wo 2010/015019 A1 I 10K 0 YOO

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

(19) World Intellectual Property Organization
International Bureau

-

U
(43) International Publication Date :
11 February 2010 (11.02.2010)

2P0

(10) International Publication Number

WO 2010/015019 A1

(51) International Patent Classification:

C22B 3/04 (2006.01) C22B 1/02 (2006.01)

(21) International Application Number:

PCT/AU2009/000954

(22) International Filing Date:

27 July 2009 (27.07.2009)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:
2008903997 5 August 2008 (05.08.2008) AU

Applicant (for all designated States except US): TECH-
NOLOGICAL RESOURCES PTY. LIMITED
[AU/AU]; 120 Collins Street, Melbourne, Victoria 3000
(AU).

Inventors; and

Inventors/Applicants (for US only): PAINTER, Carly,
Louise [AU/AU]; ¢/- Level 7, 15-17 William Street,
Perth, Western Australia 6000 (AU). BOX, John,
Clarence [AU/AU]J; c/- Level 7, 15-17 William Street,
Perth, Western Australia 6000 (AU). REES, Kevin, Lee
[AU/AU]; ¢/- Rio Tinto Technology and Innovation, 1
Research Avenue, Bundoora, Victoria 3083 (AU). LON-
ERGAN, Adam, Bain [AU/AU]; ¢/- Rio Tinto Technolo-
gy & Innovation, 1 Research Avenue, Bundoora, Victoria
3083 (AU).

1

(72)
(73)

(74) Agent: GRIFFITH HACK; Level 3, 509 St Kilda Road,
Melbourne, Victoria 3004 (AU).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
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, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

62y

(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,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: TREATING IRON ORE

HGROM

Crushing and Screening Plant Fines

Figure 1

Lump Ore Heap

L]

Lump

Roasting

bl

Lixiviant
Regeneration

Phos Rich Waste
Stream

] A

Fines Product Stockpile

‘

Lump Product Stockpile

Raw Lixiviant,

Water

Lixiviant
Preparation

(57) Abstract: A process for lowering the concentration of phosphorus in iron ore is disclosed. The process comprises roasting
and then leaching iron ore or upgraded concentrates of iron ore having a concentration of at least 0.05 wt. % phosphorus to lower
the phosphorus level in the iron ore and then washing leached iron ore to at least partially remove leach liquor retained on the iron
ore. The process allows more extensive exploitation of high phosphorus resources than is currently possible.
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TREATING IRON ORE

The present invention relates to a process for
removing phosphorus from iron ore and concentrates of iromn

ore.

The present invention relates particularly, although
by no means exclusively, to a process that comprises
roasting and then leaching iron ore or upgraded
concentrates of iron ore to lower the phosphorus'
concentration in the iron ore. The process produces an
iron ore that has a lower~phosphorus coﬁcentration. The
processed iron ore can be sold as a commercial product.
Alternatively, the processed iron ore can be blended with
iron ores having different phosphorus concentrations to

produce other commercial products.

There are substantial iron ore deposits in the
Pilbara region of Western Australia and elsewhere that are
high in phosphorus, i.e. having phosphorus concentrations
greater than 0.1 wt.%. Phosphorus is an undesirable
element in iron ore as it promotes brittleness in steel
produced from the iromn ore. Typically, steel grades
specify phosphorus concentrations less than 0.04 wt.%.
Steelmaking processes typically include a step of removing
phosphorus from steel if the phosphorus is too high. It
is desirable to lower the phosphorus concentration in iron
ores to improve the viability of high phosphorus deposits.
In addition, it is desirable to lower the phosphorus
concentration in iron ores to increase the marketability

of current deposits.

The present invention relates particularly, although
by no means exclusively, to iron ore resources in which
the phosphorus is closely or intimately associated with

iron-containing minerals in iron ore.
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Research work carried out by the applicant has found
that in some iron ore resources the phosphorus present in
the ore is associated with iron-containing minerals such
as goethite rather than in discrete phosphorus-containing
minerals. The term “associated” is understood to mean
that there is a close correlation between the presence of
phosphorus and iron-containing minerals in the ore. 1In
particular, the research work has found that a large
portion of the phosphorus is contained in these iron

containing minerals.

The applicant has also found that, due to its
association with iron-containing minerals such as goethite
rather than in discrete phosphorus-containing minerals,
such as apatite, physical separation techniques are not

always effective in removing phosphorus from iron ore.

The above description is not to be taken as an
admission of the common general knowledge in Australia or

elsewhere.

According to the present invention there is provided
a process for removing phosphorus from iron ore or a
concentrate of iron ore having a concentration of at least

0.05 wt.% phosphorus that comprises:

(a) roasting a feed material comprising iron ore or
upgraded concentrate of iron ore having a
phosphorus concentration of at least 0.05 wt.%
to improve the accessibility of a leach liquor

to phosphorus in the ore;

(b) 1leaching phosphorus from the roasted iron ore

with a leach liquor; and

(c) washing leached iron ore to at least partially

remove leach liquor retained on the iron ore.
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The above-described process removes a contaminant,
namely phosphorus, from iron ore and leaves a beneficiated
iron ore that has increased value because of a lower
phosphorus concentration. The washing step (c¢) ensures
that there is minimal carry-over on the beneficiated iron
ore of phosphorus, sodium or other elements that are
present within or dissolved in the leach liquor and are
regarded as undesirable contaminants in steelmaking

processes or ultimate product.

The roasting step (a) may be an atmospheric roast
that does not comprise the use of a solid or gaseous

reductant.

The roasting step (a) may be carried out at a
temperature and/or for a time to facilitate removal of a
part and not all of the phosphorus in the feed material in
the subsequent leaching step (b). This applies
particularly in situations in which the processed iron ore
is subsequently blended with other iron ores having
different compositions to produce a commercial product
having a required iron composition and a key issue is to
lower the phosphorus concentration sufficiently to allow
maximum flexibility to blend different iron ores and

produce the commercial product.

The roasting step (a) is desirably carried out at a
temperature and/or for a time to facilitate increased
removal of at least a part of the phosphorus in the feed

material in the subsequent leaching step (b).

The roasting step (a) may be carried out at a
temperature and/or for a time to facilitate removal of at
least 20% and up to 60%, typically 30 to 50%, by weight of
the total weight of phosphorus in the feed material in the
subsequent leaching step (b).
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The roasting step (a) may be carried out at a

temperature and/or for a time to facilitate removal of
substantially all, i.e. at least 85 %, by weight of the
total weight of phosphorus in the feed material in the

subsequent leaching step (b)

The roasting step (a) may be carried out at a

temperature in a range of 400-1200°C.

The temperature may be

The temperature may be

The temperature may be

The temperature may be

The temperature may be

less than 1000°C.

less than 600°C.

less than 500°C.

greater than 350°C.

greater than 370°C.

The roasting step (a) may be carried out for a roast

time of less than 3 hours.

The roasting step (a) may be carried out for a roast

time of less than 2 hours.

The roasting step (a) may be carried out for a roast

time of less than 1 hour.

The iron ore may be any iron ore.

The applicant has found that

the present invention is

applicable particularly, although not exclusively, to iromn

ore that contains at least some goethite.

The iron ore may have at least 0.10 wt.% phosphorus.
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The feed material for roasting step (a) may be run-
of-mine ore and/or iron ore that has been subjected to

size reduction.

By way of example, the process may comprise
separating run-of-mine iron ore into lump and fines iron
ore streams and treating one or both streams as the feed
material in roasting step (a) and leaching step (b)
without additional grinding or milling of the lump or

fines streams.

The term “lump” as used herein is understood to mean
nominal plus 6.3 mm and minus 31.5 mm, with 100 wt.% of
the ore being minus 40 mm and less than 10 wt.% of the ore

being minus 6.3 mm.

The term “fines” as used herein is understood to mean

nominal minus 6.3 mm.

The process may comprise regenerating the leach
liquor from the leaching step (b) and re-using the leach

liquor, for example in the leaching step.

The regeneration step may comprise removing

phosphorus from the leach liquor.

The leach liquor for the leaching step (b) may be

caustic soda.

The leach liquor for the leaching step (b) may be an

acid.

The selection of a suitable leach liquor in any given
situation depends on a range of factors including reagent
availability and cost and the composition of the iromn ore.

For example, generally caustic soda will be preferred in
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situations where the more reactive nature of acid for

other constituents in iron ore is an issue.

The leaching step (b) may be a heap leaching step or
any other suitable leaching step.

The leaching step (b) may comprise collecting leach
liquor from a base of the heap, separating phosphorus from

the collected leach liquor, and re-using the leach liquor.

The washing step (c¢) may be carried out using any

suitable wash liquor, such as water.

Implementation of the process may involve multiple

plants at a range of locations.

Heap leach facilities may be included in new mines

and may be added to existing process plants.

According to the present invention there is also
provided a commercial iron ore product having a required
iron composition that has been produced by treating iron
ore in accordance with the above process to lower the

phosphorus concentration of the iron ore.

The term “commercial iron ore product” is understood
herein to mean that the iron ore is in a form for sale to

customers, such as steelmakers.

According to the present invention there is also
provided a process for producing a commercial iron ore
product having a required iron composition that comprises
blending amounts of different iron ores having different
compositions and producing the commercial iron ore
product, with at least one of the iron ores used in the

blend being an iron ore that has been treated by the
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above-described process to lower the phosphorus

concentration of the iron ore.

According to the present invention there is also
provided a process for producing a commercial iron ore
product having a required iron composition that comprises
mining different iron ores having different compositions
from a plurality of iron ore deposits, transporting the
iron ore to a port, and blending the iron ore in
accordance with the process described in the preceding

paragraph.

The above-described process to lower the phosphorus
concentration of the iron ore may be carried out at the

iron ore mine or mines or at the port.

it is relevant to note that a significant driver for
optimising iron ore resource development is to maintain or
lower the phosphorus concentration of commercial iron ore
products (lump and fines), while maintaining target iron
ore grades, low levels of hydration, and target
concentrations of silica and alumina impurities. The
present invention facilitates maintaining or lowering the
phosphorus concentration of commercial iron ore products

(lump and fines).

The present invention is described further by way of
example only with reference to the accompanying Figures,

of which:

Figure 1 is a flowsheet of one, but not the only,
embodiment of the process for removing phosphorus from

iron ore in accordance with the present invention;

Figure 2 is a graph of phosphorus extraction plotted

against roast temperature for an iron ore sample that was
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roasted and then leached under process conditions in

accordance with the present invention;

Figure 3 is a graph of phosphorus extraction plotted
against leach time for a plus 1 mm and minus 8 mm iron ore
sample that was roasted and then leached under process

conditions in accordance with the present invention; and

Figure 4 is a graph of phosphorus extraction plotted
against leach time for a plus 8 mm and minus 30 mm iron
ore sample that was roasted and then leached under process

conditions in accordance with the present invention.

The process shown in the flowsheet of Figure 1
comprises conventional crushing and dry screening of run-
of-mine high phosphorus iron ore, such as a goethite-
containing high phosphorus ore, from an iron ore deposit
to produce a lump stream and a fines stream. Typically,
the lump ore and fines have the above-described particle

size distributions.

The fines stream is transferred to a fines product

stockpile.

The lump ore stream is then treated in a suitable
roasting step to improve accessibility of leach liquor to
phosphorus-containing minerals in the lump ore in a
subsequent leaching step. The roasting step may be
carried out at a temperature and/or for a time to
facilitate removal of up to 60% by weight of the total
weight of phosphorus in the feed material in a subsequent
leaching step described below. Alternatively, the
roasting step may be carried out at a temperature and/or
for a time to facilitate removal of at least 85% by weight
of the total weight of phosphorus in the feed material in
the subsequent leaching step. Typically, the roasting

step is carried out at a temperature in a range of
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400-500°C for a period of 1-3 hours. Typically, the

roasting step is carried out under atmospheric conditions.

The treated lump ore is then heap leached in a
suitable leaching step to remove phosphorus from the iron

ore and thereby beneficiate the iron ore.

The heap leaching step comprises heaping the ore on a
lined pad, feeding leach liquor to the top of the heap,
allowing it to irrigate under gravity through the heap,
and collecting the pregnant leach solution at the base of
the pad. The leach liquor and leach conditions are
selected to leach phosphorus from the ore in the heap.

The leach liquor and leach conditions are selected to
minimise leaching of iron from the ore. The leach liquor
may be an acid or alkali. The heap may be any suitable

size, for example upwards of 100,000 tonnes.

The leach liquor collected from the base of the heap
is processed to remove phosphorus and potentially any
other components leached from the ore from the leach
ligquor to allow re-use of the leach liquor as a recycle
stream to the heap. The regenerated leach liquor is
transferred to a leach liquor preparation tank and mixed

with fresh leach liquor and water, as required.

Process options to remove phosphorus and potentially
other components from leach liquor include precipitation
and solids recovery, producing a phosphorus-rich solid by-

product for disposal.

Alternatively, if reagent consumption is small or a
process of removing impurities from the leach liquor is

not possible, the leach liquor would not be recycled.

At the end of the heap 1eaching‘step, the

beneficiated iron ore is washed in a washing step with
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water to at least partially remove leach liquor retained
on the iron ore. Typically, this step comprises feeding
wash water to the top of the heap and allowing it to
irrigate under gravity through the heap. This step
ensures that there is minimal, if any, carry-over with the
iron ore of leach liquor containing phosphorus, sodium or
other elements that are present within or dissolved in the
leach liquor and are regarded as undesirable contaminants

in steelmaking processes or ultimate product.

The washed iron ore is transferred to a lump product

stockpile.

The beneficiated iron ore may be sold as a stand-
alone commercial iron ore product having a required iron
concentration and required concentrations of other
elements to meet customer specifications. Alternatively,
the beneficiated iron ore may be blended with iron ores
having differeﬁt phosphorus concentrations from the same
or multiple iron ore mines to produce a commercial iron
ore product having a required iron concentration and
required concentrations of other elements to meet customer
specifications. Typically, the blending operation is
carried out at a port from which commercial iron ore
products are shipped to customers. Typically, the iron
ore is transported from the mine sites to the port via a

rail network.

The process described in the flowsheet of Figure 1
may be carried out at mine sites. Equally, the process
steps of roasting and heap leaching and washing iron ore
shown in the flowsheet may be carried out at a port, for

example, in close proximity to a blending operation.

The present invention is described further with

reference to the following examples.
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Example 1

Bench scale testwork was carried out on plus 1 mm and
minus 8 mm high phosphorus iron ore. The assay of the
iron ore was comparable to the assays of the iron ore
samples tested in Examples 2 and 3. Samples of the iron
ore were added to a pre-heated furnace and crucible and
roasted for 30 minutes at different selected temperatures,
namely 450°C, 650°C, 850°C, and 1250°C. The samples were
removed and cooled naturally. Each roasted sample was
transferred to a 2 L bottle and mixed with 0.25M NaOH at
40% solids pulp density. Each bottle was sealed and
rolled to provide agitation for a total time of 5 days
(120 hours). At the completion of the test, the iron ore
samples were filtered, washed with 500 mL of de-ionised
water twice, dried and assayed. The wash water was also
assayed to complete the mass balance. The results are

summarised in Figure 2.

Figure 2 shows that the phosphorus extraction
increased with roast temperature and that there was a

greater rate of increase at temperatures above 400°C.

Example 2

A 1kg sample of plus 1 mm and minus 8 mm high
phosphorus iron ore was added to a pre-heated furnace and
crucible and roasted for 30 minutes at 450°C. It was then
removed and cooled naturally. The roasted sample was then
transferred to a 2 L bottle and mixed with 0.25M NaOH at
40% solids pulp density. The bottle was sealed and rolled
to provide agitation for a total time of 6 days (144
hours) with regular solution samples taken for the
duration of the test. At the completion of the test, the
iron ore was filtered, washed with 500 mL of de-ionised
water twice, dried and assayed. The wash water was also

assayed to complete the mass balance.
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The results are summarised in the Tables set out
below, with the results for the post-roast assay and the
elemental extractions relating to the end of the 144

5 hours.

Summary of test masses
Feed Mass (g) 1029.38
Residue Mass (g) 1004.2

Caustic Consumption
(kg/t)

6.15

Summary of feed and residue assays of key elements and

compounds

Fe P S i02 Al 20, Na

Pre-Roast Assay wt.% | 62.9 [ 0.125 1.95 1.20 0.000

Post-Roast Assay
wt.%

65.3 | 0.128 1.99 1.30 0.000

Residue Assay
(Size by Grade) wt.%

64.6 (0.101 1.73 0.98 0.000

Summary of extractions of key elements and compounds
Fe P SiOz A1203

Extraction: Feed and
Residue 3.47% 23.17% | 15.44% | 26.75%
(Size by Grade) wt.%

Extraction: Feed
(Size by Grade) and |[0.00% |22.42% |1.39% |4.19%
Liquor wt.%

Extraction: Re-calc
Head (Size by Grade) {0.00% |22.59% |{1.61% |5.41%
and Liquor wt.$%

Figure 3 is a graph that shows the phosphorus
extraction from the sample as a percentage of the total
10 weight of phosphorus in the sample versus leach time and
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the concentration of phosphorus (in g/L) in solution after
the leach step versus leach time. It is evident from the
Figure that the phosphorus extraction increased quickly in
the first 20 hours of the leach step and then increased at
a much slower rate over the remainder of the leach period.
It is also evident from a comparison of the phosphorus
extraction data in the Figure and the base data point
shown in Figure 2 for the sample of a similar iron ore
that was not roasted (phosphorus extraction of around 5%)
that the combination of the roasting step and the leach
step of Example 2 in accordance with one embodiment of the
process of the present invention is an effective process
for lowering the concentration of phosphorus in the iron
ore of the sample. It is also evident from the Tables
that there was substantially no loss of iron from the iron

ore.

Example 3

A 10kg sample of plus 8 mm and minus 31.5 mm higher
phosphorus iron ore was roasted in a preheated furnace and
crucible for 30 minutes at 450°C. It was then removed and
cooled naturally. The roasted iron ore was loaded into a
column 100 mm in diameter and 1 m high. The loaded column
was filled with 0.25M NaOH solution until all the iron ore
was submerged in solution. This required approximately
4 L of solution. The column was then sealed and run for
55 days. At regular intervals throughout the test, the
solution was drained from the column, mixed, sampled,
assayed and adjusted to maintain 0.25M NaOH. At the
completion of the leach, the column was drained and filled
with de-ionised water. The de-ionised water was drained
from the column after 16 hours, sampled and assayed. This
washing procedure was then repeated. After washing, the

iron ore was removed from the column, dried and assayed.
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The results are summarised in the Tables set out
below, with the results for the residual assay and the

elemental extractions relating to the end of the 55 days.

Summary of test masses

Feed Mass (g) 10392.28

Residue Mass (g) 10257.24

Caustic Consumption (kg/t) | 6.65

Summary of feed and residue assays of key
elements and compounds
Fe P Si02 A1203 Na

Feed Assay wt.% 61.116 | 0.142 | 2.416 |1.487|0.000

Residue Assay
(Size by Grade) wt.$%

63.352 | 0.128 {2.013 ;1.232|0.171

Summary of extractions of key elements and

compounds

Fe P Sio, Al,0;

Extraction: Feed and
Residue -2.31% | 11.07% | 17.75% 18.24%
(Size by Grade) wt.%

Extraction: Feed
(Size by Grade) and 0.00% 23.87% | 0.75% 2.46%
Liquor wt.%

Extraction: Re-calc
Head (Size by Grade) 0.00% 21.16% | 0.90% 2.92%
and Liquor wt.$%

Figure 4 is a graph that shows the phosphorus
extraction from the sample as a percentage of the total
weight of phosphorus in the sample versus leach time and
the concentration of phosphorus (in g/L) in solution after

10 the leach step versus leach time. It is evident from the

Figure that the phosphorus extraction increased quickly in
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the first 20 hours of the leach step and then increased at
a much slower rate over the remainder of the leach period.
It is also evident from a comparison of the phosphorus
extraction data in Figure 4 and the base data point shown
in Figure 2 for the sample of a similar iron ore that was
not roasted (phosphorus extraction of around 5%) that the
combination of the roasting step and the leach step of
Example 3 in accordance with one embodiment of the process
of the present invention is an effective process for
lowering the concentration of phosphorus in the iron ore
of the sample. It is also evident from the Tables that

there was substantially no loss of iron from the iron ore.

Many modifications may be made to the embodiment of
the process of the present invention described in relation
to Figure 1 without departing from the spirit and scope of

the invention.

By way of example, whilst the embodiment of the
process shown in the flowsheet of Figure 1 treats lump ore
only, the present invention is not so limited and extends
to treating feed material ranging from run-of-mine ore to

lump ore and fines.

By way of example, whilst the embodiment of the
process shown in the flowsheet of Figure 1 is described in
the context of treating iron ore that has been dry crushed
and screened, the present invention is not so limited and

extends to concentrates of iron ore.

By way of example, whilst the embodiment of the
process shown in the flowsheet of Figure 1 includes heap
leaching roasted ore under particular conditions including
regenerating used leach liquor, the present invention is
not so limited and extends to any suitable type of

leaching roasted ores.
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By way of example, whilst the embodiment of the
process shown in the flowsheet of Figure 1 treats
goethite-containing iron ore, the present invention is not

so limited and extends to treating other iron ores.
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CLAIMS

1. A process for removing phosphorus from iron ore or a
concentrate of iron ore having a concentration of at least

0.05 wt.% phosphorus that comprises:

(a) roasting a feed material comprising iron ore or
upgraded concentrate of iron ore having a
phosphorus concentration of at least 0.05 wt.%
to improve the accessibility of a leach liquor

to phosphorus in the ore;

(b) leaching phosphorus from the roasted iron ore

with a leach liquor; and

(c) washing leached iron ore to at least partially

remove leach liquor retained on the iromn ore.

2, The process defined in claim 1 wherein the roasting
step (a) is carried out at a temperature and/or for a time
to facilitate increased removal of at least a part of the
phosphorus in the feed Material in the subsequent leaching
step (b).

3. The process defined in claim 2 wherein the roasting
step (a) is carried out at a temperature and/or for a time
to facilitate removal of up to 60% by weight of the total
weight of phosphorus in the feed material in the

subsequent leaching step (b).

4. The process defined in claim 1 wherein the roasting
step (a) is carried out at a temperature and/or for a time
to facilitate removal of substantially all, i.e. at least
85 %, by weight of the total weight of phosphorus in the
feed material in the subsequent leaching step (b).
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5. The process defined in any one of the preceding
claims wherein the roasting step (a) is carried out at a

temperature in a range of 400-1200°C.

6. The process defined in claim 5 wherein the

temperature is less than 1200°C.

7. The process defined in claim 6 wherein the

temperature is less than 500°C.

8. The process defined in any one of claims 5 to 7

wherein the temperature is greater than 350°C.

9. The process defined in any one of the preceding
claims wherein the roasting step (a) is carried out for a

roast time of less than 3 hours.

10. The process defined in any one of the preceding
claims wherein the feed material is an iron ore that

contains at least some goethite.

11. The process defined in any one of the preceding
claims comprises separating run-of-mine iron ore into lump
and fines iron ore streams and treating one or both
streams as the feed material in roasting step (a) and
leaching step (b) without additional grinding or milling

of the lump or fines streams.

12. The process defined in any one of the preceding
claims further comprises regenerating the leach liquor

from the leaching step (b) and re-using the leach liquor.

13. The process defined in any one of the preceding
claims wherein the leach liquor for the leaching step (b)

comprises caustic soda or an acid.
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14. The process defined in any one of the preceding
claims wherein the leaching step (b) is a heap leaching

step.

15. The process defined in any one of the preceding
claims wherein the leaching step (b) comprises collecting
leach liquor from a base of the heap, separating
phosphorus from the collected leach liquor, and re-using

the leach liquor.

16. A commercial iron ore product that has a required
iron composition that has been produced by treating iron
ore in accordance with the process defined in any one of
the preceding claims to lower the phosphorus concentration

of the iron ore.

17. A process for producing a commercial iron ore product
having a required iron composition that comprises blending
amounts of different iron ores having different
phosphorous compositions and producing the commercial iron
ore product, with at least one of the iron ores used in
the blend being an iron ore that has been treated by the
process defined in any one of claims 1 to 15 to lower the

phosphorus concentration of the iron ore.

18. A process for producing a commercial iron ore product
having a required iron composition that comprises mining
different iron ores having different compositions, from a
plurality of iron ore deposits, transporting the iron ore
to a port, and blending the iron ore in accordance with

the process defined in any one of claims 1 to 15.
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