REPUBLIC OF SOUTH AFRICA REPUBLIEK VAN SUID-AFRIKA

PATENTS ACT, 1978

CERTIFICATE

In accordance with section 44 (1) of the Patents Act, No. 57 of 1978, it is hereby certified that
MINTEK
has been granted a patent in respect of an invention described and claimed in complete
specification deposited at the Patent Office under the number
2002/5502

A copy of the complete specification is annexed, together with the relevant Form P2.

In testimony thereof, the seal of the Patent Office has been affixed at Pretoria with effect

from the 30th day of April 2003

V-

R;egistrar of Patents



FORM P2

MRF Ref:P.19623/MAJR

’REPUBLIC OF SOUTH AFRICA PATENTS ACT, 1978
REGISTRAR OF PATENTS
Official Application No. Lodging date: Provisional Acceptance date:
/"‘F_*
2 0 2002/5502 22 47 ] [7 2 2007
- International classification Lodging date: Complete Granted date:
—]
51 | c228 23 10 JULY 2002 2003 -04- 30
e
Full name(s) of applicant(s)/Patentee(s)
ﬂ MINTEK
Applicant(s) substituteg: Date Registered:;
7
Assignee(s): Date Registered:
71
Full name(s) of inventor(s)
i 72 CURR, Thomas, Robert; BARCZA, Nicholas, Adrian; LAGENDIJK, Herman
Priority claimed Country Number Date
Note: 33 ZA K 99/4564 32 | 22 December 1999
Use International 33 (PCT) 31 | (PCT/ZA00/00260) 32 | (22 December 2000)
Abbreviation for Country 33 31 32

Title of Invention:

54 IRON-NICKEL ALLOY PRODUCTION
Address of applicant(s)/patentee(s)
200 Hans Strijdom Drive, Randburg, 2154
Address for Service:
74 McCALLUM, RADEMEYER & FREIMOND, Maclyn House, 7 June Avenue, Bordeaux, Randburg » P.0O. Box 1130, Randburg 2125
Patent of Addition to Patent No.. Date of any change:
61

Fresh Application based on:

Date of any change:




AT 00O 00O

WO 01/46482 A1l

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

(19) World Intellectual Property Organization
Intemational Burean

(43) International Publication Date
28 June 2001 (28.06.2001)

PCT

INTLEZE ORI AR NI A LGRRRIC AR 0

(10) International Publication Number

WO 01/46482 Al

(51) International Patent Classification™ C22B 23/02
(21) International Application Number: PCT/ZA00/00260

{22) International Filing Date:

22 December 2000 (22.12.2000)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
69/4564 22 December 1999 (22.12.1999) ZA
{71) Applicant (for all designated States except US): MINTEK
[ZA/ZA}; 200 Hans Strijdom Drive, 2194 Randburg (ZA).

(72) Inventors; and
(75) Inventors/Applicants (for US onfy): CURR, Thomas,

Robert [ZA/ZA]; 27 Seveath Street, Houghion, 2198 Jo-
hannestrg (ZA). BARCZA, Nicholas, Adrian [ZAZA};
3 Lucas Streer, Bryanbrink, 2194 Randburg (ZA). LA-
GENDIIK, Herman [ZA/ZA]; 8 Mozart Street, Risidale,
2195 Johanneshurg (Z.A),

(74) Agents: RADEMEYER, Montague, Ampie, John et
al.; McCallum Rademeyer & Freimond, PO Box 1130, 7
Maclyn House, Bordeaux, 2125 Randburg (ZA).

(81) Designated States (nafional): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG,BR,BY,BZ, CA, CH,CN, Ck. CU, CZ,
DE, DK, DM, DZ, EE, ES, F1, GR, GD, GE, GH, GM, HR,
HU, ID, I, IN, 1S, JP, KE, KG, KP, KR, KZ.1L.C, LK, LR,
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ,
NO,NZ PL,PT,RO,RU, 8D, SE, SG, 51, SK, SL, TJ, T™,
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

(84) Designaied States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, 8D, 8L, 8Z, TZ, UG, ZW), Eurasian

[Continued on next page]

(54) Title: IRON-NICKEL ALLOY PRODUCTION

{57) Abstract: A method of producing an iron-nickel

ORE 10 alloy, with a nickel content of from 5% to 20%, which
inciudes the step of reducing the iron oxide content of 2
l 12 slag in a PC arc furnace to less than 10%.
b et
CRUSH 14
! 16
CALCINE
i -
18- X
H TEMP
T\"' PREREDUCE METALLZE "'--":"ﬁcmrco2
23_—""% - : \ 2
, 20 -
DC ARC RURNACE
[REDUCTANT SMELTONG FLX \
i \ 22 27
24 Tt
ALLOY
\
e T
i e 2
! » P
- \
. STAINLESS 30
STOCKPLE STEEL FLANT
30 28



SRS 8 T iy o ST P ST O ML P 3,

w0 01/46482 A1 [INOTD 00 O ECO G T RRR AR

patent (AM, AZ, BY, KG,KZ,MD,RU, TI, TM), European  -—  Before the expiration of the time limit jor amending the
patent (AT, BE, CH, CY, DE, DK, ES, FL FR. GB, GR, IE, claims and to be republished in the event of receipt of
IT. LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, amendments.

CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).
For two-letter codes and other abbreviations, refer to the "Guid-

Published: ance Notes on Codes and Abbreviations” appearing at the begin-

With international search report. ning of each regular issue of the PCT Gazette,



15

20

25

WO 01/46482 PCT/ZAB0/06260

IRON NICKEL ALLOY PRODUCTION
BACKGROUND OF THE INVENTION

This invention relates to the production of an iron-nickel alloy and more particularly is

concerned with the production of such an alloy for use in a stainless steel plant.

South African patent No. 94/6071 describes a process for the production of ferro-nickel
from nickel containing laterite. In the process feed material either in the form of pre-
reduced nickel containing laterite or in the form of calcined nickel containing laterite is fed
simultaneously with a carbonaceous reductant to a DC arc furnace. If the laterite is pre-
reduced then this may be achieved by drying the laterite ore, milling and then calcining
followed by a pre-reduction step preferably in a fluidised bed reactor. The material, which
preferably is pre-heated, is then fed to the DC arc furnace and a nickel depleted slag and

ferro-nickel are withdrawn from the furnace.

Nickel is the major cost item in stainless steel representing approximately 60% of material
cost. On the other hand the iron content is the major component by mass making up in
excess of 70% of the material mass. Scrap stainless steel is a low cost source of material
for stainless stee! production, but in some instances only small quantities of scrap

stainless steel are available.

SUMMARY OF INVENTION

The invention provides a method of producing an iron-nickel alloy, with a nickel content

of from 5% to 20%, which inciudes the step of reducing the iron oxide content of a slag in
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a DC arc furmace to less than 10%.
Preferably the nickel content of the alioy is of the order of from 10% to 15%.

The reduction may take place in the DC arc furace with sufficient carbonaceous reducing
agent to reduce the iron oxide content in the slag to about 2,5%. The iron oxide content

may be selected to achieve a silicon content in the alloy of less than 2%.

The addition of fluxes to the slag should be minimized and, under certain con itions, may

be eliminated.

According to a preferred aspect of the invention the iron-nickel alloy is fed directly in liquid

form into a plant for the production of stainiess steel.

The silicon content in the alloy shouid be minimized to reduce energy consumption in the
furmace and to limit subseqguent refining of the alloy to remove the silicon. To achieve this
objective the invention provides for the operating temperature in the furnace, the FeO
content of the slag, and the addition of flux to the furnace, to be adjusted to lower the
silicon content of the alloy. Some silicon is acceptable as it would be used for reduction
in the downstiream process, but only if no dephosphirization step is required - if not the

silicon must be removed first.

Normally it is not commercially attractive to further reduce the iron oxide in the slag below
a level required to produce an alloy with a nickel content lower than 25%, with = desired

content being as low as 10% to 1%, since no credit is given for the iron in commercial



- -

15

20

25

WO 01/46482 3 PCT/ZA00/00260

grades of ferro-nickel. However there is significant value in this process if the additional

iron units are fed, as indicated, in moiten form directly to a stainless stee! plant.

It is however possible to cast or granuiate the iron-nickel alloy for sale or to stock-pile it

for use as a coolant or in order to meet capacity requirements during downtime.

The iron-nickel may be produced from a laterite ore feed material. In this instance the

aforementioned reduction step may be preceded by the steps of:

(a)  drying the laterite o'ré.'

(b)  crushing the ore to an acceptable particle size for fluidised bed calcining,
(¢} calcining fﬁe crushed ore,

(d) pre-reducing the calcined ore, and

(e) melting the ore to produce an iron-nickel alioy and a slag.

in the pre-reduction step (d) substantially all of the ferric iron oxide may be reduced to
ferrous oxide. Altefnatively the iron and nickel may be metallised under more strongly
reducing conditions. This latter step reduces the electrical energy consumption in the

smelting stage in the DC arc furnace.

A further option provides for hot material after step (¢) to be fed to the DC arc furnace.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is further described by way of example with reference to the accompanying

drawings in which:
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Figure 1 is a flow sheet representation of a method of producing an iron-nickel alloy
according to the invention,

Figure 2 illustrates diagrammatically aspects of a conventional process for the production
of ferro-nickel;

Figure 3 is similar to Figure 2, but relates to the process of the invention; and

Figure 4 iliustrates a relationship between silicon content in the iron-nickel alloy and FeO

content in the slag.

DESCRIPTION OF PREFERRED EMBODIMENT

As indicated in the preamble of this specification it is known that nickel is the major cost
item in stainless steel, representing approximately 60% of the material cost. On the other
hand iron units are the major component by mass. Further, scrap stainless steel is the

lowest cost source of material but the supply thereof is limited,

South African patent No. 94/6071 describes a method for the production of commercial

- -grades- of ferro-nickel which is based on producing & nickel- depleted slag. The patent

specification does not refer to the reduction of most of the iron-oxide in the siag to produce

a lower grade nickel-containing iron alloy.

Figure 1 illustrates a process flow-sheet for the production of an iron-nickel alloy which is

transferred in molten form directly to a stainless steel plant.

Referring to Figure 1 a laterite ore 10 is dried in a step 12 so that it can be crushad (step

14) to an acceptabie particle size for calcining in a fluidised bed calciner 16 at a
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temperature which lies in a range of from 700°C to 900°C. Typically calcining takes place

at a temperature in the range of 850°C to 800°C.

The calcined laterite is then pre-reduced in a fluidised reduction reactor (step 18) to
reduce all the iron oxide as Fe* to iron oxide as Fe>. Alternatively, as is indicated by an
alternative flow path in dotted lines, the iron is metallised under more strongiy reducing
conditions (step 20) at an appropriate temperature and by controlling atmospheric
conditions. The reducing agent (18, 20) may be reformed natural gas, syngas or a solid
carbonaceous material. This approach is taken to reduce electrical energy consumption
in a subsequent smelting stage 22. A further option, indicated by a dotted linz 23, is to

pre-heat only so that the feed is at a temperature of about S00°C.

The calcined and pre-reduced feed material from the step 18, or the highty metzailised feed
material from the step 20, or the preheated material (step 23), as the case may be, which,
as noted, should be hot charged to about 900°C, is then fed to a DC arc furnace (step 22)
with sufficient carbonaceous reducing agent 24 to reduce the iron-oxide in the sjag o less
than 5%, and preferably less than 2%, to produce an iron-nickel alloy 26 with between 8%

and 20% nickel, and preferably with a nickel content of the order of 10% to 15%.

Fiux 27 (eg. CaQ and Al,O,) may be added, depending on the operating temparature of
the furnace, to reduce the silicon content of the alioy. However, the furnace operation is
also optimised to reduce the addition of fluxes. The silicon content in the afloy 26 should
be kept as low as possible to minimise energy consumption in the furnace and to limit
subsequent refining of the alloy to remove the silicon. As is apparent from test results

presented hereinafter, the silicon content, at least to some extent, can be manipulated to
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an acceptable low level through a choice of furnace operating temperature, and the

judicious addition of fiuxes.

A substantiat economic benefit is achieved if the alloy is fed in liquid form (step 29) directly
to an adjacent stainless steel plant 28. The alloy may however be refined, in a preceding
step 30, to adjust the carbon, sulphur, silicon and phosphorus contents to appropriate
levels. Generally the refining step 30 may only be omitted if the phosphorous content of

the alloy is acceptable to the stainless steel plant.

Althaugh the principal benefit of the invention lies in transferring the material directly to the
stainless steel plant the material could alternatively be cast or granulated for sale or stock-
piled for use as a coolant or for meeting capacity requirements during down-time, as is

indicated by a block 32.

The smelting process (step 22) is run to extract the optimum amount of liquid iron units.
The credit for the iron units is based on the additional iron produced since the iron in the
standard grade of ferro-nickel does not normally attract any credit but hielps to market the
product. Thus the additional iron units for stainless steel production are avaiiabie at a
marginat incremental cost which is far lower than for bought-in iron units. The iron units
are liquid and this avoids the energy cost and furnace capacity requirement to melt out-
sourced iron units. The iron units are relatively clean after the refining step 30. The
recovery of the iron units also helps to make the overall production of the nickel units more

cost effective and justifies the shipment of laterite ore to the site of the stainiess steel

plant.
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Figure 2 illustrates diagrammatically parameters of raw materials and output products in
the production of 200 kt per annum of ferro-nickel containing 25% nickel, in a conventional
process. Use is made of calcined laterite with a nickel-oxide content of 2,8% and an iron-

oxide content of 23%.

The energy consumption of the electric arc furnace is 190 Megawatts and the reductant

consumption is 135 kt coal,

Figure 3 illustrates parameters of raw materials and output products in the production of
400 kt per annum of ferro-nickel with a nickel content of 12,5%, using the process of the
invention. The total electrical consumption of the arc furnaces is increased slightly to 220
Megawatts and the carbonaceous reductant consumption is substantially increased and

is of the order of 220 Kt coal.

The only additional costs for implementing the approach of the invention are the costs
required for refining the alloy (step 30), for off-gas treatment, for refractory wear, additional

manpower and maintenance.

The following tables contain a comparison between the calculated metallurgical resuits for

an existing process to which Figure 2 relates and for the process of the invention to which

Figure 3 relates.
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PLANT PARAMETERS
EXISTING PROCESS PROCESS OF THE INVENTION
(Figure 2) (Figure 3)
Capacity 200 kt/a 400kt/a
Ni grade 25% {25 to 45% range) 12,5% (10 to 20% range)
Ni content 50 kt/a at 25% 50 kt/a at 12,5%
Energy required 6,8 MWh/t alloy 3,9 MWh/t alloy
Furnace capacity 190 MW (80% efficiency) 220 MW (90% efficiency)

SLAG COMPOSITION % (PREDICTED)

Figure 2 Figure 3
MgO 35 40
Sio, 47 54
FeOQ 14 1
ALO, 3 4
Cr,0, 1
ALLOY COMPOSITION, % (PREDICTED)
Figure 2 Figure 3
Ni 253 12,6
Fe 74 86
Co 0,85 0,4
Si - 2to 4 (see Figure 4)
C C.03 0.6
SP not given not given

It is apparent that by carrying out the process of the invention adjacent a stainless steel
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plant significant economic benefits result through the step of extracting additional iron units
using a DC arc fumace with its inherent advantages. These advantages include an open
bath and better metallurgical control which allows the reduction of the additiona! iron-oxide

In & highly effective manner.

It is necessary to control the DC furnace, including the feeding of the exact amount of
reductant to the furnace, to avoid unnecessary side-reactions such as Si0O, or MgO
reduction. A conventional three phase three electrode furnace of the immersed electrode
or shielded arc type would not be easy to control with the use of extra reductant as this
would cause too much inter-eiectrode conduction above the bath, particularly since the
slag volume and resistance are high. As the process of the invention, compared to the
conventional approach, requires about 15% more energy which is consumed in the electric
arc furnace, it is preferable to carry out the process in a furnace with a higher megawatt
capacity. Another possibility is to transfer the FeO-containing slag to a second low power
but large furnace from which the balance of the iron units would be produced. The first
furnace would produce a standard ferro-nickel alloy (25% to 45% nickel) and the second
furnace would produce an iron alloy which is very low in nickel. In this case both alloys
would be refined separately prior to feeding to the stainless steel ptant. However this
would be a less preferred approach because of the cost of two furnaces. Greater flexibility
is however possible by making use of two furnaces and this variation is intended to fall

within the scope of the present invention.

A number of small scale experiments were conducted to test the principles of the invention
and to obtain data on the reduction of iron and nickel during the smeiting of nickel-bearing

laterite.
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Experimental Approach and Resufts

The bulk chemical composition for the Ni-bearing laterite used for this invesiigation is

shown in Tabie 1.

Flux additions of analytical grade chemicals were made to the laterite. Ca0 was added
in some experiments to ensure a low liquidus, while AlL,O; was added to crotect the
alumina (AlLO,) crucible used for most of the tests. Graphite was added to the charges as
reducing agent. The experimental conditions, together with fiux and reductar: additions,

are shown in Table 2.

Smelting of Tests 1 to 8 was conducted at 1550°C using alumina (Al,O,) crucibles in an
inert argon atmosphere. Light blug slags and metal alloys were collected. The siags were
milled and submitted for chemical analysis. The results of the quantitative chemical slag

analyses are shown in Table 3.

Test 10 was conducted in @ magnesia (MgO) crucibie without the addition of flux at a
temperature of 1600°C. An alloy and a light coloured slag that appeared moiten were

obtained.

The alloys produced were extremely hard and could not milled for chemical analysis.
Instead, polish sections of alloy from selected tests were prepared and thizse were
examined using a Scanning Electron Microscope (SEM). Microanalysis of the zlloys was
performed using Energy Dispersive Spectrometry (EDS) coupled to the SEM. The results

are shown in Table 4.

P

sl
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Conclusion

The experimental results demonstrated that:

(A)

(B)

(C)

in FeO which increases the slag liquidus and viscosity at the usual smelting temperatures.

ltis poésible. with flux additions, to produce a ferro-nickel alloy from Ni-bearing
laterite at 1550°C. The FeO content of the resulting slag can be reduced to less

than 1% through the éq;iition of a suitable reductant and results in an alloy (test

9) containing 9.5% Ni, 84% Fe, 4.3% Si and 2.6%Cr.

It is also possible to produce a ferro-nickel alloy without the use of any fluxes at
a temperature of 1600°C. The resulting slag contained approximately 1% FeQ

and the alloy 8.9% Ni, 83% Fe, 5.5% Si and 2.2% Cr (test 10).

The results indicate that it will be possible to manipuiate the Si content of the
alloy through the level of reduction of FeQ in the slag via the reductant addition,
the choice of operating temperatures and the use and choice of fluxes. Figure
4 illustrates in gréphical form the relationship between the silicon content in the
alloy and the FeO content in the slag obtained when working at an operating
temperature of about 1600°C. To achieve a silicon content of less than 1% the
FeQ content in the slag should not be lower than 4% to 5%, as is shown in

Figure 4.

The smelting operation differs from conventional FeNi smelting in that the slag is depleted

This greatly increases the likelihood of foaming slag formation that destabilizes the furnace
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12
operation. Conventional AC furnaces are operated in two principal methods (23 taught in
the litersture): either an immersed electrode whereby power is generaizd via slag
resistance heating or a shielded-arc arrangement whereby the arc struck cziween the
electrode and the motten slag bath is surrounded by a burden of solid feed —aterials to
“shield” the arc. The slag resistance method is not able to reach the nicn smelting
intensity of the shielded-arc method (typically 200kWm™= versus 450kWm*:. This is due
to the high side-wall heat fluxes encountered in the siag resistance msinod when
attempting to increase the smelting intensity much above the 200kW/m” of rzarth area

level.

The shielded-arc method is therefore clearly advantageous in terms cf iurnzce capital
cost, however the shielding burden needs to be sufficiently porous to avoid erustions from
gas evolved during the smelting step and should not be electrically conductive to avoid

electrical short-circuits between the electrodes through the burden material.

The high degree of reduction required in the claimed new process implies =2ither well
metallized feed material or significant additions of carbonaceous reductant. In sither case

the shielded-arc method is not suitable for this process.

In addition the consequences of slag foaming are very severe in the case of a shisided-arc

method in terms of burden eruptions.

o~ 4

Therefore the use of a DC open arc method (as disclosed in SA Patent No. 54/6071) is

preferably required to execute this process advantageously.
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Table 1: Chemical analysis data for Ni-bearing laterite

Nio FeQ CoO MgQ S5i0, ALO, 8 Cr,0, MnO P H,0  Other  Total
Mean 2.0 20 0.04 26 44 25 003 1 0.3 0003 04 26 100.00
Table 2: Experimental conditions, and % of slag and alloy obtained.

Additions per 100g Ni-bearing laterite.

L1

Test Ca0 A0, C Time* Temp (°C) %Siag %Alloy
1 10 10 3.70 30 1550 Leak Leak
2 10 10 4.00 30 1550 86.30 13.7
3 10 10 4.90 30 1550 83.70 16.3
4 10 20 2.80 30 1550 91.40 8.6
5 10 20 3.20 30 1550 90.00 10.0
6 10 20 3.60 30 1550 89.30 10.7
7 10 10 4.90 30 1550 85.60 14.4
8 10 10 5.30 30 1550 84.50 15.5
9 10 10 570 30 1550 84.00 16.0
10 0 0 4.86 30 1600 81.37 18.6

Reaction time in minutes at operating temperature - excludes 15°C per minule heating period.

£l 789P/10 OM

09700/00VZ/LDd
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Tabfe 3: Bulk chemical composition of slags produced.
Tesl NiO FeQ CoO CaO tMgO Sio, AlLO, Cr,0, MnO P Olher Total
2 0.06 253 0.06 9.40 245 42.3 15.4 0.75 0.30 0.0036 470 100
3 0.06 1.91 0.06 986 26.2 43.8 141 0.49 0.30 0.0674 3.31 100
4 0.06 6.58 .06 8.99 227 359 18.5 078 027 0.0022 216 100
5 0.06 560 0.06 513 229 40,7 19.4 072 D.28 0.0029 1.15 100
G .20 3.74 306 9.05 233 40.8 18.7 0.78 028 0.0026 209 100
7 0.1 2.26 006 9.58 28.3 452 14,2 0.52 0.30 0.0025 147 100
8 0.06 1.13 0.06 973 268 455 14.3 0.39 0.30 0.0005 173 100
9 0.06 0.77 0.06 987 273 457 14.5 0.31 0.28 0.0005 115 100
10 0.06 1.1 0.06 043 372 555 30 0.50 0.28 0.0035 1.75 100

*

Tabie 4:

Chemical composition of selected alloys as determined by EDS.

The values in italics are lower than the reported values.

Test Ni Fe Si Cr Total

3 8.46 86.32 1.70 2.74 99.22
5 11.16 88.57 0.07 0.20 100.00
8 903 86.72 248 273 100.95
9 9.44 83.76 4.31 261 100.11
10 8.89 8343 552 215 100.00

I8POT/10 OM

bl

09200/00%2.°10d
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CLAIMS

A method of producing an iron-nickel alloy, with a nickel content of from 5% to 20%,
which is characterised in that it includes the step of reducing the iron oxide content

of a slag in a DC arc furnace to less than 10%.

A method according to ctaim 1 characterised in that the alloy has a nickel content

of from 10% to 15%.

A method according to claim 1 or 2 characterised in that the reduction takes place
in the DC arc furnace with sufficient carbonaceous reducing agent to reduce the

iron oxide content in the slag to about 2.5%.

A method according to claim 3 characterised in that the iron oxide content in the

slag is selected to achieve a silicon content in the alloy of less than 2%.

A method according to claim 3 or 4 which is characterised in that it inciudes the

step of controlling the operating temperature of the furnace to limit the silicon

content of the alloy.

A method according to claim 3, 4 or 5 which is characterised in that it includes the
step of controliing the addition of flux or fluxes to the furnace to achieve an optimum

operating temperature and to limit the silicon content of the alloy.

A method according to any one of claims 1 to © characterised in that the slag is
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produced from a laterite ore feed material and wherein the said recuction step is
preceded by the steps of.

(a) drying the laterite ore,

(b)  crushing the ore to an acceptable particle size for fluidised bed calcining,
(c}  calcining the crushed ore,

(d)  pre-reducing the calcined ore, and

(e) melting the ore to produce an iron-nickel alloy and a slag.

A method according to claim 7 characterised in that in the pre-reduction step (d),

substantially alt of the ferric iron oxide is reduced to ferrous oxide.

A methed of producing stainiess steel which is characterised in that it includes the
step of providing additional iron to a stainless steel plant by feeding the iron-nickei
alloy, produced by the method of any one of claims 1 to 6, directly in liquid form to

the stainless steel plant.

A method of producing stainiess steel which is characterised in that the atloy which
is produced by the method of any one of claims 1 to 8 is fed in molten form directly

to a stainless steel plant.

A method according to claim 10 characterised in that the DC arc furnace is
operated to produce an optimum amount of liquid iron units required for stainjess

steel| production in the stainiess steel plant.

A methed according to claim 10 or 11 characterised in that the alloy is refined,
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before being fed to the stainless steel plant, to adjust the level of at least one of the

following: the carbon, suiphur, silicon and phosphorus contents in the ailoy.
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