Office de la Propriete Canadian CA 2633073 A1 2007/06/21

Intellectuelle Intellectual Property
du Canada Office (21) 2 633 073
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
13) A1
(86) Date de dépét PCT/PCT Filing Date: 2006/12/14 (51) Cl.Int./Int.Cl. CO7F 7/22(2006.01),
(87) Date publication PCT/PCT Publication Date: 2007/06/21 COTF 7750(2000.01), COTG 23/02(2000.01),

CO1G 23/04 (2006.01), COT1G 23/07(2006.01)

(85) Entree phase nationale/National Entry: 2008/06/13 . _
(71) Demandeur/Applicant:
(86) N° demande PCT/PCT Application No.: AU 2006/001904 KARALEE RESEARCH PTY LIMITED, AU
(87) N° publication PCT/PCT Publication No.: 2007/068057 (72) Inventeur/Inventor:
(30) Priorité/Priority: 2005/12/14 (AU2005907032) LLOYD, ROBERT, AU

(74) Agent: CASSAN MACLEAN

(54) Titre : EXTRACTION ET PURIFICATION DE MINERAUX A PARTIR DE MINERAIS D'ALUMINIUM
54) Title: EXTRACTION AND PURIFICATION OF MINERALS FROM ALUMINIUM ORES

150
Wi 134
A
SiF SiF
4(8) A8 H,SiFs ()
54
HF, SiF, (g) :HF (g) HF (g)
152 ~— 105
82,83,84,86 <.1: |
70°C I 2
| |
>
:—' 7
'S o f
O
0 154 u
F8203
product
(57) Abréegée/Abstract:

A process for obtaining one or more metal fluoride or metal oxide compounds from treatment of a feed material containing
aluminium ore, includes the steps of contacting the feed material with a fluorine acid solution to form gaseous silicon fluoride and
agueous soluble metal fluorides and/or metal fluosilicates, processing the aqueous reaction products to form a solid reaction
product containing metal fluorides, processing to remove low boiling point compounds and heating said solid reaction product to a
temperature to drive off metal fluoride in gaseous form. The feed material may include aluminium ores and/or titanium ores, coal or

other carbonaceous materials containing mineral impurities, or other minerals such as mica. Processes for the production of
aluminium and titanium compounds are also described.

SoTEN 7 [ ] ]
EORUIORIOR . o
Y T 7 7
b‘ --..-‘

R

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




/068057 A1 0LV AT TN O P A 0 0

-

CA 02633073 2008-06-13

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization {2
International Bureau "

(43) International Publication Date
21 June 2007 (21.06.2007)

(51) International Patent Classification:
COIF 7/22 (2006.01) CO01G 23/04 (2006.01)
CO1F 7/50 (2006.01) CO01G 23/07 (2006.01)
CO01G 23/02 (2006.01)

(21) International Application Number:
PCT/AU2006/001904

(22) International Filing Date:
14 December 2006 (14.12.2006)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

2005907032 14 December 2005 (14.12.2005) AU

(71) Applicant (for all designated States except US): KAR-
ALEE RESEARCH PTY LIMITED [AU/AU]; 6 Crafts-
man Avenue, Berkeley Vale, New South Wales 2261 (AU).

(72) Inventor; and

(75) Inventor/Applicant (for US only): LLOYD, Robert
[AU/AU]; 7 Karalee Road, Galston, New South Wales
2159 (AU).

(74) Agents: DAVIDSON, Geoffrey, Robert et al.; Halford &
Co., 1 Market Street, Sydney, New South Wales 2000 (AU).

(10) International Publication Number

WO 2007/068057 Al

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, L.C, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL., SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EL, ES, I,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CI, CM, GA,

GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
of inventorship (Rule 4.17(iv))

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: EXTRACTION AND PURIFICATION OF MINERALS FROM ALUMINIUM ORES

H,SiFs (1) #

54 | gt
I{Fa Sil:‘i(g)

Fey0Os
product

IHF (g) \EF @
. |
152 : 105 :
82,838486 F=p b 112 L
70°C ' | | 110
1
i
|
l
|
J

134

(57) Abstract: A process for obtaining one or more metal fluoride or metal oxide compounds from treatment of a feed material
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TITLE OF THE INVENTION

EXTRACTION AND PURIFICATION OF MINERALS FROM ALUMINIUM
- ORES

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to the extraction and purification of
minerals from aluminium ores, including clays, clay minerals, leached clays, leached
clay minerals, bauxite, carbonaceous materials, such as coal, which contain mineral

impurities of a similar type, and other minerals such as mica.
2. Description of Related Art

[0002] US 4,7 8,0,1 12 describes a process for the treatment of carbonaceous
materials — i.e. those composed predominantly of elemental carbon, such as coal,
lignite and graphite — to remove non-carbonaceous impurities such as clay and in
particular silica, alumina and ofher minerals by treatment with an aqueous solution of

hydrofluorosilicic acid H,SiFe (also called fluosilicic acid) and hydrofluoric acid HF.

[0003) WO 03/074639 describes a process for the treatment of
‘carbonaceous materials — i.e. those composed predominantly of elemental carbon,
such as coal, lignite and graphite — to remove sulfur and other non-carbonaceous
impurities such as sulfur, silica, alumina and other minerals. In that procéss, the
carbonaceous material is first contacted with a fluorine acid solution containing
hydrofluoric acid HF and/or hydrofluorosilicic acid H,SiFs, and reaction products are
then separated from the carbonaceous material. The reaction products may include
gaseous silicon tetrafluoride "SiF4, and a mixed metal fluoride and fluosilicate solution
which may be crystallized and pyrohydrolysed for conversion to the more stable metal

oxides for disposal and to recycle the fluorine within the process.

[0004] WO 2004/057043 describes a process for purification of inorganic

minerals, specifically iron or titanium oxides, or mixtures thereof, in which a mineral

1
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mixture 1s reacted with a fluorine acid solution to separate minerals which react with

the solution from those which do not.

[0005] The contents of US 4,780,112, WO 03/074639 and of WO
2004/057043 are incorporated herein by reference.

[0006] ” ‘Much of the world’s alumina is produced by processing of bauxite -
defined by the US Geological Survey (USGS) as a rock or ore with a minimum of 24
wt% alumina. As one example, it is a naturally occurring alumina-silica based clay in
which the alumina to silica ratio has been increased by leaching of the silica content
over the millennia. Bauxite contains three aluminium minerals — Gibbsite, Boehmite
and Diaspore — in differing proportions depending on the deposit. The total
percentage of the aluminium mineral, measured as alumina, by ash analysis, in the
bauxite may vary from about 24 wt% to about 70 wt%, and the reactive silica content,
measured as silica, may vary from about 1 wt % in a highly leached deposit to about

20 wt% for a less highly leached deposit.

[0007] The dorﬁinant method for production of alumina is the Bayer
method. This method comprises treating the bauxite with sodium hydroxide in a
digester to dissolve the aluminium minerals, followed by settling, precipitation and

calcining of the aluminium trihydroxide (“hydrate”) to alumina.

[0008] The Bayer process has substantial disadvantages. Firstly, the non-
alumina components of the bauxite, which make up in the order of 30 to 76 wt% or
more of the ore, are rejected from the process as a highly alkéline “red mud” which 1s
extremely environmentally undesirable. Managing this red mud adds very
substantially to the operating cost of the process. Furthermore, the Bayer process is
generally economically unsui.table for bauxite deposits having a reactive silica content
greater than 7 wt% due to the need to form insoluble sodium aluminium silicates, to
extract the silica contaminant from the process before the crystallization of the
aluminium hydroxide compound. The loss of sodium aluminium silicates represents a

loss of aluminium value yield from the bauxite and a loss of process reagent.
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[0009]  Nevertheless, the Bayer process has remained the dominant method

of alumina production for over a century due to lack of a suitable alternative.

[0010]  Surprisingly, the present inventor has found that, by adaption of the
processes of US 4,780,112 and WO 03/074639, substantial quantities of relatively
pure aluminium values and/or pure other compounds may be derived from the mineral

impurities in the carbonaceous material, which contain a high proportion of alumina-

silica clay minerals.

[0011] The inventor has found also that the prdcess may be used to treat

other clays, leached clays such as bauxite, and aluminium ores to result in relatively

pure aluminium values and/or relatively pure other compounds.

SUMMARY OF THE INVENTION

[0012] In a first fofm, the invention provides a process for obtaining one or

more metal fluoride compounds from treatment of a feed material containing an

aluminium ore, including the steps of:

contacting said feed material with a fluorine acid solution to react said fluorine acid
solution with reactive mineral species within the aluminium ore to form gaseous

silicon fluoride and aqueous soluble metal fluorides and/or metal fluosilicates as

reaction products;

separating the gaseous silicon fluoride from the reaction products and unreacted

species of the feed material;

separating the aqueous soluble reaction products from unreacted species of the feed

material;

processing the aqueous soluble reaction products to form a solid reaction product

- containing metal fluorides and optionally metal fluosilicates and/or hydrates of said

metal fluorides and metal fluosilicates;
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converting any metal fluosilicates in said solid reaction product to metal fluoride and

‘removing any low boiling point compounds from said sohd reaction product; and

heating said solid reaction product to a temperature to drive off said metal fluoride in

gaseous form.

10013]  Preferably, said aluminium ore comprises aluminosilicate minerals,

such as clays or leached clays.

10014] Preférably, said reactive mineral species include at least titanium

and aluminium minerals.
[0015]  Preferably, said metal fluoride is aluminium trifluoride.

[0016] Preferably, the predominant (highest percentage) mineral of the total
mineral content of the feed material is aluminium or silicon, as measured by ash

analysis.

[0017] - It is preferred that the aluminium ore or clay or leached clay
component of the feed material is a high alumina ore or clay having at least 12 wt %
alumina, preferably from 12 wt % to 70 wt% and more preferably from 24 wt % to 55
wt%, as measured by ash analysis. The silica component ot the ore or ciay or leached

clay in the feed may vary from 1 wt% for leached clays to 82 wt% for unleached ores.

[0018] In one form, the invention further comprises the step of converting

the gaseous aluminium trifluoride produced to aluminium oxide.

[0019] Preferably, the step of removing low boiling point compounds —
those having boiling of sublimation points below the boiling or sublimation point of
the particular metal fluoride which it is desired to extract - includes heating the
reaction products to a temperature below the sublimation point of desired metal
fluoride. In preferred form, the removal step includes heating the reaction products to
a temperature at which one or more of said low boiling point compounds are removed

and separated in relatively pure form.
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[0020] Preferably, the step of removing low boiling point compounds

includes heating to remove titanium tetraﬂuonde in gaseous form and optionally its

formation as a purified solid or as titanium ox1de

[0021]  Other preferred methods of removing low boiling point compounds

include solvent extraction, pressure, gravity separation and/or preferential chemical

reaction of the low boiling point compounds.

(0022] In another preferred form, said metal fluoride is titantum

tetrafluoride.

[0023] In one embodiment of the invention, the feed material 1s a
carbonaceous material containing the alumina clay as an impurity. Preferred forms of

carbonaceous material include coal including brown coal, coke, lignite, anthracite,

charcoal, graphite and the like.

[0024] Preferably, the carbonaceous material is a coal containing from 1-50

wit% ash content, for example from 4-30 wt% ash content.

[0025] In another embodiment, the feed material is the aluminium ore, ot

alﬁmina clay, for example, a leached alumina clay such as laterite origin bauxite.

[0026] A further form of the invention provides a process for obtaining one

or more aluminium compounds from treatment of a bauxite feed material, including

the steps of:

contactlng said feed material with a fluorine acid solution to react with alummmm
values and other reactive mineral species within the feed material to form gaseous

silicon fluoride and aqueous soluble metal fluorides and/or metal fluosilicates;

separating the gaseous silicon fluoride from the reaction products and unreacted

species of the feed material;

separating the reaction products from unreacted species of the feed material;
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processing the reaction pfodl_lcts to form a solid reaction product containing

aluminium trifluoride and/or its-hydrates; and
separating the aluminium trifluoride and/or hydrates from the reaction product.

[0027]  Preterably, the step of separating the aluminium trifluoride includes
the steps of :

removing low-boiling point compounds from said solid reaction product; and

heating said solid reaction product to a temperature to drive off gaseous aluminium

trifluoride. .

[0028] A yet further form of the invention provides a process for obtaining
one or more titanium compounds from treatment of a feed material containing an
aluminium and titanium ore, including the steps of:
contacting said feed material with a fluorine acid solution to react said fluorine acid
solution with aluminium and titanium values and other reactive mineral species within
the aluminium ore to form gaseous silicon fluoride and aqueous soluble metal

fluorides and/or metal fluosilicates as reaction products.;

separating the gaseous silicon fluoride from the aqueous reaction products and

unreacted species of the feed material;

separating the aqueous reaction products from unreacted species of the feed material;

processing the aqueous reaction products to form a solid reaction product containing
titantum and aluminium metal fluorides, optionally titanium and aluminium metal
fluosilicates and/or hydrates of said titanium and aluminium fluorides and metal

fluosilicates; and

heating said solid reaction product to a temperature to drive off said titanium metal

tfluoride in gaseous form.

[0029]  Preferably, the major mineral components of said aluminium and

titanium ore are aluminium and/or silicon minerals.
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[0030] Further forms of the invention include apparatus for carrying out the
processes, and compounds such as aluminium, titanium and silicon compounds when
made by the processes.

[0031] Other forms of the invention are as set out in the claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0032]  Further preferred embodiments of the invention will now be

described with reference to the accompanying drawings, in which:

[0033] = Fig. 1 is a flowchart illustrating a method for purification of
carbonaceous material according to the prior art WO 03/0746309:

[0034]  Fig. 2 is a flowchart of a circuit for processing of the aqueous
reaction products from the process of Fig. 1 for the production of alumina, according

to a first embodiment of the invention; and

[0035]  Fig. 3 is a flowchart illustrating a method for producing alumina

from treatment of bauxite, according to a second embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0036]  Fig. 1 shows a process for treating an impure carbonaceous material

according to WO 03/074639.

[0037]  This process is described in relation to carbonaceous material, and is

applicable to such materials as coal and graphite and the like.

[0038]  The details of the process are fully described in WO 03/074639,
‘which is incorporated herein by reference. Those process steps that deal with the
liberation of mineral matter, particularly clay, from carbonaceous material, are
reproduced in summary form. The additional steps of purifying these liberated

minerals, to in large provide them in a useful and environmentally friendly form, are

detailed.
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[0039]  The mineral material to be separated and purified is normally of a
size 2 mm minus, but not exclusively so, as large particles can be etfectively treated
with appropriate adjustment of process parameters such as reactor size and residence
times. Such material is fed via a hopper 20 and feed unit 25 into a series of reactors,
for example a flowthrough, stitred or rotating purification reactor 30, stirred reactor 55
and two-stage tubular reactor 65A,65B, as described in WO 03/074639. The
combination of reactors to be used is dependent on the material itself and its

properties, such as density:.

[0040] - The fluorine acid solution treatment of the mineral matter in these
reactors, particularly clay, may be by hydrogen fluoride, hydrofluorosilicic acid, or
preferably by a ternary mixture of hydrogen fluoride and hydrofluorosilicic acids. The
mixing of hydrogen fluoride and hydrofluorosilicic acid may be achieved external to
the reactors, for example in an absorption vessel such as 54, or may be achieved

internally in the reactors as a product of reaction of the HF with SiO,.

10041]  Preferably, the fluorine acid solution is saturated with respect to
hydrofluorosilicic acid (approx 32 wt%, but dependent on temperature), with the HF

concentration varied to achieve the desired acidity or pH value.

[0042] By the fluorine acid solution being saturated with respect to
hydrofluorosilicic acid, the SiF4 given off by the reaction will be in gaseous form.
The acid feed to the reactor may be at the desired hydrofluorosilicic acid saturation, or
the feed may be less than saturated and the hydrofluorosilicic acid saturation achieved

by the reaction of the HF with SiO, as discussed above.

[0043]  The reactions are preferably carried out at a temperature of
approximately 30-80°C, more preferably about 65-80°C, and most preterably about 70
°C.

[0044] At the end of the reactor series, separator 16 separates the output
stream into a solids stream 67, which includes heavy unreacted solids such as the
passivated iron compounds, and a mixed liquid/coal stream 66 which may then

undergo further physical separation for example at belt filter 70 and alternating mixing
A |
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tanks 71,73,75 and separators, such as centrifuges or belt filters 72, 74, 76. The coal,
from which most of the mineral material has been removed, is further processed as
described for example in WO 03/074639, while the aqueous stream is further

processed as described below.

[0045]  Fig. 2 1s a flowchart illustrating the processing of the aqueous
portion separated out of the mixed coal/aqueous stream in line 66 from separator 16,
1n a case where the original carbonaceoqs material feed contains a substantial amount
of aluminium ore or alumina-silica based clay, or leached clay, as an impurity, such as

the mineral bands predominantly found in coal seams.

[0046] The process of Fig. 2 links to that part of the Fig. 1 process
flowchart contained within broken line 100, with similar reference numerals being

used for analogous items.

[0047]  Typically, coal will contain from about 1-50 wt%, more usually
about 4-30 wt%, total mineral (ash) content, which largely comprises aluminium ore
or clay material and other mineral inclusions such as pyrite FeS, and quartz Si0,. Of
that mineral content, typically about 15-35 wt% is aluminium and about 50-80 wt% is

silicon (on ash analysis), with significant titanium and iron contents.

[0048] Clays are phyllosilicate minerals which contain large percentages of
water between the silicate sheets, giving them characteristic physical properties. The
main families of clay minerals found in coal are the Kaolinite, Chlorite,
Montmorillonite/Smectite and Hlite groups. Clays are usually formed by 1n situ
weathering of rock or by secondary sedimentary processes, but may also be formed in

primary igneous or metamorphic environments.

[0049]  The major clay minerals present in coal will typically be kaolinite
Al»S1,05(OH)4, chlorite (MgFeAl)s(SiAl)4010(OH)s, illite — which is similar to
muscovite KAl (Si3Al)O10(OH), but with less K*, more SiO; and HO and containing
small amounts of Mg and Fe — and mixed-layered clays, which are usually randomly

interstratified mixtures of illite with montmorillonite and/or chlorite. Other metal

cations may also be present in small proportions within the clay lattice.
9



CA 02633073 2008-06-13
WO 2007/068057 PCT/AU2006/001904

[0050] The aqueous stream 102 contains soluble mixed metal fluorides
and/or fluosilicates formed by the reaction of the fluorine acid feed 24 (Fig. 1) and/or
58 with certain of the impurities in the carbonaceous material feed 25 in the
purification reactors 30,55,65A, 65B, or a combination thereof. Examples of metal
fluorides and/or metal fluosilicates in this stream are compounds of Al, Ti, Ca, Mg,
but not exclusively so. As‘an example of the purification of one of the original
minerals in clay, or the mineral impurity in carbonaceous substrates of the other main
components of the impurities, the passivated iron values typically, but not exclusively
S0, continue through unreacted with the stream of carbonaceous material into a |

~ separator 16 (Fig. 1), where they are discharged as stream 67 (Fig. 1), which can be of
high purity values of iron oxide or other iron compounds. As another example, the
silica impurity in the original material is given off as gaseous SiF; through vent line

59 and further purified as discussed later.

[0051] | Thé mixed metal fluoride and/or metal fluosilicate solution from
filter 70 and/or separator 72 of Fig. 1 is ultimately passed to a crystallizer 80, or 1s
partially diverted to the absorber 54 of Fig 1and to the crystallizer 80. The solution
passing to the crystallizer 1s concentrated by heating to precipitate mixed metal
fluoride and metal fluosilicate crystals. Water, HF and SiF,4 are given oft in gaseous

- form 106, passing to a dewatering stage 82,83,84,86, such as contact with anhydrous
AlF3;, calctum fluosilicate CaSiF¢ or other material capable of removing water without

reacting with the HF and SiF4, as described more fully in WO 2004/057043.

[0052] The gaseous HF and SiF; 107 is returned to the ternary acid

absorber 54, which will be described in more detail later.

[0053] The mixed metal fluoride and metal fluosilicate crystals, which in
the example of Fig. 2 comprise mainly AlF; and TiF, are passed to a series of

sublimation/boiling chambers, separators or reactors.

[0054] As an example of the purification of one of the original minerals 1n
the clay, or the mineral impurity in carbonaceous substrates, in one ot these chambers,

which itself may be multichambered, the mixed crystals are gradually heated to

10
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remove the water of hydration of the AlF3 and other crystals. Heating continues as the
crystals move through the chamber/ chambers to finally cause the sublimation of the
TiF, crystals at approximately 300°C at atmospheric pressure in sublimation chamber
108, and the high purity gaseous TiF4 109 formed may be passed to a pyrohydrolysis
reactor 110, where TiFy4 gas is contacted with steam 112 to form high purity TiO, solid
114 and gaseous HF 116. The TiO, formed is of high purity and suitable for
colléction and sale, while the HF is returned to the ternary acid absorber 54 or the

crystallizer 80.

[0055] In an unillustrated alternative embodiment, the high purity TiF4 gas
109 may be cooled to form a high purity solid, in a manner similar to that described

below for the AlFs, or reacted to form another purified titanium compound.

t0056] If required, the remaining metal fluoride crystals 117 are then
passed to further separators, and/or reactors and/or sublimation/boiling chambers (not
shown). For example, with sublimation/boiling chambers, operation at pro oressively
higher temperatures to remove any other compounds with a boiling or sublimation
point below the sublimation point of that of the metal fluoride which 1t is desired to
extract, which in this example is aluminium trifluoride ( sublimation point

approximately 1260-1300°C at 1 atmosphere).

[0057]  Alternatively, or in addition, other processes such as preferential
reaction or solvent extraction or density separation or pressure changes may be used to
remove other éompounds having boiling/sublimation points below that of the

aluminium trifluoride.

[0058] Preferably, the operations downstream of the crystallizer to at least
the AlF; suBlimation chamber are conducted at low pressure — less than 4 |
atmospheres, preferably less than 2 atmospheres, and most préferably less than or at 1
atmosphere. |

[0059]  The residual crystal mixture of AlF; and higher boiling point
compounds then passes to an AlF; sublimation chamber 118 at approximately 1260-

1300°C (at atmospheric pressure).
11
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[0060] The sublimation chamber is preferably lined with pure pyritic
graphite, preferably having been purified by the process of WO 03/074639 or WO
84/04759, and is under inert atmosphere, to prevent unwanted reactions from
occurring which may cause contamination of the gaseous AlF;. However, high

alumina refractory systems maj/ also be used, or other compatible refractory systems.

[0061] In another example of the separation and purification of one of the
original minerals in the clay, or the mineral impurity in 6arbonaceous substrates, the
gaseous AlF; 120 discharged from the aluminium trifluoride sublimation chamber 118
may be collected and cooled 122 for discharge as solid high purity AlF; 124 or,
optionally, may be further processed by pyrohydrolysis in a pyrohydrolysis reactor
126 with steam 128 to form high purity alumina 130, Al,0s,0r both. Both the high
purity AlF; and Al,O3; can be collected for sale. Again, gaseous HF 132 from the

pyrohydrolysis reaction is returned to the ternary acid absorber 54, or crystallizer 80.

[0062] In the ternary acid absorber 54, the returned HF and S1F4 18
contacted with an aqueous fluerine acid solution to replenisﬁ the HF and H,S1Fg
concentrations for return to the reactor system. Any SiF4 beyond that required to
result in a solution of saturation with respect to H,SiF; at the relevant temperature,

e g, beyond approximately 32 wt% H,SiF¢ for example at one temperature, will pass
through uﬁabsorbed and is merged with the gaseous SiF, stream from the reactor

system for further processing.

[0063] The ternary acid solution of HF, HySiFg and H>O is returned to

reactor system.

[0064]  Further details of the ternary acid absorber are described in WO
2004/057043. |

[0065] In another example of the separation and purification ot one of the
original minerals in the clay, or the mineral impurity in carbonaceous substrates,
gaseous SiF4 from each part of the process passes through a cleaning bath/baths 134,
comprising saturated H,SiF acid, which is concentrated and purified within the

process itself. This allows gaseous SiF; to pass without absorption and in a pure form,
12
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before being hydrolysed by contact with water feed 136 1n a hydrolyser reactor 32 to
form silica SiO; solids 138 and/or gel for collection and sale. The liquid stream 140
from the hydrolyser is the saturated aqueous stream of H,SiFs used in the bath/baths

and it is ultimately returned to the ternary acid absorber 54 and the reactor system.

[0066] In an unillustrated alternative embodiment, the gaseous SiF4 may be
collected in that form for transport and sale, or used for further processing. It will be
“appreciated that this may result in a net loss of fluorine from the process, and if so,

will need to be replenished.

[0067] A small quantity of high boiling point material, primarily metal
fluorides such as CaF, crystals 142, may remain in solid form following the
aluminium trifluoride sublimation step. This stream may be passed to an HF recovery
reactor 144 in which the CaF, crystals are contacted with oleum/ sulfuric acid H>SO4
146 for recovery of HF 147, and to form gypsum CaSQ4 148 for sale or disposal, or it
may be subjected to further purification steps, such as controlled high temperature,

greater than 1300°C.

[0068] An additional CaF,; makeup feed (not shown) may be provided to
the HF recovery reactor 144 of Figs. 2 and 3.

[0069] Fig. 3 is a flowchart of the treatment of bauxite according to a

second embodiment of the invention.

[0070] In the example given in Fig. 3, but not exclusively so, the bauxite 1s

sourced from the Weipa deposit (Australia) and has the following approximate

composition:
A1203 50-55 wt%
SiOz 4-5 wt%
Fey,Os 12-17 wt%

Water/other 25-26 wt%
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[0071]  However, it will be appreciated.that the invention is suitable for
processing of a wide range of bauxite compositions, including those with lower

alumina and higher silica and reactive silica percentages.

[0072]  The bauxite 150 is fed in granular form, but may be of larger

particle size, to the reactor series 152 where it is contacted with the ternary fluorine
acid solution under the conditions described in WO 2004/057043, WO 03/074639 and
US 4,780,112. |

[0073]  In the embodiment of Fig. 3, a reactor temperature of approximately
70°C is used.

[0074] The reaction of the bauxite with the fluorine acid solution causes
formation of an aqueous metal fluorides and fluosilicates solution of the reactive
species — primarily Al, Ti and Ca — which are separated from the solids stream and

processed as described above with reference to Fig. 2.

[0075]  The silica content of the bauxite reacts with the acid to form SiF.,

which again is processed as described for Fig. 2.

[0076] The unreacted solids discharge of the reactor is primarily iron oxide
154, which 1s suitable for further processing to recover the iron content, e.g. as feed

- for steel making, by processes which will in themselves be well understood in the art.

[0077]  The present invention therefore allows recovery and purification of
economically valuable components of the bauxite — typically aluminium, silicon, iron
and titanium, and optionally calcium compounds, but not exclusively so, — for further
processing, without the formation of the vast quantities of highly alkaline “red mud”
waste formed by the Bayer process. Furthermore, by appropriate processing of the
tluorine reaction products, much of the fluorine acid reagents used in the process are
recovered tor recycling, and the final products of the process are in their relatively

inert oxide or sulfate forms, but not exclusively so.

[0078]  In this specification, the word “comprising” is to be understood in

its “open” sense, that is, in the sense of “including”, and thus not limited to its
14



CA 02633073 2008-06-13
WO 2007/068057 PCT/AU2006/001904

“closed” sense, that is the sense of “consisting only of”. A corresponding meaning is
~ to be attributed to the corresponding words “comprise, comprised and comprises

where they appear.

[0079]  While particular embodiments of this invention have been
described, it will be evident to those skilled in the art that the present invention may
be embodied in other specific forms without departing from thg essential
characteristics thereof. The present embodiments and examples are therefore to be
considered in all respects as illustrative and not restrictive, the scope of the invention
being indicated by the app“ended claims rather than the foregoing description, and all
changes which come within the meaning and range of equivalency of the claims are
therefore intended to be embraced therein. It will further be understood that any
reference herein to known prior art does not, unless the contrary indication appears,

constitute an admission that such prior art is commonly known by those skilled in the

art to which the invention relates.
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CLAIMS
1. A process for obtaining one or more metal fluoride compounds from treatment

of a feed material containing aluminium ore, including the steps of:

contacting said feed material with a fluorine acid solution to react said fluorine acid
solution with reactive mineral species within the aluminium ore to form gaseous

silicon fluoride and aqueous soluble metal fluorides and/or metal fluosilicates as

reaction products;

separating the gaseous silicon fluoride from the aqueous reaction products and

unreacted species of the feed material;

separating the aqueous reaction products from unreacted species of the feed material:

processing the aqueous reaction products to form a solid reaction product containing
metal tluorides, optionally metal fluosilicates and/or hydrates of said metal fluorides

and metal fluosilicates;

~ converting any metal fluosilicates in said solid reaction products to metal fluorides

and removing any low boiling point compounds from said solid reaction product; and

heating said solid reaction product to a temperature to drive off said metal fluoride in

gaseous form.

2. A process according to claim 1, wherein said metal fluoride compound

1s titanium tetrafluoride or aluminium trifluoride.

3. A process according to claim 2, wherein said metal fluoride compound

1S aluminium trifluoride.

4, A process according to claim 1, wherein said feed material contains at
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least aluminium, silicon, iron and titanium minerals.

5. A process according to claim 1, wherein said aluminium ore comprises

one or more aluminosilicate materials.

6. A process according to claim 5, wherein said one or more

aluminosilicate materials comprise clays or leached clays.

7. A process according to claim 5, wherein said one or more

aluminosilicate materials comprise leached clay.
8. A process according to claim 7, wherein said leached clay is bauxite.

9. A process according to claim 3, wherein said step of removing any low

boiling point compounds comprises heating to remove titanium tetrafluoride in

gaseous form.

10. A process according to claim 9, further comprising a step for

converting gaseous titanium tetrafluoride to titanium tetrafluoride solid or to titanium

dioxide.

11. A process according to claim 3, further comprising the step of

converting the gaseous aluminium trifluoride produced to aluminium trifluoride solid

or to aluminium oxide.

12. A process according to claim 3, wherein the step of removing low

boiling point compounds includes heating the reaction products to a temperature
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below the sublimation point of aluminium trifluoride.

13. A process according to claim 12, wherein the removal step includes
heating the reaction products to a temperature at which one or more of said low

boiling point compounds are removed.

14. A process according to claim 6, wherein the feed material is a

carbonaceous material containing the clay as an impurity.

15. A process according to claim 1, wherein the feed material is an

aluminium ore having an aluminium content of at least 12 wt% alumina by ash

analysis.

16. A process according to claim 15, wherein the feed material is a high

alumina clay or leached high alumina clay.

17. A process according to claim 16 wherein the feed material is a leached
high alumina clay.
18. A process according to claim 15 or 17, wherein the aluminium ore or

leached high alumina clay is bauxite.

19. A process for obtaining one or more aluminium compounds from

treatment of a bauxite feed material, including the steps of:

contacting said feed material with a fluorine acid solution to react with aluminium
values and other reactive mineral species within the feed material to form gaseous

silicon fluoride and aqueous soluble metal fluorides and/or metal fluosilicates:
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separating the gaseous silicon fluoride from the reaction products and unreacted

species of the feed material;
separating the aqueous reaction products from unreacted species of the feed material;

processing the aqueous reaction products to form a solid reaction product containing

aluminium trifluoride and/or its hydrates; and

separating the aluminium trifluoride and/or hydrates from the solid reaction product.

20. A process according to claim 19, wherein, the step of separating the

aluminium trifluoride includes the steps of :

converting any aluminium fluosilicate in said solid reaction product to aluminium

triﬂuoﬁde;
removing low boiling point compounds from said solid reaction product; and

heating said solid reaction product to a temperature to drive off gaseous aluminium

tritluoride.

21. A process for obtaining one or more titanium compounds from treatment of a

feed material containing an aluminium and titanium ore, including the steps of:

contacting said feed material with a fluorine acid solution to react said fluorine acid
solution with aluminium and titantum values and other reactive mineral species within
the aluminium ore to form gaseous silicon fluoride and aqueous soluble metal

fluorides and/or metal fluosilicates as reaction products.;

separating the gaseous silicon fluoride from the aqueous reaction products and

unreacted species of the feed material;

separating the aqueous reaction products from unreacted species of the feed material;
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processing the aqueous reaction products to form a solid reaction product containing
titantum and aluminium metal fluorides, optionally titanium and aluminium metal

fluosilicates and/or hydrates of said titanium and aluminium metal fluorides and/or

metal fluosilicates; and

heating said solid reaction product to a temperature to drive off said titanium metal

fluoride in gaseous form.

22. A process according to claim 21, wherein the major mineral cdmponents of

said aluminium and titanium ore are aluminium and/or silicon minerals.
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FIGURE 1 (PRIOR ART)

¥
3
3
;
3
¢
3
3
i




CA 02633073 2008-06-13

PCT/AU2006/001904

WO 2007/068057

23

)
MR

I -.....J.-. o,

9l

D000¢

| wnRjO
Q 8V 1
COO0 (sereydins) o
44! aﬂw&_@ : 124!
¢80 '3°9 |
‘sTe1SA10 ourronf I \|/ 3.00€1 (%1
dnoyew i
Jonpoid / O STR1SAIO OpLION].]
V. O | ostIp
el QY <& @S
. ;\ § 0TI
| Jonpoid Am b T H

jonpoad |

"I,

‘€ TV S[eISAID

SpLIOn} [eJo]

(DO

(3)¥a1S ‘A §

¢ ddNoI-

(7) sopironyy

[elou 9[qnjos

- (B)otH
‘(B) 1S IH

98'#8°€8'T8

LO1

v 2

c01

101089y
OL

103089y
WOL]

10308
oI

(B)¥as

05



CA 02633073 2008-06-13

PCT/AU2006/001904

WO 2007/068057

313

L11

& dNLid

»~
>
>
2

Ol

SO1 |

@) 1S ‘AH |

1onpoid
t0%g



134

H,SiFs (1) #

\ HF, SiF, (g) I g

152

112

,7000 | , E 11 % )

— Wy 102

~ 108

WaT4 ATA ATA

2 LD

b
X




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - abstract drawing

