1 METHOD AND APPARATUS FOR THE SEPARATION OF OIL AND WATER USING
HYDROPHOBIC AND HYDROPHILIC FUNCTIONAL SOLID PARTICLES Description Method and
apparatus for the separation of oil and water using hydrophobic and hydrophilic functional solid
particles The invention relates to the treatment of a mixture of oil and water, in particular crude oil and
water, which is essentially present as an oil/water emulsion. The main approach consists in separating
off the water from the oil Apart from a certain solids content, the oil/water emulsion typically consists of
10-30 m sized droplets with a water content of typically 10-30%. Because of the small size of the

croplets, iey 355 helfb ThpisReRpiog RORrawEagmAYony FioN e AT RHIRDSPRBtents

oil and water cannot be separated using simple sedimentation and flotation methods. Similar applies to
the removal of did28RRAGRIHerANRIHIEREEHIedént Vel dPNAtiQHEAP stitdd @hBZhlorides. For
basic separation of these substances from the oil, the pretreated crude oil is mixed once again with
water to form an emulsion. The soluble mineral components preferably migrate to the water phase and
are therefore removed from the oil. Also at this stage of the process the emulsion present is again
separategdato,separate flows of water and oil respectively.

Method and apparatus for the separation of o0il and water using

hydrophobic and hydrophilic functional solid particles

The invention relates to the treatment of a mixture of oil and
water, in particular crude oil and water, which is essentially
present as an oil/water emulsion. The main approach consists

in separating off the water from the oil

Apart from a certain solids content, the oil/water emulsion
typically consists of 10-30 um sized droplets with a water
content of typically 10-30%. Because of the small size of the
droplets, they are held in suspension by Brownian motion. For
this reason, the emulsion constituents o0il and water cannot be

separated using simple sedimentation and flotation methods.

Similar applies to the removal of dissolved mineral substances
present in the oil, particularly sulfides and chlorides. For
basic separation of these substances from the oil, the pre-
treated crude o0il is mixed once again with water to form an
emulsion. The soluble mineral components preferably migrate to
the water phase and are therefore removed from the oil. Also
at this stage of the process the emulsion present is again

separated into separate flows of water and oil respectively.

In the prior art, electrostatic agglomerators are used to

separate o0il and water from an emulsion, wherein the emulsion



In the prior art, electrostatic agglomerators are used to separate oil and water from an emulsion,
wherein the emulsion 2 present is subjected to a DC or AC field or a combination of the two, voltages
of 20 to 30 kV being applied. The droplets possibly separated from one another by several 10 pm are
caused to vibrate so that they intermittently come Into contact, causing them to merge Into larger
drops. The energy requirement of such a system iszvery high. This is due to the high conductivity of
the emulsion because of the salts dissolved in the water and in the oil and the therefore enormously
high ohmic losses. If the droplet size is sufficiently large, the oil droplets have sufficient upward

buoyant foree or the watsrdraplets have suffieient dawnyard force ta.iniigie phase sepgration
between oll and water due to gravitational forces. However, once the process is sufficiently advanced,
the distafite betwoernvthetrearsining dtdplets iAGh&'endsion witthdcredse $b¢hatfarhertdrop

enlargement capno lopger e aghievsd. The smalldraplets then still Temagning, in, the emulsion can

therefore no longer be separated off, so that some of the oil is lost in the water or some of the water
remains rethessll. Theobpect ot tieinveptiot iStd SpeeiyairhetHvdlahdamnappafaus allowing

improved.and faster %%Q%%QL‘_ ohihe qilfrom.the water, of yicaversa with low engrgyyigput. The
object is achieved by the combination of features set forth in the independently formulated claims. The
inventionti8 Baseaerrthedtsightthat 6 theSiFedtmerit Y ah tilfatéPémulsiortUR orderttoe

agglomeratg0il draplets-orwater droplats toxfams Jarger dronsef either Qil os water, mixing of
functional solid particles with the emulsion is
dissolved in the water and in the o0il and the therefore

enormously high ohmic losses.

If the droplet size is sufficiently large, the oil droplets
have sufficient upward buoyant force or the water droplets
have sufficient downward force to initiate phase separation
between 0il and water due to gravitational forces. However,
once the process is sufficiently advanced, the distance
between the remaining droplets in the emulsion will increase
so that further drop enlargement can no longer be achieved.
The small droplets then still remaining in the emulsion can
therefore no longer be separated off, so that some of the oil

is lost in the water or some of the water remains in the oil.

The object of the invention is to specify a method and an
apparatus allowing improved and faster separation of the oil

from the water, or vice versa, with low energy input.

The object is achieved by the combination of features set

forth in the independently formulated claims.

The invention is based on the insight that, for the treatment
of an oil/water emulsion, in order to agglomerate oil droplets
or water droplets to form larger drops of either oil or water,

mixing of functional solid particles with the emulsion is



3 performed, wherein the functional solid particles are either hydrophoblzed for the agglomeration of
oil droplets and/or hydrophnlized for the agglomeration of water droplets. Processes involving high
electrical power consumption are not initially used. The functional solid particles are generally surface
treated so that they have either a hydrophobic or a hydrophilic surface effect. The formation of larger
drops, either of oil or water, necessary for phase separation between oil and water is not produced as
in the prior art by droplet vibration wherein the droplets come Into contact, but by attachment of the
functional solid particles either only to the oil droplets and not to the water droplets, or only to the water

droplets a¢ potip.the ofl dropiels.Jrar the sold particies, magnelizablenaterials aig.ised. o0
natural or artificially produced magnetite, having grain sizes typically in the region of the initial droplet
sizes. Byhpldeingleoresuitihgisuspehsioaawhsisting of fumctibnali solidparticles amaceither attached oil

drops or attached, water drops in a,magnefic field, the partigles, syrrounded by an oil or water film, as

the case may be, combine to form larger agglomerates, thereby expelling either the water or the oil.
Either a puredsipsstiels SuspeNsina ahtie pereewatet phase oF ap e VWateH§alids suspension and an
oil phase;greproduced, A variant consisting of mixing with hydrophilic functional solid particles
operates similarly to the first variant in that the suspension consists of solid matter and water and the
oil phase can be separated off in pure form. The advantage of 4

The functional solid particles are generally surface treated
so that they have either a hydrophobic or a hydrophilic
surface effect. The formation of larger drops, either of oil
or water, necessary for phase separation between o0il and water
is not produced as in the prior art by droplet vibration
wherein the droplets come into contact, but by attachment of
the functional solid particles either only to the oil droplets
and not to the water droplets, or only to the water droplets

and not to the oil droplets.

For the solid particles, magnetizable materials are used, e.g.
natural or artificially produced magnetite, having grain sizes
typically in the region of the initial droplet sizes. By
placing a resulting suspension consisting of functional solid
particles and either attached oil drops or attached water
drops in a magnetic field, the particles surrounded by an oil
or water film, as the case may be, combine to form larger
agglomerates, thereby expelling either the water or the oil.
Either a pure o0il/solids suspension and a pure water phase or

a pure water/solids suspension and an oil phase are produced.

A variant consisting of mixing with hydrophilic functional
solid particles operates similarly to the first variant in
that the suspension consists of solid matter and water and the

0il phase can be separated off in pure form. The advantage of



this is that the separation of functional solid particles can take place in a liquid having low viscosity. In
another variant, hydrophobic and hydrophilic solid particles are introduced simultaneously, so that both
a magnetizable oil-rich suspension and a magnetizable water-rich suspension are formed which have
sharp phase boundaries and are separated from one another in separate magnet arrangements. For
the case that the functional solid particles are nonmagnetic or only weakly magnetic, so that they differ
from one another only in respect of hydrophobzczty/hydrophilzczty in order to have an affinity for the
oil and water respectively, a gravity method can be used to produce the pure phase in each case. This

s used fgr (e respestiye agglomerarion.of sither of dronlets,ar waiet fronlels andiiodorm,
corresponding agglomerates. If functional so |d particles are a to an o Water emulsion,
separaticrebetwebnasi| amd waterc@andbd avhiaved by te ﬁﬂféml@fw,-wherem the water holds additional
substances in solution. The essential advantage of this is that complex/costly downstream purifying
processes can be made much simpler and less expensive. Detailed exemplary embodiments will now
be describedanRiER o NGtinARthe StopEGTIRE ivention byt Arerelyrépreseht ddvantageous

embodiments:; 5 field, copstant oralternating figld. in contrast thereto,the ipyention utilizes the fact
that functional solid particles can be admixed to an emulsion in order to achieve selective

agglomeFaRHNC & if oF bt oP bf Watéin HrceiFRvaier endision. magnetizable water-rich

suspension are formed which have sharp phase boundaries and
are separated from one another in separate magnet

arrangements.

For the case that the functional solid particles are non-
magnetic or only weakly magnetic, so that they differ from one
another only in respect of hydrophobicity/hydrophilicity in
order to have an affinity for the oil and water respectively,
a gravity method can be used to produce the pure phase in each
case. This i1s used for the respective agglomeration of either
0il droplets or water droplets and to form corresponding

agglomerates.

If functional solid particles are added to an oil/water
emulsion, separation between oil and water can be achieved by
the invention, wherein the water holds additional substances
in solution. The essential advantage of this is that
complex/costly downstream purifying processes can be made much

simpler and less expensive.

Detailed exemplary embodiments will now be described which do
not limit the scope of the invention but merely represent

advantageous embodiments:

The core aspect of the invention is that it obviates the need

for energy-intensive agglomeration in an electric or magnetic



Magnetizable particles such as magnetite (Fe304) or non-magnetizable particles such as sand (SHOJ
can be used as suitable materials for the functional solid particles. The method utilizes the fact that
these particles, winch are surface treated accordingly in order to have a desired functionality,
selectively attach themselves to the oil droplets or to the water droplets, but do not combine with the
respective other kind of droplets. If the resulting suspension, winch represents a suspension of solids
in a liquid, is placed in a magnetic field, the magnetic particles coated with an oil film combine, if they
are hydrophobic, to form larger agglomerates, causing the water to be expelled and enabling it to be
separated .off, The y pure qil/ ' epsi s sych pr r of the high
density o? :tLt%el %’ag%%gtﬁ%saé%ﬁeso %e%#%%ﬂvgat?gf&rhgeﬁa%ﬁio% S%Fgﬁﬁ%%gr'%c ﬁ%n%%%%ht,%%articular
magnetiteNissepardated froh tees oit Irea heagneticseparatok Inpatticiddrl @ magriaticlseparator having
a magnefically generatedmoving field is used-here,, However, ather magpetic; separatars according to
the prior art can also be used, e.g. magnetic drum separators, belt separators, or high-field or
high-gradieat.saisarators havinghormallp bf sapercdndaétiny fidldavingihgdwste s particularly
advantagegusdf the functional solid particles are non-magnetic or only weakly magnetic and
agglomerate water droplets to larger drops and to a water phase. The differentiation is essentially
between a hydrophobic or hydrophilic surface in order, on the one hand, to combine oil droplets to
form larger greps; or. gndhe ptherdand, Lo, bindthem. &0k the ease-thas,thefungtignal solid particles
are nonmagnetic or only weakly magnetic, a gravity method is used to produce a pure phase, of either

water or BASTHE 4239 {EdERdify thé F8speveygidimeratés i thé ékieRE thit vk pdre phases are

enlargeddayieoaet and-eambinatien of thesingividual sikapletstofarmp drepsaad thergfore constitute
the agglomerates. Sul-table processes occur, for example, in hydrocylones and in continuously

opera-L. PE1§Affraéentifiges t88 in" 4 dbcaheiifaRiT or it Edmparablé alahgéfients. The

functionad selith particlessingaduced Hie the separatioaproeessmeauseaggiemetation to proceed

without DC or AC fields. On the other hand, fore%]n %Oi%%s which are exged#%]tlﬁ,r claimed in a
B&d. T e b

suitable re&)Siing Procesy lie> aré basitany sé HSS mifotiue rocess by the solid

particles dhapspecifiocase; magnetie partictesarerrecyeled inlthiawaycandeternedtd the process.

In some cases og residu% remginir(llg or%trgje gartic es must be removed by suitable techniques such
IFSgéC lY@ O er in O r Ple S . } . .

as thermal vaporization or by chemical means tn order to be able to re-use the magnetite particles.

If the resulting suspension, which represents a suspension of
solids in a liquid, is placed in a magnetic field, the
magnetic particles coated with an o0il film combine, if they
are hydrophobic, to form larger agglomerates, causing the
water to be expelled and enabling it to be separated off. The
largely pure oil/magnetite suspension as such produced as a
result of the high density of the magnetite settles below the
water. The functional solid particle component, in particular
magnetite, is separated from the o0il in a magnetic separator.
In particular, a magnetic separator having a magnetically
generated moving field is used here. However, other magnetic
separators according to the prior art can also be used, e.qg.
magnetic drum separators, belt separators, or high-field or
high-gradient separators having normally or superconducting

field windings.



7 the method described, the resulting advantage is that separation of the magnetic particles can take
place in a less viscous liquid such as water Instead of oil. In general, both water and the magnetic
particles have a higher density than the oil to be separated off, so that also in this case a clear
separation is produced between a lower water/magnetite suspension and a purified oil layer above Jct.
As larger volume units of the functional solid particles are to be used, a suitable solid having
appropriate properties must be found. Magnetite, for example, also known as magnetic Iron ore, is
particularly suitable. This is mineral from the oxide class of minerals and constitutes the most stable

compound.otcon and pxygen Becayse.of the high Ifan £aarent g L9 aboul 0%, magnetite is one

of the most Important Iron ores raw materials for ectrical Industry. Another suitable material

is sand (8202 isilicon dlogldey fomegamplec This israkvantsyebusnagsaind & avallable in sufficient

q“a”“tie%?&?%&j‘é%% Selidnaricles hayingapprgpriate Q{%;psgzg%aarwey%%ep- Surface

treatment for hydrophoblzatlon or hydrophillzatlon is possible. A significant advantage is that,
assumin@aafRsroughemikiryf 6t termiision with ArREibhaksolid peeticiesthe essential constituents of

the emulsion.canhe sepayated even it the emulationds already srpngly filuied. Belaively pure
material flows, of either oil or water, can therefore be achieved. This obviates the need for
complex/eBsthPBEWAStrearh (deaming pPocedsés Whict E4if be THARS nitich Simpléranttiess expensive.
In particulan, a0t eplyrenesgy-efficient agglomeration but also more effective separation within the
overall process can be achieved. 8 All kinds of particles in the nanometer or micrometer range can
generally be coated using suitable technologies. In particular, additional chemical or physical functions

can be Impartethe case that the functional solid particles are non-
magnetic or only weakly magnetic, a gravity method is used to
produce a pure phase, of either water or oil. The aim is to
densify the respective agglomerates to the extent that the
pure phases are enlarged by contact and combination of the
individual droplets to form drops and therefore constitute the
agglomerates. Suitable processes occur, for example, in
hydrocylones and in continuously operating ultracentrifuges,

as in a decanter/tricanter or in comparable arrangements.

The functional solid particles introduced into the separation
process cause agglomeration to proceed without DC or AC
fields. On the other hand, foreign bodies which are
expediently reclaimed in a suitable recycling process, i.e.
are basically scrubbed, are also introduced into the process
by the solid particles. In a specific case, magnetite
particles are recycled in this way and returned to the
process. In some cases, 0il residues remaining on the
particles must be removed by suitable techniques such as
thermal vaporization or by chemical means in order to be able

to re-use the magnetite particles.

For example, if hydrophilized magnetite particles are used,

and if the water phase is separated from the o0il similarly to



9 Claims 1. A method for separating oil and water from an oil/water emulsion by agglomerating oil
droplets and/or water droplets to form larger drops in each case, and by phase separation between oil
and water under gravitational forces, characterized in that, to agglomerate oil droplets and/or water
droplets, the oil/water emulsion is mixed with functional solid particles, wherein the functional solid
particles are hydrophoblzed for the agglomeration qf oil droplets or hydrophllized for the agglomeration
of water droplets. 2. The method as claimed in claim 1, characterized in that the functional solid
particles are magnetic or magnetizable. 3. The method as claimed in claim 1 or 2, characterized in

that the fgggti% l§8lci1d grsti(gjfeisp%%sis&? m%%n%@ 9 siclji glg ide. 4. The @ethod as claimed in
one of the preceding claaims, charact'erizeé in that %répho%%an?%drlopr;llrtl?éafunctional solid particles
are simukgmecustyL itrodficed esonthat oty a pragnietizablecaikricia saspeision and a nagnretizable

Wateir'_”cbdﬁgéBﬁ%Si?ri‘ gg fermedwingh have, sharp phase ppupdaries; hetween them. 5, The method
asca"n%aggr and the magnetic particles have a higher density than
the 0il to be separated off, so that also in this case a clear
separation is produced between a lower water/magnetite

suspension and a purified o0il layer above it.

As larger volume units of the functional solid particles are
to be used, a suitable solid having appropriate properties
must be found. Magnetite, for example, also known as magnetic
iron ore, is particularly suitable. This is mineral from the
oxide class of minerals and constitutes the most stable
compound of iron and oxygen. Because of the high iron content
of up to about 70%, magnetite is one of the most important
iron ores and raw materials for the electrical industry.
Another suitable material is sand (Si0O;, silicon dioxide), for
example. This is advantageous, as sand is available in
sufficient quantities at low prices. Solid particles having
appropriate grain sizes can be produced. Surface treatment for

hydrophobization or hydrophilization is possible.

A significant advantage is that, assuming a thorough mixing of
the emulsion with functional solid particles, the essential
constituents of the emulsion can be separated even if the
emulation is already strongly diluted. Relatively pure
material flows, of either o0il or water, can therefore be
achieved. This obviates the need for complex/costly downstream
cleaning processes which can be made much simpler and less
expensive. In particular, not only energy-efficient
agglomeration but also more effective separation within the

overall process can be achieved.



one of the preceding claims, characterized in that phase separation is Increased by mixing the
oil/water emulsion with functional

All kinds of particles in the nanometer or micrometer range
can generally be coated using suitable technologies. In

particular, additional chemical or physical functions can be

imparted.



solid particles to produce agglomerates of oil droplets and/or water droplets. 10 6. The method as
claimed in one of the preceding claims, characterized in that phase separation is increased by placing
a suspension consisting of an oil/magnetite phase or a water/magnetite phase, and resulting from
single or multiple precipitation, in a magnetic field. 7. The method as claimed in one of the preceding
claims, characterized in that the separation of magnetic functional solid particles from the oil or water
takes place in a magnetic separator. 8. The method as claimed in one of the preceding claims,
characterized in that separating off a water component after phase separation simultaneously results
in the rereg\ﬁlmosf dissolved mineral substances, as these preferably separate in the water.

1. A method for separating oil and water from an oil/water
emulsion by agglomerating oil droplets and/or water droplets
to form larger drops in each case, and by phase separation
between o0il and water under gravitational forces,
characterized in that, to agglomerate o0il droplets and/or
water droplets, the oil/water emulsion is mixed with
functional solid particles, wherein the functional solid
particles are hydrophobized for the agglomeration of oil
droplets or hydrophilized for the agglomeration of water

droplets.

2. The method as claimed in claim 1, characterized in that the

functional solid particles are magnetic or magnetizable.

3. The method as claimed in claim 1 or 2, characterized in
that the functional solid particles consist of magnetite or

silicon dioxide.

4. The method as claimed in one of the preceding claims,
characterized in that hydrophobic and hydrophilic functional
solid particles are simultaneously introduced, so that both a
magnetizable oil-rich suspension and a magnetizable water-rich
suspension are formed which have sharp phase boundaries

between them.

5. The method as claimed in one of the preceding claims,
characterized in that phase separation is increased by mixing
the oil/water emulsion with functional solid particles to

produce agglomerates of oil droplets and/or water droplets.



9. The method as claimed in one of the preceding claims, characterized in that the respective
agglomerate is densified by a gravity method. 10. The method as claimed in one of the preceding
claims, characterized in that separating off a water component after phase separation is
simultaneously used to remove dissolved mineral substances which preferably dissolve in the water.
11. The method as claimed in claim 10, characterized in that the mineral substances are sulfides or
chlorides, for example. 12. The method as claimed in one of the preceding claims, characterized in
that the functional solid particles are 11 separated off after being used to separate an emulsion from

the resulténg ,?H%p%st%%gng are, ﬂelr}nre&yglled Tpegﬂgt geacse(aa a? ?ﬂ e of the preceding

claims, characterized in that non-magnetic or on Weakly magnetic function partlcles are used
and a gravigraethodiis ededno preducera paresslt@aS@WGIdeiiﬁ) densifyathe despeative diggtomerates

to the extent (hat the pufe BRI camRing-Anonat Goniagk af droalets gy oghicg larger
9 water/magnetite phase, and resulting from single or multiple

precipitation, in a magnetic field.

7. The method as claimed in one of the preceding claims,
characterized in that the separation of magnetic functional
solid particles from the oil or water takes place in a

magnetic separator.

8. The method as claimed in one of the preceding claims,
characterized in that separating off a water component after
phase separation simultaneously results in the removal of
dissolved mineral substances, as these preferably separate in

the water.

9. The method as claimed in one of the preceding claims,
characterized in that the respective agglomerate is densified

by a gravity method.

10. The method as claimed in one of the preceding claims,
characterized in that separating off a water component after
phase separation is simultaneously used to remove dissolved

mineral substances which preferably dissolve in the water.

11. The method as claimed in claim 10, characterized in that

the mineral substances are sulfides or chlorides, for example.

12. The method as claimed in one of the preceding claims,

characterized in that the functional solid particles are



14. A device for separating oil and/or water from an oil/water emulsion, comprising at least one
magnetic separator having a moving magnetic field. 15. The apparatus as claimed in claim 14, which
comprises at least one magnetic separator having an electromagnetically generated moving field. 16.
The apparatus as claimed in one of claims 14 or 15, winch comprises at least one magnetic separator
such as a magnetic drum separator, belt separator,qr high-field or high-gradient separator.

separated off after being used to separate an emulsion from

the resulting suspension and are then recycled.

13. The method as claimed in one of the preceding claims,
characterized in that non-magnetic or only weakly magnetic
functional solid particles are used and a gravity method is
used to produce a pure phase in order to densify the
respective agglomerates to the extent that the pure phases
combine through contact of droplets to produce larger

agglomerates.

14. A device for separating oil and/or water from an oil/water
emulsion, comprising at least one magnetic separator having a

moving magnetic field.

15. The apparatus as claimed in claim 14,
which comprises at least one magnetic separator having an

electromagnetically generated moving field.

16. The apparatus as claimed in one of claims 14 or 15,
which comprises at least one magnetic separator such as a
magnetic drum separator, belt separator or high-field or high-

gradient separator.



