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METHOD AND APPARATUS FOR SEPARATING METAL VALUES
BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION
[0001]  The present invention relates to mineral processing, and more particularly, to a
method and apparatus for separating metal values, such as nickel and nickel compounds,

from mineral ores, including lateritic ores.

DISCUSSION

[0002)  Nickel is an important element and is used in a variety of products. It is often
combined with other metals to form stainless steels and alloy steels, nonferrous and high
temperature alloys. It is also used in electroplating, catalysts, ceramics and magnets.
[0003) Though nickel can be found in many different types of mineral deposits,
currently only sulfide ;md lateritic ores can be mined economically using existing
technology. In sulfide ores, nickel, iron and copper comprise a physical mixture of distinct
minerals. This allows producers to concentrate the nickel present in sulfide ores using
mechanical techniques, such as flotation and magnetic separation. Lateritic ores have a
significantly different structure than sulfide ores. As a result, nickel producers cannot use
straightforward mechanical or physical separation techniques to concentrate the nickel in
lateritic ores, but instead must use chemical separation techniques.

[0004]  One of the most promising chemical methods for obtaining nickel values from
lateritic ores is called high pressure acid leaching. In the method, crushed and sized
lateritic ore is placed in a pressure vessel with sulfuric acid. The mixture is agitated at high
temperature and high pressure (e.g., 280°C, 5.4 MPa) to leach out nickel and cobalt. The
resulting liquid phase, which includes dissolved nickel and cobalt, undergoes further
processing 10 separate nickel and cobalt.

[0005] Though a useful technology, high pressure acid leaching suffers certain
disadvantages. As currently practiced, high pressure acid leaching is carried out in a batch-
wise manner. Since nickel comprises only about one percent of a typical lateritic ore, the
pressure vessel must be charged with large amounts of ore—e.g., one hundred tons of
ore—1o meet daily production requirements. This resuits in a large capital outlay for
equipment. As compared 1o mechanical 1echniques, operating costs are high because the

entire mixture must be heated to relatively high 1emperatures to extract a significant
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fraction of nickel and cobalt from the solid phase. Finally, disposal of spent sufuric acid
Taises environmental concemas.
[0006) The present invention overcomes, or at least mitigates, one or more of the -

problems described above.
SUMMARY OF THE INVENTION

[0007] The present invention provides methods and apparatuses for separating metal
values, such as nickel and nickel compounds, from mineral ores, including lateritic ores.
The inventive methods use physical processes to concentrate metal values and therefore do
not raise environmental concems associated with chemical processing. In addition, the
methods are adapted to continuously process ores, which results in lower capital outlays
than batch operations. Finally, the disclosed invention utilizes microwave/millimeter wave
technology to selectively heat components of the ore, which helps conserve energy
resources,

[0008] One aspect of the invention thus provides a method of separating components of
a mixture of particles, which is comprised of at least a first group of particles and a second
group of particles. Group members have similar chemical composition, while particles
belonging to different groups have dissimilar chemical compositions. The method also
includes exposing the mixture of particles to microwave/millimeter wave energy in order 1o
differentially heat the first and second group of particles, thereby increasing the difference
in magnetic susceptibility between the first and second group of particles. Finally, the
method comprises exposing the mixture of particles through a magnetic field gradient,
which causes the particles to separate into first and second fractions. The first and second
fractions have, respectively, greater percentages of the first and second groups of particles
than the mixtre. '

[0009] A second aspect of the invention provides a method of concentrating nickel
values of a lateritic ore. The method comprises providing a Jateritic ore comprised of a
mixture of particles, and exposing the lateritic ore to microwave/millimeter wave energy in
order to selectively heat particles that contain substantial amounts of nickel values. The
exposure (0 microwave/millimeter wave energy increases the difference in magnetic P
susceptibility between the parr.if:les that contain substantial amounts of nickel values and

particles that do not. In addition, the method includes exposing the lateritic ore through a

S,
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magnetic field gradient, which causes at least some of the particles that contain substantial
amounts of nicke] values to separate from the mixture of particles.

[0010] A third aspect of the invention provides an apparatus for separating components
of a mixture of particles. The apparatus includes a vessel having an interior for containing
the mixture of particles during processing, and an energy system coupled to the vessel for
exposing the mixture of particles 10 microwave/millimeter wave energy. The apparatus
also includes a magnetic separator that communicates with the interior of the vessel. The
magnetic separator is adapted to separate magnetic particles from non-magnetic particles.
[0011] A fourth aspect of the invention provides an apparatus for continuously
separating components of a mixture of particles. The apparatus includes a vessel for
containing the mixture of particles during processing. The vessel has a first end and a
second end and an inlet located adjacent to the first end of the vessel that permits entry of
the solid particles into the vessel. The apparatus also includes a gas distributor that is
disposed within the vessel for fluidizing the mixture of particles, and an energy system that
is coupled to the vessel for exposing the mixture of particles to microwave/millimeter wave
energy. Finally, the apparatus also includes 8 magnetic separator, which is located adjacent
the second end of the vessel and which is used to separate magnetic particles from non-
magnelic particles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is ablock diagram showing a method of separating components of a
mixture of particles.

[0013]  FIG. 2 is a block diagram showing a method of concentrating nicke] values of a
lateritic ore.

{0014] FIG. 3 is schematic view of an apparatus for separating metal values, such as

nickel, {rom a mineral ore, including 2 lateritic ore.
DETAILED DESCRIPTION

[0015]  FIG. 1 provides an overview of a method 10 of separating components of a
mixture of particles. The method relies on heating groups of particles to different
lemperatures using microwave/millimeler wave energy, and then exploiting changes in

magnelic susceptibility among the panicles—resulting from the temperature differences—

—3—



WO 03/072838 PCT/US03/04749

to effect a magnetic separation of the groups of particles. The method can be used to
extract metal values from mineral ores that ordinarily are not amenable to physical
separation techniques. For example, and a8 discussed below, the method can be used to
concentrate nicke] values from lateritic ores without the high temperatures, high pressures,
and harsh acidic conditions associated with acid Jeaching. Unless clear from the context of ',
the discussion, the terms “nickel,” “cobalt,” and “iron™ or “nickel values,” “cobait values,”
and “iron values,” etc. may refer, respectively, to nickel, cobalt and iron atoms or to
compounds that contain nickel, cobalt and iron atoms.

[0016) As shown in FIG. 1, the method 10 includes providing 12 a mixture of particles
in an enclosure, vessel or cavity. The mixture of particles is comprised of at least a first
group of particles and a second group of particles. Individual particles that belong to a
particular group—i.e., first group, second group, etc.—have similar chemical composition,
whereas particles that belong to different groups have dissimilar chemical compositions.
Thus, for example, crushed and sized lateritic ore may comprise a first group of particles
that contain predominantly nickel oxide, a second group of particles that contain
predominantly cobalt oxide, a third group of particles that contain iron oxide (FeO) and a
fourth group of particles that contain comparatively valueless earth (gangue). Individual
nickel oxide, cobalt oxide or iron oxide particles may include gangue, as well as minor
portions of other metal oxides.

[0017]  Besides providing a mixture of particles, the method 10 also includes exposing
14 the mixture to microwave/millimeter wave energy. Since dissimilar substances
generally absorb microwave/millimeter wave radiation in differing amounts, exposing the
mixture of particles to microwave/millimeter wave radiation, results in differential or
selective heating of the groups of particles. Moreover, for many substances, including
ferromagnetic and antiferromagnetic materials, magnetic susceptibility (i.e. the ratio of the
induced magnetization to magnetic field intensity) depends on the temperature of the
material. For instance, a ferromagnetic material will lose all magnetic properties above its
Curie temperature and an antiferromagnetic material will exhibit maximum magnetic
susceplibility at its Néel temperature. Nickel oxide, for example, should exhibit maximum
magnetic susceptibility at its Néel temperature, which ranges from about 260°C to about
377°C, and FeO should exhibit maximoum magnetic susceptibility at its Néel temperature,
which is about -75°C.
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[0018]  As noted above, the method 10 shown in FIG. 1 utilizes changes in magnetic
susceptibility among the particles 10 separate the groups of particles. Thus, the method 10
includes exposing 16 the mixture of particles to a magnetic field gradient, which causes the
particles to separate into {irst and second fractions. The first and second fractions are
comprised primarily of the first and second groups of particles, respectively. Thus, for
example, the first group of particles may comprise nickel oxide particles, which have been
selectively heated to about their Néel temperature. The second group of particles may
comprise gangue (e.g., silicon dioxide) and the like which have been heated to a lesser
extent. When the mixture of particles are exposed to the magnetic field gradient, the nickel
oxide particles tend to align themselves with the lines of force that comprise the magnetic
ficld gradient, whereas the non-nickel particles remain relatively unaffected by the
magnetic field gradient. Since the nicke] oxide particles follow the lines of magnetic force,
the method 10 diverts nickel oxide particles away from the primary flow direction of the
mixture of particles.

[0019]  Effective separation will depend on many factors, including the size distribution
of the mixture of particles, differences in magnetic susceptibility among the groups of
particles, the intensity of the applied magnetic field gradient, and so on. Depending on the
type of magnelic separator used, the particle sizes of the base material (e.g., the mineral
ore) usually range from about 10" microns to about 10* microns. For high gradient
magnetic separators, which can apply magnetic field gradients up to about 25 x 10° G/cm,
the particle sizes of the base material typically fall within the lower portion of the particle
size range—i.e., from about 10" microns to about 10? microns. For other types of dry
magnetic separators, which can apply magnetic field gradients between about 10° G/cm
and 10° G/cm, the particles sizes of the base material ordinarily fall within the upper
portion of the particle size range.

[0020] In many cases, only one of the groups of particles will exhibit measurable
magnetic susceptibility following exposure to microwave/millimeter wave energy and that
group will be the valuable component. In other cases, the valuable component may exhibit
negligible magnetic susceptibility, while the remaining particles are magnetic. In instances
when two or more groups of particles exhibit substantial magnetic susceptibility, and only
one of the group of particles is of interest, microwave/millimeter wave exposure can be

adjusted 10 maximize the differences in magnetic susceptibility among the particles of
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interest and the other particles of the mixture. Since the magnitude of magnetic
susceptibility of a material at its Néel temperature is generally weaker than a ferromagnetic
material below its Curie temperature, the method 10 ofien employs a high gradient
magnetic separator.

[0021] The method 10 may include other optional steps. For example, the method 10
may include contacting the mixture of particles with an inert or reactive gas. Such
contacting may be desirable for many reasons. For example, the method 10 may employ a
gas to fluidize the particles, which as described below, helps convey the mixture of
particles throngh process equipment. Altematively or additionally, the method 10 may use
a gas to strip impurities from the solid particles, to form desired reaction products, and the
like.

[0022] Turning now to an exemplary application, FIG. 2 illustrates a method 100 of
concentrating nickel values of a lateritic ore. It should be noted, however, that with
suitable modification the method 100 could be used to concentrate many different metal
values from a variety of mineral ores. As shown in FIG. 2, the method 100 includes
providing 102 a lateritic ore comprised of a mixture of particles. This step may comprise a
variety of tasks, including extraction of the lateritic ore from the earth, transportation and
storage of the mined ore, and the like. In addition, since effective magnetic separation
requires that the component or components of interest comprise discrete particles, the
providing step may include liberating the component of interest from the ore matrix—here,
nickel oxide-—by crushing, grinding (if necessary), and sizing (e.g., screening) the ore
particles.

[0023]  After the particles are crushed and ground to the requisite size, which for a
typical lateritic ore is less than about 20 mesh or about 1.3 mm, the ore is exposed 104 10
microwave/millimeter wave energy in order to selectively heat particles that contain
substantial amounts of nickel values. By selectively heating the nickel oxide particles, the
oethod 100 increases the difference in magnetic susceptibility between particles that
contain substantial amounts of nickel values and particles that do not. For nickel oxide,
this corresponds to heating the particles to their Néel temperature, which is between about
260°C and 377°C. It should be understood that the nickel oxide particles could be heated
10 temperatures different than the Néel iemperature (e.g., between 150°C and 300°C) so

long as they attain the desired level of magnetic susceptibility.
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[0024]  The method 100 also includes exposing 106 the lateritic ore to a magnetic field
gradient, which causes at least some of the particles that contain substantial amounts of
nickel values to separate from the mixture of particles. Besides nickel values, lateritic ores
generally contain other metal values, which will likely have been selectively heated to a
temperature different than their Néel temperatures. These particles may retain residual
magnelic susceptibility so that during the magnetic separation step, some of them may be
entrained by the nickel oxide particles. The resulling concentrated nickel values, and
perhaps a small fraction of entrained metal values, may undergo further processing
(refining, smelting, etc.) or can be sold as a finished product.

[0025]  FIG. 3 shows an apparatus 200 that can be used carryout the processes 10, 100
shown in FIG 1 and FIG. 2, respectively. The apparatus 200 comprises a vessel 202, which
contains the mixture of particles (e.g., crushed and sized ore) during processing. As
indicalcd by arrows 204, 206, the mixture of particles and a gas (typically compressed air,
which may be cooled or hesated) enter the vessel 202 via ports 208, 210 at a first end 212 of
the vessel 202. The gas dumps into a plenum 214 and flows upward through a gas
distributor 216 (i.e., grating or perforated plate) that spans the distance between the sides
and the first 212 and second 218 ends of the vessel 202,

[0026]  The solid particles, which are shown schematically as circles 220 in FIG. 3,
travel from the first 212 to the second 218 ends of the vessel 202 along the gas distributor
216. Tou help convey the solid particles 220 between the ends 212, 218 of the vessel 202,
the gas flowing upward through the distributor 216 lifts the particles 220, producing a
fluidized bed 222 that behaves in 8 manner similar to a liquid. The gas used to fluidize the
particles 220, flows into a disengaging space 224 and exits the vessel 202 via a port 226. A
conduit 228 channels the gas into a dust separator 230 (e.g., cyclone) that remaoves any
entrained solids 232 from the gas stream 234. In addition to acting as a fluidizing medium,
the gas may strip off impurities, provide a surface coating, react to form a desired product,
and so on.

{0027]  The apparatus 200 includes an energy system 236, which can be used to expose
the particles 220 to microwave/millimeter wave energy via a radiative technique. The
system 236 includes a source 238 of microwave/millimeter wave energy and an applicator
240, which is disposed within the vessel 202. The system 236 also includes a waveguide

242, which directs the microwave/millimeter wave energy from the source 238 to the
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applicator 240. As used in this disclosure, microwave/millimeter wave energy refers to
energy having frequencies as low as 100 MHz to as high as 3000 GHz. For a discussion of
useful systems for generating and applying microwave/millimeter wave energy to process
matesials, see U.S. Patent Nos. 4,894,134; 5,784,682; and 6,090,350, which are herein
incorporated by reference in their entirety and for all purposes.

[0028]  As can be seen in FIG. 3, after the particles 220 have been differentially heated
through exposure to microwave/millimeter wave energy from the applicator 240, they
reach the second end 218 of the vessel 202 where they pass through a magnetic separator
244, As indicated by arrows 246, 248, the magnetic separator diverts magnetic particles
250 (i.e., those having a threshold magnetic susceptibility) away from the non-magnetic
particles thereby concentrating the magnetic particles (or non-magnetic particles). As
noted above, high gradient magnetic separators are especially useful, but depending on the
magnetic susceptibility of the magnetic particles 250, other devices can be used. For a
discussion of useful magnetic separators, see Robert H. Perry and Don W. Green, "Perry's
Chemical Engineer's Handbook,” pp. 19-40 to 19-49 (7th Ed., 1997).

[0029] Although the apparatus 200 shown in FIG. 3 utilizes a fluidized bed 222 10
convey individual particles 220 between the ends 212, 218 of the vessel 202, other devices
can be used. For example, some embodiments may use moving belts, which can be
coupled 10 a magnetic pulley at the second end 218 of the vessel 202 for carrying out the
magnetic separation. Other embodiments may rely on gravity 1o convey particles and may
include a gas distribution sysiem for contacting the particles with an inert or reactive gas 10
strip impurities from the particles, form desired reaction products, modify the surfaces
properties of the particles, and the like. The apparatus 200 shown in FIG. 3 is adapted to
continuously process mixtures of particles, which minimizes the requisite size of the vessel
202 and hence capital expenditures. However, other apparatuses may be used that operate
in a batch or semi-batch mode, which would likely result in higher capital and labor costs,
but may result in greater recovery of the material of interest.

[0030]  Other embodiments may channel the magnetic particles 250 into a second
vessel (not shown) where the particles 250 undergo further treaiment. Like the apparatus
200 shown in FIG. 3, the second vessel may include the necessary structures for heating
the particles 250 (e.g., microwave/millimeter wave source) and for contacting the magnetic

particles 250 with an inert or reactive gas (e.g., gas distributor). Such an apparatus could
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employ a gas that may be the same as or different than any fluidizing gas used, and which
includes sulfur (e.g., hydrogen sulfide) in order to convert nickel oxide to nickel sulfide.
[0031] It should be understood that the above description is intended to be illustrative
and not limiting. Many embodiments will be apparent to those of skill in the art upon
reading the above description. Therefore, the scope of the invention should be determined,
not with reference to the above description, but instead with reference to the appended
claim, along with the full scope of equivalents to which such claim is entitled. The
disclosures of all patents, articles and references, including patent applications and
publications, if any, are incorporated herein by reference in their entirety and for all

purposes.
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WHAT IS CLAIMED IS:

1. A method of separating components of a mixture, the method comprising:

providing a mixture of particles, the mixture comprised of at least a first group of
particles and a second group of particles, the first group of particles having a different
chemical composition than the second group of particles;

exposing the mixture of particles to microwave/millimeter wave energy in order to
differentially heat the first and second group of particles, thereby increasing the difference
in magnetic susceptibility between the first and second group of particles; and

exposing the mixture of particles to a magnetic field gradient, the magnetic field
gradient causing the particles to separate into first and second fractions, the first fraction
having a greater percentage of the first group of particles than the mixture, and the second
fraction having a greater percentage of the second group of particles than the mixture.

2. The method of claim 1, wherein the mixture of particles is a lateritic ore.

3. The method of claim 1, wherein the first group of particles includes one cr

more metal values.

4. The method of claim 3, wherein exposing the mixture of particles to
microwave/millimeter wave energy further comprises heating at least a portion of the first

group of particles to approximately the Née) temperature of one of the metal values.

5. The method of claim 3, wherein the first group of particles includes one or

more nickel values.

6. The method of claim 1, further comprising a third group of particles that

includes one or more cobalt values.

1. The method of claim 1, further comprising contacting the mixture of

particles with a gas,

8. The method of claim 1, further comprising fluidizing the mixture of

particles.
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0. A method of concentrating nickel values of a lateritic ore, the method
comprising:

providing a lateritic ore comprised of a mixture of particles;

exposing the lateritic ore to microwave/millimeter wave energy in order to
selectively heat particles that contain substantial amounts of one or more nicke] values,
thereby increasing the difference in magnetic susceptibility between the particles that
contain substantial amounts of nickel values and particles that contain insubstantial
amounts of nickel values;

exposing the lateritic ore 10 a magnetic field gradient, causing at least some of the
particles that contain substantial amounts of nickel values to separate from the mixture of

particles.

10. The method of claim 9, wherein the nickel values are nickel oxides.

11.  The method of claim 9, wherein exposing the mixture of particles to
microwave/millimeter wave energy further comprises heating at least a portion of the
particles that contain substantial amounts of nickel values to approximately the Néel

temperature of at least one of the nickel values.

12. The method of claim 9, wherein exposing the mixture of particles to
microwave/millimeler wave energy further comprises heating at least a portion of the
particles that contain substantial amounts of nickel values to a temperature of at least about
150°C.

13.  The method of claim 9, wherein exposing the mixture of particles to
microwave/millimeter wave energy further comprises heating at least a portion of the
particles that contain substantial amounts of nickel values 10 a temperature of at least about
250°C.

14.  The method of claim 9, further comprising contacting the mixture of
particles with a gas.

15.  The method of claim 9, further comprising fluidizing the mixture of

particles.
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16.  An apparatus for separating components of a mixture of particles, the
apparatus comprising:

a vessel having an interior for containing the mixture of particles during processing;

an energy system coupled to the vessel for exposing the mixture of particles to
microwave/millimeter wave energy; and

a magnetic separator communicating with the interior of the vessel for separating

magnetic particles from non-magnetic particles.

17.  The apparatus of claim 16, further comprising a gas distributor for
contacting the mixture of particles with a gas.

18.  The apparatus of claim 16, further comprising a gas distributor for fluidizing

the mixture of particles.

19.  The apparatus of claim 16, further comprising a second vesse] having an

interior in communication with the magnetic separator.

20.  The apparatus of claim 19, further compriéing a gas distributor for

contacting particles contained in the interior of the second vessel with a gas.

21.  The apparatus of claim 20, further comprising a source of gaz in fluid
communication with the gas distributor, wherein the source of gas includes sulfur or a

sulfur containing compound.

22.  The apparatus of claim 19, further comprising a gas distributor for fluidizing

particles contained in the interior of the second vessel.
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23.  An apparatus for separating components of a mixture of particles, the
apparatus comprising:

a vessel for containing the mixture of particles during processing, the vessel having
a first end and a second end and an inlet Jocated adjacent 1o the first end of the vessel that
permits entry of the solid particles into the vessel;

a gas distributor disposed within the vessel for fluidizing the mixture of particles;

an energy system coupled to the vessel for exposing the mixture of particles to
microwave/millimeter wave energy; and

a magnetic separator located adjacent the second end of the vessel for separating

magnetic particles from non-magnetic particles.
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RU Russian Federation, TJ Tajikistan, TM Turkmenistan, and any othu State which is a Contracting State of the Eurasian
Patent Convention and of the PCT

B er Eurcpean Patent: AT Austrin, BE Belgium, CH & LI Switzerland and Ln:ln:nsu:m. CY Cyprus, DE Germany,
DK Denmark, ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece, 1E Ireland, IT Italy, LU Luxerabourg,
MC Monaco, NL Netherlands, PT Portugal, SE Sweden, TR Turkey, and any other State which is a Contrecting State of
the European Patent Convention and of the PCT

B OA OAPIPatent: BF Burkina Faso, BJ Benin, CF Central African Republic, CG Congo, CI Céte d'Ivoire, CM Cameroon,
GA Gabon, GN Guinea, GQ Equstorial Guinea, GW Guinea-Bisssu, ML Mali, MR Mauritanis, NE Niger, SN Senegal,
TD Chad, TG Togo, and any other State which is a member State of OAP] and a Contracting State of the PCT (f other kind

of profeciian or treatment desired, specifyondotted Bme) . . . .......ccniiiiiii i isireniia e nraaarneny

National Patent (f other kind of protection or treaiment desired, xpecify on dotied fing):
® AE Unitcd Arsb Emirstes B GM Gambia 0 NZ New Zealand ................
B AG Antigus and Barbuda B HRCroatia .....ocoeveannnnn.. -. B OMOmm
B AL Albani . ..coevvvvennnnnnnn.. B BU Hungary ...covvvvinnnnnnn. @ PH Philippines........c...c......
B AMAmenis. . ccovvnmrenernnnnen. K 1D Indonesis B PL Poland......ccceineinnnnans

AT Austrin.....oooonneneeennnnne. DIL Issel.......coovvninennnnne. PT Portugal........covvennnn..

J AU Austrafin . .....ooovennnnnn. B IN Indine.uunnceeenncnnnnns RO Romenis
M AZ Azerbafjen.......cc.......... K 1S Icclend Kl RU Russian Federstion . ..............
Kl BA Bomis and Herzegovina . ........ K JEPRR ... i e iiiaicsinsars sessssesseasesssiassvscans
Kl BB Barbados B KEKenym....oooooeiieriiinnanss {# SD Sudan
Xl BG Bulgarie..........ccveerennn.. Bl KCKymgyxstan . ......covvennnnn. SE Sweden
Bl BR Brazil.......covvvenerennnnens B XP Democratic People’s Republic Bl SG Singapore
BBY Belarus......ccccvevnnnnnnnnn. Of KOT®R ...\ vvervnnnarnnns BIST Sovenin....ovvvvverirnnn...
B BZ Belize......covvveeenennnnnnn B KR Republic of Korea.. .. ........... B SK Slovekin...oeveeeearenrnrnss
B CA Canada B XKZ Kmxakhetan........vvuvennss. W S Siemmleone.......coneren.s.
I CH & LI Switzesland snd Licchtenstein ] LC Saint Lucia 0TI Tejikistan..........o0e......
[ [ T ® LK SriLanka Bl TM Turkmenistsn.......o.co.u...
W co Colombia B LR Liberia B TN Tunisia
K CR CostaRich...ovvvrnnrnnnnnnn. LS Lesothd....covvennnnnnnnnnns B TR Turkey.......covinnivennn..
Bcucwe....coovavinrennnnnnnn. B LT Lithuania B TT Trinidad and Tobago ..........
B CZ CrechRepublic....ovvvnnen... B LU Luxembourg ™ eeeeeeieieeiiseaciieenens
BIDEGemany...coovennnnennnnn. K LV Latvia B TZ United Republic of Tanzania
DK Denmark .. oovvvvevenrnnnnnns R MAMoroceo.....cccveennnnnnns B UA Uknine ....coovveannnnnn
& DM Domiaica X MD Republic of Moldova . . ... . .. .. BuGUgmds ....covevvennnnnne.
BIDZ Algerin.....ocociiiiieiiiiies rreneiiieecaereaiaiaae. [ US United States of America . .....
W EC Ecurdor......cvovnevnnnnen.. B MGMadagascar.........coccivier crennseeiiercseneeeranieas
B EE Estonin....ooovevennenrnannns B! MK The former Yugoslav Republic of B UZ Uzbekistan.................
BIES Spain ....ocvvvivnennnninenn. Macedonil - .. \uuenenernnes B VN VietNam..................
W F1 Finland......cocevvnvenennnn B MN Mongolia B YU Yugoslavis .................
Kl GB United Kingdom BRMWMalawl . .......oveenene s B ZA South Africa................
B GD Grenada B MXMexico.....ooooovevennnnes [ ZM Zambia
BGEGeorgia.........covvnnnnnnn, K MZ Mozambique B0 ZWZimbabwe . ................
B GHGhM......covvevviennnns Kl NO Norway
Check-boxes below reserved for designsting States which have become party 10 the PCT after issuance of this sheet:
0 0 S o T
o RS o o [

Precsutionary Designation Siatement: Jn addition to the designetions made above, the applicant also makes under Rule 4.9(b) all
other designations which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as being
excluded from the scope of this stntement. The applicant declares that those sdditional designations are subject to confimation and that
any designation which is not confirmed before the expiration of 15 moaths from the priority date is to be regarded as withdrawn by the
applicant ut the expiration of that time limit. (Confirmation (inchuding fees) musi reach the receiving Office within the 15-monih tima limit)

Form PCT/RO/101 (second sheet) (Jenvary 2002) Sae Notes to the regliest form
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Box No. VI FPRIORITY CLAIM

The priority of the following earlier application(s) is hereby claimed:

Filing date Number - Where carlier application im

of earlier application of earlier application - —

(daymonth/vear) national application: | regiona! epplication:* | international epplication:
country regional Office receiving Office

item élll' !
22 February 2002 10/080,773 ~ us -
(22.02.02) -

item (2)

item (3)

itern (4)

item (5)

] Further priority clsims are indicated in the Supplemental Box.

The receiving Office is requested to prepere and transmit o the Internationa] Bureay g certified copy of the esrlier application{s) {anly
if the earRer application was filed with the Gffice which for the purpases of this intermarional application ts the recelving Qffice) identifled
above ms:

[ allttems wa® [] tem@ [] wm [] temw [J en(s O it Box

* Where the earlier opplication is an ARIPC mMmahnmwmyliththnﬁrﬁaMd'
Industrial Property or one Member of the World Trode Organization for which that earfier application was fifed (Rule 4. 10(5;0): . . . .

Boz No. YII  INTERNATIONAL SEARCHING AUTHORITY

Choice of Internationsl Searching Authority (ISA) (i two or more Intarnational Saarching Authorities are competent to carry oul the
internntional search, indicate lhadu'lharlwdn‘.’l’ln. )nqo-kmrcmbmqhw

Request 1o use reselts of earfier search; reference to that search (§fan eariier search har been carried out by or requested from the
Jnternational Searching Autharity):

Date (dmvmonthear) Number Country (or regional Qffice)

Bax No. VI DECLARATIONS

The following declarations are contained in Boxes Nos. VIII (i) w {v) (mark the applicable Number of
check-boxes below and indicale in the right column the monber of each lype of declaration): declarstions
D Box No. VI (1) Declamtion as to the identity of the inventor

D Box Noe. VIII (ii) Declaration as to the applicant’s entitlement, as at the international filing
date, to apply for and be granied & patent

D Box No-. VHI (iii) Declaration as to the applicant’s entitiement, a3 at the international filing
date, to claim the priority of the esrlier application

D Box No. VIII (iv) Declaration of inventorship (only for the purposes oﬂhe designation of the
United States of America)

D Bax No. VIII (v) Declaration as to non-prejudicial disclosures or exceptions to lack of novelty

Form PCT/RO/101 (third sheet) (March 2001; reprint January 2002) See Notes to the reqiest form
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| BoxNo.IX CHECK LIST; LANGUAGE OF FILING

This internatione! epplication contalna:

(a) the following number of
sheets in paper form:

request (includin,
decleration shuus
description (excluding
sequence listing part)
claima :

abstract : 1
dmwings :
Sub-total number of sheets :

sequence lixting part of
o s Ao
s
’ whether or not also
filed In readable
Jorm; see () below)

Total number of sheets

computer readable form
(i) [0 cnly (under Section 801(a)1))
i in additi ing filed &
(ii) 0 in addition 10 being ;m(:)lﬁrr

20 -
{b) sequence listing part of description filed in

e

|

This internatianal application is sccompanled by the following
item(s) (mark the applicable check-baxez below and indicate in
right column the monber of each item):

1. fee calculation sheet ~—

2. [ original separate power of attomney

3. [ original general power of attormey

4.0 }o of general pawer of stiomey; reference number,

3. [ statement explaining lack of signature
6. ] priority document(s) identified in Box No. VI as

L T ) :

7. [J translation of international application into
flanguage):

8. [] scparete indications conceming deposited microorganiam
or other biologicel materini

9. ] sequence listing in computer readable form (indicate also type

and number of carriers (diskette, CD-ROM, CD-R or other ))

() [J copy submitted for the purposes of international search
under Rule 13¢r only {and not as part of the
international application)

(i) 1 (only where check-bax (b)) or (b)(3i)} Is marked in Igft .

colvmn) edditional copies including, where appliceble,

Py
BIIY: « oo racatannnrstassnananussnasansursanas :

Number
of flems

form (under Section the copy for the purposes of international sexirch under
g5t s i .
LR o other) an. (i) [] together with relevant statement as to the identi
e e part is contsined (addirfonal Doﬂh:mpyornopiuwiththenquemliﬂin;:u'
%‘" "’H "_ undar itsm (1), In mentioned in left column _ :
...................... 10. g} other (specif): Relum Recpiot Pasteam . ... :
Figiire of the drawings which Language of filing of the
should sccompeny the abstract: 3 | imternations] spplication: English
BoxNo.X  SIGNATURE OF APPLICANT, AGENT OR COMMON REP-RESWATIVE

Neat o ench signesurs, indicose the name of the person signing o the copacily tn which the person signs (i such copacily i not obvicess from reading the requesy).

<

oseph V. Coppgly, Sr.

1. Date of sctual receipt of the purported
intemational application:

For receiving Office use only

the purported intemnational application:

3. Corrected dae of actunl receipt due 1o later bt
timely received papers or drawings completing

4. Date of I:'u'nely receipt of the required
cormrections under PCT Article 11(2):

1 5. Intemational Searching Authority
(if two or more are competent):

ISA/

Transmittal of search copy delayed
until search fee is paid Py delays

E.D

Daie of receipt of the record
by the lmemrltioml Bureau: i

For International Bureau use only

Form PCT/RO/101 (last sheet) (March 2001; reprint January 2002)

See Notes 10 the reqlest form
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This sheet Is not part of and does not count ar a sheet of the international application.

PCT

FEE CALCULATION SHEET

International Application No.

For recelving Office use only

Annex to the Request

Applicant's or agent's

file reference 65641-0018 Date stamp of the receiving Office

Applicant
WAVE SEPARATION TECHNOLOGIES LLC

CALCULATION OF PRESCRIBED FEES

). TRANSMITTALFEE . . . . o v v v v o v e mm e aen e e L 240.00 [T]|

2 SEARCHFEE . . .\ « o v e eet s e e enan e L 450.00 5]

Intemational search to be carried out by uUs
two or more International Searching Authorities ore compennt ©
o o e e o e s &y e T o
3. INTERNATIONAL FEE
Basle Fee

Where item (b) of Box No. IX applies, enter Sub-totsl number of sheets
Where item (b) of Bax No. IX does not apply, enter Tots] number of sheets

GrstiOsheels . . . . . . . ... e | 407.00 [v1]

20

0 x 9.00 .|

o .

number of sheets fee per sheet
@ in excesu of 30
additional companent (only if sequence listi of description
isfiled in eommr res.dlb f::'l'?l under S’:Et!nﬁol a¥D), olr
both in that form and on paper, under Section 801(a)(ii)):

400 x -|

fee per sheet
Add amounts entered ot b1, b2 and b3 and entertotal 2B . . . I

Deslgostion Fees
The international application contains _ALL  designations.

5 . 88.00 -

number of designation fees amount of designation fee
payable (n::'nb:tm 3) o
Add amountsentered i Band Dandentertotal st . . . . . . . . . .

4 i g ot By ot g e Yl S P i
T . e s{ar
pg s ey YA s ) . ot ey e .

4. FEE FOR PRIORITY DOCUMENT ([fapplicable) . . . . . . . . ..

5. TOTALFEESPAYABLE . . . . . . . . .. .. ¢ oo
Add amounts entered ut T, S, I and P, and enter total in the TOTAL box

[[] The designation fees are not paid et this time.

 MODE OF PAYMENT

X c.lepom nc‘cl?ug (see below) [ pomal momey order [ cash

D cheque D bank draft D revenue stamps

[] coupons

_g other (spaclf):

AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT
(Thiz moda of payment may not be availabls at all recelving Offices)

Authorization to charge the total fees indicated sbove.

' Ix check-bax may be marked the conditions for deposit accounts

- ?lhc receiving mpemmaﬂi{oﬁnﬁon 1o charge any deficiency
or credit any overpayment in the 1otal fees indicated above.

Authorization to charge the fee for priority document.

Receiving Office: RO/_US

Deposit Account No.: 18-0013

pae: 19 February 2003

Nume: JOSEph V. Coppola, Sr.

Signa

(.

Form PCT/R0O/101 (Annex) (January 2002)

C/ See N

to the fee calcuiation sheet



PATENT COOPERATION TREATY

From the RECEIVING OFFICE
Tor PCT
JOSEPH V. COPPOLA
RADER, FISHMAN & GFRAU
38533 WOODWARD AVENUE RPLLC NOTIFICATION OF THE INTERNATIONAL
SUITE 140 APPLICATION NUMBER AND OF THR
BLOOMFIELD HILLS, MICHIGAN 48304 INTERNATIONALFILING DATE
(PCT Rule 20.5(c))
Date of mail
ok 03 Apr 2003

Applicant’s or agent’s file reference
IMPORTANT NOTIFICATION

85641-0018
Intemnational spplicsiion Na. International filing date (daymowthiresy) Prisrily dale {dawimonthyeer)
PCT/US03/04749 19 Feb 2003 22 Feb 2002

Applicam
WAVE SEPARATION TECHNOLOGIES LLC

Tide of the Invention
METHOD AND APPARATUS FOR SEPARATING METAL VALUEB

1.  Theapplicant Ishereby noufied thatihe international spplication has been accarded the intemuionalapplicstion numberand the
international fillng date indicexted above.

1  Theapplicant s further natified that the record copy of the international application:
03 Apr 2003

E was Iransmilled io the Tntemnational Bureau on

D has not yet boen transmitted (o the niernations] Buresu for the reason indicated belowand s copy of'thisnotiflcstion
has been sent o the Intemational Bureau®:

D because the necessary national security clearance hag not yet been oblained.
[] becausereasoniabespacifedy:

* TheInternationa] Burcau moniors the rensmittal of'the record copy by the receiving OlTice and will notily the applicant (with
Farm PCTAB/301) ol isreceipL Shauld therecord copy nol have beenreceived by the expiration of 14 months from the priority
date, the International Bureau will notify the applicant (Rule 22.1(c)).

3. FOREIGN TRANSMITTAL LICENSE INFORMATION Completed by: M

D Additianal license for foreign transmitial not required. This suhject manter is eavered by a license already granted or
the cquivalem ULS. natinnal spplication. Refer 1o 1hal license for information enmceming its scope.

D License for forcign \ransmitial not required. 37 CFR. 3.11(¢)(1) or 37 CFR 5.11(e}{2). However, a license may he
required for additional subject matier. See 37 CFR 5.15(b).

20 Mar 2003
[X] Foreign ransemivtal license granted. 35 US.C. 184; 37 CFR 5.1t o
{dme)

[ s7crrs.15m) [X] 37cmsase
Name and mailing address of the receiving Olfice Autharized officer
Aussistant Commissioner for Paent, Box PCT Melvin Brooks, Sr.
Washington, D.C. 20231 Atm:ROAUS
Facsimile No. 703-305-3230 Telephane Na. (703) 305-5163

Form PCT/RQ/N05 {Tuly 1992)



PATENT COOPERATION TREATY

. Fromthe INTERNATIONALSEARCHINGAUTHORITY

To: PCT
JOSEPH V. COPPOLA
RADER, FISHMAN & GFRAUER PLLC
38533 WOODWARD AVENUE NOTIFICATIONOFRECEIPT
SUITE 140 OFSEARCHOOPY
BLOOMFIELD HILLS, MICHIGAN 48304
(PCTRule25.1)
Date of mailing 03 Apr 2003
Applicant’s or ageni’s file reference
65641-0018 IMPORTANT NOTTFICATION
Intemational application Na. Iniernazional filing date {dayvimondhear} Priority date fdaymonthyear}
PCT/US03/04748 18 Feb 2003 22 Feb 2002

Applicant

WAVE SEPARATION TECHNOLOGIEE LLC

Authority on the date indicatad below.

03 Apr 2003

l.  Where (he International Searching Authority and the receiving Office are not tha same Offics:
Theapplicantishereby notifled that the search copy of the international application was received by this Intamational Searching

Where the Internations] Searching Authority and the recalving Office ara the same Offlce:
Theapplicant Isherebynotified that the search copy ol the internalional application was received on the date indicaind below.

(dasecfreceipy).

receiving OlTice.

z D The search capy was accompanied by a nucleotide and/ar smino scid sequence listing in computer readable form.

3. Timelimit for establishment of internstivnal search report

The applicant isinformed that the time limi for establishing the inlernational scerch repart is 3 months fram the dase ofreceipt
indicaled shoveos 9 montha from the priosity date, whichever Ume lomit expires later.

4. Acopyofthianolification hasbeen sent inthe tntemational Bureau and, wherethe firsi senienceof parsgraph | applies, lothe

Name and mailing address ol 1the ISA/

Asginant Commissioner for Patent. Box PCT
Washingion, D.C. 20231 Atm:RO/US

FacsimileNo. 703-305-3230

Authorlzed afTicer
Melvin Brooks, Sr.
Telephone No, (703) 305-5163

Form PCT/ISA/ 202(July 199%)
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PATENT COOPERATION TREATY

From the RECEIVING OFFICE

To:

JOSEPH V. COPPOLA

RADER, FISHMAN & GFRAUER PLLC
39533 WOODWARD AVENUE

SUITE 140

BLOOMFIELD HILLS, MICHIGAN 48304

PCT

INVITATION TO CORRECT DEFECTS IN
THE INTERNATIONAL APPLICATION

(PCT Articles 3(4X(0) and 14(1) and Rule 26)

pratiskrys? 03 Apr 2003
Applicant’s or agent's file reference REFLY DUE . 1 hafdaye from
85641-0018 the sbove date of miling
Tutérostional application No. Intematiopal filing date
PCT/US03/04749 (dayfmonth/year) 18 Feb 2003
Applicant

WAVE SEPARATION TECHNOLOGIES LLC

defocts specified on the artached:
E Annax A

DAnn:nA

Additlonal observations (if necessary):

HOW TO CORRECT THE DEFECTS?

ATTENTION

Rule 26.5 for further deils).

E and the Imenutional Searching Auwthority

1. D The applicant is herebry Invited, within the time limit ndicgted sbove, to comecy, In the International appliestion sy Nled, the

(2] Annex BI ftext matter of the insernasional application ar filed)
[ Annex €1 fdrawings of the internationsi application as filed)

2. [ The applicant is herchy Isvited, within the time limit indicated above, 10 cosrect, in the transiation of the International
spplication furnished under Rule 12.3 ar 12.4, tha defacts specified on the sftached:

] Annex B2 frext maner of the tranviation of the insernatonal application)
[ Amnex C2 (drawings of the transiadion of the internarional application)

Carrection mun be submitied by filing a renlacement sheet embadying the correctinn and a istier sccompanying the replecement
sheet, which shall draw artention to the difference between the replaced sheet and the replacement sheet. A correction may be
muted in & lewer only if it is of such a nature that it can be transferred from the lener o the record mpiwillnut adversely affecting
the clarity and direet reproducibility of the sheet ouio which the comrection is 10 be wansferred (Ru

26.4).

Failure 1o correct the defects will result in the international application being considered withdrawn by this receiving Office (see

A copy of this invitation and nay antachments has been sent 1o the Imemational Bureau

Nume and mailing sddress of 1he receiving Office

Assisiant Commissioner for Patent, Box PCT
Washington, D.C. 20231 Atn:RQ/US

Facsimile No. 703-305-3230

Authorized officer
Melvin Brooks, Sr.
Telephone No. (703) 305-5163

Form PCT/RO/106 (January 2003)



International application Ne.

ANNEX A TQ FORM PCT/RO/106 PCTAUS0304749

The recelving Office has found the following defects In the Internations] application as flled:

1. Asiosigoatore® of the inernational applicstion (Rules 4.15 and 90.4), the request:

« O
b. [&]
e

FCi)

«O

is not signad
[s not signed by all the applicants

is not accompanied by the statemesx referred to in the check list in Box No, VII of the request explaining the Isck of the
signatuse of an applicant for the dexignation of the Unhed Strtss of America

is signed by what appears to be an agent/common repyesentative but:

{¥] e international spplicstion is not sccompanied by ¢ powes of sttamey sppointing him

O the power of attamey sccompanying the innernations! application was ot signed by all the spplicants
other (ipecify):

* All applicants must sign, including inventory if they are also applicants (e.g. where the United States of Amarics is designated).

2. Asw indications conceming the applieant, the request (Rules 4.4 and 4.5)

« O

v. ]
c.‘D

¢
1
r

does not properly indicate tha applicant's nams {specif):

does not indicate the applicant's address
does not preperly indicats the applicant’s address fapecifi):

doss oot indicate the applicast®s najonality
does not indicate the applicant's resldance
other (specifiy):

As 10 the langusge of certain elements of tha internstional application, other than the description and claims (Rules 12.1(c)

and 2632er(a) and {c)):

O

v.(]

e [J

the request is not in u languape of publication sccepted by this receiving Offics; (the) language(s) accepied by this
receiving Office is/are:

the text matter of the drawlags i not in the langusge in which the intaynational spplication is 10 be publishad,
which is:

the mbstract is not in the language in which the internmional application is to be published,
which is:

4. The title of the invention:

|
v.[J
O

is not indjcated in Box No. | of the request (Rule 4.1(x))
is not indicated at the top of e firm sheet of the description (Rule 5.)(a))
as sppearing in Box No. I of the request is not idextical with the title heading the description (Rule 5.1(a))

5. Astothe abstraet (Rule 8):

O

the intemnational application does not contain an sbstract

Form PCT/RO/I06 (Annex A) (January 2003)

A7



IN THE UNITED STATES PATENT OFFICE (RO/US)

INTERNATIONAL APPLICATION NO.: PCT/US03/04749

INTERNATIONAL FILING DATE: 19 February 2003 (19.02.03)

PRIORITY DATE: 22 February 2002 (22.02.02)

APPLICANT: WAVE SEPARATION TECHNOLOGIES
LLC

ATTORNEY DOCKET NO.: 65641-0018

TITLE: METHOD AND APPARATUS FOR
SEPARATING METAL VALUES

Meil Stop PCT

Commissioner for Patents

P. O. Box 1450

Alexandria, Virginia 22313-1450

Attn: RO/US

RESPONSE TO THE INVITATION TO CORRECT
DEFECTS IN THE INTERNATIONAL APPLICATION

In response to the INVITATION TO CORRECT DEFECTS IN THE
INTERNATIONAL APPLICATION mailed 03 April 2003, Applicant hereby submits a
Response to the Invitation to Correct Defects in the International Application.

28
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Power of Attomey

Responsive to Annex A, enclosed are the executed Powers of Attorney (2) on
behalf of Applicant and Applicant/Inventor. Applicant asks that these (2) Powers of
Attorney be entered into the official record of this application.

Respectfully submitted,

() G4

“Coppola, St. ,//
tration No. 41,882
ER, FISHMAN & GRAUER PLLC

" 39533 Woodward Avenue

Suite 140

Bloomfield Hills, MI 48304

(248) 594-0600 (Telephone)

(248) 594-0610 (Facsimile)

CATE OF EXPRESS MAILIN _

I hereby certify that this paper or fee is being deposited with the U.S. Postal
Service, postage prepaid, Express Mail Label No. EL.78880744US, addressed to Mail Stop
PCT, Commissioner for Patents, P. O. Box 1450, Alexandriz, Virginia 22313-1450, on this

RO185469.D0C



PCT

POWER OF ATTORNEY
(for an international application filed under the Patent Cooperation Treaty)

(PCTRule90.4)

The undersigned applicant(s) (Namex should be indicated as they appear in the request):

WAVE SEPARATION TECHNOLOGIES LLC
10 Talbot Court '
Rexford, New York 12148

hereby appoints (appoint) the following persom as: m agent D commman represeatalive

Nameand address

(Famlly name followed by given name; for a legal entity, fudl official designation. The address must inclede postal code and name of country.)
I hereby appoint the practitioners associated with the Customer Number provided below to prosecute this
application and to transact all business In the Patent and Trademark Office connected herewith.

COPPOLA, Sr., Joseph V.; BASCOBERT, Michael R.

Rader, Fishman & Grauer PLLC

39533 Woodward Avenue, Sulte 140

Bloomfield Hills, Michigan 48304

us

Customer No. 010291

torepresent the undersigned before m all the compefent International Authorities
D the International Searching Authority only
D the Intemational Preliminary Bxamining Authority only

inconnection withthe international applicationidentified below:

Title of thelnvention: METHOD AND APPARATUS FOR SEPARATING METAL VALUES

Am“m"‘“.‘l‘t"ﬂll‘m 65641-0018
International application number (if already avaflable):

filed with the fallowing Office United States Patent and Trademark Office
and 10 make or receive payments on behalf of the undersigned.

asreceiving Office

Signature of the applicant(g) fwiere thew o sewnil appliceys, each of dew wmt slgy; mext 0 each sipratare, Inadtnte de sanic of e perion cigaing sad
the cupecity in which the parson sighs, {f such cupacity bs sot obvions from realiag He requesl or ths pewer):

j—
tephen Birken, Presidant

Due- 7,/14:-/20-0"3 '
. ! v

Form PCT/Model of power of attorney (for a given internationat application) (July 1992)
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PCT

POWER OF ATTORNEY
{for an international application filed under the Pasent Cooperation Treaty)

(PCTRule90.4)

The undersigned applicant(s) (Names shouid be indicated ar shey appear In the request):
BIRKEN, Stephen

10 Talbot Court

Rexiord, New York 12148

hereby sppoints (appoint) the following person as: m agent D caommon representative

Name and address

{Family name followed by given name; for s legal eniity, full official designation. The address must include posial code and name of couniry.)
| hereby appoint the practiioners assoclated with the Customer Number provided below to prosecute this
application and to transact all business in the Patent and Trademark Office connected herewith.

COPPOLA, Sr., Joseph V.; BASCOBERT, Michael R.

Rader, Fishman & Grauer PLLC

39533 Woodward Avenue, Suite 140

Bloomfield Hills, Michigan 48304

us

Customer No. 010291

torepresent the underxigned before m all the competent International Authorities
[] theimemational Searching Authoritycaly

[[] thelntemations! Pretiminary Exemining Autharity only

inconnection withthe international application idewified below:

Titleof thelnvention: METHOD AND APPARATUS FOR SEPARATING METAL VALUES

Applicant’s or apent's flle reference: 65641-0018
International application mmnber (If already avallable):

filed with the following Office United States Patent and Trademark Otfice asreceiving Office
and 1o make or receive payments on behalf of the undersigned.

Sigoature of the applicant(n) (wihere dunr are srvers! ayplicanss, rack of them mumt Npn; e i cach dpestere, bulicte e amme of de perzem dgalng snd
ke cupaclty in which tie person sigus, if soch copacity it wet abvieny from reading the request or iy powerk

- ———-

" BIRKEN, Stephen, Appiicant/Inventar

Dae: 77/"“/74’*'3 '

Form PCT/Model of power of anorney (for a given international application) (July 1992)




PCT

NOTIFICATION CONCERNING
SUBMISSION OR TRANSMITTAL
OF PRIORITY DOCUMENT

(PCT Administrative Instructions, Section 411)

'.PATENT COOPERATION TR!TY

Date of malling (dey/month/year)
28 April 2003 (28.04.03)

From the INTERNATIONAL BUREAU

PCT/US03/04749
B2~

To:

COPPOLA, Joseph, V.

Rader, Fishman & Grauer PLLC
39533 Woodward Avenue
Suite 140

Bloomfield Hills, M| 48304
United States of America

Applicant's or agent's file reference

WAVE SEPARATION TECHNOLOGIES LLC ot al

65641-0018 IMPORTANT NOTIFICATION
lmternational application No. international filing date (day/montiyesr)

PCT/USQ3/04749 19 February 2003 {19.02.03)
Imernational publication date (day/month/yesr) Priority date {day/month/yesr)

Not yet published 22 February 2002 (22.02.02)
Applicant

1. The applicant is hereby notifisd of the date of receipt (except where tha letters "NR" appear in the right-hand column) by the
International Bureau of the priority documant(s) relsting ta the earlier application(s) indicated below. Unless otherwise
indicated by an astelsk appearing naxt to a date of receipt. or by the letters "NR", in the right-hand eolumn, the priority
documant concerned was submitted or transmitted to the International Bureau in compllance with Rula 12.1(s) or (b).

2. This updetes and replaces any previously issued netification concerning submission or transmittal of priority documants.

An sstarisk(*®) appearing next to a date of receipt, in the right-hand column, denotes a priority documem submited

or transmhted to the International Buresu but not In compliance with Rule 17.1{a) or {b). In such s case, the sttention

of tha applicant iz directed to Rula 17.1{c) which pravides thst na designated Office may disregard the priority clalm
cancerned bafore giving the applicant an opportunity, upon entry inta tha national phase, to furnish the priority document

within a tima timh which i3 ressonabls under the circumstances.

The lettera “NR" appearing In the right-hsnd column denote a priority document which was not recelved by the Intarnational
Bureau or which the applicant did not request the receiving Offica to prapares and transmit to the Internstional Bureau,

#s provided by Rule 17.1{a} or (b), respectively. In such a case, the sttention of the appliicant is directsd to Ruls 17.1{c) which
provides that no designated Office may disregard the priority claim concerned before glving the applicant an opportunity,
upon entry Into the national phase, to furnish the priority document within a time limit which is reasonable under the
circumsiances.

us 08 Apri 2003 (08.04.03)

22 Febr 2002 (22.02.02) 10/080,773

The International Bureau of WIPO Authorized officer

34, chemin des Colombeties
1211 Geneva 20, Switzerfand

Facsimile No. (41-22) 740-1436
Form PCTAB/304 (July 1988)

Sudha RAMAKRIéHNAN|

Telephone No. {41-22) 338 8518

006604254



PCT/US03/04749

, Q. ent cooperaTION TREMY 23
From the INTERNATIONAL BUREAU
PCT To:
NOTIFICATION OF RECEIPT OF COPPOLA, Joseph, V.
RECORD COPY Rader, Flshman & Grauer PLLC
39533 Woodward Avenue
(PCT Rule 24.2(a)) Suite 140
Bloomfield Hills, MI 48304
United States of Amaerica
Oate of mailing (day/month/ysar)
28 April 2003 (28.04.03) IMPORTANT NOTIFICATION
Applicant's or agent’s file reference internstional spplication No.
65641-0018 ,~ PCTAUS03/04749

The applicent is hereby notified that the International Bureau hes recelved the record copy of the international applicetion as
detalled balow.

Name(s) of the applicant{s) and State(s) for which thay are applicants:

WAVE SEPARATION TECHNOLOGIES LLC (for all designated States except US)
BIRKEN, Stephen (for US)

International filing date 19 February 2003 (19.02.03)
Priority datels) claimed 22 February 2002 (22.02.02)
Date of receipt of th d

by the International Buress 08 Aprii 2003 (08.04.03)

List of designated Offices

AP :GH,GM,KE,LS,MW,MZ,SD,SL,SZ,T2,UG,ZM,ZW

EA :AM,AZ,BY KG,KZ,MD,RU,TJ, TM

EP :AT,BE,BG,CH,CY,CZ,DE,DK,EE,ES,Fi,FR,GB,GR,HU,IE,IT,LU,MC,NL,PT,SE,S],SK,TR

OA :BF,BJ,CF,CG,CI,CM,GA,GN,GQ,GW,ML,MR,NE,SN,TD,TG

National :AE,AG,AL,AM,AT,AU,AZ BA BB,BG,BR,BY,BZ,CA,CH,CN,CO,CR,CU,CZ,DE,DK,DM,D2,
EC,EE,ES,FI,GB,GD,GE,GH,GM,HR,HU,ID,ILIN,IS,JP,KE KG,KP,KR,KZ,LCLK.LR,LSLT,LU,
LV,MA,MD,MG,MK,MN,MW,MX,MZ,NO,NZ,OM,PH,PL,PT,RO,RU,SD,SE,SG,SK,SL,TJ,TM, TN, TR,TT,
TZ,UAUG,US,UZ,VN,YU,ZA ZM,ZW

ATTENTION

The applicant should carefully check the data appaaring in this Notification. In case of any discrepancy betwesn these data
and the indications in the international spplication, the applicant should Immadiately Inform the International Bureau.

in addition, the applicant’s attention is drawn to the informstion contained in the Anne, relating to:
E tirmae limits for entry into the national phase - see updeted important information {(as of April 2002)
IE confirmation of precautionary designations (if applicable)

D requiremants regarding priority documents (if applicable)

A copy of this Notification is balng sent ta the recelving Office and to the InternationalSearching Authority.

The Intemational Buresu of WIPO Authorized officer:
3, chamin des Colombaettes
1211 Gensva 20, Switzeriand

Sudha RAMAKRISHNAN,
Facsimile No. (41-22) 740-1436 Telephone No. {41-22) 338 8518

Farm PCTAB/301 (April 2002) N 005604263
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) PATENT COOPERATION TRE g¥ PCTIUS03/04749
From the INTERNATIONAL BUREAU ?/
PCT

NOTICE INFORMING THE APPLICANT OF THE COPPOLA. Joseph. V.

COMMUNICATION OF THE INTERNATIONAL Cier Pt et PLLC

APPLICATION TO THE DESIGNATED OFFICES 39533 Woodward Avenue

Sulte 140
(PCT Rulc 47.1{¢c), firsL sentence) E?:.Tgiﬁ"s'% ‘mmE

Date of mailing{day/month/vear)
v/ 04 September 2003 (04.09.03)
Applicant's or agent's file refcrence
v 65641-0018 IMPORTANT NOTICE
Interpational applicution Na. International filing date{day/monih/year) Priority date{day/month/year,

PCTAIS03/04749 19 February 2003 (19.02.03) 22 February 2002 (22 02.02)

Applicant

WAVE SEPARATION TECHNOLOGIES LLC

T

Notice in hercby piven thal the Intemnational Burcau hes communicated, as provided in Aricle 20, the intemnational application 1o the
following desipnaled Offices on the date indicated above as the deie of mailing of this notice:

AU, AZ, BY, CH, CN, CO, DE, DZ, HU, JP, KG, KP, KR, MD, MK, MZ, RU, TM, US

In accordance with Rule 47.1(c). thind senience. those Offices will accepl the present notice as conclusive evidence thal the communication
of the inicrmational application has duly laken place on the date of mailing indicated above and no copy of the intiemational application is
required to be furnished by the applican 10 the designated Office(s).

The following degignated Offices have waived the requirement for such a communication ai this time:

AE, AG, AL, AM, AP, AT, BA, BB, BG, BR, BZ, CA, CR, CU, CZ, DK, DM, EA, EG, EE, EP, ES, Fl, GB, GD, GE, GH,
GM, HR, 1D, IL, IN, IS, KE, KZ,LC, LK, LR, LS, LT, LU, LV, MA, MG, MN, MW, MX, NO, NZ, OA, OM, PH, PL, PT, RO,
SD, SE, 8G, SK, SL, TJ, TN, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZM, ZW

The communication will he mude 10 those Offices only upem 1heir requent. Furthermore, those Officen do amt require the applicant o
Turmish a cupy of the intemutional application (Rule 49.1(3-bis)).

Enclused wilh this notice is a copy of the inlemational application as published by the Intlcmational Bureau on
04 September 2003 (04.09.03) under No. 03072835

TIME LIMITS for fillng 2 demund for International preliminery examinatlon and for eniry Into the natlons] phase

‘The applicoble time limil for cniering the mational phase will. subject 1o what Is sald In the Tollowing paragraph, be 30 MONTHS from
the priority daie. sot only in respeet of any clected (ffice il o demand for international preliminary examination s filed before the
expiration vl 19 manths from the priority date, but also in respect of any desipnaied Office. in the uhsence of filing of such demand. where
Anticle 22¢ 1) ux madificd with effect from | April 2002 applics in rexpect of thal designated Office. or further dewils, xee PCT Gazenie
Nuo. 42001 of | November 2001, poges 19926, 19932 and 19934, as well as the PCT Newslener. Ociober and November 2001 and
Iehruary 20612 issues.

In practice, time limits other than the M-month tline Hmit will continue 10 apply, for various perinds of 1ime, in reypect of ceruin
designaied or clected Offices. l‘or regulur updates on the applicuble ilme limits (20. 21, 30 or 31 months, or other time limit), Office by
Office, refer to the PCT Gazelte, the PCT Newsletier und the PCT Applicant's Guide, Volume 11, National Chapiers, all available from
WIPPO's Intemet site, a1 hup/www. wipo.inv/pet/enfindex.himl.

Vor filing 2 demund for International preliminury examinutlon, see the PCT Applicani’s Guide, Volume VA, Chapler 1X. Only m
applicant wha is a national or resident of a PCT Contructing Swie which i hound by Chapier 11 has the right to ile a demand for
inlcmational preliminary cxamination (a1 present. all PCT Contrecting Siales are hound hy Chapier I,

I ix the applicunt's sule responsibility 10 nonitor all thes: time limits.

The International Burcau of WiPO Authorized officer
34, chemin des Colombenies . N
1211 Geneva 20, Switzerland Judith Zahra

Facsimile No.(41-22) 740.14.35 Telephone No.(41-22) 33891.1)

Form PCT/IB/308 (April 2002)




PATENT

IN THE WORLD INTELLECTUAL PROPERTY ORGANIZATION (WO/IB)

Applicant: WAVE SEPARATION TECHNOLOGIES LLC

International Applicati.on No.: PCT/US03/04749

International Filing Date: 19 February 2003 (15.02.03)

Earliest Priority Claimed: 22 February 2002 (22.02.02)

Title of Invention: METHOD AND APPARATUS FOR
SEPARATING METAL VALUES

Attomey Docket No.: 209533-82360 (Formerly 65641-0018)

The World Intellectual Property Organization VIA FACSIMILE

34, chemin des Colombettes
1211 Geneva 20
Switzerland

Attn: Intermational Bureau

REQUEST FOR RECORDAL OF
CHANGE OF AGENT UNDER RULE 92bis

Applicant respectfully requests that the following change of agent be made of
record in the above-identified international application.
Please record the Agent of Record as follows:

Joseph V, Coppols, Sr., Esq.
Honigman Miller Schwartz and Cohn LLP
32270 Telegraph Road
Suite 225
Bingham Farms, Michigan 48025
Telephone No. (248) 566-8500
Facsimile No. (248) 566-8501

Applicant respectfully requests that the International Bureau act promptly to
record this change.



Kindly acknowledge receipt of this transmission and our instructions via

facsimile

Respectfully submitted,

Prars
onigman Miller Schwartz and Cohn LLP
32270 Telegraph Road, Suite 225
Bingham Farms, M1 48025
Telephone: (248) 566-8500

Facsimile: (248) 566-8501

CERTIFICATE OF TRANSMISSION VIA FACSIMILE

I hereby certify that this paper is being transmitied via facsimile no. 011 41 22 740
1435 to the International Bureau of the World Intellectual Property Organization 34,
chemin des Colombettes 1211 Geneva 20 on this 10" day of August, 2004.

Lee ;aige Rhodes

OAK_A.596684.1
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From the INTERNATIONAL BUREAU

PCT To:
NOTIFICATION OF THE RECORDING COPPOLA, Joseph, V.
OF A CHANGE Honlgman Miller Schwartz and Cohn
LLP
(PCT Rule 92bis.1 and 32270 Telegraph Road
Administrative Instructions, Section 422) Suite 225
Bingham Farms, MI 48025
Date of mailing (day/month/yesr) United States of America
16 August 2004 {16.08.2004)
Applicant’s or agent’s file reference
656410018 2 9533~ FAIGD IMPORTANT NOTIFICATION
International application No. imemational filing date (day/monthiyear)
PCTAUS2003/004749 19 February 2003 {19.02.2003)

1. The following indications appeared on record concerning:

D the applicant D the invemor

[X] the agem

I:I the common representative

Name and Address

COPPOLA, .Joseph, V.

Rader, Fishman & Grauer PLLC
39533 Woodward Avenue
Suite 140

Bloomfield Hills, M| 48304
United States of America

l:l the petson D the name
Name and Address

E the a

State of Nationality

State of Residence

Telephone No.

248-594-0600

™ Facsimile No.

248-594-0610

_Taloprin'lar No.

ddress

D the nationality

I E—

2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning:

D the residence

COPPOLA, Joseph, V.

Homaman Miller Schwartz and Cohn LLP
32270 Telegraph Road

Suite 225

Bingham Farms, Ml 48025

United Siates of America

4, A copy of this notification has been sen 10:
@ 1he receiving Office
D the Internstional Searching Authority

I:l the Imernational Preliminary Examining Authority

State of Nationality

State of Residence

_Tllephono No.

248-566-8500

[~ Facsimile No.

248-566-8501

—'faleprimar No.

IE the designated Offices concarned
D the elected Offices concerned

D other:

3. Funther observations, if necessary: '

R,

The Internationsl Buresu of WIPO
34, chemin des Colombeties
1211 Genava 20, Switzerland

Faesimile No. 141-22) 338.70.80

Authorized officer

Telephone No. (41-22) 338 8518

Sudha RAMAKRISHNAN

Form PCT/B/306 {(Msrch 1984)

006394988




CoLo 4A8E sAL DOLe

METODO Y APARATO PARA SEPARAR VALORES METALICOS

ANTECEDENTES DE LA INVENCION

CAMPO DE LA INVENCION

[001] La presente invencidén se relaciona con
procesamiento mineral, y mas particularménte, con un
método y aparato para separar valores metdlicos, tales
como niquel y compuestos de niquel, de menas de

minerales, incluyendo menas lateriticas.

DISCUSION

[002] El niquel es un elemento importante y es
utilizado en una variedad de productos. este a menudo se
combina con otros metales para formar acero inoxidable y
aleaciones de acero, aleaciones no ferrosas y de alta
temperatura. También se utiliza en electroplateo,

catalisis, ceramicas y magnetos.

[003] Aunque el niquel se puede encontrar en muchos

tipos diferentes de depésitos minerales, habitualmente

34



solamente las menas de sulfuro y lateriticas pueden ser
exélotadas como minas econémicamente utilizando 1la
tecnologia existente. En las menas de sulfuro, el niquel,
hierro y cobre comprenden una mezcla fisica de distintos
minerales. Esto le permite a los productores concentrar
el niquel presente en las menaa de sulfurc utilizando
técnicas mecénicas, tales como: flotacién y separacién
magnética. Las menas lateriticas tienen una estructura
significativamente diferente que las menas de sulfuro.
Como resultado, los productores de niquel no pueden
utilizar técnicas de separacién mecdnicas o fisicas
directas para concentrar el niquel en menas lateriticas

sino en su lugar deben utilizar técnica de separacién.

[004] Uno de los métodos quimicos mas prometedores
para obtener valores de niquel de menas lateriticas es
llamada lixiviacién Aacida a alta presién. En el método
minas lateriticas picadas y calibrada se ubican en un
recipiente a presién con A4cido sulfiirico. La mezcla es
agitada a alta temperatura y alta presién (Por ejemplo,
280° C, 5.4 MPa) para lixiviar niquel y cobalto. La fase
liquida resultante, que incluye niquel y cobalto
disueltos, sufre un procesamiento adicional para separar

el niquel y el cobalto.
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[005] Aunque una tecnologia 1til, la lixiviacién
dcida a alta presién sufre de ciertas desventajas. Como
se practica habitualmente 1la 1lixiviacién Aacida alta
presente es llevada a cabo en forma de tandas. En razdn a
que el niquel comprende solamente aproximadamente el 1%
de la mena lateritica tipica, el recipiente a presién
debe ser cargado con grandes cantidades de mena, Por
ejemplo, cien toneladas de mena para cumplir con los
requisitos de produccién diario. Esto da como resultado
un gran gasto de capital para equipo. Comparada con las
técnicas mecanicas, los costos de operacién son altos
porque la mezcla completa debe ser calentada a
relativamente altas temperaturas para extraer una
fraccién significativa de niquel y cobalto de la fase
sblida. Finalmente, el desecho del 4&cido sulfirico

gastado incrementa las preocupaciones ambientales.

[006] La presente invencién soluciona, o al menos
mitiga, uno o mas de los problemas descritos

anteriormente.



RESUMEN DE LA INVENCION

[007] La presente invencién suministra métodos vy
aparatos para separa valoreﬁ metdlicos, tales como niquel
y compuestos de niquel de mena; minerales, incluyendo
menas lateriticas. Los métodos de la invencién utilizan
procesos fisicos para concentrar valore metalicos y por
lo tanto no incrementen las preocupaciones ambientales
asociadas con el procesamiento gquimico. Ademas, los
métodos estan adaptados a menas para proceso continuo que
da como resultado unos gastos de capital inferiores que
las operaciones de tanda. Finalmente, la invencién
descrita utiliza tecnologia de microonda/onda de
milimetro para calentar selectivamente los componentes de
la mena, lo que ayuda a conservar los recursos de

energia.

[008] Un aspecto .de la invencién suministra asi un
método para separar componente 8 de una mezcla de
particulas, que estd comprendida de la menos un primer
grupo de particulas y un segundd grupo de particulas. Los
miembros del grupo tienen composicién quimica similar,

aunque las particulas pertenezcan a diferentes grupos que

tengan composiciones quimicas no similares. El1 método .

R,



también incluye exponer la mezcla de particulas a energia
de microonda/onda de milimetro con el fin de calentar
diferencialmente el primero y segundo grupo de
particulas, incrementando asi la diferencia en 1la
susceptibilidad magnética entre el primero y el segundo
grupo de particula. Finalmente, el método comprende
exponer la mezcla de particulas a través de un gradiente
de campo magnético, lo que origina que las particulas se
separen en primeras y segundad fracciones. Las primeras y
segundad fracciones, respectivamente, mayores porcentajes
de los primeros y segundos grupos de particulas que la

mezcla.

[009] Un segundo aspecto de la invencién suministra
un método para concentrar valores de niquel de una mena
lateritica. El método comprende suministrar una mena
lateritica comprendida de una mezcla de particulas, y
exponer la mena lateritica a energia de microonda/onda de
milimetro con el fin de calentar selectivamente las
particulas que contengan cantidad substanciales de
valores de niquel. La exposicién a 1la energia de
microonda/onda de milimetro incrementa la diferenéia en

la susceptibilidad magnética entre las particulas que

contiene cantidades de valores de niquel y la particulas .

YV



que no. Adicionalmente, el método incluye exponer la mena
lateritica a través de un gradiente de campo magnético,
lo que origina que algunas de las particulas que
contengan cantidades substanciales de valores de niquel

se separa de las mezclas de particulas.

[0010] Un tercer aspecto de la invencién suministra un
aparatec para separar componentes de una mezcla de
particulas. El aparato incluye un recipiente que tiene un
interior para contener la mezcla de particulas durante el
procesamiento, y un sistema de energia acoplado al
recipiente para exponer la mezcla de particulas a energia
de microonda/onda de milimetro. El1 aparato también
incluye n separador magnético que se comunica con el
interior del recipiente. El1 separador magnético esta
adaptado para separar particulas magnéticas de particulas

no magnéticas.

[0011] Un cuarto aspecto de la invencién suministra un
aparato para separar continuamente componentes de una
mezcla de particulas. El aparato incluye un recipiente
para contener la mezcla de particulas durante el

procesamiento. El recipiente tiene un primer £fin y un

segundo fin y una entrada localizada adyacente al primer .

V3.



extremc del recipiente que permite 1la entrada de
particulas sélidas al recipiente. El1 aparto también
incluye un distribuidor de gas que esta dispuesto dentro
del recipiente para fluidizar la mezcla de particulas, y
un sistema de energia que estd acoplado al recipiente
para exponer la mezcla de particulas a energia de
microonda/onda de milimetro. Finalmente, el aparato
también incluye un separador magnético, que esté
localizado de manera adyacente al segundo extremo del
recipiente y que se utilaza para separar particulas

magnéticas de particulas no magnéticas.

BREVE DESCRIPCION DE 1OS DIBUJOS

[0012] La figura 1 es un diagrama de blogque que
muestra el método para separar componentes de una mezcla

de particulas.

[0013] La figura 2 es un diagrama de bloques dque
muestra un método de concentrar valores de niquel de una

mena lateritica.
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[0014] La figura 3 es una vista esquematica de un
aparato para separar valores de metal, tales como niquel,

de una mena mineral, que incluye una mena lateritica.

DESCRIPCION DETALLADA

[0015] La figura 1 suministra un repaso de un método
10 para separar componentes de una mezcla de particulas.
El métddo se fundamenta en calentar grupos de particulas
a diferentes temperaturas utilizando energia de
microonda/onda de milimetro, y luego explota los cambios
en la susceptibilidad magnética entre las particulas -
dando como resultado diferencia de temperaturas- para
efectuar una separacidn magnética de los grupos de
particulas. El1 método se puede utilizar para extraer
valores metdlicos de menas minerales que ordinariamente
no son susceptibles de técnicas de separacién fisica. Por
ejemplo, y como se discute adelante, el método puede ser
utilizado para concentrar valores de niquel de menas
lateriticas sin las altas temperaturas, altas presiones,
y condiciones 4cidas rigurosas asociadas con la
lixiviacién &cida. A menos que sea claro del contexto de

la discusién, los términos “niquel”, “cobalto” y “

hierro” o “valores de niquel”, “valores de cobalto”, y .
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“valores de hierro”, ete., se pueden referir,
respectivamente, a aAtomos de niquel, cobalto hierro o a
compuestos que contiene atomos de niquel, cobalto y

hierro.

[0016] Como se muestra en la fiqura 1, el método 10
incluye suministrar 12 una mezcla de particulas en un
alojamiento, recipiente o cavidad. La mezcla de
particulas estd comprendida de al menos un primer grupo
particulas y un segundo grupo de particulas. Las
particulas individuales que pertenecen a algin grupo
particular - es decir, el primer grupo, el segundo grupo,
etc., £iene una composicién quimica similar, mientras que
las particulas que pertenecen a diferentes grupos tienen
composiciones quimicas no similares. Asi, por ejemplo, la
mena lateritica picada y calibrada puede comprender un
primer grupo de particulas que contengan
predominantemente 6xido de niquel, un segundo grupo de
particulas gque contengan predominantemente 6éxido de
cobalto, un tercer grupo que contengan predominantemente
6xido de hierro (FeO) y un cuarto grupo de particulas que
contengan comparativamente tierra sin valor (ganga). Las

particulas individuales de 6xido de niquel, ©6xido de



cobalto u 6xido de hierro pueden incluir ganga, asi como

porciones menores de otros 6xidos metalicos.

[0017] Ademas de suministrar una mezcla de particulas,
el método 10 también incluye exponer 14 la mezcla la
energia de microonda/onda de milimetro. En razén a que
las sustancias no similares absorben generalmente la
radiacién de microonda/onda de milimetro en diferentes
cantidades, exponer la mezcla de particulas la radiacién
de microonda/onda de milimetro, dara como resultadoc un
calentamiento diferencial o selectivo de los grupos de
particulas. Mas aun, para muchas sustancias, incluyendo
los materiales feéromagnéticos y antiferromagnéticos, la
susceptibilidad magnética (es decir, el indice de 1la
magnetizacibn inducida a la intensidad de campo
magnético) depende de la temperatura del material, Por
ejemplo, u material ferromagnéticc perderd todas las
propiedad magnéticas por encima de su temperatura Curie y
un material antiferromagnético exhibiré maxima
susceptibilidad magnética en su temperatura Néel. El
6xido de niquel, Por ejemplo, debe exhibir su méxima
susceptibilidad magnética en su temperatura Néel, que

varia desde aproximadamente 260° C a aproximadamente 377°

¥y
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C, ¥ el FeQO debe exhibir méaxima susceptibilidad magnética

en su temperatura Néel que es aproximadamente -75° C.

[0018] Como se anotdé anteriormente. El1 método 10
mostrado en la figura 1 utiliza cambios en 1la
gusceptibilidad magnética entre las particulas para
separar los grupos de particulas. Asi, el método 10
incluye exponer 16 la mezcla de particulas a un gradiente
de campo magnético, lo que origina que las particulas se
separen en primeras y segundas fracciones. Las primeras y
segundas fracciones estian comprendidas principalmente de
primeros y segundos grupos de particulas.
respectivamente. Asi, Por ejemplo, el primer grupo de
particulas puede comprender particulas de ¢éxido de
niquel, gque han sido selectivamente calentadas hasta
aproximadamente su temperatura Néel. El segundo grupo de
particulas puede comprender ganga (Por ejemplo dibxido de
silicio) y similares que han sido calentadas a una
proporcién inferior. Cuando la mezcla de particulas es
expuesta al gradiente de campo magnético, las particulas
de 6xido de niquel tienden a alinearse eilas mismas con
las lineas de fuerza que comprenden el gradiente de campo

magnético, mientras que las particulas diferentes a

niquel permanecen relativamente sin afectarse por el ,

Ve
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gradiente de campo magnético. En razén a que las
particulas de 6xido de niquel siguen las lineas de la
fuerza magnética el método 10 despoja las particulas de
6xido de niquel de la direccién de flujo primario de la

mezcla de particulas.

[0019] La separacién efectiva dependera de muchos
factores, incluyendo la distribucién por tamafio de la
mezcla de particulas, las diferencias en la
susceptibilidad magnética entre los grupos de particulas,
la intensidad del gradiente de campo magnético aplicado,
y asi sucesivamente. De pendiendo de el tipo de separador
magnético utilizado, 1los tamafilos de particula del
material base (Por ejemplo la mena de mineral) usualmente
varian desde aproximadamente 1071 micrémetros a
aproximadamente 10' micrémetros. Para los separadores
magnéticos de alto gradiente, que pueden aplicar
gradiente de campo magnético hasta de aproximadamente 25
x 10° G/cm, los tamafios de particulas del material base
tipicamente caen dentro de la porciédn inferior del rango
de tamafo de particula - es decir, desde aproximadamente
10! a aproximadamente 10? micrémetros. Para otros tipos
de separadores magnéticos secos, que pueden apiicar

gradientes de campo magnético entre aproximadamente 10?2

144
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G/em y 10° G/cm, los tamafios de particulas del material
base ordinariamente caen dentro de la porcién superior

del rango de tamafio de particula.

[0020] En muchos casos, solamente uno de los grupos de
particulas exhibird& susceptibilidad ' magnética medible
luego de la exposicién a la energia de microonda/onda de
milimetro y ese grupo sera el componente valioso. En
otros casos, el componente valioso puede exhibir
susceptibilidad magnética despreciable, aunque el resto
del as particulas sean magnéticas. En casos cuando dos o
mas grupos de particulas exhiben sustancialmente
magnética, y solamente uno de los grupos de particulas es
de interés la exposicién a microonda/onda de milimetro se
puede ajustar para maximizar la diferencias en al
susceptibilidad magnética entre las particulas de interés
y las otras particulas de la mezcla. La razdén a que la

magnitud de la susceptibilidad magnética de un material a

su temperatura Néel es generalmente mas débil que un

material ferromagnético por debajo de su temperatura
Curie, el método 10 a menudo emplea un separador

magnético de alto gradiente.
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[0021] El método 10 ©puede incluir otras etapas
opcionales. Por ejemplo, el método 10 puede incluir poner
en contacto la mezcla de particulas con un gas inerte o
reactivo. Tal contacto puede ser deseable por muchas
razones. Por ejemplo, el método 10 puede emplear un gas
para fluidizar las particulas, que como se describe
adelante, ayuda a transportar la mezcla de particulas a
través del equipo de proceso. Alternativa o]
adicionalmente, el método 10 puede utilizar un gas para
pelar impurezas de las particulas sélidas, para formar

productos de reaccién deseados, y similares.

[0022] Regresando ahora a una aplicacién por ejemplo,
la figura 2 ilustra un método 100 para concentrar valores
de niquel de una mena lateritica. Se debe notar, sin
embargo, que con la modificacién adecuada del método 100
se podia wutilizar para concentrar muchos diferentes
valores metélicos de una variedad de menas minerales.
Como se mostrdé en la figura 2, el método 100 incluye
suministrar 102 una mena lateritica comprendida de una
mezcla de particulas. Esta etapa puede comprender una
variedad de tareas, incluyendo la extraccién de mena
lateritica de la tierra, el transporte y almacenamiento

de la mena mineral, y similar. Ademds, en razén a que la,

37
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separacidén magnética efectiva requiere que el componente
o los componentes de interés comprendan particulas
discretas, la etapa de suministro puede incluir liberar
el componente de interés de la matriz de la mena - aqui,
éxido de niquel- al picar, moler (si es necesario), y

calibrar (Por ejemplo tamizar) las particulas de la mena.

[0023] Después de las particulas son picadas y molidas
al tamafio de requisito, lo cual para una mena lateritica
tipica es menos de | aproximadamente malla 20 o
aproximadamente 1,3 mm, la mena es expﬁesta 104 a energia
de microonda/onda de milimetro con el fin de calentar
selectivamente las particulas que contenian cantidades
sustanciales de valores de niquel. Al calentar
selectivamente las particulas de éxido de niquel, el
método 100 incrementa la diferencia en la susceptibilidad
magnética entre las particulas que cotejan cantidades
sustanciales de valores de niquel y particulas gque no.
Para el 6xido de niquel, esto corresponde a calentar las
particulas a su temperatura Néel, lo cual estd entre
aproximadamente 260° C y 377° C. Se debe entender que las
particulas de 6xido de niquel podian ser calentadas a

temperaturas diferentes que la temperatura Néel (Por

L
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ejemplo entre 150° C y 300° C) en tanto que ellas logren

el nivel deseado de susceptibilidad magnética.

[0024] El método 100 también incluye exponer 106 la
mena lateritica a un gradiente de campo .magnético, lo
cual origina al menos que algunas de las particulés que
contengan cantidades sustanciales de valores de niquel se
separen de la mezcla de particulas. Ademds de los valores
de niquel, las menas lateriticas generalmente contienen
otros valores de metal, las cuales probablemente han sido
selectivamente calentadas a una temperatura difergnte que
sus temperaturas Néel. Estas particulas pueden retener
susceptibilidad magnética residual de tal forma que
durante la etapa de separacién magnética, algunas de
ellas podrian ser atrapadas por las particulas de 6xido

de niquel. Los valores de niquel concentrados resultantes

y quizéds una pequefia fraccidédn de los valores de metdlicos

atrapados pueden sufrir procesamiento adicional
{refinacién, fundicidn, etc.}) o se pueden vender cono un

producto terminado.

[0025) La figura 3 muestra un aparato 200 que se puede
utilizar para 1llevar a cabo los procesos 10, 100

mostrados en la figura 1 y figura 2 respectivamente. El

£33
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aparato 200 comprende un recipiente 202, que contiene la
mezcla de particulas (Por ejemplo mena picada vy
calibrada) durante el procesamiento. Como se indica por
las flechas 204, 206, la mezcla de particulas y un gas
(tipicamente aire comprimido, que se puede enfriar o
" calentar) entra al recipiente 202 por via de los puertos
208, 210 en un primer extremo 212 del recipiente 202. el
gas se descarga a un plenum 214 y fluye hacia arriba a
través de un distribuidor de gas 216 (es decir un plato
enrejado o perforado) que alcanza la distancia entre los
lados y el primer extremo 212 y el segundo extremo 218

del recipiente 202.

[0026] Las particulas sélidas que son mostradas
esquemdticamente como circulos 220 de la figura 3, viajan
desde el p;imer extremo 212 al segundo extremo 218 del
recipiente 202 a lo largo del distribuidor de gas 216.
para ayudar a transportar las particulas sdlidas 220
entre los extremos 212, 218 del recipiente 202, el £flujo
as que fluye hacia arriba del distribuidor 216 levanta la
particulas 220 produciendo un lecho fluidizado 222 que se
comporta de una manera similar a un liquido. El1 gas
utilizado para fluidizar las particulas 220, fluye dentro

el espacio de desacoplamiento 224 y sale del reciplente .,
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202 por via de un puerto 226. Un conducto 228 canaliza el
gas hacia dentro del separador de polvo 230 (Por ejemplo
un ciclén) que remueve cualquier sélido atrapado 232 de
la corriente de gas 234. Ademés de actuar como medio
fluidizante el gas puede pelar impurezas suministrar una
superficie de recubrimiento, reaccionar para formar un

producto deseado, y asi sucesivamente.

[0027] El aparato 200 incluye un sistema de energia
236, que se puede utilizar las particulas 220 a energia
de microonda/onda de milimetro por via de técnicas
radiocactivas. El sistema 236 incluye una fuente 238 de
energia de microonda/onda de milimetro y un aplicador
240, que estd dispuesto dentro del recipiente 202. El
sistema 236 también incluye una guia de onda 242, que
dirige la energia de microonda/onda de milimetro desde la
fuente 238 al aplicador 240. Como se utiliza en esta
descripcién, la energia de microonda/onda de milimetro se
refiere a frecuencias que tienen energia tan baja como
100 MHz hasta tan ala como 3000 GHz. Para una discusién
de sistemas 1Wdtiles para generar y aplicar energia de
microonda/onda de milimetro para procesar materiales, ver

la patente U.S. No. 4,894,134; 5,784,682; y 6,090,350,
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que se incorpora aqui como referencia en su totalidad

para todos los propésitos.

[0028] Como se puede ver en la figura 3, después de
que las particulas 220 han ida calentadas
diferencialmente a través de la exposicién a energia de
microonda/onda de milimetro desde el aplicador 240, ellas
alcanzan un segundo extremo 218 del recipiente 202 donde
ellas pasan a través de un separador magnético 244. Como
se indicd por las flechas 246, 248, el separador
magnético separa las particulas magnéticas 250 (es decir
aquellas que tiene wuna susceptibilidad magnética de
umbral) de las particulas no magnéticas concentrando de
esta manera las particulas magnéticas (o la particulas no
magnéticas). Como se anoté anteriormente, los separadores
magnéticos de alto gradiente son especificamente Wtiles,
perc dependiendo de la susceptibilidad magnética de 1la
partibulas magnéticas 250, se puede utilizar otros
dispositivos. Para una discusién de los separadores
magnéticos 1tiles, ver Robert H. Perry y Don W. Green,
“Perry’s Chemical Engineer’s Handbook”. Pp. 19-40 a 19-49

(séptima Ed. 1997).

VNG
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[0029]) Aunque el aparato 200 mostrado en la figqura 3
utiliza wun lecho fluidizado 222 para transportar
particulas individuales 220 entre los extremos 212, 218
del recipiente 202, se pueden utilizar otros
dispositivos. Por ejemplo, Algqunas 'modalidades pueden
utilizar correas, que se pueden acoplar a una polea
magnética en el segundo extremo 218 del recipiente 202
para llevar a cabo la separacién magnética. Otras
modalidades pueden basarse en la gravedad para
transportar particulas y pueden incluir un sistema de
distribucién de gas para poner en contacto las particulas
con un gas inerte o reactivo para pelar las impurezas de
las particulas, formar productos de reacciédn deseados,
modificar las propiedades de superficie de las
particulas, y similares. El1 aparato 200 mostrado en la
figura 3 se adapta a mezclas de proceso continuo de
particulas, lo que minimiza el tamafio de requisito del
recipiente 202 y de esta manera los gastos de capital.
Sin embargo, se pueden utilizar otros aparatos que operan
en forma de tanda o semitanda, que probablemente darian
como resultado un capital mayo y costos de labor, pero
pueden dar como resultado una mayor recuperaciédn de

material de interés.

5
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[0030] Otras modalidades pueden canalizar las
particulas magnéticas 250 hacia dentro del segundo
recipiente (no mostrado) donde las particulas 250 sufre
de tratamiento adicional. Como el aparato 200 mostrado en
la figura 3 puede incluir las estructuras necesaria para
calentar 1las particulas 250 (Por ejemplo fuente de
microonda/on&a de milimetro) y para poner en contacto las
particulas 250 con un gas inerte o reactivo (Por ejemplo
un distribuidor de gas). Tal aparato podria emplear un
gas que puede ser igual o diferente que cualquier gas
fluidizante utilizado, y que incluye azufre (Por ejemplo
sulfuro de hidrégenc) con el fin de convertir éxido de

niquel a sulfuro de niquel.

[0031] Se debe entender que la descripcién anterior
pretende ser ilustrativa y no limitativa. Muchas
modalidades serdn evidentes para aquellos expertos en la
técnica luego de leer la anterior descripcién. Por 1la
tanto, el alcanza de la invencién se debe determinar, no
con referencia a la anterior descripcién, sino en su
lugar con referencia a las reivindicaciones finales,
junto con el alcance completc de los equivalentes a las
que tiene derecho tales reivindicaciones. La descripcién

de todas las patentes, articulos y referencias,

3B
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incluyendo la solicitud desde patente y publicaciones, si
existe alguna, se incorporan aqui como referencia en su

totalidad para todos sus propésitos.
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REIVINDICACIONES

Un método para separa componentes de una mezcla, el

método comprende:

Suministrar una mezcla de particulas, la mezcla
comprende al menos un primer grupo de particulas y
un sequndo grupo de particulas, el primer grupo de
particulas tiene una composicién quimica diferente
del segundo grupo de particulas;

Exponer 1la mezcla de particulas a energia de
microonda/onda de milimetro con el fin de calentar
diferencialmente el primer grupo y el segundo grupo
de particulas, incrementando de esta manera la
diferencia de la susceptibilidad magnética entre el
primero y el segundo grupo de particulas;

Exponer la mezcla de particulas a un gradiente de
campo magnético, el gradiente de campo magnético
crigina que las particulas se separen en primeras y
segundas fracciones, la primer fracciétn tiene un
porcentaje mayor del primer grupo de particulas que
la mezcla, y la segqunda fraccién tiene un mayor
porcentaje del sequndo grupo de particulas que 1la

mezcla.
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El método de la reivindicacién 1, en donde la mezcla

de particulas es una mena lateritica.

El método de la reivindicacién 1, en donde el primer
grupo de particulas incluye uno o© mas valores de

metal.

El método de la reivindicacién 3, en donde exponer
la mezcla de particulas a energia de microonda/onda
de milimetro comprende ademéds calentar al menos uﬂa
porcién del primer grupo de particulas a
aproximadamente la temperatura Néel de uno de los

valores metélicos.

El método de la reivindicacién 3, en donde el primer
grupo de particulas incluye uno o mas valores de

niquel.

El método de la reivindicacién 1, que comprende
ademds un tercer grupo de particulas que incluye uno

0 mas valores de cobalto.

é(
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El método de 1la reivindicacién 1, que comprende
ademas poner en contacto la mezcla de particulas con

un gas.

El método de 1la reivindicacién 1, 'que comprende

ademas fluidizar la mezcla de particulas.

Un método para concentrar valores de niquel de una
mena lateritica, el método comprende:

Suministrar una mena lateritica comprendida de una
mezcla de particulas;

Exponer la mena lateritica a energia de
microonda/onda de milimetro con el fin de calentar
selectivamente las particulas que contengan
cantidades sustanciales de uno o mas valores de
niquel, incrementando de esta manera la diferencia
en la susceptibilidad magnética entre las particulas
que contengan cantidades sustanciales de valores de
niquel vy @particulas que contengan cantidades
insustanciales de valores de niquel,

Exponer la mena lateritica a un gradiente de campo
magnético, originando al menos que alguna de las

particulas que contenga cantidades sustanciales de

62
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valores de niguel se separen de la mezcla de

particulas.

El método de la reivindicacién 9, en donde los

valores de niquel son éxidos de niquel.

El método de la reivindicacién 9, en donde exponer
la mezcla de particulas a energia de microonda/onda
de milimetro comprende ademas calentar al menos una
porcién de las particulas que contienen cantidades
sustancial de valores de niquel a aproximadamente la

temperatura Néel de uno de los valores metdalicos.

El método de la reivindicacién 9, en donde exponer
la mezcla de particulas a energia de microonda/onda
de milimetro comprende ademds calentar al menos una
porcién de las particulas que contiene cantidades
sustanciales de valores de niquel a una temperatura

de al menos aproximadamente 150° C.

El método de la reivindicacién 9, en donde exponer
la mezcla de particulas a energia de microonda/onda
de milimetro comprende ademds calentar al menos una

porcién de las particulas que contiene cantidades .
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sustanciales de valores de niquel a una temperatura

de al menos aproximadamente 250° C.

El método de 1la reivindicacién' 9, que comprende
ademas poner en contacto la mezcla de particulas con

un gas.

El método de la reivindicacién 9, que comprende

ademas fluidizar la mezcla de particulas.

Un aparato para separar componentes de una mezcla de

particulas, el aparto comprende:

Un recipiente que tiene un interior para contener
una mezcla de particulas durante el procesamiento;
Un sistema de energia acoplado al recipiente para
disponer la mezcla de particulas a energia de
microonda/onda de milimetro; y

Un separador magnético que comunica con el interior
del recipiente para separar particulas magnéticas de

particulas no magnéticas.

6F
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17. El1 aparato de la reivindicacién 16, que comprende
ademads un distribuidor de gas para poner en contacto

la mezcla de particulas con un gas.

18. El aparato de la reivindicacién 16, que comprende
ademas un distribuidor de gas para fluidizar la

mezcla de particulas

19. El aparato de la reivindicacién 16, que comprende
ademids un segundo recipiente que tiene un interior

en comunicacién con un separador magnético.

20. El1 aparato de la reivindicacién 19, que comprende
. ademds un distribuidor de gas para poner en contacto
las particulas contenidas en el interior del segundo

recipiente con un gas aparte.

21l. El1 aparato de la reivindicacién 20, que comprende
adicionalmente una fuénte de gas en comunicacién
fluida con el distribuidor de gas, en donde la
fuente de gas incluye azufre o un compuesto. que

contiene azufre.
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El aparato de la reivindicacién 19, que comprende
ademas un distribuidor de gas para fulidizar las
particulas contenidas en el interior del segqundo

recipiente.

Un aparato para separar componentes de una mezcla de

particulas, el aparato comprende:

Un recipiente para contener la mezcla de particulas

‘durante el procesamiento, el recipiente tiene un

primer extremo y un segundo extremo y una entrada
localizada adyacente al primer extremo del
recipiente que permite la entrada de las particulas
sdlidas dentro del recipiente;

Un distribuidor de gas dispuesto dentro del
recipiente para fluidizar la mezcla de particulas;
Un sistema de energia acoplado al recipiente para
exponer la mezcla de particulas a energia de
microonda/onda de milimetro; y

Un separador magnético localizado adyacente al
sequndo extremo del recipiente para separar

particulas magnéticas de particulas no magnéticas.
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METODO Y APARATO PARA SEPARAR VALORES METALICOS

Se escriben métodos y aparatos para separar valores

metélicos, tales como niquel y compuestos de niquel, de

menas minerales que incluyen menas lateriticas. El1 método

incluye suministrar una mezcla de particulas (Por .

ejemplo, mena picada y calibrada) que estd compuesta de
al menos un primer grupo de particulas y un segundo grupo
de particulas. Los miembros del grupo tienen composicién
quimica similar, aungque las particulas pertenezcan a
diferentes grupos que tengan composiciones quimicas no
similares. La mezcla de particulas es expuesta a energia
de microonda/onda de milimetro con el fin de calentar
diferencialmente el primero y el segundo grupo de
particulas, incrementando de esta manera las diferencias
en la susceptibilidad magnética entre el primero y
segundo grupc de particulas. La mezcla de particulas es
luego pasada a través de un gradiente de campo magnético,
lo que origina que las particulas se separen en

fracciones magnéticas y no magnéticas.

6>
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FIGURA 1
10 12
\\\ SUMINISTRAR UNA MEZCLA DE PARTICULAS .///
l 14
EXPONER LA MEZCLA DE PARTICULAS A ENERGIA //, -

DE MICROONDAONDA/ DE MILIMETRO

16

______'__E!PUNER‘EK‘HEZCIKJBE_PIRTICUIKS K

UN GRADIENTE DE CAMPO MAGNETICO, HACENDO
QUE LAS PARTICULAS SE SEPAREN EN FRACCIONES
MAGNETICAS O NO MAGNETICAS

FIGURA 2

102

SUMINISTRAR UNA MENA LATERITICA COMPRENDIDA
DE UNA MEZCLA DE PARTICULAS

l 104

EXPONER LAS PARTICULAS DE LA MENA A (/,
ENERGIA DE MICROONDAS/ONDA DE MILIMETRO PARA
CALENTAR SELECTIVAMENTE LAS PARTICULAS
QUE CONTENGAN VALORES DE NIQUEL

l s 106

EXPONER LAS PARTICULAS DE LA MENA A UN GRADIENTE
DE CAMPO MAGNETICO, HACIENDO QUE LAS PART1ICULAS
MAGNETICAS (NiQ) SE SEPAREN DE LAS PARTICULAS

NO MAGNETICAS (GANGA)
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Bogota, D.C.,
Doctor: OficioN°1 (041
EMILIO FERRERO
ASUNTO: Radicacién N° 04-93828
Solicitud interacional PCT/US03/04748
Fecha inicio fase nacional 22/08/2004
Trémite 011
Evento ar9
Actuacién 416
Folios 001

Como resultado del examen de forma, reallzado con fundamento en el articulo 38 de la
Decisién 488 de la Comisién de la Comunidad Andina, articulo 27 del Tratado de
Cooperaclén en Materia de Patentes (PCT), regla 51 bis del Roglamento y Circular
Unica de la Superintendencia de Industria y Comercio, se le comunica que:

B La solicitud no contiene la copia del documento en que consta la cesién del derecho
a la patente del inventor al solicitante o0 a su causante. (Art. 268-k) Decision 486).

N La solicitud no contlene el poder debidamente otorgado, con el lleno de los
requisitos exigidos por los articulos 83 y subsiguientes del Cédigo de Procedimiento
Civil. Adicionalmente, deberd presentar el documento que acredita la existencla y
representacién legal de la socledad solicitante, cuando ésta fuere persona juridica.

En cumplimiento de lo dispuesto por el articulo 39 de la Decisién 486, se le requiere
para que dentro del tdrmino de dos meses siguientes a la fecha de notificacion del
presente oficio, complete los requisitos anteriormente enunclados. En caso de no dar
cumplimiento al presente requerimiento, Ia solicitud se conslderard abandonada y
perdera su prelacion.

Notifiquese el presents oficio conforme a lo dlgpuesto en el numeral 5.2, literal o), del
caplftulo quinto del titulo primero de la Circular Unica N° 10 de 2001.

ALIX CARM
Jefede la

ESPEDES DE VERGEL
8ion de Nuevas Creaciones.

El anterior requerimie fue notificado por fijaclbin en lista de
fecha, 29
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