WO 2010/022473PCT/AU20119/001126 -1 - PRODUCTION OF FERRO-ALLOYS The present
invention relates to a method and an apparatus for producing ferro-alloys (such as steel) inan s
electric arc furnace or other suitable metallurgical furnace. International Publication WO
2006/024069 in the name of New South Innovations Pty Ltd, hereinafter referred to 10 as t
"International PbHEaéH " discloses a method for producing a ferro-alloy |ﬁ%r{‘%lfé%??(8oé%6fumace that
is characterised by supplying an unagglomerated carbon;containing polymer that functions as a slag
foaming agent to the furnace. 15 The International Publication defines the term "unagglomerated
carbon-containing polymer" as covering PI% g:& anylatad.and particulate polymers and
is intended to exclude such polymers as formed 20 together with EAF waste dust or steel dust”. The
International Publication describes that such agglomerated solids comprising polymers and EAF waste
dust or steel dust do not fihetiow esentlatpfoamtihgrageakagsFhéInrerhafidiesl Pdlicafion describes
that, typically, the ugsggierpertedcasbeawoniainig polymanigchesgedl into arteletiriciarcafurnace

such that it at least pagtiall combusis,2nd AEoguces ALATBaRRGERUS Hetidue Tae btermational

Publication also deg&rzl_gg%‘ghat the 30 carbonaceous residue then oxidises to cause slag foaming

International Publication WO 2006/024069 in the name
of New South Innovations Pty Ltd, hereinafter referred to
10 as the “International Publication” discloses a method for
producing a ferro-alloy in an electric arc furnace that is
characterised by supplying an unagglomerated carbon-
containing polymer that functions as a slag foaming agent
to the furnace.
15
The International Publication defines the term
“unagglomerated carbon-containing polymer” as covering
“both fine and coarse granulated and particulate polymers
and is intended to exclude such polymers as formed
20 together with EAF waste dust or steel dust”. The
International Publication describes that such agglomerated
solids comprising polymers and EAF waste dust or steel
dust do not function as a slag foaming agent.

25 The International Publication describes that,
typically, the unagglomerated carbon-containing polymer is
charged into an electric arc furnace such that it at least
partially combusts and produces a carbonaceous residue.
The International Publication also describes that the

30 carbonaceous residue then oxidises to cause slag foaming
and may additionally function as a reducing agent or a

recarburiser.

The International Publication describes that,
35 typically, the carbon-containing polymer comprises the
atoms C, H and optionally O only and that, whilst other
elements may be present in the polymer (e.g. N, S, P, Si,



and may additionally function as a reducing agent or a recarburiser. The International Publication
describes that, 35 typically, the carbon-containing polymer comprises the atoms C, H and optionally O
only and that, whilst other elements may be present in the polymer (e.g. N, S, P, Si, - 2 - halogens
etc.) these other elements may interfere with ferro-alloy production and/or Produce contaminants,
pollutants, noxiSdSY44E% Etc. The International Publication describes that, by B8l Kelecting the
carbon-containing polymer, the formation of noxious gasgs and other detrimental or harmful products
can be avoided. The International Publication describes that one suitable carbon-containing polymer is
polyethylene but otrgler plastics such asg%oelggroge}ll)éene, pol stt\_/gene 101 gg%(byga}:qgene rene, APS

* 1 d - - -
etc. may also be usea.loge?ﬁeea jove eSCt‘IptIOth of the disclosure int the International Publication is

not to be taken as drFEdRISSISRThREPRIAPRIIBRIY PGOREABIFR SR bR BRAG mmon general
knowledge in Australiel dbnetsevehereoxiolihegdiselosaterin tHehimtdmiagionakpablication is incorporated

herein by cross-refergneec201ba applisanbaas easicd syt fials endhierpeturketpiosdueing
orro-alloys 1 the fuggbaless At N elep o Al inecadaeliuan of fie seplean Jubighgue and

Sydney. 25As a consequence, the appliCant has identified parameters that are important to_the
RorBTo g

successful use of uRBHgREAES ARSI EBhARing3 B bfodifdtionora8arsdm
addition, as a cons&qfedeerihettiia khBdpblicaht Ras deveiiiara Particaaentiéad®t producing
steel (and other fermaaleys)cdheanathos melydesthiesuse dfranagyoneciated ahtleagglomerated

carbon-containing RRIYAEISs such as polypropelyene, polystyrene,
10 polybutadiene styrene, APS etc. may also be used.

The above description of the disclosure in the
International Publication is not to be taken as an
admigsion that the International Publication is part of

15 the common general knowledge in Australia or elsewhere.

The disclosure in the International publication is

incorporated herein by cross-reference.

20 The applicant has carried out trials on the method of
producing ferro-alloys in the form of steel at the
electric arc furnace facilities of the applicant in

Melbourne and Sydney.

25 As a consequence, the applicant has identified
parameters that are important to the successful use of
unagglomerated carbon-containing polymers in the
production of steel.

30 In addition, as a consequence of the trials, the
applicant has developed a particular method of producing
steel (and other ferro-alloys). The method includes the
use of unagglomerated and agglomerated carbon-containing
polymers.

35

Furthermore, as a consequence of the trials, the
applicant has developed technology for successfully



35 - 3 - supplying unagglomerated and agglomerated carbon-containing polymers to an electric arc
furnace, or other suitable metallurgical furnace, to carry out the above-mentioned method of producing
steel in the furnace. 5 In particular, the technology developed by the applicant focuses on areas
such as, but not limited to, (a) mixing of unagglomerated and agglomerated cagbon- containing

polymers and SiRer Wg%éﬂgxls, (b) supplying the 10 mixture to a furnace iné)lﬁglmgzﬁg%)r%]tle%of material

into the furnace, (c) materials handling of the mixture upsfream of the furnace, and (d) temperature
pick-up and overall heat control in the furnace. 15According to the present invention there is provided

2 method for produgingca fag oYy 34d &?ﬁ%ﬁ'amnaagstamﬁéuaﬂ%%gmer suitable

metallurgical furnace that comprises supp yln‘%ﬁ? mixture of (a) a carb%n—contalnln olymer that is
Ftb) hexf%]

capable of acting a§ ¥S3 SR Sdeht Shfsthat Sofifce SPEARGR inf thaTifface during
at least a part of a powweprbhemReadfieaihetiod UWIBAE Spe&ific AN, THe PrEsEMENFBRIGT provides a
25 method for prodideingiafeiaomdloyoauelt assidek imansaleetliciarctfbendoeromother suitable
metallurgical furnace that comprises supplying a mixture of (a) a carbon-containing polymer that is

capable of acting as a slag foamiré% ggfnt angh(g) aQO}tQ,%r %Cél_é’rcg eoJ gfégggirﬁg qg}l@e furnace during
ng i

at least a part of a first %gv%rpoanrp 85¢ of the method and s plying a further mixture of the
carbon-containing P& £R6MHRF Sotfcd BRRArTHIF MG e BIECtAC rd fdth5EE dtfing a second

power-on phase of fla¢ methbdg36f unagglomerated and agglomerated carbon-
containing polymers and other materials, (b) supplying the
10 mixture to a furnace including flowrate of material into
the furnace, (¢) materials handling of the mixture
upstream of the furnace, and (d) temperature pick-up and
overall heat control in the furnace.

15 According to the present invention there is provided
a method for producing a ferro-alloy, such as steel, in an
electric arc furnace or other suitable metallurgical
furnace that comprises supplying a mixture of (a) a
carbon-containing polymer that is capable of acting as a

20 slag foaming agent and (b) another source of carbon into
the furnace during at least a part of a power-on phase of

the method.

More specifically, the present invention provides a
25 method for producing a ferro-alloy, such as steel, in an
electric arc furnace or other suitable metallurgical
furnace that comprises supplying a mixture of (a) a
carbon-containing polymer that is capable of acting as a
slag foaming agent and (b) another source of carbon into
30 the furnace during at least a part of a first power-on
phase of the method and supplying a further mixture of the
carbon-containing polymer and another source of carbon
into the electric arc furnace during a second power-on
phase of the method.
35
More specifically, the present invention provides a
method of producing a ferro-alloy in an electric arc



WO 2010/022473PCPAU2009/001126 4 furnace or other suitable metallurgical furnace which
comprises: (a) supplying an initial charge of a feedstock for s the ferro-alloy to the furnace;

(b) operating in a first power-on phase and establishing an arc between an electrode or electrodes of
the furnace and the solid feedstock charge and generating 10 heat in the furnace and melting the solid
feedstock charfj& 2010/082f Htter a first period of time into the first power-on PhHS¥2&5MMEicing supply
of a mixture of (i) a Is carbon-containing polymer that is capable of acting as a slag foaming agent and
(ii) an another source of carbon into the furnace; (d) at the end of the first power-on phase,

supplying 20 a further char%e of the erro-allogafgtids%)c}éég he furnafe' rna‘(gt)z 03%16(13{19 in a second

[
power-on phase by?%?ﬁfb |sﬁﬁ‘|g°tﬁ SArc?vs ﬁ) ARer & s 5gﬁod %‘f‘tlme into the second

power-on phase, coffRRERRP ihjection of a mixture of (i) a carbon-containing polymer that is capable
of acting as a slag foaming agent and (ii) an another source of carbon 30 into the furnace; and (9)

at the end of the second ppyyer-QRphesentpRRING Melten ferremadley dtom the ddpasex38dhe method
may include injtsactinghtget!gixture %the

rro-alloy to the furnace;

(b) operating in a first power-on phase and
establishing an arc between an electrode or electrodes of
the furnace and the solid feedstock charge and generating

10 heat in the furnace and melting the solid feedstock

charge;

(c) after a first period of time into the first
power-on phase, commencing supply of a mixture of (i) a
15 carbon-containing polymer that is capable of acting as a
slag foaming agent and (ii) an another source of carbon

into the furnace:;

(d) at the end of the first power-on phase, supplying
20 a further charge of the ferro-alloy feedstock to the

furnace;

(e) operating in a second power-on phase by re-
establishing the arc;
25
(f) after a first period of time into the second
power-on phase, commencing injection of a mixture of (i) a
carbon-containing polymer that is capable of acting as a
slag foaming agent and (ii) an another source of carbon

30 into the furnace; and

(g) at the end of the second power-on phase, tapping

molten ferro-alloy from the furnace.

35 The method may include injecting the mixture of the
carbon-containing polymer and the other source of carbon

during non-power-on phases of the method.



carbon-containing polymer and the other source of carbon during non-power-on phases of the method.
The carbon-containing polymer may be an unagglomerated polymer described herein. Typically, the
unagglomerated carbon-containing polymer is as described in the International Publication. The
unagglomerated carbon-containing polymer may comprise any one or mo r synthetic or
natural) lo and“é%zg}%%ﬁ?ers such as polypropylene, polystyrene, polybu%(?!g#g) té ﬁélré? and APS.
Typically, the polymer has a secondary function as an energy source. The carbon-containing polymer
may be an agglomerated Is carbon-containing polymer. Examples of such agglomerates include
agglomerates of carbon-containing polymers and any one or more of fluxes, iron oxides (such as mill
scale), and bag house solids. 20Typically, the further carbon source is as described in the International

Publication and, by way of BXafffiié Mal i Hss ie Rea i adiiiort, & contribute to slag foaming,
and act as a reducingarginroe retarb pztyr2@3T He otirdbssureenstigarbon may comprise any one or
more of coke, carbon char, charcoal and graphite. A furnace operator may use any suitable

parameter to agsess the tig o cpfomepge supply obihe-aidsre ofthe, 30&aEqn-cogtaining polymer

and the other carbon source durin - . .
polymer qs a ']egg¥? éﬁ?&ﬁ?%igr Q gggatlonal Publication.

The unagglomerated carbon-containing polymer may
comprise any one or more of rubber (synthetic or natural)
10 and other polymers such as polypropylene, polystyrene,
polybutadiene styrene, and APS. Typically, the polymer

has a secondary function as an energy source.

. The carbon-containing polymer may be an agglomerated
15 carbon-containing polymer. Examples of such agglomerates
include agglomerates of carbon-containing polymers and any
one or more of fluxes, iron oxides (such as mill scale),

and bag house solids.

20 Typically, the further carbon source is as described
in the International Publication and, by way of example,
may act as a fuel and, in addition, may contribute to slag

foaming, and act as a reducing agent or recarburizer.

25 The other source of carbon may comprise any one or
more of coke, carbon char, charcoal and graphite.

A furnace operator may use any suitable parameter to
assess the time to commence supply of the mixture of the
30 carbon-containing polymer and the other carbon source

during the power-on phase or phases.

By way of example, the operator may time the
commencement of such supply based on any one or more of
35 the power consumption of the furnace, the composition of
the melt in the furnace, and the melt temperature.



By way of example, the operator may time the commencement of such supply based on any one or
more of 35 the power consumption of the furnace, the composition of the melt in the furnace, and the
melt temperature. The power-on time during the power-on phase or phases may also be used as
an indicator of the times to commence supply of the carbon-containing source and the other carbon
source.  Th¥Préfét&dFatio of the carbon-containing source and the otRer B9 EBtiee in the
above-mentioned mixture of these materials may vary with particular furnaces. 10The ratio of the
carbon-containing source and the other carbon source in"the above-mentioned mixture of these
materials may be varied during the time period or periods of suagg(ly)'/ of the mijxture to the_ furnace.

n

15The flowrate of the mixtUte dITHE TaPbolr-ddRtAnfiPSo 728 Yo STheR LaFS0R SoBFR Ay be
constant or may bemairietlagritg the tithe2 peAnd TR PetieRTo U PP of e ik@re a i fiftnace.
20There may be contippDus ©F peiodia shpplyceibeimixigresolthescanhdntdentaiirg- source and the
other carbon sourceg gising the puuer-on phase or phases. The carbon-containing polymer may
comprise 20-60 wt.% 25 of the total weight of the mixture. More typically, the carbon-containing

S . .
polymer comprises 20-50 wt.% of the total weight of the mixture. o
The preferred ratio of the carbon-containing source

and the other carbon source in the above-mentioned mixture

of these materials may vary with particular furnaces.

10 The ratio of the carbon-containing source and the
other carbon source in the above-mentioned mixture of
these materials may be varied during the time period or
periods of supply of the mixture to the furnace.

15 The flowrate of the mixture of the carbon-containing
source and the other carbon source may be constant or may
be varied during the time period or periods of supply of

the mixture to the furnace.

20 There may be continuous or periocdic supply of the
mixture of the carbon-containing source and the other

carbon source during the power-on phase or phases.

The carbon-containing polymer may comprise 20-60 wt.%
25 of the total weight of the mixture.

More typically, the carbon-containing polymer
comprises 20-50 wt.% of the total weight of the mixture.

30 Typically, the carbon-containing polymer comprises
20-40 wt.% of the total weight of the mixture.

Preferably the carbon-containing polymer comprises
25-35 wt.% of the total weight of the mixture.
35
The mixture of the carbon-containing source and the
other carbon source supplied to the furnace during the



30Typically, the carbon-containing polymer comprises 20-40 wt.% of the total weight of the mixture.

Preferably the carbon-containing polymer comprises 25-35 wt.% of the total weight of the mixture. 35
WO 2010/1122173PCT/AU2009/00 L 126 - 7 - first power-on phase may be the same as the mixture
supplied durin%the second power-on phase. Alternatively, the mixture;dn%]%be ifferent in terms

of the materials add/Sf tHe ratios of the materials. Typically, the sizes and the densitids of each of

the components of the mixture of the carbon-containing source and the other carbon source are
selected having regard to 10 the materials handling requirements for mixing and transporting the

mixture to the fu rn?ﬁgr fsﬁ%?]rgg%gq§ nm%ﬁ é)geep[\ga-@ ixed remofgly frop the fupnace gnd stored as a

mixture proximate e and sup via a pipeline to the furnace as required during the
operation of the 15FHBRLLE AIRTAAREIY e ESAPOnBRIEH Y b E BRt8d separately proximate the
furnace and mixed as required and transported to the furnace. The materials handling considerations
including forming the mixture &sna boMagenaaus mixtuie;d €. mamikiarel ifaftdasna 20rsubstantially

uniform density, with mipjpum, segregation of he Gamepeaeniss ane halagable to wagsport the mixture
to the furnace efficiently, i.e. by avoiding blockages in pipes.

Typically, the sizes and the densities of each of the
components of the mixture of the carbon-containing source
and the other carbon source are selected having regard to

10 the materials handling requirements for mixing and
transporting the mixture to the furnace. Components may
be pre-mixed remotely from the furnace and stored as a
mixture proximate the furnace and supplied via a pipeline
to the furnace as required during the operation of the

15 method. Alternatively, the components may be stored
separately proximate the furnace and mixed as required and
transported to the furnace. The materials handling
considerations including forming the mixture as a
homogeneous mixture, i.e. a mixture that has a

20 substantially uniform density with minimum segregation of
the components, and being able to transport the mixture to
the furnace efficiently, i.e. by avoiding blockages in

pipes.

25 Typically, the size of the carbon-containing source
is selected to be less than 6 mm and preferably less than

4 mm,

Typically, the method comprises injecting an oxygen-
30 containing gas, such as oxygen, into the furnace during

the power-on phase or phases.

The method may include monitoring the slag profile,
as described herein, during the course of the method and
35 controlling injection of the mixture of the carbon-
containing polymer and the other source of carbon having
regard to the monitored slag profile.



25Typically, the size of the carbon-containing source is selected to be less than 6 mm and preferably
less than 4 mm. Typically, the method comprises injecting an oxygen-30 containing gas, such as
oxygen, into the furnace during the power-on phase or phases. The method may include
monitoring the slag profile, as described herein, during the course of the method and controlling
injection of theiMxXUPA B the carbon-containing polymer and the other sodrc&df E4MB8A Having regard
to the monitored slag profile. The term "slag profile” JS understood herein to mean characteristics,
such as iron oxide levels, of the slag that provide an indication (directly or indirectly) of the s operation
of the method. The slag profile may be monitored continuously or periodically. loThe initial and the
further charge of the feedstock may be solid charges. One or both charge may include at least some
molten metal. According t8%tRe {#&8eNEhIENEER thePe id &ISPRSFHWRRY Br&tRulifcaFaface such
as an electric arc furhace thatrdomprises aunhterials handing &y sleavdds supflyirigea Pixture of (i) a

carbon-containing palymes thatiigLapableof agting2s @ skasciopming agent Anekliy pnethansource of

carbon to the f rmage, gggggo%nkeghgggf&%@gycing a ferro-alloy in the furnace. Typically, the
materials handling system comprises separate hoppers for storing the carbon-containing polymer and

the other carbon source, a pipeline for transporting 25 the carbon-containing polymer and the other
carbon source to the furn&&e aicigonroitidives4oT Eontreia§Ime Aodratdairesiie or
carbon-containing pelyied sewlithe .other carbon source into the supply line so that the mixture of
these materials forms in the pipeline and is
10 The initial and the further charge of the feedstock
may be solid charges. One or both charge may include at

least some molten metal.

According to the present invention, there is also
15 provided a metallurgical furnace such as an electric arc
furnace that comprises a materials handling system for
supplying a mixture of (i) a carbon-containing polymer
that is capable of acting as a slag foaming agent and (ii)
another source of carbon to the furnace during a method of

20 producing a ferro-alloy in the furnace.

Typically, the materials handling system comprises
separate hoppers for storing the carbon-containing polymer
and the other carbon source, a pipeline for transporting

25 the carbon-containing polymer and the other carbon source
to the furnace, and control valves for controlling the
flow of each of the carbon-containing polymer and the
other carbon source into the supply line so that the
mixture of these materials forms in the pipeline and is

30 transported to and supplied to the furnace.

Typically, the materials handling system comprises a
blower for entraining the mixture and transporting the
mixture along the pipeline.

35

Typically, the materials handling system is arranged

to supply the carbon-containing polymer to the pipeline



30 transported to and supplied to the furnace. Typically, the materials handling system comprises a
blower for entraining the mixture and transporting the mixture along the pipeline. 9 upstream of the

introduction point or points for the other carbon source. The mixture of the carbon-containing
polymer and the 5 other carbon source may be supplied to the furnace byPad"lTy/ ASUuz%a%% zilg)éqaratus.

For example, He ?ﬂf)?fﬂﬁzé'-ﬁlay be injected into the furnace via a lance or lances ex endllng into the
furnace 10 through an opening in a side or the roof of thg furnace. Other injection options include
an intergrated burner/injector or intergrated burners/injectors extending through the side wall and/or

the roof and consuyiahie 15ances extenlind NGNS IYIAGE: o= TS AIGSERINANIORg described

further by way of example with reference 1o the accompanying drawing which is a timeline for one
embodiment of a nﬁé?ﬁga%f PPYdGEing 20 steel in an electric arc furnace in accordance with the
present invention. The following description of the timeline shown in the figure was developed
during the course of trialsraie? miha:- Sydney eleeiriearbdacitives ai thimagpplicanter almdgemeral terms,

the technology.devglgped Qxﬂ%%ﬂppusq@eamf%ege@ﬁe.é& the tiials, includiog the flgwsheet,

focuses on areas such aﬁ% ut not Iimitgglsto, 30 mixing of unagglomerated carbon-containing

polymers, as descred ein BRa other materials, supplying the mixture to a furnace, materials

handling of the mixture upstream of the furnace, and temperature pick-up and overall heat control in
the furnace. 35 For example, the mixture may be injected into the

furnace via a lance or lances extending into the furnace

10 through an opening in a side or the roof of the furnace.

Other injection options include an intergrated
burner/injector or intergrated burners/injectors extending
through the side wall and/or the roof and consumable

15 lances extending into the furnace.

The present invention is described further by way of
example with reference to the accompanying drawing which
is a timeline for one embodiment of a method of producing

20 steel in an electric arc furnace in accordance with the

present invention.

The following description of the timeline shown in
the figure was developed during the course of trials at
25 the Sydney electric arc facilities of the applicant.

In general terms, the technology developed by the
applicant as a consequence of the trials, including the
flowsheet, focuses on areas such as, but not limited to,

30 mixing of unagglomerated carbon-containing polymers, as
described herein, and other materials, supplying the
mixture to a furnace, materials handling of the mixture
upstream of the furnace, and temperature pick-up and
overall heat control in the furnace.

5

It can readily be appreciated that appropriate

timelines for producing steel in other electric arc



WO 2010/022473PCT/AU2009A101 126 - 10 - furnaces could readily be developed on a case-by-case
basis. With reference to the figure, a first solid feedstock 5 for producing steel in the form of a scrap
charge is supplied to the electric arc furnace in a two minute period of time. After charging the furnace,
power is supplied to the 10 furnace electrodes and oxygen (or other suitable oxygen-containing gas) is
injected into th¥ fUThAd&24tcs are established between the electrodes and%@%ﬁﬂﬁ@%’d%fock, thereby
generating heat that progressively melts the solid charge. 15 After approximately 3MWh of power had
been supplied to the furnace, which is typically a period o?time of three minutes into this first power-on

phase, injection of fluxes in the for dof Iim§a{1d @aggg‘s,ial@t%gﬁ%furgaggszg_ Qmmences. These
materials are suppli O form & Sthg ol Miditery nyatefial ﬁ)rn‘ﬁng in the furnace. The E1“|gure of 3AMWh

equates to the powERFeduired for the electrodes to "bore down" through the scrap and to be arcing on
the heavy melt in the bottom of the furnace. 25 After approximately 8MWh of power has been

supplied to the furnace, whighisAypically @epedod vt eidffure, a first solid feedstock
5 for producing steel in the form of a scrap charge is
supplied to the electric arc furnace in a two minute

period of time.

After charging the furnace, power is supplied to the
10 furnace electrodes and oxygen (or other suitable oxygen-
containing gas) is injected into the furnace. Arcs are
established between the electrodes and the solid
feedstock, thereby gemnerating heat that progressively
melts the solid charge.
15
After approximately 3MWh of power had been supplied
to the furnace, which is typically a period of time of
three minutes into this first power-on phase, injection of
fluxes in the form of lime and magnesia into the furnace
20 commences. These materials are supplied to form a slag on
molten material forming in the furnace. The figure of
3MWh equates to the power required for the electrodes to
“bore down” through the scrap and to be arcing on the
heavy melt in the bottom of the furnace.
25
After approximately 8MWh of power has been supplied
to the furnace, which is typically a period of eight
minutes into the first power-on phase, a mixture of an
unagglomerated carbon-containing polymer in the form of
30 rubber and another carbon source in the form of coke are
injected into the furnace. The figure of 8MWh equates to
when a flat bath of molten material and a liquid slag
begin to form. The injection of the mixture continues at
a constant flow rate for a period of four minutes to the
35 end of the first power-on (and oxygen injection) phase.
The mixture is injected via a lance extending into the
furnace. The rubber/coke mixture acts as a fuel, with



minutes into the first power-on phase, a mixture of an unagglomerated carbon-containing polymer in
the form of 30 rubber and another carbon source in the form of coke are injected into the furnace. The
figure of BMWh equates to when a flat bath of molten material and a liquid slag begin to form. The

injection of the mixture continues at a constant flow rate for a period of four minutes to the 35 end of
the first power 38R IHEBYYen injection) phase. The mixture is injected vid 9 1aHEEXEMHIng into the

furnace. The rubber/coke mixture acts as a fuel, with combustion of rubber/coke generating heat. The
rubber/coke, including the combustion products, also act as a slag foaming agent, as described in the

International Public%%;%%.l% St ﬁ,gl?eggng ‘_%%glégg? g&g;e ;%%%ggggﬁg B@g@gcingrﬁtgel in the form of a

scrap charge is sup urnace during a two mlnuteé)erlod foIIowmgﬁthe end of the first

[
power-on phase. 16 “PPRREF K ErgiAGTHE SER8n B8 SRR T e PEOWET I thé tiRadE Bind oxygen
(or other suitable oRfyeh-ednmirfingery ingetsn a6 rdaagapistitdiand e frhetexohmnahces
operating a secondpmiar-as phase. 15 After approximately 3MWh of power has been supplied to
the furnace follgwing the second feedstock charge, which is typically three minutes of the second

power-on phase, fluxes in_the form of lime and magnesia are 20 supplied to the furnace to contribute
to maintaining a required f‘évse?cc:)f’gf}: clnatﬁg?u‘r)rr?ac%ge ieftcgsr%fp%%ogﬁal%ﬁ/o%lm gft &)evger has

been supplied to thaRufiRctefte We HirTERBSRETGRrGE, RARE-5SE KA £ #FdR&Sive minute
period of time in thelsedogd power-ani phase peeimiktdrel dbrubker @l coke sfaddia ifjered into the
furnace via the langsoaae injactien ok the mixture continues at a constant flow rate until the end of the
second power:gn (and oxygen 30 injection) phase. Typically, the second power-on (and oxygen
injection) phase runs for 24-28 minutes. After the se o%power-gn cﬂpase ends, the furnace is

tapped to discharge moltdi §{&%| SR FAG Frofh thé fiRAte S5 daring & two minuteserod. ©°

the furnace and oxygen (or other suitable oxygen-
containing gas) injection are re-established and the
furnace commences operating a second power-on phase.

15

After approximately 3MWh of power has been supplied

to the furnace following the second feedstock charge,
which is typically three minutes of the second power-on
phase, fluxes in the form of lime and magnesia are

20 supplied to the furnace to contribute to maintaining a

required level of slag in the furnace.

After approximately 20 MWh of power has been supplied
to the furnace since the first feedstock charge, which is
25 typically a further five minute period of time in the
second power-on phase, the mixture of rubber and coke is
again injected into the furnace via the lance and
injection of the mixture continues at a constant flow rate
until the end of the second power-on (and oxygen
30 injection) phase. Typically, the second power-on (and

oxygen injection) phase runs for 24-28 minutes.

After the second power-on phase ends, the furnace is
tapped to discharge molten steel and slag from the furnace

35 during a two minute period.



-12 - At the end of tapping, there is a two minute turnaround time before the method is repeated
with a new charge of scrap is supplied to the furnace. Based on the trials at the Sydney and the
Melbourne electric arc furnace facilities of the applicant, results achieved to date indicate that the
invention has the potential to: 10(a) speed up the slag-foaming process; (b) achieves a reduction in
electricity constiAptid2tA&aning a fall in greenhouse gas emissions if pro§Gd&tPBY ¥8% fited power
stations; 15 (c) reduces total cost of production by r%guc_ing the quantity of injectant material
required; (d) improve furnace productivity by a reduction in 20 "tap-to-tap" time - a measure of
the time taken to produce one batch of malten steel. In addition, the use of unagglomerated

carbon-containing polymeﬁ hﬁg%@ﬁ’lﬁcgﬁt 5&%?&39@}1: }ﬁ%rﬁotéﬁtigllf if2 d‘l‘\%élr‘tlé:(? away from land fills.
The above findings B migisfisahttdmeohrsore thavmayRacdifiEafiSRS AR LY hrld& e ate
embodiment of 30 tbaapgthasfoisiteapresensinvehiied describedfabmaewithout departing from the
spirit and scope of the invention. By way of example, whilst the embodiment is described 35 in the

context of prodycing steel, the gregentlvention is ot sq.imigdiany! aengadodazpiedugion of
ferroalloys genérally. ] .
electric arc furnace facilities of the applicant, results
achieved to date indicate that the invention has the

potential to:
10 (a) speed up the slag-foaming process;

(b) achieves a reduction in electricity consumption,
meaning a fall in greenhouse gas emissions if produced by
coal-fired power stations;

15
(c) reduces total cost of production by reducing the

quantity of injectant material required;

(d) improve furnace productivity by a reduction in
20 "tap-to-tap" time - a measure of the time taken to produce

one batch of molten steel.

In addition, the use of unagglomerated carbon-
containing polymers has significant potential can
25 potentially be diverted away from land fills.

The above findings are significant outcomes.

Many modifications may be made to the embodiment of
30 the method of the present invention described above
without departing from the spirit and scope of the

invention.

By way of example, whilst the embodiment is described
35 in the context of producing steel, the present invention
is not so limited and extends to the production of ferro-

alloys generally.



-13- Furthermore, whilst the embodiment is described in the context of producing steel in an
electric arc furnace, the present invention is not so limited and extends to the 5 production of steel and
ferro-alloys generally in any suitable matallurgical vessel. In addition, whilst the embodiment

includes the u%gooéidgog]ﬂggglomerated carbon-containing polymer, the lo PE%E{P%P:%

ntion is not Bo
limited and extend e use of agglomerated carbon-containing polymers. yﬁﬁliﬁ)‘ﬁn whilst the

embodiment includes the supply of the mixture of the unagglomerated carbon- 15 containing polymer
and the other carbon source by injecting the mixture through one of more than one lance extending
into the furnace, the present invention is not so limited and extends to supplying the mixture in to the
furnace using any suitable apparatus. 20 In_addition Whllﬁgtgé,embgdlmerét mcludggé)a.rtlcular time

periods for charging the f8i ‘&lé?ﬁ’ﬁﬂrﬁfpﬁ'fﬁﬁbs&h‘é?%eﬁena 3

{6°the ﬁ?nat?esf?ﬁé presérﬁ invention is

not limited to thesetttRe gretioristamd eREIHICIDT0 BRGShitBISInRLFEHSAS IRZRIFHFTARE present
invention extends teisituaiieas it Wwihielke thdrensicontimuoss chiangingdofamdtenidistathefurnhee. In

addition, whilst;the erabodiment ineludes 30 eoRtinuqusinjaatinnsolthesnixuse ehthengnagglomerated
carbon-containing pol r.and the other carbon so cg at constant flow rates during part of power-on
phases, the presen ?r%/\ga%h]b% fga%&gs%uﬁr%ﬁgagan?gét%nas to periodic injection and/or variable flow

rates of injection 35 during power-on phases and, if required, other non-poweron phases of the
method. In addition, whilst the embodiment includes the use

of an unagglomerated carbon-containing polymer, the
10 present invention is not so limited and extends to the use

of agglomerated carbon-containing polymers.

In addition, whilst the embodiment includes the
supply of the mixture of the unagglomerated carbon-

15 containing polymer and the other carbon source by
injecting the mixture through one of more than one lance
extending into the furnace, the present invention is not
so limited and extends to supplying the mixture in to the
furnace using any suitable apparatus.

20

In addition, whilst the embodiment includes
particular time periods for charging the furnace, and
supplying other materials to the furnace, the present
invention is not limited to these time periods and extends

25 to any suitable time periods. In addition, the present
invention extends to situations in which there is

continuous charging of materials to the furnace.

In addition, whilst the embodiment includes
30 continuous injection of the mixture of the unagglomerated
carbon-containing polymer and the other carbon source at
constant flow rates during part of power-on phases, the
present invention is not so limited and extends to
periodic injection and/or variable flow rates of injection
35 during power-on phases and, if required, other non-power-
on phases of the method.



-14 - In addition, whilst the embodiment includes the use of lime and magnesia as slag-forming
agents, the present invention is not so limited and extends to the use of any suitable materials. In
addition, whilst the embodiment includes supplying lime and magnesia during the first and second
power-on phases, the present invention is not so limited and extends to adding these and other fluxes
with the scrap, 18 %ﬂ}P(EbZ‘Héwer-on and after power on.  In addition, whﬁ&%é@%@&ﬁent includes
operating the method with two power-on phases, the pres nt invention is not so limited and extends to
operating with one or any is other suitable number of power-on phases. In addition, whilst the

embodiment describes the supgly,ofiihe midye.of (e unagdlgmeraled cahoRzeonigining golymer.
and the other carbon source, the 2 present invention also extends to embodiments in which there is

supply of only one &Ffhéictingdce MRHGthEr A c3lAIREIRBIRA. 25T ME T . RAHRETS for
producing a ferro-alioyienaui etectec et fmaténthaedormpiises sepilyihg atimxtureoba)any
carbon-containing pahpek ihatis €apabiesof acting as a slag foaming agent and (b) another source of
carbon into the furnace during at 5 least a part of a first power-on phase of the method and supplying
a further mixture of the carbon-containing pol¥mer and an(%%:er source of Cﬂ%m into thelelectric arc

furnace during at least partof 2 8ecorfF potia -]p%tpﬁé‘fe of MRS \RRErSR Thé '@Rsdh B8ntaining
polymer is selected¥igr cidopamte ofFuBber pg/nthei 6F RauABY, P65PRShREWE Tp&styrene and
polybutadiene styrepiea aad theroihet28satircenofecatrbon is sefented drommiteest mode of coke, carbon

char, charcoal and giafd{ils to adding these and other fluxes with the scrap,

10 during power-on and after power on.

In addition, whilst the embodiment includes operating
the method with two power-on phases, the present invention
is not so limited and extends to operating with one or any

15 other suitable number of power-on phases.

In addition, whilst the embodiment describes the
supply of the mixture of the unagglomerated carbon-
containing polymer and the other carbon source, the

20 present invention also extends to embodiments in which
there is supply of only one of the components at other

times in the method.



2. A method of producing a ferro-alloy in an electric arc furnace or other suitable metallurgical furnace
which comprises: 15 (a) supplying an initial charge of a feedstock for the ferro-alloy to the furnace;
(b) operating in a first power-on phase and establishing an arc between an electrode or electrodes of
the furnace and the solid feedstock charge and gerllérating 20heat in the furnace and melting the solid
feedstock charge; _ (c) after a first period of time into the first power-on phase, commencing supply of a
mixture of %5‘% ﬁ)on-containing polymer that is capable of acting as a slag foaming agent and (ii) an
another source of carbon into the furnace, wherein 25 the carbon containing polymer is selected from

one or more of r ti ral) v, i . rene q@%ﬂ yrene,
and the other sola&r)(t;?eﬁ %t. cg]rtgg?nqrs%g@:%eﬁ grecg)')r@ §nr§%}lr_?nr%?}eao cﬁ) e%%g%&ﬁ%’ charc o%%nd
?raghite;kso(dgatw%m thixtine: giolalea-oarlpamasentelp ply payarkirthar isieaagbl efchectengcalloy
eedstock to the ; e t BVURE
commencing inji%]t%i(;%ccf‘?g&&g:% e otf |)§Eg%%§p%§ﬁ% IS ca;ﬁ?@é)%@%%% as a slag
foamifg agent ahepgl paraebibrt Gore sinda N P : benig @ 85 SN EbEaining
polymer is selectechiomyBaf BomemATY REE HiSHNH Sl B ElBRIREARMENES ROStY ene
the other source of carbon Is selected fr

and polybutadiene styrene, an om one or more of coke,

carbon char, chafdaicanstirngshiteashnart §fak seeosaPoVEIOsdwag Pohe MsthpHaweetaipifg molten

ferro-alloy from  .arhon containing polymer is selected from one or more of rubber (synthetic or
natural), polypropylene, polystyrene and polybutadiene styrene, and the other

10 source of carbon is selected from one or more of coke, carbon char, charcoa and

graphite.

2. A method of producing a ferro-aloy in an electric arc furnace or other suitable
metallurgical furnace which comprises:

15
@ supplying aninitial charge of afeedstock for the ferro-alloy to the furnace;

(b) operating in a first power-on phase and establishing an arc between an
electrode or electrodes of the furnace and the solid feedstock charge and generating
20 heat in the furnace and melting the solid feedstock charge;

(© after a first period of time into the first power-on phase, commencing
supply of amixture of (i) a carbon-containing polymer that is capable of acting as a
slag foaming agent and (ii) an another source of carbon into the furnace, wherein
25 the carbon containing polymer is selected from one or more of rubber (synthetic or
natural), polypropylene, polystyrene and polybutadiene styrene, and the other
source of carbon is selected from one or more of coke, carbon char, charcoa and

graphite;

30 (d) at the end of the first power-on phase, supplying a further charge of the
ferro-alloy feedstock to the furnace;

(e operating in a second power-on phase by re-establishing the arc;



10the furnace. 3.The method defined in claim 1 or claim 2, further comprising assessing the time to
commence supply of the mixture of the carbon-containing polymer and the other carbon source during
the power-on phase or phases based on any one or more of 15the power consumption of the furnace,
the composition of the melt in the furnace, and the Helt temperature. The method defined in any one

of the preceding glaims, wherein the ferro-gllay is stee|, The method defined in any one of the
oreceding claimdbompr A Soly a0 T B REC IR RN T i BRTBRAEH Blrbon
source in the miXijeetidrifgse migteréads dyingatbenticoataeliag s yaodsoissthprbl @ bintmygture to
the furnace. The metgsd dffined in agé/ one of.She recﬁﬁaimsg%rises majnt ininéthe
flowrate of the mfkt e8P theEAHSoRY Bt?ﬂﬂlr(ﬁ pol At LCERErELBBA LI YRS Ent during
the time period owperéntishef sanpply cbritniixtpoytodhesfuswacal Tioennuekaod definast irubbsrone of
claims 1 to 5 comprises varying, the flowrate of the mixture of the carbon-containing source and other
carbod source UMY L AL B BRLDPE G R B L SLLBe1 e
method defined itharytrenesaliritee gireadsting <lsdrostadfnpnis eaanai niarengf acokatioardoa shpply of the
mixture of the ca%ﬁ%n-(ﬁnta%nin%ﬁ ‘IeymeJ and the other carbon source during the power-on phase or
phases. The met QErAE4 K @oﬁ‘% of the preceding claims wherein the carbon-containing
olymer comprises 20-60 wt.% of the total weight of the mixture. The method defined in any one of the
poly prises 20-60 wt.% of th | weight of the mi h hod defined i y fth
preceding claims yiherel) {1e o3 q Ao AN BRSO 555 oS4k Fal el pebyeiont o

10 the furnace.

3. The method defined in claim 1 or claim 2, further comprising assessing the time to
commence supply of the mixture of the carbon-containing polymer and the other
carbon source during the power-on phase or phases based on any one or more of

15 the power consumption of the furnace, the composition of the melt in the furnace,

and the melt temperature.

4, The method defined in any one of the preceding claims, wherein the ferro-alloy is
steel.
20
5. The method defined in any one of the preceding claims comprises varying the ratio
the carbon-containing polymer and the other carbon source in the mixture of these

materials during the time period or periods of supply of the mixture to the furnace.

25 6. The method defined in any one of the preceding claims comprises maintaining the
flowrate of the mixture of the carbon-containing polymer and the other carbon
source constant during the time period or periods of supply of the mixture to the

furnace.

30 7. The method defined in any one of claims 1 to 5 comprises varying the flowrate of
the mixture of the carbon-containing source and other carbon source during the

time period or periods of supply of the mixture of the furnace.



The method defined in any one of the preceding claims wherein the mixture of the carbon-containing
polymer and the other carbon source supplied to the furnace during the first power-on phase is the
same as the mixture supplied during the second power-on phase. The method defined in any one of
the preceding claims comprising injecting an oxygen-containing gas into the furnace during the

power-on phase hases. The method defined in claim 12, wherein the oxygen-containing gas is
P voon AR elocil P I TRLEE R Lk OB 6 BB T TR 1Sk T o e
furnace defined ipoatiiwue efithey Wk aas mixtienos the twbsigontal atagi e waeding sysisiefor

supplying a mixture of (i) the cgébon- ontainin%ﬁ)é? mer that is capable of acting as a slag foaming

agent and (i) thecam(é'? e84 Ehr BB GG &P g the method of producing the

ferro-alloy in the furnace, wherein the materials handling system comprises separate hoppers for

storing thegcarbonrzoMaiRGd RAIMEET RRAVNE RN SRIRPEcEaiNs I a AP oiRe der rneadiding the
carbon-containing polymer and the other carbon source to the furnace, and control valves for

controlling the fIOBAEHMRY YRECSPHHNL SRR eo R e taiah Wetobhiak tea M &8 urce into the

supply line so that the mixture of these materials forms in the pipeline and is transported to and
supplied tq f1e FUfpRChethod defined in any one of the preceding claims wherein the carbon-

containing polymer comprises 25-35 wt.% of the total weight of the mixture.

10
11.  The method defined in any one of the preceding claims wherein the mixture of the

carbon-containing polymer and the other carbon source supplied to the furnace
during the first power-on phase is the same as the mixture supplied during the
second power-on phase.

15
12.  The method defined in any one of the preceding claims comprising injecting an

oxygen-containing gas into the furnace during the power-on phase or phases.

13. The method defined in claim 12, wherein the oxygen-containing gas is oxygen.
20
14.  An éectric arc furnace when used to carry out the method for producing a ferro-
aloy in the furnace defined in any one of the preceding claims, comprising a
materials handling system for supplying a mixture of (i) the carbon-containing
polymer that is capable of acting as a slag foaming agent and (ii) the other source
25 of carbon to the furnace during the method of producing the ferro-aloy in the
furnace, wherein the materials handling system comprises separate hoppers for
storing the carbon-containing polymer and the other carbon source, a pipeline for
transporting the carbon-containing polymer and the other carbon source to the
furnace, and control valves for controlling the flow of each of the carbon-contaiing
30 polymer and the other carbon source into the supply line so that the mixture of
these materials forms in the pipeline and is transported to and supplied to the

furnace.



