- 1 - Production of Ferro-Alloys. Technical Field 5A nmethod for
produci ng ferro-alloys (such as steel) in an electric arc furnace
(EAF) enploying a novel additive is disclosed. In its primary
function the novel additive functions as a slag foam ng agent, as a
reduci ng agent. However, the additive nmay additionally act as a 10
fuel and/or as a recarburiser. Background Art In the |ast
fifty years, the plastics industry fad Seen enor mous grow h such that
plastic materials and 15 %ro%@%%$ are_n M/essgﬂiial to society.
Plastic production in courft\ Pﬁecgagﬁﬁrﬁg% PFthed around 15
mllion tonnes per year, and this results in about 9 mllion tonnes
per year of related waste, 50% g WhRieh1i§;@pg0ci ated wi th municipa
solid waste. 20There are increasfng‘pro%fens—mﬁth pl astics disposal ',
and internationally plastics recycling accounts for a small
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reduction of fuel or coke consunption. As a substitute 35 fuel,
plastic injection into the tuyerBasckdrceudd dgtt f urnace has been
proposed to reduge G2 Rl 22y yBgEBUSEne! PRldCied AR R g TRYS T ON

energy that is at least as h . .
seen enormous growth such that plastic matexials and

15 products are now essential to society. Plastic production
in countries like Japan has reached around 15 million
tonnes per year, and this results in sbout 9 million
tonnes per year of related waste, 50% of which is
agsociated with municipal solid waste.

20 There are increasing problems with plastics disposal,
and internationally plastics recycling accounts for a
small proportion of material recovery, with the rest being
disposed either through land-filling or burning in
incineratorse. Plastic materials do not degrade readily and

25 can leach toxic elements in landfill, whilst conventional
burning often generates hazardous emissions such as
dioxins.

Worldwide the steel industry is facing pressure to
minimise its impact on the environment by improving the

30 efficiency of energy and resource utilisation. For
example, particular efforts have been made to reduce the
carbon intensity of a blast furnace. One strategy of
energy management of a blast furnace involves the
reduction of fuel or coke consumption. As a substitute

35 fuel, plastic injection into the tuyeres of a blast
furnace has been proposed to reduce CO; emissions, because
plastice have a combustion eneréy that is at least as high



as the pulverised coal normally injected, and they have a hi gher
rati o of hydrogen to carbon, resulting in |less CO2 produced as a
conbustion product. Plastic addition to other types of steelnmaking 5
furnaces is known, including to electric arc furnaces (EAF). For
exanpl e, US5, 554, 207 di scl oses a process in which EAF waste dust is
conbined with waste plastic to forma_solid, which is then added to
the EAF. Simlarly, JP2004-052002 di's@l ses a process in which waste

pl astics 10 are knedaded together with steel dust to form a soft

Bor 1 whi ofP e, TS Sk SBRR. PREFPILY SiSne oo SHEY, REASR h
t he additibighdér aratuddiail \nydroggnohot eaxbery, frsedlignaSimmaegs160n a
first aspeglodhed® 45 PRt chNpdodRtpod for producing a

ferro-alloy in an electric arc furhace, the step of char%Lng t he
furnace with an RfRsig§ 6PSE&Len EarPoiee driRashialy Sh6ryReKiBEch t hat
the polynmefuftiedd Qs Kafowh,sliaglhaaagngo agbsdtrid) Hhie ifRefifaeekogy

"un-aggl o d bon-cont ai nj I r>. covers bhoth fin nd
coarsgggrgﬁ{ﬁﬁg 'ed%rﬁj W&&jl ?§§985?y%§fsdza% S it é’ﬁé’&&sgo%BXu ude
such pol ynehclasERD st a clyetthds wothiged widsh evadist rdasstieekodust .
Such aggl opgLpt £0sS0Id dSHdH q.s”‘?.he{'lua&&éi?nté‘stl?e AN a@iimakﬁ!gf .

agent. It has not previously been contenplated, I1n an electric

furnace, t#8%08h ARy Bife: SaPBBREEH MR WiHS: PRIk PLlaghigsbe

]thsed_ to gauﬁ@ ]&lééé@bcf&ﬁrkﬁd@tﬂﬁt @l geesl Cclhaébtﬁ iwrmeb a @@lfeﬁslegia! ag
oam ng better ts the ten_ne th _an etter hg in
both heat [PEC; 1 A0S S Fhrs | Naushrs Soriditity it yoredaren

el ectri cit yitbnshepddition tdie aBABdditive tJhpremetaydleye fatedng.

car bon-cont ai ni ng polynmer may additionally function as a reducing
agent, as a fuel 35 and/or as a recarburiser in the nethod for
produci ng the ferro-alloy. The pol yﬁﬂl’ﬁ@éﬂl d then cause a reduction

of metad (s) oxidms Presey ddpelatr Rheeel £6dpaset dud gdremaedhod for
producing a ferro-alloy in an electric arc furnace, the
step of charging the furnace with an un-agglomerated
carbon-containing polymer such that the polymer functions
as a slag foaming agent.

20 The terminology “un-agglomerated carbon-containing
polymer” covers both fine and coarse granulated and
particulate polymers and is intended to exclude such
pelymers as formed together with EAF wagte dust or steel
dust. Such agglomerated solids would not function as a

25 slag foaming agent.

It has not previcusly been contemplated, in an
electric arc furnace, that an un-agglomerated carbon-
containing polymer could be used to cauge slag foaming.
In an electric arc furnace increased slag foaming better

30 blankets the molten metal both and better holds in both
heat (ie. insulates), and this leads tc considerably
reduced electricity consumption in the EAP.

The un-~agglomerated carbon-containing polymer may
additionally function as a reducing agent, as a fuel

35 and/or as a recarburiser in the method for producing the
ferro-alloy. The polymer could then cause a reduction of
metal (s) oxides present in furnace feed and/or generated



- 3 - during netal processing; and/or act as a source of fuel; and/or
act as a recarburiser to increase the anmount of carbon present with
iron in the final ferro-alloy produced. For exanple, in electric arc
furnaces, the 5 prinmary fuel source has been electricity. The
waste plastic can thus enhance energy efficiency GCe. by the use of
| ess electricity), and can reduce the_consunption (and hence cost) of
traditional carbon sources such as ¢oRe~and coal . The wast e plastlc
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magnegium ferr03111con, ferromolybdenum, ferronickel,
ferrotitanium, ferrophosphorous, ferrotungsten,
ferrovanadium, ferrozirconium etc.

20 Typically the un-agglomerated carbon-containing
polymer is charged into the furnace such that it at least
partially combusts and produces a carbonacecus residue. As
it combusgts. The polymer acts a fuel. The carbonaceocus
residue can then oxidise to cause slag foaming. The

25 zresidue may additionally function as a reducing agent or
recarburiser. Thus, typically, the un-agglomerated
carbon-containing polymer charged into the furnace
functions as a slag foaming precursor. It may also
function as a recarburiser precursor or reducing agent

30 precursor.

Whilst the un-agglomerated carbon-containing polymer
may comprise the sole additive charged intc the furnace,
in a typical embodiment the un-agglomerated carbon-
containing polymer is charged into the furnace with

35 another source of carbon. This other source of carbon may
combust to act a fuel. It may also contributed to slag
foaming, and may function as a reducing agent or



- 4 - recarburiser. The other source of carbon can be coal, coke,
carbon char, charcoal or graphite. As an exanple, the

un- aggl oner at ed car bon-cont ai ni ng pol yner and ot her source of carbon
can be charged into the 5 furnace approximately in a weight ratio of
1:1, although this ratio may vary from furnace to furnace. In a
typi cal adaptation of the nethod, the, carbon-containing polyner is a
waste plastic. The charging of a wast & blastic into t he furnace
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noxious gases etc. Thus, by judiciously selecting the

carbon-containing polymer, the formation of noxious gases
and other detrimental or harmful products can be avoided.

20 One suitable plastic is polyethylene but other plastics
such as polypropylene, polystyrene, poly butadiene
styrene, ABS, etc and even difficult to re-process
plastics such as Bakelite, etc may be employed.

Typically the un-agglomerated carbon-containing

25 polymer is charged into the furnace is the form of polymer
particles, typically of a particle size of 100 um or less.

Whilst a typical ferro-alloy produced is steel, the
production of other ferro-alloys (as described above) may
amploy the charging of an un-agglomerated carbon-

30 containing polymer.

In a second aspect there is provided the use of an
un-agglomerated carbon-containing polymer ag a slag
foaming agent in the production of a ferro-alloy in an
electric arc furnace.

35 Typically the use of the un-agglomerated carbon-
containing polymer ie in the production of a ferro-alloy
achieved by the method of the first aspect.



In a third aspect there is provided a nethod for producing a
ferro-alloy in an electric arc furnace, the nmethod conprising the
steps of: <charging the furnace with feedstock for the ferro-alloy; 5
- heating the feedstock in the furnace to a nolten state and to form
a slag on a nolten surface of the alloy/feedstock; and charging the
furnace with an un-aggl onerated carbop-containing pol ymer that
functions as a slag foam ng agent. Io%yplcally t he un-aggl oner at ed
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15 the slag.

- causes a chemical reduction of each metal oxide in
the slag to produce the ferro-alloy;

- recarburise a resultant alloy of iron and carbon.
The un-agglomerated carbon-containing polymer can be

20 charged with an additional agent. The additional agent may
be the other source of carbon as defined in the first
agpect.

The un-~agglomerated carbon-containing polymer may
algo be charged with the feedstock to the furnace. For

25 example, the furnace can already be heated when the
feedstock and carbon-containing polymer are charged
therein (ie. in a continuous furnace operation mode).

Typically the method of the third aspect is otherwise
ags defined in the first aspect. ;

30 The inventors have also surmised that the un-
agglomerated carbon-containing polymer can generally be
employved as a fuel in a reheating furnace.

Accordingly, in a fourth aspect there isg provided, in
a method of operating a reheating furnace, the step of

35 charging the furnace with an un-agglomerated carbon-

containing polymer to dct as a fuel.



- 6 - Typically the reheating furnace operates at a tenperature
sufficient to conbust the carbon-containing polyner, typically a
tenperature that is greater than 1000C. 5In addition, the

un- aggl oner at ed carbon-contai ni ng pol yner nay be charged into the
furnace in a particulate formand optionally with another fuel, such
as natural gas. In a fifth aspect a systemis provided for 10
determning the recyclability of a tatbon-containing polynmer in a

ferro-all oy progucti f ur.,nace .t hat. |.oys carbon- cont ai ni ng
f eedst ock. The gyﬁ%sﬁ?%%n%ﬂ?sﬁﬁPﬁﬁi%“§?§B§%8F$ CPSTAWRT i3 iy a val ue
of a par arrstperetugegivéhiipbtytero wdrabubs ither earbentvendining
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more parafet ér_val ues derived fromone or nore other polyners;
devel opi nd°4% &nge or scale fromthose paranmeter val ues. The

par ameter can bent Badbeighf thHe tlie doeddnelragedOcanitt®s cdla ey of

t he foam g Br | SCLlption, e .NQS. .

Not wi £ not TRIVRS Tol e Seneoat e e miar MOTRA L PRI A hod
for produdionn anfdeppbiahbdly asidefdnaddhezs fupls heusShnmaargatwrdei fic
enbodinen@&gﬁ the method will now be described, by way of exanple
only, with reference to the acconpanying drawings_in which: Figure 1

shows a schenmat &8 & SyFER PG iS¥FHER 1puBEoTededt Epe furnace set
t;p f ouanA&mﬂggn&h@ﬁtﬁapte«aﬁ&n amd 30 dﬁlscar bhegohﬁcanaam_ £nd; |

i gur es t.Q 2F-each depi ct ro .ag and_show.in._se ce slag
oam ng {BOSEEaR feFePeg st el iR HIGRRER Hhie SSRINE ahe
hori zont alcanise cesitstianng feedsibecketThep syBtRmgaPrEPTis8s LI gures 3A

to 3F eachy | ¢Jg.@ drop of slag and show in sequence slag foan ng

for a cokel/sl'ag systemas a function of ti , using the_horizant al
t ube resiSTéﬁﬁgﬂﬁﬁﬁhécgaéé?-og a parameter @% a givgn polymer éhat

15 is reflective of the polymer’s slag foaming ability;
- comparing that parameter to one or more parameter values
derived from one or more other polymers;
- developing a range oxr scale from those parameter values.
The parameter can be the height of the foam slag
20 and/or the life of the foam slag.

Brief Degeription of the Drawings
Notwithstanding other embodiments which may £all

within the method for producing a ferxco-alloy as defined
25 in the Summary, specific embodiments of the method will
now be described, by way of example only, with reference
to the accompanying drawings in which:
s Figure 1 shows a schematic diagram of a horizontal tube
regigtance furnace set up for a sessile drop approach, as
30 described in Example 1;
s Figures 2A to 2F-each depict a drop of slag and show in
sequence slag foaming for a graphite/slag system ag a
function of time, using the horizontal tube resistance
furnace get-up of Figure 1;
35 e Figures 3A to 3F each depict a drop of glag and show in
sequence slag foaming for a coke/slag system as a function
of time, using the horizontal tube resistance furnace set-



- 7 - up of Figure 1; Figures 4A to 4C respectively depict a drop of
slag for graphite, graphite/plastic and coke, each with a slag
system and using the horizontal tube resistance furnace 5 set-up of
Figure 1; Figure 5 shows a schematic diagram of a drop tube furnace
set up, as described in Exanple 4; Figure 6 shows an XRD spectra
of a carbonaceous residue froma 50?6plastic and 50% graphite m xture
after being 10 reacted in a drop tube’furnace, as described in
Exanpl e 5;; E&g%ggu;esgows CCD i nages of slag foam ng caused by
various carbonacéous nmaferials, as described in Exanple 5; Fi gure
8 shows tIfe FROVESR 4% YoritG nespertone bt depict gyradgsn of sdbgt fare
and an i ndysdghidle,Sh@@phdsedgsssthed 4y Horesagnla RithFAigsl£y9 shows
the IR results fo%gggreactio et ween ,a .504; plastic and g096£%aphite
subst r at & SHRFIHAASEr PERRY) GH° Bt GHben TERAREPECS, FUrndte U ¢
10 shows tded-uR rds@ligarkol;a reacti on between a 20 coke substrate
and an i ndusk] S ' I Qa | e 5. | 11 shows a
Y RipBke O ohofls f TRHoni e BIESEER OF 8 aigtbe

schematic di ag an 1nduction . furnace, as
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set-up of JFigt ) | ; t et o [ Ichency, 11
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Exanpl e 9;VaIqus £arbospsRoUEcmriapirks ofass |desardePngnaBxar®imdi on
gf ti _rrE L ar ﬁ@g@%lee @le %&ie QR %isdmefxst@ﬁ 35%@(%2@1& aietlééQC?_ as
escribed in e.10:; igure 16, plots .CO a s _generatjon
as a f unct?fﬁ?%f% isﬁis’?‘gﬁgtﬁeg%li %%&‘P‘#%H% @ri ;‘ a-sgge@gr{beg in

15 Example 5;

e Figure 9 shows the IR resultsg for a reaction between a
50% plastic and 50% graphite substrate and industrial
slag, as described in Example 5;
¢ Figure 10 shows the IR results for a reaction between a
20 coke gubstrate and an industrial slag, as described in
Example 5;
¢ Figure 11 shows a schematic diagram of an induction
(carbon dissolution) furnace, as described in Example 7;
¢ Figure 12 plots the % of carbon dissolution in a molten
25 ferro-alloy against time for the induction furnace of
Figure 11, and as described in Example 7;
¢ Figures 13 A&B depict a drop of coke/slag (upper row)
and coke/HDPE plastic/slag (lower row) over time, using
the horizontal tube resistance furnace set-up of Figure 1;
30 » Figure 14 plots the combustion efficiency, 1, of ccke
and mixtures of coke with plastics at 1200°C, a& described in
Example 9;
° Figure 15 showsg CCD images of slag foaming asg a
function of time for 70%coke- 30%plastic residue/slag
35 gystem at 1550°C, ag described in Example 10;
° Figure 16 plotes CO and CO; gas generation as a
function of time, as described in Example 10;



Figure 17 plots the nunber of noles of oxygen renoved during
interactions of slag with coke and with 30%° asti c+70%oke m xture,
as described in Exanple 10; and 5 Figure 18 shows the Vt/VO plots for
coke and 30%pl asti c+70%oke m xtures at 1550C, as described in
Exanpl e 10. Detail ed Description of Specific Enbodi ments 10Duri ng
extensi ve studi es of EAF steel produgiion, it was noted that the
chem cal reactions between solute carbon/solid carbon and sl ag gave

rise to the preggsseoi p&gf Qﬂ{gh' @@m&d &agffma?éaﬁgoﬁcmw%e?d thedhCO
gas generatiqQn as result o reductian LLrON..oxide in 15 the
sl ag by c&MFdAd éﬁgeﬁ?EEﬁeﬁﬁe?%)%iﬁg g%%ha??%% 3?d9£} on. Slag foaning
was not ed 3¢ FlasstcoRgkyokiepeixiunte onst desaxibed bn Exeneks bdy f eed

mat eri al , Wﬁph properties of the material at high tenperatures
governingat e slag foam ng phenonengn. 201t s fyrther noted that,
as wel B ag shi EigPKg LReshevecihe é’tZVeplgtﬁo?ﬁ? %‘?Li%F'g Banket ed t he
net al bat hycapd Jpekid+70vheré, migadiag o 16803ICdensbiiesentsey isavi ngs
(ie. reduced elec Bicity consunption). It was noted that a sustained
| evel of }ﬁﬁmhﬁh ng was critical to efficient 25 EAF steel

producti on. In a surprising devel opnent, it was postul ated
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produce a Tarbonaceous residual product. - 9.- . .

15 the slag by carbon, and also due to the oxidation of
carbon. Slag foaming was noted to be strongly dependent on
the nature of the carbon feed material, with properties of
the material at high temperatures governing the slag
foaming phenomenon.

20 It was further noted that, as well as shielding the
electric arc, a foamy slag blanketed the metal bath and
held in heat, leading to considerable energy savings (ie.
reduced electricity consumption). It was noted that a
sustained level of slag foaming was critical to efficient

25 EAF steel production.

In a surprising development, it was postulated that a
un-agglomerated carbon-containing polymer (eg. waste
plastic, typically in particulate form) could be
introduced into EAF steel production. It was surmised

30 that, at the high temperatures employed in EAF steel
production, the waste plastic would, once introduced into
the Ffurnace, combust (thus acting as a fuel) and produce a
carbonaceous residual product. Subseguently, it was
postulated that a carbon-containing polymer could also be

35 introduced into the production of other ferro-alloys and
again produce a carbonaceous residual product.



It was observed that the carbonaceous residual product could then
cause slag foam ng in EAP steel production, and m ght optionally
function as a reducing agent (eg. in the production of other
ferro-alloys), and 5 optionally also function as a recarburiser.
During testing, it was hypot hesi sed that the chem cal conposition,
structure and bond network in the ariggi.nal plastic determ ned the
properties of the carbonaceous residue. In addition, it was noted

that the kinetigs wafs Hhsearan cdhssohdt éorbdiayBcugivepidpkast i c
depended on éhe rat}gL t_.which the ;arbgnaceous.rqﬁi uq:d5§solved in
liquid stBEPIUFE & ‘%o@ﬁﬂ SEFS Faf Tt AT eIt VetV MGy or der ed
nat ur e of peradboniom, pradtright epticoapiyefunnet ben bm 8 rasicdngcoul d
result in n i (=] P I £ULN St gt ur al
Char act er FEAEEoRgr Tt Frdd ! e o e S eld e
pl ast i &- geaphPRRl Y @lfe FMFtdqicéd PnE8cariBl ®%ibe furnace
(sinulating opefatimy tesrtdirlg,0n% What hipgtiiedbsex pardentrd chemnadaEAF)
to observe 20 those carbongceous £ Egaése%hat W§U|§héﬂg¥i$Q%%ﬂtly

| ead to fGEMPRE*OIOT UFPHEST i3 PR ot AT (R T hose

car bonaceplastgei deesrhihmed nilghtprdupestaesedicthe ncaspamicgownd/ or
enhanced Gaphapedi s30Laki Olbd /) A Wl SBcLAY Eadl Ly, ki i wat ural
characterisafron results are 25 set forth_below in Ex le 5. In the
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wood. Agaicrdeiredwastune edf t tmtbarhe mmplestakspleper epmpargdl beact i ons
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dictating Teductant performnce. or experinental considerations
t hus aPso dimerdusdon3tnabbagid 2i9fds, investigations into
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20 those carbonaceous residues that would subsequently lead
to foaming of liquid slag in an EAF, and to ascertain
those carbonaceous regidues that might have a reduction
capacity and/or enhanced carbon dissolution in a molten
ferro-alloy. The structural characterisgation results are
25 get forth below in Example 5.

In the production of other ferro-alloys it was noted
that a variety of carbonaceous reducing materials were
being used. Known reductant materials included carbons
such as coke, coal and char, and bio-carbons in form of

30 charcoal produced from different types of wood. Again, it
wag noted that the material properties and reactions of
these carbonaceous materials played a significant role in
dictating reductant performance.

Major experimental considerations thus also included,

i35 amongst others, investigations into gagification of the
reductant, dissolution of carbon into the molten metal,
and direct reduction of slag by solid carbon.



5 the slag by solid carbon or carbon dissolved in liquid netal was
consi dered as the major nmechani smof MO reduction. Simlarly,
reduction of chromte in liquid slag by carbon dissolved in Fe-Cr
melts was noted to be inportant for the production of ferrochrom um
The 10 reactions between carbon and |iquid slag containing dissolved
ore (chrom um nmanganese oxi des) plaﬁtd_a vital role in the reduction
process. It was therefore post ul at ed at carbonaceous residues from
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25 schematic diagram of the experimental set up is shown in
Figure 1. The weight of the slag used was ~0.20 g.
Initially, the sample was held on a specimen holder, which
could be pushed to the centre of the hot zomne in the
furnace with the help of a stainless steel rod.

30 The slag/carbon agsembly was held in the cold zone of
the furnace until the desired temperature (1550°C} was
attained and equilibrated in the hot zone of the furnace.
The assembly was inserted into the hot zone at the desired
temperature of study. This eliminated any reaction that

35 could occur at lower temperatures and possibly influence
the phenomena to be studied at the temperature of
interest. The furnace tube was purged with argon



The sl ag conposition was as follows: CaO 30.48% MO 11.72% 8i02
13.34% Al 203 5.24 t, Fe203 33.33% MO 5.24% Sl ag foam ng

I nvestigations were first carried out on graphite and coke. Sl ag
foam ng investigations were |ater 25 carried out on plastic. Results

& Di scussi on G aphite/slag system Prelimnary results on slag
foanmi ng in a graphite/slag systemarg,shown as a function of time 30
in Figures 2A to 2F. Graphite sfliovved good foam ng
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the rate adiexb€nh curve-fitting exercise. For a better
understanding of reaction dynamics, images were recorded
20 for up to 2 hours in most cases.
The slag composition was as follows: CaO 30.48%, MgO
11.72%, Si0; 13.34%, Al;0; 5.24 %, Fez0; 33.33%, MnO 5.24%.
Slag foaming investigations were first carried out on
graphite and coke. Slag foaming investigations were later
25 carried out on plastic.

Results & Discussion
Graphite/slag system: Preliminary results on slag foaming
in a graphite/slag system are shown as a function of time

30 in Figures 2A to 2F.

Graphite showed good foaming characteristics with a
gteel production slag. In Figure 2A at T=13 sec, the slag
powder is shown as just beginning to melt. In Figure 2B
the drop of liquid ie shown taking shape at T=47 sec and

35 din Figure 2C is shown completely formed at T=57 sec. The
droplet then begins to grow in size, with increasingly
larger drops being observed in Figure 2D at T=imin 7 sec,



25 of slag foam ng in the graphite/slag system bei ng nuch hi gher than
the coke/slag system Thus, a relationship between carbon dissol ution
rate and slag foam ng was postul ated. 30 Exanple 2 An anal ysi s
of plant operating data froman operating EAF showed that increasing
| evel s of coke injection resulted in increased consunpti on of oxygen,
al t hough they did not yield any mell-%eflned pattern in power 35
consunption per ton of steel charged The operating EAF used
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winor fluctuations in size and volume, indicating a rather
small level of slag foaming in the coke/mlag system. The
rate of slag foaming in the coke/slag system was thus

20 slower than the graphite/slag system.

Carbon dissolution studies revealed that the
dissolution rate constant for ccke was smaller than that
for graphite. The slag foaming behaviour of these two
carbon types was guite different, with the rate and extent

25 of slag foaming in the graphite/slag system being much
higher than the coke/slag system. Thus, a relationship
between carbon dissolution rate and slag foaming was
postulated.

30 Example 2
An analysis of plant operating data from an operating
EAF showed that increasing levels of coke injection
resulted in increased consumption of oxygen, although they
did not yield any well-defined pattern in power
35 consumption per ton of steel charged.
The operating EAF used two different forms of carbon
in its operation. Along with coke containing -~ 90% ¢, it



These results indicated that an appropriate choice of 30 carbonaceous
material could play an inportant role in slag foam ng and therefore
in the energy efficiency of EAF operation. The results also |ead the
i nventors to surm se that a carbon-containing polymer could be added
to an EAF and partially conbust as a fuel and to produce 35

car bonaceous material residues, which could give rise to slag foam ng
and/ or netal OXIde reductlon and/or recarburisation. - 14 - Exanpl e
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efficiency of flat iron carbon in EAF steel production was

15 thus found to be much higher than the corresponding
efficiency for coke.

The inventors noted that:
1. The kinetice of carbon dissolution into liguid iron
depended strongly on the nature of carbonaceous material.

20 For example, the disgsolution rate constant for cocke was
smaller than that for graphite.

2. The results of the graphite/slag and coke/zlag systems
of Example 1 showed that the rate and extent of slag
foaming with graphite was much higher than coke.

25 3. The kinetice of carbon/slag interactions are expected to
be quite different for solute carbon and for coke, which
regulted in wide variations in theilr slag foaming
behaviour.

These results indicated that an appropriate choice of

30 carbonaceous material could play an important role in slag
foaming and therefore in the energy efficiency of EAF
operation. The results algo lead the inventors to surmise
that a carbon-containing polymer could be added to an EAF
and partially combust ag a fuel and to produce

35 carbonaceous material residues, which could give rise to
slag foaming and/or metal oxide reduction and/or
recarburisation.



The sl ag was prepared by heating the honbgeneous m xture of oxide
ingredients in the mxing ratio shown 30 above to 1650C, and then
casting the nelt in a copper nold after around 30 mn from conpl ete
mel ti ng. Apparatus The horizontal furnace of Figure 1 was used
for carrying out sessile drop experinents. The dinension of 35 the
ceram c furnace tube was DSO nm i nner dianeter and 1000 mmin | ength.
A speci nen hol der made of al um na szgﬁqphite was inserted into the
tube through a furnace - 15 - cover. The apparatus permtted the
sanple to be held in the cold zone of the furnace before the furnace
was heated_up to the desired tenperature, typically 1550C in this
Exanpl e. 5E % rfent al procedure To investigate slag foam ng,
sl ag/ car bon i nt a]mctlm@sltweenéwrséstiéwaﬁté galad ioh bliewhgtézont al

t ube resis e.sla QN asse S eId in_the
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tenperature. _This procedure el rmnated any reaction that could occur
at | ower P@W%é?hﬁﬁ¥3§'and possi bly influence the phenonena to be

st udi ed atrdvnansiedieiper ature of interest. The furnace tube was

purged with arg of.. t.he pe Lment .
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i nvestlifgat elegsiene engloyeldy teonondide doemphnatsivg Ia}agoﬁpammg
sessile drégbéfgymghgye. Again the CCD canera 20 fitted with an IRI'S
| ens was used to he ive in-situ phenonena in the furnace.
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wagste. Particle sizes of polyethylene samples used were

legs than 100 micrometers.

20 Slag: The following slag composition (%wt) was prepared:
30.48% Ca0; 11.72% MgO; 13.34% Si0;; 5.24% Al,0;; 33.33%
Fes03; 5.24% MnO.

A substrate of carbonate material powders were
prepared by hydraulic pressing under a pressure of 2.2x10°8

25 Pa. The graphite and coke powders were used as supplied.
The preparation process of the graphite and plastics
mixture is described in Example 4.

The slag was prepared by heating the homogenecus
mixture of oxide ingredients in the mixing ratio shown

30 above to 1650°C, and then casting the melt in a copper mold
after around 30 min from complete melting.

Apparatus
The horizontal furnace of Figure 1 was used for
carrying out sessile drop experiments. The dimension of

35 the ceramic furnace tube was ®50 mm inner diameter and
1000 mm in length. A specimen holder made of alumina ox
graphite was inserted into the tube through a furnace



30Sl ag powder (approximately 0.20g) was placed on the carbonaceous
materials substrate, which was held on the speci nen hol der. Once the
desired furnace tenperature was reached the speci nen hol der was
pushed fromthe cold zone to the hot zone of the furnace to start the
experinment. 35 The whol e reaction process was nonitored by the CCD
canmera and recorded using video-tape. The imges were anal yzed
further to cal cul ate sanple vol une._ oughout the - 16 -

experinment, inert gas argon was flown at a flowrate of 1 1/mn. The
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CO2 conten él can be use to evaluate the reactlon rate.
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15 temperature of 1nterest The furnace tube was purged with

argon throughout the duration of the experiment.

The foaming behaviour of the slag/carbon amystem was
again investigated using a closely controlled and visually
monitored sessile drop technique. Again the CCD camera

20 fitted with an IRIS lens was used to capture the live in-
situ phenomena in the furmace. Again the output from the
camera was channelled to a VCR and TV monitor to record
the entire process as a function of time. The images
displaying the contact between the slag and carbonaceous

25 material were captured over time, from the videotape and
into a computer, using a frame grabber., Again the time-
date generator was used to disgplay the duration of the
process. Computer software determined the volume from the
captured images, on the basis of a curve-fitting exercise.

30 Slag powder {(approximately 0.20g) was placed on the
carbonaceous materials substrate, which was held on the
specimen holder. Once the desired furnace temperature was
reached the specimen holder wae pushed from the cold zone
to the hot zone of the furmace to start the experiment.

35 The whole reaction process was monitored by the CCD camera
and recorded using video-tape. The images were analyzed
further to calculate sample volume. Throughout the



30 graphite blend was perfornmed using a drop tube furnace (DTF). The
drop tube furnace is shown schematically in Figure 5. Each
trial conducted in the DTF was conpleted at 1200C and, once the
furnace had reached this operating 35 tenperature, oxygen and

ni trogen gases were introduced into the furnace at desired fl ow
rates. Gas flow rates and conpositi5n¥% were controlled during these
experinments - 17 - using an automated flow controller. Cooling water
was ci roul ahad uaudl JLhe EUENACh AP AULENg 36h LesL sp s to
prevent ovefheating and t e occurf ence of reacti ons prior 1o the

i nt er act i o B -0 FeRTEngachuas pIFIRd ddyayel st Ri anslyaer hin
furnace resmeddont e @taitheocahiectPliconltentsewiednt 8en Db Nas afo

ret ai ni ng é%%#Jr t ¢l arsﬁgegerated during each experinent. A

pl asti c- grapm e TRESTHAP BAtCed into the experinental reactor
usi ng & drExpetiarendlalf eegbidtshr ough a 10 wat er-cool ed feedi ng probe.
A mxture of OX4gen ARl Bhbhed e fd ottt dtafl! b0 1AGLLY LR PLAS! | ©

and graphite solid reactants 1nto the_reaction zone. experi ment al
detai | s wetePhLRIPgberaEipRE afRieed ty 1360 regekiogabetvean r e

(Linda) 1.éxfwedin@laat anGothe) cdBobnfuddL tc@sbdencgrhphtee,

(seconds) éréﬁﬁ%te/plastic residue mixture, and coke. Typical images

10 are shown in Figures 4A to 4C.

The reaction between graphite and slag was observed
to produce the most vigorous slag foaming. The volume of
the drop of foamed slag was the largest ag clearly shown
in the Figure 4A.

15 During the reaction of the 50% graphite/50% plastics
mixture, bubbles evolved from the slag droplet. The
occurrence of slag foaming phenomenon in the case of the
graphite/plastics mixture was egtablished on the basis of
a high temperature vigualisation image as shown in Figure

20 4B and also on the bapis of generation of CO in the off-
gas, indicating a reduction of iron oxide. This indicated
that plastics could be added to an EAF, combust as a fuel,
and the carbonaceous repidues could produce slag foaming
and/or metal oxide reduction and/or recarburisation

25 effects,

Example 4
Preparation process of graphite/plastics mixture

A high temperature gas-phase reaction of a plastic-
30 graphite blend was performed using a drop tube furnace
{(DTF) . The drop tube furnace ig shown gchematically in
Figure 5.
Each trial conducted in the DTF was completed at
1200°C and, once the furnace had reached this operating
35 temperature, oxygen and nitrogen gases were introduced
into the furnace at desired flow rates. Gas flow rates and
compositions were controlled during these experiments



Gas purity (99 N2 = 99.5 02 = 99.0 Gas conposition 24% 02, restN2
G aphite particle size < 100Am Pl astic particle size < 100Am 15
Thi s experinent indicated that, under operating conditions that may
sinmul ate those in an EAF, the plastic could be charged into an EAF,
conbust as a fuel, and form carbonaceous residues useful for causing
sl ag foam ng, 20 netal oxide reducgigg and in recarburisation of

oa

nolten iron. Exanple 5 EAF sl ag m ng phenomenon acconpanyi ng

the react hQ@n@%ﬁ%\‘i‘@&ﬂﬁ%@%?&ﬁ GAIEOUEHR L Hlfer wad 8 -
Experinents were carried out to study an actual EAF slag sanple, nore
parti cul aff-ycutfeed| barewali e 4nd6FFRY EHEIRG ae2¢E9Rst ween

the sl ag andasatbopaceens cudshid¢aiiasy whdethanobaaktensdost at nospher e.
The sl ag reactions prior to the interaction of oxygen and the
5 injected fuel materials in the furnace veaction zone. The
collector also served the purpose of retaining unburnt
chars generated during each experiment.
A plastic-graphite blend was introduced into the
experimental reactor using a dry material feeder through a
10 water-cooled feeding probe. A mixture of oxygen and
nitrogen gas was used to carry the plastic and graphite
solid reactants into the reaction zone. The experimental

details were as follows:

Temperature (°C) 1200
Total gas flow rate 1.0
(L/min)
Feeding rate {g/hr) 10.0
Particle residence time " 1-3
{seconds)
Gas purity (%) Ny = 99.5
Oz = 99.0
Gas composition 24% 0z, restN
Graphite particle size < 100um
Plagtic particle size < 1Q0Q0um

15
This experiment indicated that, under operating
conditions that may simulate those in an EAF, the plastic
could be charged into an EAF, combust as a fuel, and form
carbonaceous residues useful for causing slag foaming,
20 metal oxide reduction and in recarburisation of molten
iron.

Example 5
EAF slag foaming phenomenon accompanying the reaction
25  Dbetween slag and carbonaceous materials




5 conposition was 27.0% CaQ, 40.31 FeG 7.9% Al 203; 8.8% MO, 10. 9%
Si02; and 4.8% MhO. The basicity of the slag was 2.5 (%Ca0/ %i 02) .
Three carbonaceous materials were chosen for the experinents. They
were pure graphite; a carbonaceous residue froma m xture of graphite
and plastic with a 10 mxing ratio of 1:1; and industrial coke. The
ratio of 1:1 may vary for different "s. Around 0.075g sl ag was
used for each run. The tenperature was set at 1550 C. Figure 6 shows
the XRD spectru f L S e S %
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fol | owi ng eubkerate. Although the reaction between glag and coke and

a mixture of plastic and graphite was not as vigorous, the
results indicated that plastic could act as both slag
25 foaming agent and reductant with EAF slag.

The CO and CO: contents in DTF off-gas were analyzed
using an IR analyzer. The results are shown in the
following Figures 8, 9 and 10. In the case of a graphite
substrate, the off CO and CO; gas contents were only

30 slightly larger than the othexr cases. This implied that
gag evolution due to a reduction of iron oxide was
occurring with all three carbonaceous materials and all
three were contributing to slag foaming.

In addition, the results of Example 5 are in

35 agreement with the results of the previous Examples,
notwithstanding the difference in composition between the
industrial slag and laboratory prepared slags.



Plastic wt% with coke Cw %before Cwt % after Conbustion
Efficiency (%9 0 80.43 80.39 0.25 20 82.376 80.921 9.26 30 82.79
81. 736

- 19 -

Example 6
The combustion efficiency of waste plastics was
investigated to test the suitability of waste plastics as
5 a fuel in an EAF or other non-blast-type furnace. The
combuation efficiency was evaluated using the drop tube
furnace (DTF) of Figure 5 using the same conditions as in
Example 4. The %C in the samples was determined before
and after each test run (ie. after each sample was passed
10 thxrough the DTF). A LECO carbon c¢ontent analyser was used
for determination of carbon content.
Fach sample comprised varying levels of powdered
waste plastic mixed with powdered coke, starting from o
wt% plastic and moving up to 50 wt% plastic. The results
15 are presented in the following table:

Plastic wt% Cwt % Cwt % Combustion
with coke before after Efficiency (%)
0 80.43 80.39 0.25
20 ’ 82,376 80.921 9.26
30 82,79 81.736 6.97
40 83.723 B2.27 8.7%
50 B4,372 83.145 8.63

The table lists the resulting combustion efficiency
(last column), and also lists a raw wt %C analysis. The
20 decrease in wt %C i3 as a result of the carbon reacting
(combusting) to produce carbon monoxide and dioxide gas.
The results show that the combustion efficiency of
coke is wvery poor, but when waste plastics are mixed with
the coke the combustion efficiency is increased. In
25 additicn, the residue that is left after combustion then
participates in other reactions in the EAF or othexr non-
blast-type furnace.

Example 7 .

30 To investigate the function of waste plastics as a
recarburiser in ferro-alloy production, carbon dissolution
of a varbonaceous reside wag investigated in a laboratory



6.97 40 83.723 82.27 9.79 50 84.372 83.145 8.63 The table
lists the resulting conbustion efficiency (last colum), and al so
lists a raww tC analysis. The 20 decrease in Wt % is as a result
of the carbon reacting (conbusting) to produce carbon nonoxi de and

di oxi de gas. The results show that the conbustion efficiency of
coke is very poor, but when waste p) ggti.cs are m xed with the coke
the conbustion efficiency is increased. In 25 addition, the residue

that is | efdalaf arueeBHSHiPRadd et RatHanRitiakesyi depibesdrbactions in
t he EAF or_.ot her _nonbl ast-type furnace. Exanple 7 30To investigate
the funct /¥ Weste plastics as a recarburiser in ferro-all oy

production, carlthe desperative of thedhburaecevas renfdeliwd to
i nvesti gated, {2 5 ALBHOL¥on b2bh “temperature of 1550°C {to
5 simulate an EAF operating temperature). In this regard,
cooling water was circulated through a “jacket” heat
exchanger configuration surrounding the furnace during the
procedure g0 as to prevent ovérheating and to maintain a
generally constant bath temperature. A nitrogen atmosphere
10 was created above the molten bath via the N; gas inlet.

A powder of waste plastic was fed directly into the
furnace, the powder feeding onto the molten iron bath.
This plastic combusted to produce a carbonaceous residue,
which residue could function asg a recarburiser. As an

15 alternative, waste plastic from eg. the drop tube furnace
of Figure 5 could be introduced onto the molten iron bath.

The carburiser cover method was the standard approach
uged to study carbon dissolution. In this regard, the
carbonaceous material actually sat on top of the metal

20 Dbath and formed a carburiser cover. This is because, in
the experimental procedure, waste plastics material is fed
onto the top of the metal bath. A thermocouple to measure
bath temperature together with a quartz sampling tube for
removal of metal samples to progressively measgure carbon

35 dissolution over time, extended through the carburiser
cover. The LECO carbon content analyser was then used to
analyse the carbon content of metal samples extracted.

The results of carbon dissolution are presented in
Figure 12. In Figure 12 it can be seen that initially

30 (Time = 0) the bath had a dissolved carbon content by
weight of 1.67%. Plastic residue was then added and the
dissolved carhon content increased to 2.97%, and then
levelled out at around the 3% level. At Time = 25 minutes,
further plastic residue was added to the bath and the

35 dissolved carbon content increased to 3.89% at T = 30
minutes.

This experiment demonstrated that the plastic residue



scal e induction furnace as schematically depicted in Figure 11.

The tenperature of the furnace was controlled to achieve a nolten
iron bath tenperature of 1550"C (to 5 sinulate an EAF operating
tenperature). In this regard, cooling water was circul ated through a
"jacket"™ heat exchanger configuration surrounding the furnace during
the procedure so as to prevent overheating and to maintain a
general ly constant bath tenperature. A nitrogen atnosphere 10 was
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were burnt in the DTF at 1200°C in an oxidising atmosphere
containing 20% 0,. The feeding rate was around 0.0278 g/s.

Carbonaceous residues were collected and their carbon

20 content was measured. Agsuming a negligible loss of ash
during combustion in DIF, the combustion efficiency, 7,
was calculated as:

25

(1-54—- ~iy%100%
4, C,
where A, and A; were ash content before and after
30 combustion, ¢, and Cj respectively represented carbon
content before and after combustion in DIF, respectively.
Experimental results on the combustion efficiency of
coke/plastica mixtures are shown in Figure 14. A
logarithmic scale was used along the y-axis due to the
35 large variatioms in combustion efficiency.



Thi s experinment denonstrated that the plastic residue - 21 - could
be used as an effective recarburiser, and that progressive increased
| evel s of dissolved carbon could be achieved with progressive

i ntroduction of plastic residue. In an EAF or other non-bl ast-type
furnace, the residue for 5 recarburisation would typically be
generated by introducing the waste plastic itself into the furnace,
allowing it to combust to produce a carbonaceous residue, and then
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with increasing plastic component.

Example 10

15 Slag feoaming on carbonaceous residues

Carbonaceocus residues from mixtures of coke and
plastic after burn-off in the DTF were pressed into a die
under 9 tonnes/cm’ load and were used as a substrate for
slag foaming experiments. After reaching desired

20 temperatures, the slag began to melt and the iron oxide
present in the slag started reacting with the carbonaceocus
subgstrate to give off CO and CO, gases and metal iron. The
evolution of €O and €O, gases through the slag phase lead
to slag foaming., The reaction process was monitored using

25 CCD camera and recorded to DVD disc for further image
analysis. Figure 15 shows the typical images of a reaction
between a slag and a wixture of 30%plastic+70%coke. After
the glag melt down, gas bubbles were observed to evolve
through the slag phase immediately. The slag droplet

30 rolled around on the substrate vigorously due to the
generation and rupture of the gas bubbles. After about 600
secs, the slag droplet calmed down gradually with a
considerable reduction in gas generatiom.

Algo, during the reaction between the slag and

35 c¢oke/plastic substrate, FeO in the slag and C in the
substrate reacted to generate CO and CO; gas. The



35 large variations in conbustion efficiency. - 22 - In this exanple
overall conbustion efficiency of the coke/plastics m xtures was
observed to be nearly forty tines the conbustion efficiency of coke
alone, i.e. -10 for coke-plastics m xtures as agai nst 0.25 for coke.
5 Hi gher conbustion efficiency of coke/plastics mxtures could be, to
a certain extent, attributed to a |arge rel ease of volatiles during
combustion of plastics. Wilst the myxtures of coke and plastics
general |y had nuch hi gher conbustion efficiency than coke, no
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SpeCtI’OfTEt er he Fesulti ng l%/ as contents are

shown in FYJume o8, ewteaﬁ gasegart %@ﬁ‘? Bﬁé'ecélﬁigldt@@%g gas
content s ifisneage dndhaknkydt ochanxesin waienl uglcabf]l thedsiag nearly
300 seconq%:%ﬁ% then decreased with reaction tinme. Mich | ess CO2 gas
was det ected the of f-gas than CO The volunme of CO and CO2 evol ved
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number terms of Vi¢/V,, where V. is the volume of slag droplet at
time t and V, is the initial volume. Figure 18 plots V./V,
as a function of time for coke and 30%plastic+70%coke
mixture. The results showed that much higher levels of
25 slag foaming were observed for 30% plastic + 70% coke
mixtures as compared to coke. The droplet grew much larger
in size in the case of coke/plastic mixture and this size
increase wag gustained for a much longer period for the
plastic mixture as compared to coke. To a great extent,
30 this could be due rather slow rate of reactions between
the plastic mixture and glag (Figure 17}, resulting in a
slow rate of gas emipgion, thus resulting in smaller
bubbles and a gustained foam over longer periocds. For
coke, the bubble growth was rapid:with high gas levels
35 escaping from the slag droplet.
The Example 2 and 10 investigations on coke and a
range of coke/plastic mixtures further demonstrated the



10 of noles using the standard gas equati on. The nunber of noles of
oxygen renoved reflected the kinetics of reduction reactions between
sl ag and carbonaceous material, as shown in Figure 17. The results

i ndicated that the reduction reactions of 15 slag with coke were much
faster than the corresponding reactions with plastic-coke m xture,
resulting in a larger volune of emttged gases. These gases give rise
to slag foam ng and caused changes'iﬁﬁtﬁe vol une of the slag droplet.

20Gas Nol ki1 1405 Skaddionleh Yeod hanJIRRUIGTEhR, ter of "W,

where |it tinme is the
initial votasdm re Coeg Péﬁﬁt&féﬁ*lfﬁ-’(}if&@fe& fsém@leﬁoﬁ!uéh bewkefor coke
and 30%l a@ém:smbic%gnrrp&&weokahem@%ﬂ g that nuch hi gher

| evel s of 25 sl m 0 rved for 0@6p|ast|c % C

m xtures & %‘98 ]T‘ﬂgpﬁ? “B'n’%\ﬁrr‘?ﬁcﬁe?:ﬁr 58?“‘3 OI%G‘e in
the case djeinrda:e/t[hﬂaaspucremmkareﬁa@dsl&g et shoeadeawmsclsust ai ned
for a nuc r r to coke.
To a gr eah'L'El % ntin%gr(?ag% gacghigmg’ea%{ljde%rﬂg ﬁ'teolriqﬁ] o%vh%glgg %gr eactions
bet ween t heugiadaEidc oNext ar doRaEr sPeligdigfurtdmez) Theekgrulhg #k8@ sl ow

rate of gaﬁcﬁma%%do&hatthfﬁﬂ:@&!ﬂ'féﬁlgaéé!néc{@'dn‘iercowéb%ﬁ and a
For. coke, the bub rowt h was

sust ai ned f ver Ion eriods bl e

¢ api di i t EHFIP FEuSE5C ST AT 1A P GORPEBE GO
The Exanple 9 and 10 |nvest|gat|ons on coke and a range of
coke/ pl astﬂ::g 174 ynes further denmonstrated the - 24 - feasibility of
utilising waste plastlcs I n EAF st eel naki ng. Coke/plastics m xtures
showed nuch betﬁ@ﬁ ago fpperivantabneperedusk @imilersktagthatini ng

characterigddasidila GOKeARBIbI §Safl XA sl BHMRIR E%U@QQEerQ Schetter
than pure coke. Th slagﬁpro et showed a ch | ar I ncrease, in

vol une, antPATY, & A lﬂés°§u§t%ﬁ SYS Eﬁhag BerP®d of
time. Ikhe celsey30% alaetiindistatedybban w&wd|£ﬁvagnﬂgabedenunotht@ke

with coke/pl astig,dMxLUL9s GAU 4 SI0RG&EG AP HLI1GRTRYS L (rppR)
with a particle size of less than 100 micrometers. The
slag was similar to that of Example 5 and 0.078 grams and
0.092 grams of slag were respectively employed for the two

20 systems. The runs were conducted at different times,
hence the weighta of glag are not exactly the same.
However, this weight difference does not affect the
experimental outcome.

Figures 13A&B depict in side by side comparison the

25 drop foaming behaviours of the two systems at the time
intervals €@, 30, 45, &0, 50, 150, 210 and 300 secondas. It
can be seen that the coke/plastic/slag system had a
relatively more rapid foaming characterigtic than the
coke/alag system.

30 In other words, plastics such as HDPE can also offer
an enhanced slag foaming characteristic to an EAF or other
non-blast-type furnace, indicating that many other
plastics may offer a similar enhanced performance.

35 Example 12
The inventor conceived of and proposed an index to
indicate the suitability of a plastic for its re-use in



10 Exanple 11 In an experinmental procedure simlar to that
described in Exanple 3 and as depicted in Figure 4, the foam ng
characteristics of a coke/slag system and a 50% 15 coke/ 50%

pl astic/slag systemwere investigated. In this case, the plastic was
a High Density Polyethylene (HDPE), with a particle size of less than
100 mcroneters. The slag was simlar to that of Exanple 5 and 0.078
grans and 0.092 grans of slag were jg@pqptively enpl oyed for the two
20 systens. The runs were conducted at” different tines, hence the

vei ghts ofrehad ANeyNoloBkBLLbY L8 ST cipiREIE ! %31“%9%%5

di fference does not "aftect the experinental outcone. ures

depi ct i n S YAPEsTI@eCc SHBRAFEBN ?IP’% brglegy o5 é‘&ﬁ?ﬁg‘eéeﬁév%%u‘?lse of
the two symteans Iaidebh@old PRabbiesVveds ‘Q;Iﬁ'O,ln@%x)Gomhgolnﬂzéﬁuoﬁlo and

300 second seen that _the ke/ stic/ system had a
rel ativel yéor%!reel v%?g;lt%gft ogﬁﬁ %n %’ér%%‘f]gcf agt$c%t e?hégcﬁkg?g?ﬁ
syst emS 30ienas l#er rRdetdngpbastrecychkil ity WiPEleanial sendf yet an

enhanced sl f %m]&%wﬁh%%aﬁhérd;ﬁ' d&. an EAF or ot her
non- bl ast-type furnage, indicating at many other plastics may offer

a sinilar enhané@dtﬁé?fUﬁﬁanﬁeWEQHPQBQﬂnﬂqylﬂzbe estabhashed duf or

c?)ncel ve]g wHicmad hey @Qﬁ&&élaﬁubmﬂexcé@ld &eadb@txﬁsfeh%h&uababitytaf of a
9] astic or

I duct d
Combust | bIE-AYBE 9 SnerwaASE: A5o% [P b ce=2onatlRfiox uas
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sense as relatln to récyc astic et = st e known
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15 numeral 1 for PET etc).

Finally the inventor surmised that the GIP index
could then be built upon by developing a related GIPS
index, where the “$” gtands for and indicates the
suitability of the plastic for use in steelmaking.

20 In general, the experiments also indicated, that for
the production of ferro-alloys other than steel, and using
an EAF, un-~agglomerated plastic could be charged into the
furnace, could combust as a fuel, and could foxm
carbonaceous residues useful for slag foaming, and to

25 cause metal oxide reduction, and recarburisation of wolten
metal (eg. iron).

In addition, the experiments algo indicated that for
reheating furnaces and the like, the un-agglomerated
plastic could be charged into the furnace, for example as

30 a supplement to other fuels such as natural gas, and yet
still combust as a fuel. This is especially =o at the
"higher temperatures (greater than 1000°C} used in furnaces
guch as reheating furnaces in ateel forming operations.

Thus, an effective means for using and consuming the

35 wast c¢uantities of waste plastics in society is provided.

Whilst a number of specific embodiments have been
described, it should be appreciated that the method for



the current systemused for identification of plastics type, does not
provi de any information regarding the plastic's recyclability. The
current systemnerely provides information regarding the type of
plastic (eg 15 nuneral 1 for PET etc). Finally the inventor surm sed
that the G P index could then be built upon by devel oping a rel ated
G PS i ndex, where the "S" stands for %ng indicates the suitability of
the plastic for use in steel making. % In general, the experinents

al so lndl A8 iddhat ﬁ&r&mlw%ﬁt beNe@bodfdd Q.riilnla%és Jthier than
st eel , g usi ng an EAF, un-aggl onerated plastic co be charged
into the @¥R2ce, could conmbust as a fuel, and could form

car bonaceous residues useful for slag foanlng, and to 25 cause netal
oxi de reduction, and recarburisation of nolten netal leg. iron).

In addition, the experinents also indicated that for reheating
furnaces and the |i ke, the un-agglonerated plastic could be charged
into the furnace, for exanple as 30 a supplenent to other fuels such
as natural gas, and yet still conbust as a fuel. This is especially
so at the higher tenperatures (greater than 1000C) used in furnaces
such as reheating furnaces in steel form ng operations. Thus, an
effective neans for using and consum ng the 35 vast quantities of

waste plastics in society is provided. Whi | st a nunber of
speci fic enbodi mrents have been described, it should be appreciated
that the nethod for - 26 - producing a ferro-alloy can be enbodi ed

in many ot her fornmns.



-27- Cains 1. A nethod of foam ng slag forned in an electric arc
furnace during the production of a ferro-alloy, the nethod conprising
the step of charging the furnace by 5 injecting an un-aggl onerated
carbon-contai ni ng polynmer into the slag such that the pol yner
functions as a slag foam ng precursor hysgenerating CO gas through
the reduction of iron oxide in the slag by carbon, and the oxidation
of carbon, fromthe carbon-containing_polymer, 10 such that the

vol une of slag is sustained. 2. A as claimed in claim1

wher ei n t he Wwnagglfonerare e £ePBARE oM RFPEGeP oty f8r S8BT §&d into
the furnace suelcth@lridy &he|§ﬁ§dud&abhl at |y ambuslso@ndher oduces a

car bonaceous__conhus th .t u i di sing
to cause sI % n‘a é‘{ép%sé'% gHg gf gf g%r{(?el%hgc]?%%%%% \%gerei n the
resi due &ct sl@@célﬂéoﬁre|ur’i’ga§§é%‘t‘e*cﬂtelduﬁE?‘P‘b‘hs‘:%a&n?‘%‘%a‘?"&G{f‘“ﬁer. 4.

A nethod as iglwal fRE dTafnrypchnehdal tteeppleoedi hgcthahasaavzesdra, in
addition to sun- a n AlRi-Ag hq_)ogﬁé_rrer anot her
source of cagr%gﬂnyl?s arge% Bﬁt%gl%&%?'grgngﬁce&g ¢ ? s.cl ai med

inclaim4 \Mﬁéﬁ*@tﬁc‘f‘h‘éf OtYEyr O%24% gt EESoPL %%Wor?ar?DEOaaf &oRe,
car bon char ,c:tihmtceal oﬁmﬂ:@mgrapdsm tuhec harige- darite i nhey fRElYREE. Wi t h

Lhe car g 23,8004 gLNL00 PALKTCLe b 8! bogk amadl.al med in clalm 4 or

5 wherein the un- onerated ¢ ant ainin ol d ot her
source of ca¥bon a’?'é“e(’fﬁaiig%%l ‘f"ﬁ‘t‘B‘eg aﬁg}:é S ’p%%ggg‘fae vV in a
wei ght rati cagflcheiatdd c?a.::homet:h@bh:as-rm RPHETR T ri-san%l&éﬁ%ﬁ of*the

preceding clgl s whet el by heatniaagl qmgat @MQ@'ﬂcﬁﬂﬁﬁsﬁﬂmhﬁg
pol yrer |savvaste plastic. S. A math alne Qne of the

preceding PGS AsCWRAECRC e %“E’ruﬁ o'c‘onff EY n| hg po yher
conpri sas 35rédieiuat ohen Gxidisddgope i eavelel gles ofpaning.

3. A methnod as claimed in claim 2 wherein the residue
acts as a reducing agent or Funations as a recarburiser,
4, L method aa claimed in any one of the preceding
claims wherein, in sddition to the un-agglomerated
20 carbon-containing polymer, another source of carbon isg
cnarged lnto thes furnace.
B. A method as claimed in claim 4 wherein the other
source of carbon is coal, coks, carbon char, charcoal
and/or graphite charged into the furnace with the carbon-
25 containing polymex.
6. A method as claimed in c¢laim 4 or 5 wherein the un-
agglomerated carben-centaining polymer and other source
of carbon are charged into the furnace approximately in &
welght ratlo of 1:1.
a0 7. A method as claimed in any one of the preceding
claima wherein the un-agglomerated carbon-containing
polymer is a waste plaatic.
8. A method ag claimed in any one of the preceding
claims wherein the carbon-containing pelymer comprises
35 the atoms ¢, H and optionally © only.
g, A method as claimed in any one of the praceding
olains wherein the un-agglomerated carbon-containing



9. A nmethod as clained in any one of the preceding clainms wherein the
‘un-aggl onerated carbon-containing -28- polyner is charged into the
furnace in the formof polyner particles. 10. A nethod as cl ai ned
in any one of the preceding clainms wherein the ferro-alloy produced
is steel. 11. A nethod for producing a %erro alloy in an electric
arc furnace, the nethod conprising the Steps of charging the furnace
with feedstock for the ferroalloy; 10_- heating the feeditock in the
furnace to ECHBFPRASCRFEIEAGHS FBP T H" &%y 1BntEe MA¥ R sur f ace of

t he al |l oy/ f pedsheackijarandleshar gi ng the furnace with an

un- aggl oner gied car ROk CONALAL M POLY TR] LAl YRG! hpaS@A%ca Sl ag
foam ng 15 precursor by gener ating CO}gas t hr oygh ”]iﬁer eduction of
iron oxide SHeEHR E1EF By “Lar O, ° 4y HRE XG5t FDn° 0t car bon, from

t he carb®n-contai ni ng polyner, by injecting the un-aggl onerated
car bon- cont ai;ni Ng xPRLYREL ARt Brééﬂ@c*&{gaﬁ, r8ushl- N3k, theaw gm0t sl ag

is sustained. 20 12 rein the un-
aggl oner at e&réaF‘bo’%F‘%&on%Fn‘?‘%éjﬁ|°§’F?BF9TJ§ ﬁ%‘rﬁ rgrée%%v%g to conbust in
t he furnace -andargirensdehSarnate iFht SeedrearH E‘féﬁ &b RPFFeedst ock and
to generate gng gent that foans the slag. 25 13, A nethod as cl ai ned

|0 clalm 12 Wﬂegg b 3Hebe O 4, [RRIGAAIC S £ o1 AL SEate

chem caiL r educt gach oXi to produce the
ferro-all oy; anaindpoforﬂf Fawiaghen st 3@71"539 Elﬁ@'@ﬁrﬂbaﬁ ‘é’éﬂ a resul tant
al loy of irqniapdeéadtk;: and

- charging the furnace with an un-agglomerated carban-
containing polymer that functions as a slag foaming

15 precursor by generating CO gas through the reduction of
ivon oxide in the slag by carbon, and the oxidation of
carbon, from the carbon-containing polymer, by injecting
the un-agglomerated carbon-contamining polymer inte the
a#lag, such that the wvolume of slag is sustained.

20 1z. A methed as claimed in c¢laim 11 wherein the un-
agglomerated carborn-containing polymexr is charged so as
to combust in the furnace and relaasa heat energy to the
molten alleoy/feedatock and to gsnerate an agent that
foama the slag.

25 13, A method as claimed in ¢laim 12 wherein, in
addizion to foaming the slag:

- gauge a chemical reduction of each metal oxide in
the slag ta produce the ferro-alloy; and/or
- foamg the slag;

30 - racarnurise a resultant alloy cof iron and carbon.
14, A method ag claimed in any one of claims 11 to 13
wherein the un-agglemerated carlben-containing polymer is
charged with an additional agent that causes a chemical
reduction of each metal oxlde in the molten slag.

s 15, A method as claimed in ¢laim 14 wherein the
additional sgent i1s the other source of carbon as defined
in any one of c¢laims 4 to &,



14. A nethod as clainmed in any one of clains 11 to 13 wherein the

un- aggl oner at ed carbon-contai ning polyner is charged with an

addi tional agent that causes a chem cal reduction of each netal oxide
in the nolten slag. 35 15. A nethod as clainmed in claim 14 wherein the
addi tional agent is the other source of ;garbon as defined in any one

of claims 4 to 6. -29- 16. A nmethod as clained in any one of clains

11 to 15 which is otherw se as_defined in any Qng;of.¢lal ms 25to

which is otherwise as defined in any one of c¢laims 2 to



