10-® m?/sec (20 °C)),
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corresponding to a concentration the hydrocarbon of 25000 g/t solid, were added (step
2). Afterwards this dispersion was vigorously mixed with an Ultra Turrax T50 stirrer for
additional 2 min at 6000 rpm (spec. energy input approx. 50 kWh/m?) (Step 2a).

Subsequently to this slurry 3.6 g (3 w% with respect to the solid feed material) of
magnetite powder (the same as in example 1) coated with 1.35 w% of the same solid
methyl silicone resin as used in example 1 from a toluene solution according to WO
2015/110555 dispersed in 21.6 g of an 0.1 w% aqueous solution of the same non-ionic
surfactant as used in example 1 was added (step 3).

This slurry was stirred for 15 min with a 45 mm pitch blade stirrer at 1000 rpm
corresponding to an energy input of approx. 0.5 kWh/m3 (step 3a). The resulting
dispersion is pumped with a rate of 6 I/h to an Eriez L4 WHIMS lab-scale magnetic
separator equipped with a 4x2 mm wedged wire matrix at a magnetic field strength of
0.7 T (step 4). After completion of the feed addition the matrix is flushed with water
(step 4a). The combined dispersion and flush water are collected as tailings which are
filtered and dried. Afterwards the magnetic field was switched off and the magnetic
fraction containing the magnetite molybdenite agglomerates are flushed out from the
matrix and collected separately yielding the magnetic concentrate.

non-magnetic fraction magnetic fraction
dry mass 48.75 g 7480 ¢
Cu-content 1.93% 0.99%
Mo-content 5.76% 47.78%
Cu-recovery 56.1% 43.9%
Mo-recovery 7.3% 92,7%

The magnetic fraction of the magnetic separation of step 4 was filtered to obtain
84.15 g of wet filter cake with a water content of 11.1% and samples were taken for the
corresponding elemental analyses. The elemental composition of both fractions was
analyzed. For the recovery of the magnetite the remaining 16.88 g of the filtrated but
not dried solid magnetic fraction (corresponds to 15.00 g dry mass) were suspended in
a solution of 500 g of filtered river water and 1.35 g of the same non-ionic surfactant as
used in step 3 (steps 5 and 5a) and stirred with a 72 mm pitch blade stirrer for 10 min
at 300 rpm (corresponding to an energy input of approx. 0,04 kWh/m?) (step 5b).

Afterwards the resulting slurry is pumped to a lab-scale MIMS magnetic separator
device as described in WO 2014/068142 (step 6) with a feed flow of 24.4 I/h a flush
water flow of 12 I/h for the resulting magnetic fraction and a flow of 7.4 I/h for the
magnetic fraction and a resulting flow of 29 I/h flow of the non-magnetic fraction. The
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resulting magnetic fraction which contained mainly the magnetite carrier material and
the non-magnetic fraction containing the concentrated mineral target particles were
filtered and their elemental composition was analyzed.

non-magnetic fraction magnetic fraction
dry mass 0.71¢g 14.30 g
Cu-content 0.24% 0.99%
Mo-content 4.23% 48.94%
Cu-recovery 1.2% 98.8%
Mo-recovery 0.4% 99.6%
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Claims:

A process for separating at least one first material from a mixture comprising this
at least one first material, at least one second material and at least one third
material, which comprises at least the following steps:

(A) providing a mixture comprising at least one first material, at least one
second material, at least one third material and at least one hydrocarbon in
an amount of more than 0.4% by weight, based on the sum of mixture, in
the presence or absence of at least one dispersion medium,

(B) if appropriate, addition of at least one dispersion medium to the mixture
obtained in step (A) in order to obtain a dispersion,

(C) treatment of the dispersion from step (A) or (B) with at least one
hydrophobic magnetic particle, so that the at least one first material and the
at least one magnetic particle agglomerate,

(D) separation of the adduct from step (C) from the mixture by application of a
magnetic field,

(E) if appropriate, dissociation of the adduct which has been separated off in
step (D) in order to obtain the at least one first material and the at least one
magnetic particle separately.

The process according to claim 1, wherein the at least one first material and the
at least one second material are hydrophobic metal compounds and the at least
one third material is a hydrophilic metal compound.

The process according to claim 1 or 2, wherein the at least one hydrocarbon is
selected from the group consisting of crude oil derivatives, mineral oils, mineral
waxes, vegetable oils, biodiesel, diesel and mixtures thereof.

The process according to any of claims 1 to 3, wherein the at least one
hydrocarbon has a flash point of at least 20°C.

The process according to any of claims 1 to 4, wherein the at least one first
material is a sulfidic molybdenum ore and the at least one second material is a
sulfidic copper ore.

The process according to any of claims 1 to 5, wherein the at least one third
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material is selected from the group consisting of oxidic and hydroxidic metal
compounds.

The process according to any of claims 1 to 6, wherein the at least one magnetic
particle is selected from the group consisting of magnetic metals and mixtures
thereof, ferromagnetic alloys of magnetic metals and mixtures thereof, magnetic
iron oxides, cubic ferrites of the general formula (l1)

M2+, Fe?*, Fe3,0, (1)

where

M s selected from among Co, Ni, Mn, Zn and mixtures thereof and
X is<1,

hexagonal ferrites and mixtures thereof.

The process according to any of claims 1 to 7, wherein the dispersion medium in
step (A) is water.

The process according to any of claims 1 to 8, wherein the mixture comprising at
least one first material, at least one second material and at least one third
material is milled to particles having a size of from 100 nm to 100 ym before or
during step (A).

The process according to any of claims 1 to 8, wherein the mixture of step (A) or,
if step (B) is carried out, the dispersion obtained from step (B) is mixed
vigorously such that energy in an amount of 150 kWh/m® or more is introduced
into the mixture prior to step (C).

The process according to any of claims 1 to 10, wherein a hydrophobizing agent
is added in step (A).
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