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1 PROCESS FOR THE VI TRI FI CATI ON OF A PULVERULENT MATERI AL AND APPARATUS FOR
| MPLEMENTI NG THE PROCESS The present invention has been devel oped by the
Europl asma corporation with funding provided by the City Council of

Bor deaux (France) under the aegis of the Socogest (France) corporation,

W th assistance and 5 technical input provided by the Aerospatiale (France)
corporation. Field of the invention The present invention relates to a
continuous 10 wvitrification process for a powlered material and an
apparatus for pEBl-pERNFOR) 19 VIVFOGSRTIOE OF O S PERUINENT WRRERPAY, | S
desi gned to reﬁHEF_TﬁEFF—B‘“__F"'TTE5FT6ﬁ'ﬁﬁ“_T‘TE’BT‘§6TTH"EE§T€“6T‘“

resi due, in particB ARAT R_TMPLEMEN HE _PROCESSt i cul at e

mat eri al s contai ning, for exanple netals, in partlcular heavy netal s such
as nercury, cadmum |ead, etc. and their salts, and asbestos, and

general |y speaki ng The presmnt inyventibn lwasrbbiemtd@velcapgdpblyvethé ent

.._ngg?;Lngl aE ﬁgﬁbﬁghghagoaégég#ggégﬁawansf or ne@ai'r% 8’; appté% or recycl i ng
or storage undEitpr &2aunchl oft Rardesyis| éFrencebgamde:g the wegisnmerd and
elimnation ofy ﬁgS%o%ﬁrﬁ‘sﬁ"’aﬁfanJébe BH#S%QEE ‘i‘:'hnaa[%ﬂ?%n P'and

exanpl e, result the 1 nclinera ustrral or
hospi tal wdst etethaicpdr einpit i pyevwided Wy | the Asmamédatl@l olFranceks
application foporpadakiiee.i nert solid residues fromthe incineration of
househol d waste, particularly residues conposed of boiler dust, 30 fly-ash
and filter cake used to neutralize and treat the incineration funes of such

waste. SP 13 4f3e68 BE the? ihvengiesess and the apparatus of the present

The present invention relates to a continuous

10 vitrification process for a powdered material and an
apparatus for implementing said process.

The process of the invention is designed to render
inert by vitrification any type of solid waste or
residue, in particular pulverulent (powdered) or

15 particulate materials containing, for example, metals,
in particular heavy metals such as mercury, cadmium,
lead, etc. and their salts, and asbestos, and generally
speaking to render inert by vitrification any
pulverulent or particulate material containing heavy

20 metals or other toxic substances that must be
destroyed, transformed or trapped for recycling or
storage under present or future legislation regarding
the treatment and elimination of said toxic waste.

The pulverulent materials may, for example, result

25 from the incineration of household, industrial or
hospital waste. Therefore the invention will be
described below in its application for rendering inert
solid residues from the incineration of household
waste, particularly residues composed of bqiler dust,

30 fly-ash;and filter cake used to neutralize and treat
the incineration fumes of such waste.

SP 13 443.69 EE



5 [ ]

i hvention al so have the advantage of being suitable for integration as a
kit into a standard existing incineration center, preferably conprising a
systemfor 5 treating the fumes and gases from waste incineration. The
conbi nation of the incineration center and2the kit conprising the process
and the apparatus of the invention thus constitute a "zero waste"

I nci neration plant. 10 The incineration of household waste produces
two types of effluent: solid waste and gaseous waste or incineration funes.

The solid waste con ut aI a h a |

al kaline in char actziru é %lﬁe 1:%?& rel{séenccééﬁ&}%e‘%ét al%anarré’{}Ei g&dsses such
as the oxides cﬁnw¢m©i¢neah§@ahaveahbeaadaanﬁeg@apihbelngssymnabhﬁniq:|s

boi | dust f k

oi l er dust andy ﬁ’éégf‘%loﬁ:@”a% N 4YP&S 0 e%ﬁta ery arg:tglz@ﬂf.ger%qc rgﬁrh{gom C

by the legislat]on, orce and may be us W thout ris or exanple™n
bi t umen, 20 afxreqma%t@w%a?eeherBopreifeaabily sPmprisinger wawken faor

-hi ghl-y-toxi g pulMestlfGt thabShass ShACGaiskesC OFtch Nwabavin@imhatah their
salts and, once_stabil] zed needs c refll storage on protected S|tes with a

view to | ater rotecgpmeapatign of dnginaraicionQeRtex apg, thegkif ggs

acid- in characd&fipei€ing0 the Ppeorees ofamti dike gaépﬁaﬁﬂﬁﬁsasohd tHed HF,
toget her with gaseous, aci d. anhydri des such as1z§%dw err It al so

contains toxic Vh‘@‘?‘%‘a}%t Ehug iFORSTILNLL ndt o ﬂE? s','-act%‘ AEian i d

i ncineration 3 l4@si dues such fly- ash Thi s gaseous or fune effluent nust

be filtere tregf.ed to neutr l.i ze iés aC|d i condense ta te‘l:ls and
their salt and traghﬂ?‘ue 1pFynerak 18 £ }'Lpufsg Ae S nPHerHees
at nosphere. Thecymés neft refflaenbn afoliild swabteuamd pgadecas awasteecrod ent

35 or partlcﬁﬁﬁneﬁ%ﬁéﬂéaﬁ‘z}@é%g EEi s nore or |ess agglonerated and

known as filter
The solid waste constitutes the mineral fraction

of the waste and is alkaline in character due to the
15 presence of certain metal oxides such as the oxides of
alkaline metals, and alkaline earth. This solid waste
is boiler dust and clinker. Certain types of clinker
are considered non-toxic by the legislation in force
and may be used without risk, for example in bitumen,
20 after deferrization. Boiler dust, on the other hand, is
a highly toxic pulverulent substance since it contains
heavy metals and their salts and, once stabilized,
needs careful storage on protected sites with a view to
later retreatment.
25 The gaseous waste is more or less acid in
" character due -to’ the presence of acidic gases such as
Hcl and HF, together with gaseous acid anhydrides such
as SO, and CO;. It also contains toxic ingredients such
as heavy metals and their salts and solid incineration
30 residues such fly-ash. This gaseous or fume effluent
must be filtered and treated to neutralize its acidity,
condense the metals and their salts and trap the fly-
ash before it is released into the atmosphefe. The wet
neutralization of this effluent produces a pulverulent
35 or @particulate material that is more or less
agglomerated and known as filter cake.

SP 13 443.69 EE



"3 The‘conbi nation of fly-ash and filter cake conprises the purification

resi dues of househol d waste incineration funmes known as REFIOM This REFI OM
and the boil er-dust described above 5 constitute the materials

currently considered the "final waste". “They contain vitrifiable

i ngredi ents such as silica and alumna, netallic salts that are volatile at
hi gh tenperature and toxic substances such as the heavy netals and their
salts nmentioned above. 10 The netallic salts in this waste, the heavy
netals and their safhé acompindtion N BEt erflgnds € 8adi | ¥idder edcdive

rai nwater to be disPersed in the soil and groundwater _tables..  The sane

is true of CRMRY1Se8sFhR:RURIECcakionpFesiduedsofshomse W3k and
15 nore or | estnébhébationtkungst ReowalRise ®REFTOMII spersal by rai nwater.

These subst ances i hu i tute maj.or, .source of _pol | yti qQn,
particularly by | %%gig%ﬁ[gﬁ&aﬁﬁfie @Hﬂ aﬂ‘?ﬂ@ﬁ'tqc 'oflg?ﬁﬁlf?ﬁaer?%q"ée
-t here:;--orgl 80 .drdoﬁéti:iii:@ﬁe tgh'er bfﬁtmi:émsi f:hz:deﬁﬁlyol icdmshila'elwf @l ,theb
vitrifiable Speci | ndystrja Wast e, SIW. . theref ore subject
Vol gl ol ati o KO (HRP b (TR SORTRID e It LEiAle | TSR Lo ttes o
st or-age cent ersuci\t ashespl gsantarid maluwina,l | netadbigowal txeeghhbe &e
surest way of rendering, thes terials or final incineration waste . nert
with a view tovﬁl%'f""a & oF ?’&@3’0{%&%3%@%‘2 ."grlk:g S H?’fltt‘r‘?rtqﬁﬁ c%u%d
al um na that |lasuehy heatprmetalsl andhdchedinbjsadited Menttionest #thovwes. 30 above
1300[ err] When thy S .l (o] A . | )i (o]t | %ggi hous
Vi treous %gteri al t ‘3‘% r‘g%:%aslfggéaﬁhg?:%eé I\}:gu{s'; )zg%tps?:r%d nrl-'g%er %(ésafqé#q? e ée)avy
met al s. 35 Priandathedr 1salys @xrecEsoluble in water and are easily
carried by rainwater to be dispersed in the soil and

groundwater tables. The same is true of other
substances that are more or less stable over time and

15 more or less soluble, making them subject to dispersal
by rainwater.

These substances may thus constitute a major
source of pollution, particularly by leaching. The
nature and composition of the materials therefore

20 justifies their being classified as solid, 'mineral,
vitrifiable ‘Special Industrial Waste (SIW) and
therefore subject to legislation requiring them to be
stabilized or stored in special waste storage centers.

At the present time, vitrification would seem the

25 surest way of rendering these materials or final
incineration waste inert with a view to storage or
recycling.

These wmaterials contain silica and alumina that
liquefy to form a melt when subjected to temperatures

30 above 1300°C. When this melt cools it forms a
_crystalline or solid amorphous vitreous material that
acts as an effective trapping matrix for éthe heavy
metals. ' - '

35 Prior art
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‘4 Various processes and techni ques have al ready been devel oped for
vitrifying this type of pulverulent material. The techniques mainly differ
in the heating neans used. 5 Pul verul ent naterials are wusually
vitrified by means of electricity using the Joule effect and an el ectric
arc. Fossil fuel systens using gas or fuel oil have al so been devel oped.
For exanpl e, docunment WO A-92/15532 describes a 10 vitrification
apparatus for treating fly-ash fromchem cal waste and other naterials.

The heating nmeans dggesblsdprivddlseds emdratd cliiqed € Chivseal peadyJbéen
burner. The el gctrides cayse an .electric CLgrent to gass di reitl¥ ihrough
the ash and ch8fVE4PPREst £0T15V i thIR  OYPe Hf kRl verulente to

the Joul e effephteFhalgasTHur bechathuest haiasly biifperedhi whe Hivetthg
using the Joule effect to heat the material has a | arge nunber of

drawbacks. It PPBBEcEE®dn uncontrollable fusion process in which

~the.20. di gributiopuliefodentd t Matedialw t arkyi aguablyriwitdefteds by t he

vari abl e chem cal co Si t]%o of the nmat.eri aLg and t eratures reached
of 5

et
are often too M6fPPo Y nSE Ao FBBY efOU R §5TE of MRea®fng
causes the foreheconicf arcnoFosstil fihvedl esysitam Msitdpntgasausesfuehoilal

problens in th S| 0 e e and lowers the quality of the final
vitrified prodila}'éltg.8 é\ggf’tlg\?%g grete{;eg%ﬁ)eerﬁﬁrequi red when using this type of

heating in order toFoverexampléesaapumdnitk HO-Mrbe/15532e| deschbbgh, ahese
addi tives javeyacpegaEh¥eop) SipHde ) (H6! hg&gg}.__i ?I a@%g_ st hegpght and
increase the cost of the vitrification treatment. FurtCherndre, sone systens
usi ng the Joul ehenigal magtie candd@tieg matexiakae The aheagingrdeganshen

the material s §esbeiBedlrifnedios Ndoctmidfiect apbedrd&tirodel omhen cpadl. SP
13 443.69 EE ]
burner. The electrodes cause an electric current to
pass directly through the ash and chemical waste,
15 causing melting of the materials due to the Joule
effect. The gas burner melts the ash by convection.

However, using the Joule effect to heat the
material has a large number of drawbacks. It produces
an uncontrollable fusion process in which the

20 distribution of heat within the vitrifying material
depends on the variable chemical composition of the
materials and the temperatures reached are often too
low to give a uniform melt. Moreover, this type of
heating causes the formation of a non-vitrifiable slag

25 that causes technical problems in the design of the
furnace and lowers the quaility of the final wvitrified
product. Additives are often required when using this
type of heating in order to overcome these drawbacks;
unfortunately, though, these additives have a negative

30 effect on the thermal balance of the melt and increase
the cost of the vitrification treatment.

Furthermore, some systems using the Joule effect
require additional furnace start-up means when the
materials to be vitrified do not conduct electricity

35 when cold.

SP 13 .443.69 EE



5 Docunment WO A-95/17981 descri bes an apparatus for treating fly-ash by
nmeans of electric arc vitrification. In this apparatus, the ash is
introduced into a furnace via a conduit that constitutes an 5 el ectrode.
Gravity causes the ash to nove fromthe open end of the furnace to the
bottom passing through an electric arc created between the free end of the
el ectrode and the base of the furnace. The ash is thus rapidly heated and
nelted. The electric arc causes 10 nelting due to a conbination of the

Joule effect, radi abgRRmerdMo-EOONELYHEY, deseeq%ts' aggsé)fatué heor
devel opnent of t he grc, V\/ng e trajectory Is partly W|th|n the ash 8

partly outsidetheatd®& i ngthy-a8lns &Y el BeFNE ar Ofal seleatrics éEF’t ain

number of dravthlzafiwtmtrmc&ﬁis a/raaﬁugontnelai;nglg PhepbdubBgven
fusi on process,, _technic ﬁrobl eng in n of the furnace due to

radi ation of tH&&c anguf" &€ eXtPon2 of CRP§ t GRAE- f GRRELLEWELE n@Df r om

]E he _far rra:llsm eﬂemfrbdm ofmﬂuahldﬁusa; %icﬁﬁbowdﬁovgoﬁﬁér#xlﬁHQ opgwered
urnaces have t c in conbusti on,gas fl owrates,

of ten having i ROFY (94 ohpe, Ariat! Eor tnk, KorEaR o baRa1 B, st ohe

funes resulti nglfentm:.bheafmx netieated Detweanbomhexydeeechendi nefcoahéunds
Usi ng the ener S o] s the drawb k not, only, of

havi ng hi gh en%ﬁg%%(%%umqﬁ%ﬁggigvfgggxﬁogﬁ tﬁéltrﬁ&ceba Lrbfls thus

vitrificati on wapddly nhehtsedi gandempel tedir eﬁ‘hethe&ﬂ:rfmr artr i ¢davaeson,

but 30 Soffp OhelRIRAl 8ReCASES, S AMIRAN of MeiP! RReOT JLRILC GREEQUS

effluents requiring at nent reover vitrifie eri a
is not uniforAdiatigy numidus senvectian, def esylidsgcontfaams cltkeers

oftpa][tlgl es aaégemesp}nbﬁ@ patveﬁuéerarémt s tt'i%t R y3Oist Woartly
vitrifie prqQ

obt ai ned ra and S|gn|f|cantly reduce its
capacity to re§'|1§¥‘1Pe§Pﬁ1 A gﬂﬁyaﬁ%}s@%@l de it.

Heating by means of electric arc also has a
15 certain number of drawbacks such as the difficulty of
controlling a highly uneven fusion process, technical
problems in the design of the furnace due to radiation
of the arc and the creation of highly toxic fumes
resulting from the formation of carbon/oxygen/chlorine

20 compounds.

Fossil-fuel powered furnaces have the drawback of
requiring high combustion gas flow-rates, of often
having inefficient rates of heat transmission and
producing toxic fumes resulting from the formation of

25 carbon/oxygen/chlorine compounds.

Using the .energy. sources described above has the
drawback not only of having high energy consumption,
giving poor thermal balances of vitrification to obtain
the high temperatures required for vitrification, but

30 some of them also causes significant emission of toxic
gaseous effluents requiring treatment. Moreover, the
vitrified material obtained is not wuniform, has
numerous structural defects and contains clusters of
particles and unmelted pulverulent materials that make

35 the vitrified product obtained fragile and
significantly reduce its capacity to resist leaching.

SP 13 443.69 EE



'Thi s Sheet Has Been Repl aced 6 More recently, plasma arc heat| rocesses

have been devel oped for vitrifying pulverulent mat

processes give better control of the energ% supplle zone
particularly when the 5 mxture of gases ¢n the to ssible to
obtain suitable thernochem cal conditions. Because the plasna torch has a

w de range of adaptations and uses, it also has the advantage of reducing

the quantity of toxic gases formed by 10 thernochenical reactions duri ng

the wvitrification pyHceSPecBRALEY. dnift LPR 'f@a‘él 7%31.#;8@@@ haky@s

process for making powdered waste ifert using a t oget her W|th
an install ati oPeedy ARYPdARRG n§oxs V%%WU@QS§U1‘MR¥%%SE‘396§éﬁ|1§ed in

this document @QRYM Sasd ﬂbeesgegnglw I lcd R SIUGSE T ERE energy
I nci nerating househol d was nd fromthe incineration fu s of the ilﬁma

waste into a f &Rl Itt fHeiPRs FRR., hyPaYFL

.torch. The gel Tnﬂ.d:t&&h: i &)fe| gakest e f epe tt’f@réw RR&kesDYigr fpdslsibl'léhl to
process i's char%tterl zed, b l%ihe fact that consi.sts in operating the
torch such thaf < F}seﬂﬁ‘??tlﬁ%ﬂ‘h%"t’ilb%‘t’ﬂgeﬁl?’ﬁ% residue melt in

the 25 furnace andHétmutszt ch:hean@lhhata nbtrbhn Raseact mmaomentﬁt WoEN

the plasma a r aw stances be treat torch is ept
per manent | y 00\7%"@ ag'-g} BPPaw Js%bégtfr?c ElasTe%? @s”it&?@s £
treated fl ow i mMedudisnd urtnhee dparntd tyr avef v aomb.t:he damesr ormedti by of
the torch js p @qqeg}%ﬂ C re ai AN

substancesi¢I o?v&‘out %‘?} g%fettg-ﬁl&ét&%%gsfu%ggé due to g‘r’iigg%ﬁh%ﬁgon
process descri pa@dess-hi s docunent is used in a fusion process which, when

used to treat incingdfiN application FR-A-2 708 217 describes a
process for making powdered waste inert using a plasma
torch, together with an installation for implementing

15 the process.

The process described in this document consists of
introducing pulverulent residues from incinerating
household waste and from the incineration fumes of the
same waste into a furnace and melting the residues by

20 means of a plasma torch. The melted ash is eliminated
from the furnace by gravity.

This process is characterized by the fact that it
consists in operating the torch such that the plasma
arc is maintained between the residue melt in the

25 furnace and the torch, and that, within a reaction zone
between the plasma . and -the raw substances to be
treated, the torch is kept permanently covered by the
mass of raw substances. The raw residues to be treated
flow into the furnace due to gravity and the lower

30 section of the torch is permanently covered by the said
residues and the melted substances flow out of the
bottom of the furnace due to gravity.

The process described in this document is used in
a fusion process which, when used to treat incineration

35 ash, requires prior dechlorination of the ash to avoid
the formation of a coat of salt crystals in the furnace

. THIS SHEET HAS BEEN
SP 13 :443.69 EE . REPLACED




'35 a'tsh requires prior dechlorination of the ash—t—e—avmd—the"ftjﬂr‘ation of

a coat of salt crystals in the furnace 7 since these e?aced
prejudicial to the |long-term conti nuous funct i oni nb”“
Di scl osure of the invention 5 . The pFesent’ |‘

precisely to providing a process and an apparatus f g the
process designed to render inert by vitrification a pulverulent mat eri al
cont ai ni ng toxi c conpounds, in particular heavy nmetals and their salts. 10

In particul ar, &ikRdr HRse a@%lttfée éi?aarﬁféfuéicigf |y EHHPN 19n¥et erm
ef fective control over the_ nel tlggwrocess of pul verul ent material and

yi el ds an amrﬁ%ﬂﬂqq%oﬁén%‘l‘l sehl Fhﬂefﬁﬁf@ﬂaal that meets all the
standards applicable to the sé&ok g Gfgs.p.am al 15 industrial waste and
its recycling, ,for exa Ie as._ buj d| n ,materials. The process of the

i nvention is ala&S F 1 #+e+i fying a putverulent materi al

_wherein thespul verul'mm rrptxerseait ISJ.hﬁéthbﬁed tél@tésfuiiﬁbl?éél)loneom a
furnace by injectian.neans, where it is_nelted é go]fof a El asma torch

so as to obtai REQVHIINT oAq RRRSESS, 30 A8 ABR2 r SFPLRRSRARGC e

;n a a casting theeprndeesmtdesidndditng i‘Qﬁd@ﬂUEﬁdrtab?rﬁit:;tlfllﬁhﬁlohha g
usi on zone i ct| 25. conpri,si ri.zont a nent ,_an

the nelt bei ngpPeLm?\F"g' et ezf’[ﬁ]rta @W’d&&q (5 vERUPRETE S g (L,‘Qstl ng

zone, nore or passt::a:hﬂmg; maletanetzalsaandouhenensahnsl away fromthe rreans

for injecting the er he n t i

zone. The %Qr m "injec %thhehiggén ﬂ;lg%dﬁﬁ-gcghg arecrge#iggd a&cﬁﬂ%é‘g% and the

attached cl ai nﬁhﬁorlrt‘f@“'smle givesneffectdae |qommq1 raseRl | tyheemaﬂ.uengt ood
by reading theprWidsdis ofll fher pive?RdRat  MatdrUACl il (PLelds an

amorphous vitreous or a crystalline material that meets

all the standards applicable to the storage of special
15 industrial waste and its recycling, for example as
building materials.

The process of the invention is a continuous
process. for vitrifying a pulverulent material wherein
the pulverulent material is introduced into a fusion

20 zone of a furnace by injection means, where it is
melted by means of a plasma torch so as to obtain a
melt, and wherein the melt is removed from the furnace
via a casting zone, the material being introduced
laterally into the fusion zone in a direction

25 comprising a horizontal component, and the melt being
removed from the . furnace by overflowing via the said
casting 2zone, more or less along said horizontal
component and-away from the means for injecting the
material into the furnace, in relation to the fusion

30 =zone.

The term "injection" has been used in the present
description and the attached claims for the sake of
convenience. It will readily be understood l;y reading
the +various different means for injecting the

35 pulverulent material that can be used according to the
process of the invention that this term is not limited

SP 13 .443.69 EE THIS SHEET HAS BEEN
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'35 pulverulent material that can be used according to the process of the

I nvention that this termis not limted 8 to the introduction of

pul verul ent material under pressure into the fusion zone; it may clearly
also include the introduction of pulveBulent nmaterial wthout pressure
into the fusion zone. s The nelt is preferably renoved fromthe
furnace by overflowi ng and drawing in the said casting zone of an anorphous
vitreous or crystallized material obtained by cooling of the said nelt. The
pul ver ul ent materi ghJTey RE YL I8E O9be SO ﬁﬂvé:'gulg\ﬁétemaeériéfs! H8er' "
particular pulverul'ent or particulate nmaterials contalnrng toxic

subst ances f or PE¥egepre Aptel stheorfusion| @oneavyibetndy sleardy nmelsory,
cadm um Iead,iﬁbgu&guiEﬁglrﬁﬁgfdauégghgenggall fvéfdﬂéﬁg”UESEErQE}
particulate material 15 containing netals or other toxic substances that
nust be nade | Wathopf Ruessuxetinke fighe skwsier #¥nossi bl e recycling. The

_bul.verul ents mat er i alrhies meQH AL Href I HBI F| LoméPEd FBom i 08E UBErAavkdgyr ange
of grain sizes, ragiln . 20 ‘{35 exanple, from, 1l[err]m to severa?
mllineters, PYFY 8&‘31"8 AP AEPFRS Bt &b Sd FRETINTD HFene et naler i al

i s i.njected | ahmbaphpusvd tteodd om®ne Pliid® that@PL£] | SbathéqCchiyon
conprising a horizaontal onent égi direction 25 possibly also
conprising a vEPPHERE & 2 | Ty downwards, i.e. towards the nelt.

According to the pr@hesypulfverelenty andtenial heapobez amyaltymndof veslidal
Comonent o Phakerd of"e LY iy gielo L | BRSOl
or into it. Thpartjpulateprmatenialsacidntaining heoxict isubstamces for
fransm ssion, exBmpd®,sORdrald,"e By Vekunple "REAVY? mbEalll e5hef ' 8LO the
mercury, cadmium, lead, etc. and their salts, and
generally any pulverulent or particulate material
15 containing metals or other toxic substances that must
be made inert by vitrification for storage or possible
recycling.

The pulverulent material is composed of particles
that may include a wide range of grain sizes, ranging,

20 for example, from 1um to several millimeters, for
example up to approximately Smm.

The pulverulent material is injected laterxally
into the fusion zone of the furnace in a direction
comprising a horizontal component, said direction

25 possibly also comprising a vertical component oriented
downwards, i.e.. towards the melt.

According to the process of the invention, the
horizontal and vertical components injecting the
pulverulent material into the furnace may be adjustable

30 and the pulverulent material may be injected onto the
melt or into it. This type of procedure facilitates the
initial heat transmission, i.e. as soon as the
pulverulent material is injected into the furnace onto
the melt or into it, betWeen the melt and the

35 pulverulent material and avoids pulverulent materials
éscaping from the melt, i.e. for gxample into the

SP 13 443.69 EE



the nelt or intoit, between the nelt and the 35 pulverulent material and
avoi ds pul verulent materials escaping fromthe nelt, i.e. for exanple into
the SP 13 443.69 EE 9 apparatuses for evacuatlng and/or treating the

fumes and gases resulting fromthe nelting 9%f the pul verul ent material, or
into refractories of the furnace not covered by the nelt. The process of

the invention thus 5 nelts the pulverulent material as it is injected into
the fusion zone w thout excessive build-up of unnelted pul verulent nateri al

in the said fusappag@mseweﬁbxrmaeacahtmgl ARSI SE ereating MBhé. funks ONLO
the surface of the nelt, it it%one as. to a&0|d 10 _ exceéss uIveruIent

material or meld® tqﬁﬁ?%gr?ﬁ? hd FEQWoﬁh?oWG ting pf kbe CERIRAL he
nel t. The pul veratertalpt esr alintso predfradtories ewd thy o fulredad nags at

an angl e of apprOX|na to 9Q[err] to the surface of ,the nelt,
preferred angl €9 %ﬁegy EB g tﬁﬁpﬁﬁﬁﬁdﬁg bee; fBVRBELON, #}us
Jpref.ecably bnt anélies nehe. pwmmmn qnaherbabcasfs iaf imemyﬁdeﬂ?dorin(;:o .
i nj ection may c r means o ector fit t
a screw or pusﬁ%ré glrlsyglgngg’a t%%ueq %l’é VS ]B‘r\’elu é‘r% d\g
preferred. VVMHpuixnmmmmmtcmahgerabr1nstheedaldhéupmbnezohent naterlal may
be injected in eit hﬁm%égldlg@ o5 dfgsf.nﬁ@gﬁ?d-rgﬁf_g ghgu{ng;dl_gor dgns%r{&des

of conveying or injecting PulVeru and 25
di fferentiat ed thy sug&ageopott the onelepl iigs isndoniee %@na@yl‘r—@ gafpllsﬂsed

Ceneral |y gpeakdicbsd guhu&%wa@e rda':"télfhf‘al no)f“hhﬁﬁto'&l.lﬁ&}% aed the

conveying gas carrjes between 0. , a dense node ‘i s
one in which o %ﬁ??mﬁ%ﬁﬁoﬁ %5n¥%y?ﬂ5 SﬁgeEﬁﬁrpﬁstBF meltinj ects between

15 kg and 200 kg of T i pulierulénty hatkRealnvegt ipkaferdBly Niggeiceed S
into the furnace at an angle of approximately 0 to 90°
to the surface of the melt, at a preferred angle of 10

15 to 45° to the surface of the melt, and preferably into
the melt. '

According to the process of the invention,
injection may be achieved, for example'by means of an
injector fitted with a screw or pusher, or a pneumatic

20 injector; a pneumatic injector is preferred.

When a pneumatic injector is used, the pulverulent
material may be injected in either diluted or dense
mode. These diluted or dense modes of conveying or
injecting pulverulent material are defined and

25 differentiated by the proportion of solids in the
conveying gas used. Generaily speaking, a diluted mode
is one in which one kilogram of conveying gas carries
between 0.01 to 15 kg of solid, and a dense mode is one
in which one kilogram of conveying gas carries or

30 injects between 15 kg and 200 kg of solid.

According to the invention, when injection is
effected using a pneumatic injector, injection of
pulverulent material into the fusion zone may be
controlled by controlling the proportion of pulverulent

35 material in the conveying gas and may be achieved with
a proportion of 5 to 50 kg of pulverulent material to
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effected using a pneumatic injector, injection of pulverulent material into
the fusion zone may be controlled by controlling the proportion of

pul verulent 35 material in the conveying ggs and nmay be -achieved with a
proportion of 5 to 50 kg of pulverulent nmaterial to 10 one kil ogram of
conveying gas, and preferably 15 to 30 kg of pulverulent material to one
kil ogram of conveying gas; this latter proportion is described as dense
node pneumatic injection. S Dense node pneumatic injection
according to anerlkikogrameafiodiomyeyisfg tgas prandspreferablynudnttiordaan

Ive injection n at. i | R FMH%,
gi scontJi nuous, %a‘g#la%ﬂweguieﬁ? ét@h.%'i 'i:o %P\é ]éﬂ?gr)égg% I ng e
rate of 10 i njgim: ohhlé‘hﬂ.att;ep‘epmopmqt‘eanoISIdﬁSGSlbhd aso@enssf mode
pul ver ul ent rrat Jf i %#gght he melt, i.e. for exanple into the
ati ng

appar at uses for evacu or freati ng the funmes and gases and makes it
possible toSoptim zdPemeet feodal preumatiof ingecwkion n@grexdingerto 1%
material while Lidgd ) Rgq xmbedi n‘fzﬁ f‘y't’HZe %foé%@&’ ro%feé &nd i

di spersal of the material outside the nelt. cording to t e _process of the
i nvention, injeanogisle pinjection fkt cpuiverylenthanaterial zdlato ismy

be control | ed by sai411g t B8ntahhots m'&@%&&d{e}%ﬂ&% ul ehali2heihg ok

injected. This setting 1s variable and particul arly,
the volume of BSR4+ PX tHe Pdsten z’b‘?éeof c@n the | sake é’ffthe

melt in theof U&r@jbdﬁtﬁaﬁ“ﬂhibet e FS i A0 6h Pﬂnit'EE PR ambahtN G fOf
the torch, of th over O\Mnﬁ'gg r?ﬂ'ﬁ’mg 1%%Jts de t% ace, and ohre
nature of the pFiH (= 79 ton Lfe
pul ver ul ent rrateetam;ileby iastid | thd hapgmﬁamﬁgemn(fdior |ez;a|a:najt1mg vand/ext 30
mat eri al inj %Cééa%nf'ogﬂgn%ﬁh%s and gase¥ and Wakds it possible to
' optimize the thermal balance of the melting pulverulent
15 material while limiting excessive conveying gas flow
rates and avoiding dispersal of the material outside
the melt.
According to the ©process of the invention,
injection of pulverulent material into the fusion zone
20 may be controlled by setting the rate at which the
pulverulent waterial is injected. This setting is
variable and may be dependent, particularly, on the
volume of the melt in the fusion zone of the furnace,
the level of the melt in the fusion zone and the
25 casting zone, on the power rating of the torch, of the
overflowing and. drawing outside the furnace, and the
nature of the pulverulent material.
Controlling the injection of pulverulent material
by setting the wvertical and horizontal pulverulent
30 material injection components and/or by setting
injection onto or into the melt and/or by setting the
proportion of pulverulent material in the conveying gas
in pneumatic injection and/or by setting the rate of
injection into the fusion zone of the furnace must be
35 effected so as to avoid dispersal and/or accumulation
of unmelted pulverulent material in the fusion zone in
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i'njection onto or into the nmelt and/or by setting the proportion of

pul verul ent material in the conveying gas in pneunmatic injection and/or by
setting the rate of injection into the fUﬁJon zone of the furnace nust be

35 effected so as to avoid dispersal and dr accunul ation of unnelted

pul verul ent material in the fusion zone in SP 13 443.69 EE 11 order to

optim ze the aforenentioned initial heat transm ssion between the injected
material and the nelt in order to avoid fly-off of pulverulent material in
the fusion zonerdet preef ercgtiimize gi thet haforehent bonedentnitiale beakess

in the directiqn t.he .h r| | pul verul en Lal _injectipon cogponent
I n the furnace. r‘?%‘ nBIﬁS e(rglu qi%%%? eﬁ‘%l l?%e?'%ﬁ?ga?'%éefgﬁ?% énﬁuﬁ%nm? e
where it is nelinecordenesos avoidpfidyvefiforafi pulvérudenti matemwial The
fusion zone is pref o drig u v er
shape, e.g. el I Pl fﬁ?%%)ibl%éhg r%c@al‘é%‘lw Es?w% E? e‘:for eh:prgcess
_of. .t.he. pres®nt mpﬁﬂ!mton mgEe or Wﬂﬁﬁthmfuthen zdm@qmc:}mde@f the

rofractor! s, ndiakotitoll T AEEARERY. MBcBBIOTe Rl NEodiShBRCZgRC 1T

contact wth avol contam nation W
hexaval ent chr & SUXDRES. treous or crystal i zed material obtained by the

process of the 20 ipR¢eRphIIFeruliitht L&ﬁé@é‘ri&ﬁ%@”ﬂnf@éﬁé&gﬁ@&%rE{;E%hor' es
may for exanple, be alui na-based. According to the process of

i nvention, theZPPgsaxs chti ispmeldieth By JMeanst PEns HI3THR 4TSl tol asma
torch. Expcrrpl ebtadh af hiedttype of torch are described, for exanple, in

Accor di ng.t o the pr BBEs EURaH Eane, iR | GFeLerbly cviinaricaf {3 shape
but may have any other shape, e.g. elliptical, oblong,
rectangular, etc. suitable for the process of the
present invention.

15 When the fusion zone includes refractories, they
should preferably be chrome-free in the fusion zone in
contact with the melt in order to avoid any
contamination with hexavalent chrome of the vitreous or
crystallized material obtained by the process of the

20 invention.

The fusion zone and casting zone refractories may
for example, be alumina-based.

According to the process of the invention, the
plasma torch is preferably a non-transferring arc

25 plasma torch. Examples of this type of torch are
described, for _example, in patent applications FR-A-2
735 941, FR-A-2 735 940 and FR-A-2 735 939.

According- to ‘the process of the invention, one or
more plasma torches may be used.

30 According to the process of the invention, the
plasma torch may be replaced by any heating means
suitable for the process of the present invention.

The plasma torch is a device which provides a flow
of air at a high temperature of the order of 4000°C by

35 heating the air by means of a DC electric arc. At this
temperature the air is partially ionized, which is
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nmore plasma torches may be used. 30 According to the process of the
I nvention, the plasma torch may be replaced by any heating neans suitable
for the process of the present invention. The plasna torch is a device

whi ch provides a flow of air at a high terferature of the order of
4000[err]C by 35 heating the air by neans of a DC electric arc. At this
tenperature the air is partially ionized, which is SP 13 443. 69 EE 12
characteristic of plasma. The non-transferring arc plasma torch is further

and that the Pl ereat o tLove. oot opap The ohirdfsteelngt e
an a e plasma created f,lows out o e torch. |

this exanple m§;Qﬂ?QIﬁﬁﬁﬁgd15y¥§H€§eﬁﬂ9%%ﬁ%?ﬁﬁ£&i§@nk% Bhe o£ggkn that
oxygen-enriche¢ﬁfr?léﬁtadwammnﬁ?9fingﬁ&@étﬁ&apmasaagﬁuydﬁlaﬁdtmhat
heat i ng means of, choosin m as, L.e__ajr or oxygen
according to tHE BLARNE %ﬁg?ﬁﬁgpfigﬂﬁtgPﬁvgttFBﬁ FQrFHat t he oxygen
-pr-ovi-ded bySt he tor dthecoaver isdikainy whisl %:taﬁple)XinﬁyS bu;jti"eﬂﬂiﬂbe&mﬂyi ng
poi nts giving .qetal trappi,ng_rate. Another advantage .o i ng
a non-transfer ?’.“%‘Se(}grgf%%lgf £% o ‘g%haééoPdﬁY,%l} °t hBXYPEL LTI
invention is tlatr.it gives plasma flows in which the tenperature of the
nmelt is below 25 e h L mti ap tion of hea
metals. A further q(%\?{an%ggéhg?g%sﬁgb%s#%%r J{nl%’sgﬁr/ar [ %59'326%.1-5?10 %ﬁf a?ﬁ?
torch i s descrileeding tmeansaapdef /chorsing aoplhasmicogsss, gi.eheair

[ tion,jphe n f ekl S or | I ract o] I to
| nvent i on, 16 he RONoi BRH CaECBFdikg PLBSBnd Osfodsed efheloppuaeds

give a flow of ,plasng™that, is nore or |less ce to the
fusion zone. THYERSHA™| Afedthpbw the oOXygen tpEovidrd dty t kherekprch

spl ashing the wanvertfs t heavy' naéealshairtly eay8eBY W ERS MGH' ARRLYLG
vear. points giving a good heavy metal trapping rate.

Another advantage of using a non-transferring arc

15 plasma torch according to the process of the invention
is that it gives plasma flows in which the temperature
of the melt is below 2500°C, thereby 1limiting
evaporation of heavy metals.

A further advantage of using a non-transferring

20 arc plasma torch is described in the examples.

According to the process of the invention, the
non-transferring arc plasma torch is directed downwards
to give a flow of plasma that is more or less central
to the melt in the fusion zone. This centralized flow

25 1limits the risks of the melt splashing the walls of the
furnace, thereby. causing areas of premature wear.

According to the invention, the power rating of
the plasma torch ‘as well as its height and angle of
incidence relative to the surface of the melt can be

30 controlled. _

According to the process of the invention, the
non-transferring arc plasma torch is directed downwards -
and its angle of incidence may be controlled so that
the plasma flows more or less in the direction in which

35 the pulverulent material is being injected. This angle
may be approximately 45 to 90° relative to the surface
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According to the invention, the power rating of the plasma torch as well as
Its height and angle of incidence relative to the surface of the nelt can
be 30 controlled. According to the process of the invention, the
‘non-transferring arc. plasna torch is di redéfed downwards and its angl e of

I nci dence may be controlled so that the plasma flows nore or less in the
direction in which 35 the pulverulent material is being injected. This
angl e may be approximately 45 to 90[err] relative to the surface SP 13

443. 69 EE 1gf otheh@eTrd,t . 9B0 [ ing bai #eréivalt idanwdaa il fépWwhé t he

pl asma created the torch.., The power of the plasma flowing into the

f usi on zone nﬁ?f%ﬁmﬁoﬁFFEﬁFgH£WbQ§§x%Q¥%PhEIt at a preferred 5
tenperature of bettThen pckdd ofindhel5pDasmna] Eloviey fnwer tial | Bgsddnt he
pl asma torch and its he;%PtiILt f#s#on ﬁgne IS cgg%ro%!ed relative.to
the vol une of ¥RBENERY dQQQ;ﬁé;%ﬁl R PREAABs P&t (HhiRTFEEREER to
.prot.ect th& r etempevatarencaf thetpeeanalBbOw and t b500°0pt i Thee pewdrng.
It is also co d_ ke i t el | f r Lal,
the drawi ng of FERENGePE Shs fnase Sbadh Hiid ohe netineth Whe TROBLLE, .
the melt nust »endi gs aenigrolledavedatingl dice tiae t vajune oife the veelt ent
materi al 15 i niggt | N{,Q 4 farn : r,odd. sheoul 00, hi gh
in order to op%:nlqgn' ?'ce{:ét hielgtlﬁjgf%ma ba qncgﬁgﬁgﬁuszl%éle"of E%‘lhg nﬁvgr%&?‘en¥g
material and tRravert & i ngfraetgyies mear thenmdaama eflow| smd Eepends

on the P vesht Rt z8BhREERNg.2Gt is alHf cotf BB FONAdive | €1 €EHS ON

of pulverulent material is independent of the plasma flow so that the

material is trhppeatian f peivexuleph AateripdiestRneravWing: P5 (the t hout
bei ng di vert edndytt Aadpthsmeehpewatili®y &F tHdnirditg residual fly-off of

unnel ted of The temperature of the melt must be high enough to
cause complete melting of the pulverulent material

15 injected into the furnace; however, it should not be
too high in order to optimize the thermal balance of
fusion of the pulverulent material and to avoid wasting
energy. This temperature also depends on the
pulverulent material.

20 The aforementioned injection of pulverulent
material is independent of the plasma flow so that the
material is trapped in the melt as soon as it makes
contact with it without being diverted by the plasma
flow, thereby limiting residual fly-off of unmelted of

25 particles onto the uncovered walls of the furnace or,
for example, into the a}_:;paratuses for trapping the
fumes and gases and for melting the material.

When the- process of the invention is embodied
using a transferring arc plasma torch, and when the

30 pulverulent material does not conduct when cold, the
transferring arc plasma torch may be coupled with or
assisted by a-non—translferring arc plasma torch which
melts the pulverulent material at the beginning of the
process, the transferring arc plasma torch subsequently

35 operating alone.
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25 particles onto the uncovered walls of the furnace or, for exanple, into
t he apparatuses for trapping the funes and gases and for nelting the
material. When the - process of the invention is enbodied using a
transferring arc plasnma torch, and when t & 30 pul verul ent material does
not conduct when cold, the transferring arc plasma torch may be coupl ed
with or assisted by a non-transferring arc plasma torch which nelts the
pul verul ent material at the beginning of the process, the transferring arc

pl asma torch subseqgnat | pratepper i Nnghal offiveRPidR 4¥B0&3cEE a I1Yowhbe
process of the invention produces_a | ow vi src(osm\ﬁ@rre. he pul verul ent

t _of

material . Due YoSERELEEW F £ 5% f PRi¥erplent, tﬁ?@ﬁ&y &P§%dﬁ% s
L|Owldi$t0rt? 1bw—9&sb@@&Fw ¢ﬂet@ﬂtmifhjsuwenhﬁ?hnﬂ Eisqusxpmasga
epression o r oxj.nat e cmin.the surface of .t nelt . conpared to
t he undi storteggggvéllgg\ort e ?t?uﬁ?gedf)gt}f i&?lﬁase%?‘@f%ﬁ%%b°n
.effects: - Sheamhayr amrses saodepxeasgicny edf dapproxtimatiedyr das edms dnf ackear ea
bet ween the pl d € I n - _hydro an._c,.NVv

created in thegﬁng??g?hé%ﬁi%%%obgl?t g"%‘?ﬁ%%?‘ﬂi Eé gﬁg ﬁ?@g‘%g%?aﬁ%&of t he
vitrified mat epfathebmelited Thdse difstiontion diamltHe fiallesviclg tefif grtowess of
the present inverid ' b ol AHS the | t t f ] asna
provi ded by the rr%Ioér#? rgﬁg#lgﬁélsﬁéjc‘ﬂar%bss p?gg%ggggr éﬁj.e Agéo%giengil?#%]%se@é
process of theshrfagei area: betmesnokheopddsna gnddihevmed t,hank| t may be

cool ed, fqiy exanphAANayRAL OhoRetBhLs - AR AhtcP! 1AJtRL" Gl 2that

cooling the fusion Zone 1in contact with the nelt, giving operation in
protective aut3WPF¥Ep| REFpIIfRiay and Fhupeddte apdityer9fcdheife

of the refract9erefiedbmatesdaln odbtaifnddace nelt.

One of the original features of the process of the

present invention is that it uses the impact of the
15 flowing plasma provided by the non-transferring arc
plasma torch.

According to the process of the invention, the
fusion zone in contact with the melt may be cooled, for
example by means of a water-operated cooling circuit

20 cooling the fusion 2zone in contact with the melt,
giving operation in protective auto-crucible mode
designed to increase the service 1life of the
refractories submerged in the furnace melt.

According to the process of the invention, an

25 auto-crucible made of a material compatible with the
refractory materials of thé fusion zone and the casting
zone, i.e. non-corrosive, and having the same
characteristics at' high temperatures as said refractory
materials, wmay also be formed in the furnace. Said

30 compatible material may, for example, have a melting-
point higher than that of the pulverulent material
injected into the furnace so that it remains solid
while the pulverulent material is melted. This material
may, for example, be a mixture of Al,;0;, Ca0 and SiO,.

35 An auto-crucible is designed to limit the chemical
corrosion of the refractdries of the fusion zone
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According to the process of the invention, an 25 auto-crucible nade of a
material conpatible with the refractory materlals of the fusion zone and

t he casting zone, i.e. non- corrosi ve, 1 and having the sane
characteristics at high tenperatures as said refractory materials, nmay al so
be formed in the furnace. Said 30 conpatible material may, for exanple,
have a nelting- point higher than that of the pulverulent material injected
into the furnace so that it remains solid while the pulverulent naterial is
mel ted. This mepwyersid mby, tbe emedpl ebybelamitingr ethé Adni.gra]:q:nr rof CaO
and Sigerr]. I b [ Si t | cal
corrosion of t%errrg ractorﬁgsé%ﬁﬁe %gm glr]igglong%%%e éigl\jéere{dmg ﬁgerrelt
by limting thyefrgcioryh willc @ndsfixingttheml thearte hi gh tenperat ure into

the refractory el I'rad dptl Mot dicl NG e relf el ot Rat £10Y S0

fromthe furnace via 5 a casting zone g/ over Fowing | Sard casting
~zone;—nor e Sor | Res@agfinge zfineechyorrusrilowing i zuhoalth@npanthQSDan| ch

t he pul verul en&oﬁ%t ern\cﬁ!‘e | §ri TbBE! %91 'ﬁ’ié) &kﬂfeé iBﬁC%fa%elf rhész&?ng' te

direction to the neans I_nj ecting t teriral 1nto the turnace

relative to thGOH‘Pé’P@ﬁ’é'-nt |qu§1mh zcme |piletantent: - tmateriadbr uient

material is th%?fe?:'i:%d”‘i&ﬁ:d”tﬂé%ﬁﬁé&%ﬂ@%'Et?e BPsss il dPrébeibhow of
the melt out of furnace. In particular, this arrangenent nakes it

possi bl e to colPr &her Reansyof Huiprting dhey mabesHal | HtgLhe FaERagRd t o
honogeni zg ¢ heréﬁhtlvécw @he dfdridwerititifed fisildif 4dteention, the nelt

overflow ng i & th 163310, 20° e WAAIAGS, SUSLEE S T (WigBcRLE |

the furnace amome tdre JesH inkehebpp;msnrmi tdimetar:.dsﬂnetontheerﬁﬂmvofof

gravity. the melt out of the furnace. In particular, this
arrangement makes it possible to control the time the

15 material spends in the furnace and to homogenize the
melt.

According to the process of the invention, the
melt overflowing via the casting zone of the furnace
outside the furnace is cooled by cooling means, for

20 example cooling screens placed outside the furnace
along the path taken by the melt under the influence of
gravity.

According to the process of the invention,
overflow of the melt may be controlled, for example by

25 setting the overflow level of the melt by, for example,
a movable, adjustable overflow stop placed at the end
of the casting zone of the furnace facing the fusion
zone, i.e. where the melt flows out of the furnace.

According to the process of the invention, the

30 melt overflowing from the casting 2zone may be drawn
into a vitrified material.

This drawing of the melt may be effected by, for
example, a rolling mill with cooled rollers that
continuously draws the melt from the furnace casting

35 zone outside the furnace and cools it into a vitrified
or crystalline material.
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According to the process of the invention, overflow of the melt may be
controlled, for exanple by 25 setting the overflow | evel of the nelt by,
for exanple, a novable, adjustable overfloilstop pl aced at the end of the
casting zone of the furnace facing the fust8n zone, i.e. where the nelt
flows out of the furnace. According to the process of the invention, the 30
nmelt overflowng fromthe casting zone nay be drawn into a vitrified
material. This drawing of the nelt nay be effected by, for exanple, a

rolling mlil wth coghedgvantek g%td@ttﬁenﬁwéesél wEddies el énf whent he
furnace casting 35 zone qutside the furnace agg cool s Ji.t, into., Vltrthl ed

or crystalline Fagermelt is 16TANN,R¥NMEANE Ofhe? prsHdsidiSh T & i KYERt i on

when the nmelt igodiayn fYLT@RES i@f hd®l hkngidn Hoswﬂﬂecood)edlddﬂﬂ}erﬁhes
that it is possible to rmdlé\% t he di r,renslona of the,vitrified materlglig
setting the 5 @iBenfdengetQkerrheVatzdfigd: Jhatetial BY | SgELARG ﬁape

-mikf[ RG-- :ct D%SI ﬁhéﬁhﬁcéddﬂﬁzv&é& Shﬁéefiﬁhvﬁi@ \af;]d]rlé:gsadagaWeﬂEL?IaB t bhebe
sector for ich, they a ei ng.recyc not of t pLRCess
related to coupfbBaP Gl'a\mﬁb1 ebd}%r Loy ét eus? ?g':l f‘ﬁé

m i w: It hdcool ed].}tehlfeﬁa maatéfwélé heocctﬂie ngeof:oi:hefd"xoldvhiehca:md)e are
controlled to ect the vi | stallzatl n qce di ng
on the mechani @& 9chdFENS éﬁi ?g" %]’Eu r% ARGRIC: @ Vi B: eousﬁxécsgggg
crystallized marelaskdobtal rcmi1pl1eﬁi draw:.agavmn@ afodlimgiel foirs e:tampled at
a given dr ng d 20 n t Vv

the melt i ﬁ'\q heuggg Ié‘(?;jh:gix E&Fge ore qoefi%% 4’2@7% gbf ('9"rsn<a:}'?ﬁéa ﬁ%

fusi on zone andcooltmg o &de orpbiemll canubencomtrodlgd tso affect nkhet ai n
more or |ess 20v1E95!§EéQE1E>Be 6fv‘éré@ftatﬂ1&za%'foﬂ rbf@@eéé'sagﬁe%ﬁl%g on

Controlling the draw ng speed shoul
the mechanlcal characteristics requlred for the

vitreous or crystallized material obtained.

15 Drawing of the melt is effected at a given drawing
speed or a given overflow speed, relative to the level
of the melt in the casting zone, and therefore to the
level of melt in the fusion zone and to the injection
of pulverulent material, so as to maintain more or less

20 constant the level of the melt in the fusion zone.
Controlling the drawing speed of the melt should make
it possible to optimize the melting process of the
pulverulent material by controlling the time the
material stays melted inside the furnace so that the

25 end result is a vitreous material that is dense and
uniform and - -includes no clusters of unmelted
pulverulent material and avoids wasting energy.

According to the invention, the fusion zone of the
pulverulent material may be maintained under slight

30 negative pressure by any known means, for example by
means of a gas and fume extraction ventilator together
with a register positioned in the casting zone of the
melt. This slight negative pressure helpé eliminate
leakage of gas and fumes, which may be toxic, outside

35 the furnace via leaks in the furnace or via the casting
zone where the melt overflows.
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it possible to optimze the nelting process of the pul verulent material by
controlling the tine the material stays nelted inside the furnace so that
the 25 end result is a vitreous materi al at is dense and uniform and
i ncl udes no clusters of unnel t ed verulent material and avoids
wasting energy. According to the invention, the fusion zone of the

pul verul ent material may be nmaintai ned under slight 30 negative pressure
by any known neans, for exanple by nmeans of a gas and fune extraction
venti |_at or toget her zw'ddrdamgegitst etheo‘s;htdc:é!esi iof ttiee cavivertizomne ehet he

lt. Th I hel | eak f
Toms, iy on aBvsi°Pg) YEnd, FRAYL *5 B e *EyRiaR. °ohSe ! 3K BratBReBiY, nace
or via the casdomptzote wWier e thee nfusioner fzawes. andl7? ﬁﬁmordexgmpdet,he
process of 't he Javenthon, e Lgyelotlerd NoeMldy | 0! d UghOniale

preferably con Zone ~~ exanpl'e, prekerably
.af. .t.he. orde$ obroeessp en@ymsm‘brenehd:&‘clprwd%tMI diametteancof otbe and

the di ameter ofediey] UsLAR 201CabrBRRRAKETR! o1 3pd SR, MBrd¥ ELATAD! %0300

mm Moreover, for exanple rnace w i approxi matel y
1500- mm a- tordml-hei ght of 10 450 to 950 mmrelative to'the surface of the

melt and a fusion Z?ig:;fetlﬁiéﬁ“ Ofor00e ;cgm%_@go Saoreftffr{f?ettﬁf chnl gction

rate of the pulveru material accor g to e process he |nvent|on
may be control Bé@megex rafe appragdnas-<Ao0 kéoef Wat & i BPTFEr height

preferably;d5 4ot Weemslnm areh 200r& e Of tivel y@ff&@é\toﬂﬁéﬁél ﬁ\élﬁeénaow
Furthernore, w_th these dinensions gnd injection rate, ower ratbng of

the plasma torEHEHQR RS MREEIRE 1OF 0 598 Gk i 4RA0k WP &%) ?Begﬁﬁrﬁ‘a\lf spe
torch hei ght ofmgma:tdmmﬁaq dbcli® ppprerulene! nabebian adBording to

According to th Lh prlgrc_gggsgf t)té]ethgveirﬁ\}eon :Lort1 ht%ay be controlled to a
rate of 100 to 700 kg of material per hour, preferably

15 Dbetween 300 and 700 kg of pulverulent material per
hour. Furthermore, with these dimensions and injection
rate, the power rating of the plasma torch may be
controlled to approximately 150 to 700 kW for a torch
height of approximately 450 to approximately 950 mm.

20 According to the process of the invention, the
time the material remains melted inside the furnace,
counting from injection of the pulverulent material
until overflow and/or drawing, is preferably at least
30 minutes and preferably approximately 60 minutes.

25 According to the process of the invention,
injection of the pulverulent material into the furnace
may be controlled by controlling the vertical and
horizontal pulverulent material injection components
and/or by controlling injection onto or into the melt

30 and/or by controlling the injection rate and/or by
controlling the proportion of material in the conveying
gas. The plasma torch may be controlled by setting its
height in the fusion zone and thus by contrz'nlling the
height at which the plasma flows onto the melt, by

35 setting the angle of the torch in the furnace and by
setting the power rating of the torch. The overflow of
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time the material remains nelted inside the furnace, counting from

I njection of the pulverulent material until overflow and/or drawing, is
preferably at-least 30 m nutes and preferably approxinmately 60 m nutes. 25
According to the process of the i nvel i on, i njection of the

pul verul ent material into the furnace may be controlled by controlling the
vertical and horizontal pulverulent material injection conponents and/or by
controlling injection onto or into the melt 30 and/or by controlling the
i nj ect.ion rat e tAd/nrl hymapprive Od:dmﬂﬁolmédpf QBQF Ebcaﬂup*lfe MByeadustind'a
conveyi ng gas. Thﬁgﬁlasna torg iay contrﬁ %hsettln |ts hei"ght in
the fusion zon&MRP1Hus2BYUEEAPLET 5GP nan gﬁt awiiie HoF hEh)

fl ows onto tkmamaythetgoﬁftok&ﬂdlhw,tﬁeraeghmpmé t Bettahghthe hg%ekv@ﬂﬁce
and by setting 4¥% @@ @%!Eg of the torc The overfIOM/of S 13 443. 69
EE 18 the rre y D ¢ ol 124 A5 ex ShHi%e, MBY SBF uGQuURIed niidh e,
-adj-ustabl e §tomonhnbllﬁngﬂcﬁmthpctoohbngebf thy helcoakawhhgdmaansfor
exanpl e, setting th he nmelt _is this be pled
with 5 controlling O %¥§#ﬁ§ﬂ% Ilng g?é ?ﬁﬁ?sdfganﬁﬁé rgg&ﬂﬁ

t he process ofJmﬁ@QHmnanﬁnpulVﬁrul$nttmaheniabuhn&outhatfu&habealﬂha()

the furnace, t@ﬁ_ﬂ@ﬁﬁogehcmﬁddya%dl ngt‘hfe nEF%taraereorgl_glfab %J?'he

controlled. 10 settings proc

i nventi on, maycongradiadl e, be deS|gned to nalntaln a nore or |ess
constant | gyel of e | Bethardisl RAMARIIAY Tt CPabiABe?OB? iy
controlling the injection of pudlverul ent erlal Into ur nace an

drawi ng of 15 ipyentdion, MRy eber sxampdencibe idegignedisto nmaiubainag be
mai ntai ned at mogeNYraedLVebnBYaf€aNEwel OO Gin Ofhd £REIER! ZbAGP

controlling the Ievel %L‘gg%tlng zone b
y controlling the injection of
pulverulent material into the furnace and drawing of
15 the melt.

The level of the melt in the casting zone may be
maintained at a constant level by means, for example,
of a control loop controlling the level of the melt.
This control loop may take as its basic datum an

20 optimal value for the level of the melt in the casting
zone. Three ranges of melt may, for example, be
defined:

- a high range in which the level of the melt in
the casting zone is too high. The value of the melt

25 level in this high range commands, by means of said

' control 1loop, ‘the -overflow means, for example

control of an overflow stop and/or the drawing
speed of the melt, for example the rotation speed
of the rollers of a rolling mill; the higher the

30 level, the higher the overflow, i.e. the lower the

overflow stop, and/or drawing of the melt, i.e. the
faster the rotation speed of the rollers of the
rolling mill. The injection of ﬁﬁlverulent
material, however, remains constant.

35 - a medium range in which the level of the melt in

the casting zone is more or less at the optimal
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This control loop may take as its basic datuman 20 optimal value for t
| evel of the nelt in the casting zone. Three ranges of nelt may, for

exanpl e, be defined: - a high range in which the level of the nelt in the
casting zone is too high. The val ue of thelfrelt 25 l evel in this h

range commands,

by neans of said control 1oop, the overflow neans,

he

gh
for

exanpl e control of an overflow stop and/or the drawi ng speed of the nelt,

for exanple the rotation speed of the rollers of a rolling mll; the higher

the 30. | evel , Iékﬁeillﬂéquli'é@ ﬁ&?r AhOowptimal tfhelba%&ob@%sowﬂ flHaw

stop, and/or drawi n f th mel t, t.he faster the LO ation speed of the
BREEr uRSween

rollers of the rol ITHYCRni EPRE ?ﬁ@ulqﬁﬂﬂun e 3f

material, however, irjectbononsf arthe 3§)ulveruléhﬂfTEdnaﬁ§ﬁ1aﬂqe iiftovitHe t
| evel of the nelt i he casti,ng_zone is ess at e ti.nma

| evel required for f##%%ﬁ?néFd g{?&ﬁnﬁ}6E£3E§4534H%a$%§+6 Qnglp§s$hﬁ ng
-froma-bal abce behﬁurna¢@ect®marﬁloﬂheapdyaeruHeaW1ﬁ§teandl imjedtdion

f dd | I . o) f
overtlow andlor GRS, it MRERERipRH ié%éﬁéa%*e B BEAPReP Lottt by

he

means of this contreontoeb dedpasaddfiasd deffindd folt theelmer]etqumemélfor

an optimal fusion &Eﬁfﬁsﬁ’dn e sl g{b ]f.st ro%el ang é‘

whi ch the | evel of

in the castlng Yone 1 OW. e Val

the melt in this r ffElewrgepels, by neans of said control | oop, the

quantity ofopul verul anti ot &ingd 1M @kisH: chBC1Lous" EhEhEekﬁégt
the nore the quantity 15 pul veru ent material injected increases;

Caffdng h%o’B%eF-FI &ﬁ"arﬂe?“bf 'Hhavm"ﬂéugpé@d theemaltodst ant

inthis |low |l eve

and as initial

15

20

25

30

35

Iy defhinedrdije tdédnmands, by means of said control loop,
the quantity_of pulverulent material injected; the
lower the level of the melt, the more the quantity
of pulverulent material injected increases; in this
low level range, the overflow and/or drawing speed
remain constant and as initially defined for the
optimal fusion process in the fusion zone.

The level of the melt in the casting zone and/or
the fusion zone can be determined using a melt level
probe, for example photoelectric cells, a floater, etc.

Controlling the injection rate of pulverulent
material into the furnace, the power rating of the
plasma torch and the drawing of the melt all serve to
optimize the fusion process and ensure a uniform melt
free from clusters of unmelted pulverulent material and
yielding a uniform high-quality vitreous material while
controlling the time residues remain in the fusion
zone, giving a controlled, optimal thermal balance.

The settings according to the process of the
invention may, for example, be designed to maintain
more or less constant the temperatures of the melt and
the casting 2zone by controlling the infection of
pulverulent material into the furnace and the power
rating and/or the height of the plasma torch.
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optimal fusion process in the fusion zone. The level of the nelt in the
casting zone and/or 20 the fusion zone can be determ ned using a nelt |evel
probe, for exanple photoelectric cells, a floater, etc. Controlling the
injection rate of pulverulent material inté%he furnace, the power rating
of the plasma torch and the drawing of the nelt all serve to 25 optim ze
the fusion process and ensure a uniformnelt free fromclusters of unnelted
pul verul ent material and yielding a uniformhigh-quality vitreous nateri al

while controlling thehel BRenR&tdiiffed ORI fhéNmkNe I Yhe Wit iy 38nd -
control | ed, optinmal .therngl balaa;e. 30 The settings according to
the process ofaY; e | TRIDEALREAOTE 0% LEF c COBELABE; gWed“an‘ﬁmi fiPEi n
nore or |ess coeshaplethe bEnpeaatUéeﬁthltPelBBbt aﬁdntf@llﬁﬁghin?heéene
by <controlling,_ _the__injecti . Of ugve ul.ent mater| into the furnpace
and the power 35°PREFARY 5ﬁﬂxﬁ¥kﬁ% ﬁgP ﬁ?ioﬂqﬂﬂaTﬁ%sﬁgL?oP§h1Q§>§§slg3.69
EE- ----20 Thé t edptnat aneoptfindle valte afdrt hhecwuipélg-atﬁli% ][ﬁf,v e melt I
mai nt ai ned nore,Qr S tant by neans, for exanple, o] a contro
e BB Bl

|l oop controlling res. This control |oop may take as its
basic 5 datum an opTheakiwalafe this tdettimgpelat toe cohtirod Byt tméams hof

casting zone. Theg:ai m [4S Lng.is to control . by nea f. said
control | oop th§85§MefQ%%%¥ﬂg gﬁkﬁkeg%%%- g?gﬁffeFFFﬁégéréﬂil tBPBA
relative to thetrangfgrring wrehplashactorelt redxtsiveall toi thei njedoe ealt

into the fiy nagRichO ThA JEPELA U falh %QQ gyl ¢ if‘l{xf}@@t& sti.p&ozonﬁhgnd
to the tenperature of the casting zone. The pover rating o t e tor chi"nust
be sufficient tBUEBRAFEmsECe he Yemperatyreof nthrempdindde thel cashbhg 15

al | the pulverugené BRicered! thel acdmperdtitrd CBRC tH!M a1 hG € 8R!, NRife bE
determ ned by power rating of the torch must be sufficient to
compensate for loss of heat in the furnace and to melt

15 all the pulverulent material injected.

The temperature of the melt may be determined by
means of temperature probes located within and/or above
the melt in the fusion zone and/or in the casting =zone
of the furnace.

20 Several situations are possible, for example, if
the temperatures of the melt and the casting zone are
too high, i.e. above the optimal temperature required,
the control loop commands a reduction in the power
rating of the torch; if the temperatures of the melt

25 and the casting zone are too low, i.e. below the
optimal temperature required, the control loop commands
an increase in the power rating of the torch; if the
temperature of the melt is too low and the temperature
of the casting zone is too high, the control 1loop

30 commands, for example, a warning system. In this
situation the setting can command a reduction in the
power rating of the torch and startup of heating means
located, for example, in the melt drawing means,
together with an increase in the injection rate of

35 pulverulent material and the drawing of the melt.
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means of tenperature probes |ocated within and/or above the nelt in the
fusion zone and/or in the casting zone of the furnace. 20 Sever al
situatiaons are possible, for exanple, if the tenperatures of the nelt and
the casting zone are too high, i.e. above 8he optinal tenperature required,
the control | oop conmands a reduction in the power rating of the torch; if
the tenperatures of the nelt 25 and the casting zone are too low, i.e.
bel ow the optimal tenperature required, the control |oop commands an

increase in the po atd h 3o f e of the.nelt
is too |low and t he%?r%er%%?gﬁ%% te%{:}eéggﬂlhg g%nq&l?cgp%%é#%%, ?%eq:c}beht r ol
| oop 30 commundivertienampye, farwexampd esy beedesigned $osimaiattizim ttte
setting can congpafhR %%ﬁléc'[aitona'ﬁ?i'ge cﬁo"f%sé a&bﬂ?ﬁgﬁttpgmh%&%lﬁuﬂd by
startup of heating neans |ocated, for exanple, In e nelt draw ng neans,

t oget her with PREeebhirgi khenbeighscoifotheard asma3sopghuer ul ent nmat eri al

~and-the drawing of tfige "etbmpaRatirdd3 &P EEheI e%%gg%gxes%éﬁégsmﬁﬁorﬁg ng

to the process of, the, inyention nmay, for_exanp signed to i ntain

the fusion zon@®3ANEAIRRE BF PeFOL&HRY ahesEcRpRFLADE e tBFDEFRtUSE P he
hei ght of the H:a&iFléonh. means of The doiBRRAL Y68y XontH§11iMg! Ahe ZONE

may be maintained at a nore_or, | ess gonstant tenperature, for exanple by

means of a contTBPETRPESNPE oFRenEUBRON ERB€rat ure of the fusion zone. The
aimof this setting Thet@iR0boEr ehily s@aAinPfid OcSat6nELHLT BYy meepd i

{orch P seqp sl A Ottt I SabbRaslhes LA e luace o

are the power netthoutof ¢aesimg chst{ressnliy ati r Guretice r defiractor ile®

the 1N ectiohovdAl® pylenk® b t/®" #hepdBliledld opdfat HIRC1A" ¥l "
setting are the power rating of the torch (normally
controlled relative to the injection rate of

15 pulverulent material), the temperature of the fusion
zone covered by the melt, measured, for example, by
means of temperéture probes placed in or on one wall of
the furnace, preferably in the region of the fusion
zone more less at the point from which the plasma flows

20 from the torch, and the height of the torch relative to
the melt in the fusion zone, for example, at a given
plasma torch power rating; the height of the torch
relative to the melt surface is controlled to optimize
the transfer of energy to the melt while avoiding

25 overheating the furnace wall covered by the melt at the
point from which the plasma flows.

The settings and control loops governing
injection, the torch and the overflow and/or drawing of
the melt according to the process of the invention are

30 preferably used simultaneously.

Since, according to the process of the invention,
melting of the pulverulent material causes production
of fumes and gases, the said fumes and Fgases are
extracted from the furnace at high temperature.

35 The gases produced may, for example, include
~ dioxins, furans and heavy metal salts.
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zone covered by the nelt, neasured, for exanple, by neans of tenperature
probes placed in or on one wall of the furnace, preferably in the region of
the fusion zone nore | ess at the point fro_%which the plasnma flows 20 from
the torch, and the height of the torch reldive to the nelt in the fusion
zone, for exanple, at a given plasma torch power rating; the height of the
torch relative to the nelt surface is controlled to optim ze the transfer
of energy to the nelt while avoiding 25 overheating the furnace wall
covered by the nelt PHe t rguaas famm;l_m@ ttl:m pih‘e;nmrf\tamﬂ'oﬂ'hdlas a

settings and cqnt r ol | opps erni | on h and the
over f | ow and/ orf%%ﬁﬁg 3 V?’Plﬁgﬂﬁl t ﬁ' E""[ % ph8 es %t

invention are Xrasfereiny aged ps'llatmﬁa aﬂewhl ;andsmnfs mcesopeng hactl't'he
process of the inventio nel t ul ver ul ent teri cayses
producti on of ‘?}?‘é’sg r%l%seéﬂgt @tﬂé’r’f ?‘Fzﬁlgaggges Cextact ed

Adromthe fusnacextatadieh ésspky aaurhz.gBStemperatiEhe gases pr oduced may,
for exanple, inclyde dioxins, and gavy, ta 22
[ Y Svent A4S ry f up? edvahf §8eE§ f J‘

process according t her ge rel a Red 101 he
use of a non- titareiteron ngthec f.nhaxson tzoneh may theismay "lpemalatizined

cont i guration igdes! 41gnf UBRaRIGIINARA o SKLECLEY R RBEDAGR o O

t enper ature. Mor eover, aCcor process Nnti on

t he fusion zon@lrm%ﬁlmemyf% rraxﬂmilleed hmdeltea;ns ghef negat i extpactione
relative tggat mﬁa&frﬁf% aft% £ dha "E2peg gPbeap pé%ast%wn 10
ventllator or treatlng unes an glster partla y Sse ara ngt

fusi on zone frciRRFALIRY | ﬁ&ezoﬁ'és%@nelﬁcm%af§°m ttdig ccasgings zqng n§o
expel led int@liniitatdd MoRhae. Oagesdi NBelfgt NePOILRSS Ofirdte  the

I nventi on, thes‘%—_m.osphere

According to the process of the invention, these

'15 fumes and gases are extracted at approximately 1500°C,

which eliminates condensation of corrosive salts on the

walls of the furnace; these salts can be prejudicial to

the long-term industrial operation of the process. Due

to the time the melt remains in the fusion zone

20 (approximately 2 seconds at this temperature), the
dioxins and furans are decomposed and remain so.

The fumes and gases extracted from the furnace are
collected and quenched, for example using water, the
water acting to cool the fumes and gases at the furnace

25 outlet, in a quenching apparatus. This prevents the
dioxins and furans from reforming.

According to the process of the invention, the
fumes and gases extracted may be treated and
neutralized in a standard system for the treatment of

30 gaseous waste such as that used in waste incineration
plants.

Moreover, the process of the invention may be used
on 1line with an existing standard procesé for the
incineration of household waste and the fumes and gases

35 resulting from the process of the invention may be
treated on 1line with a standard process for the
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15 fumes and gase
el i m nat es condens
t hese salts can be
process. Due to th
(approximately 2

are deconposed and
furnace are coll ec

s are extracted at approximately 1500[err] C, which

ation of corrosive salts on the walls of the furnace;
prejudicial to the Ion%-tern1industrial operation of the

e time the melt remains43n the fusion zone 20

seconds at this tenperature), the dioxins and furans
remain so. The fumes and gases extracted fromthe

ted and quenched, for exanple using water, the water

acting to cool thlathiems I qasRsoRd teste] Nagsr25exambl et , then &aid
guenchi ng apparatusE !2!5 revents, the djoxins and furans from reform ng.

According to t
may be treated

SH& L NGIREEFHION {RECF8RBs and gases extracted
apdcordiry iZedche protasgaict i einvearitioe, t oAat gent of

30 aseous waste ‘such,.gs. t hat used i ste Jjncineratio | ant s. eover,
. fey dnagked R 1hd, Pubndfe Pac 2

the process of ™HE& i T Y b

Ldpdegked Ny §¢¢ rtsthdnr d

_pr.ocess forstheamecitnaveatasnthé pulverulentndigtearihl heThesesadddtdaess 35

resulting fromthe
standard proce&?ﬂ”

ot oRané bk MR SRR e oS cFRLaLEE BT e

sai d househol d sddgt eoff ntheemslitonipr dhes furdtane di g giveheberoersmedt t he

I nventi on, oneugg

sanme time as the pulverdl‘ent materia

di Lves Jray 09 il gel edyieht gol e chubnagg agpphe 5

hese addi t nay, exanp

desi gned to i nvidasoud matinix.arer A iploxfurdcoficthese additiveace, to give

bet ter el o uni f or nirkik. pledehel @IS 0Pad OLOPLLO 08 Leaybbiapys

matri x, or a mxture of "these a i S ]
&oxn impdamantsing ithenproress ref t Hhe pinventien dascribed:i on

also relates t

tives. e present vent1 on

descri bed abovepollee apparatus of the invention is an apparatus for

15

20

25

30

35

The apparatus of the invention is an apparatus for
the continuous vitrification of a pulverulent material
comprising a furnace having a pulverulent material
fusion zone and a casting zone for the melted material,
at least one means for injecting pulverulent material,
at least one plasma torch, and at least one means for
overflowing the melt, said means for injecting
pulverulent material being lateral to the fusion zone
of the furnace and directed in one of the injection
directions comprising a horizontal component, said
casting zone or zones being oriented more or less along
said horizontal component and more or less away from
the said injection means, in relation to the fusion
zone, said casting zone or zones being overflow 2zones
of the said fusion zone and comprising a first and a
second end, the first end(s) of the said casting zone
or zones being in contact with the fusion zone, the
second end(s) of the casting zone being in contact with
the melt overflow means, said overflow means being
positioned to give overflow of the melt in one of the
more or less horizontal directions. ;

According to the invention, the apparatus also
comprises one or more means for drawing the melt

coupled to the melt overflow means.
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the continuous vitrification of a pulverulent material 15 conprising a
furnace having a pulverulent material fusion zone and a casting zone for
the nelted material, at |east one neans for injecting pulverulent material,
at least one plasma torch, and at |east on®neans for overflowing the

mel t, said means for injecting 20 pulverulent material being |ateral
to the fusion zone of the furnace and directed in one of the injection
directions conprising a horizontal conponent, said casting zone or zones

being oriented nore pécbeasng! AW €RLI RRFHAIYA Eﬁgpﬂ%ﬁgg?%ﬁe v

| ess away from 25 fhe said injection neans, 1n relatio Gsion zone
sai d casting zd?féeéﬁ ﬂ%sabgpﬁgt6§§?\fﬁ6ﬁ/1§6né§coplﬁﬁélas&P@FCRUS| on zone and

conmprising a first aml:@raﬁﬁgndoeﬁﬂe iheehtish, e'&ﬁés)fu%fm‘hh%o?@ ‘E&? ng

zone or zones ing in cont th the fusion zone, secon s)
of the casti ngb@ﬁ‘% ecBﬁﬂt ary fnaret ﬁElﬁfébf:leo@é’Ff Itb\ﬁ lﬁrmsss&fd

over.fl.ow nesns diss ngpnwddnmnedn&,@ng%w ogeéfbé)w ﬁlimi@éti | ndti{ll%r@ t he
nore or |less haqrizontal. directipns. According™to the invention e
appar at us al so ]?fztca(ﬂﬁ)‘f]r By ot Bl e nell- £ or Ritani AF t h@rederakipl ed

to the nelt ovmyf]lmdmiaraaﬂs $3he13mfé48 Q9eﬁ|1_g x%:‘fe%amf Rei- mgcaeeahe,rgsr?a
t th S._pr. on-transferring arc p
Lgygﬂ Izgcord?ﬁg e;%%£%%?Pgﬂ§ Eh ﬁ%iﬁﬁrQSﬁi ﬁaPﬁe furnace nmay be of
any shape SU|tabIe1Thetﬁus;mncaeaeohaﬁ cbhprlpeeseﬂtactbﬁieatthﬁt are g.
11 pt I t I | a et¢

Sre:‘ gr:a(t:)?y cyl i ‘iﬁlérl cat BEY ﬁ.ﬁﬁ% acEf béllﬁ*é&%?‘éf AN f‘%cz‘ipgd ‘Lr‘ﬁSJamEl PE8Car
section of theand i m"i&;’ﬂd sHape thEhe maldi obeimge n’h;tomeﬁﬁmeee r ehraaieor i es
that are 10 p@ﬂﬁ%ﬁﬂ&Bﬁé@@@a?&nélEﬁkBﬁe %%E%%dfhé€¥% 5¥ Ohé& ORE18"de

covered by the |t bBeing chrone-free,
y hrreh tempgratures and contam:.nat:.on of the gases and

fumes given off as the pulverulent material starts to
15 melt. The refractories in the fusion zone that are not
covered by the melt, i.e. subjected to stress by the
gases and fumes given off as the pulverulent material
starts to melt, may be constructed from alumina and may
contain a small quantity of chrome to improve their
20 heat resistance, particularly to thermal shock. Said
refractories preferably have a multi-layer structure.
According to the apparatus of the invention, the
injection means may, for example, be a pneumatic
injection apparatus, or fitted with a screw or pusher.
25 The injection means is preferably a pneumatic injection
apparatus. .

According to the invention, said injection means
is preferably disposed laterally to the fusion zone of
the furnace and directed in an injection direction

30 comprising a horizontal component, and may also
comprise a vertical component oriented downwards.

For example, the injection means is dlsposed so
that it injects the pulverulent material at an angle of
0 to 90° relative to the surface of the melt, and

35 preferably at an angle of 10 to 45° relative to the
surface of the melt.
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causi ng hexaval ent chronme contanmination of the melt at high tenperatures
and contam nation of the gases and funes given off as the pul verul ent
material starts to 15 nelt. The refractories in the fusion zone that are
not covered by the melt, i.e. subjected t85stress by the gases and funes
given off as the pulverulent material starts to nelt, may be constructed
fromalumna and nay contain a snmall quantity of chrone to inprove their 20
heat resistance, particularly to thermal shock. Said refractories

preferably have a nuhbcohdiely Séé“Q:tHér e:.n@ﬁﬁglﬁ.ghng e Eﬁa@@ﬁi‘iﬁt UfeQhs t NE

i nvention, the i n{(ect | on neans_may, for exanpl e mRLi C I n ectton
appar atus, or fPe¥ed iR% he’cia%‘Eil-Sw &Xtensheintosthge ﬁ‘%ﬁlém i éﬁnﬁeaws the

preferably a pngggmt isf al epén@él 2PRY’ HAS - tﬁ%cogﬁ’éﬁw b (d1€ nefYANt £ BBe
said injection neaps is ferably di sposed |aterally to the fusion zone of

the furnace andPH?Fﬁﬂ:?Sl ¥an #nj EeEFGFtOVect iTHe 301N38GEPrsi MRY a be

hori.zont al scon@djlﬂﬁtablénd:o nﬁﬁje@{:s@LﬂQfé&Fdl%Qlta HEEérfal QWM Mnto
ori ented downwar ds. tﬁ&ag%lg the injection nmeans is disposed so that it
*

injects the pul ¥%r@P ﬁt at an angle of 0 to 90[err] relative to
the surface of the nEhe, 1amrd:e3&o:prﬂfrjaéebi.ugapuaﬂe&ﬁméﬁtoinal%ﬁ%l‘lﬂﬂfd]

[ nj ecti on neanctigy FOFBR%e, BRRE A RAT #5 LHESFHRtoRL2BRE S Thaior m
of a lance thatfhzsache stbged! to nthel watheriabt datjedtipm rateactmsy.
'nto of ont? { roeiple. TESE. Eh° A0 bRF 8Bk TEabE of L1l hedrodr 8 o
the furnace prarelverylant untemeﬂ.malasddasambednlhhethieure:m]reelmﬁa?hto
Lg/ehgﬁﬁ e{):c al i neRsbaPHehdt CofFOEnd0 Eﬁ%@&'ﬁ: fi%re?l@iiog,ecttih%n e a0
diameter of the lance may be 20 mm.
The injection means according to the invention may
15 be adjustable as concerns the pulverulent material
injection rate and/or the proportion of material in the
conveying gas and/or the vertical and/or horizontal
pulverulent material injection components, and/or
injection onto the surface of the melt or into the melt
20 itself. |

The apparatus of the invention may comprise one or
more transferring arc and/or non-transferring arc
plasma torches. '

When the pulverulent material does not conduct

25 electricity when cold a transferring arc plasma torch
may, for example, be. coupled to a non-transferring arc
plasma torch, the latter being used to initiate the
fusion process. "

These plasma torches may, for example, be replaced

30 or complgmented by heating by means of a burner.

The plasma torch is preferably protected by a
sheath made of refractory wmaterial. This refractory
sheath acts to limit loss of heat related to the
transmission between the refractory walls at high

35 temperature and the cooled torch, and thus to avoid

-recondensation of salts préduced during fusion of the
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pul verul ent material, as described in the exanple of an enbodi ment of the
present invention, the internal dianmeter of the |ance may be 20 nm The

i njection means according to the invention may 15 be adjustabl e as concerns
the pulverulent material injection rate andbfor the proportion of material
in the conveying gas and/or the vertical and/or horizontal pul verul ent
material injection conponents, and/or injection onto the surface of the
melt.or into the melt 20 itself. The apparatus of the invention nmay

[ f ' -t f '
Corehes. Wien (RALSSFULPE Tositat (pRTEn8" oBI% SRR O PeBal™l
col d a transferThig. drypel afmrecoodemsation wakepl ovitdwlrawgl eoft othe
-t f [ I bej t o LAk kLat
o e ot PhoR Ty Bnad e | e DS (PPl ki

fusion process. _Thes sma torches nmay, Tor exanp aced
conpl enent ed bydh&fdrudthby neans of a burner. The plasma torch is

Jref.erabl tected t de,0f t t ghirablel
pret.erably FSELO ect edphy 31:??%& hTé’iF Bed ﬁbﬁﬁ&éa oby B! mbvable MbSacket

refractory sheath_acts to t 10oss of heat related to the transm ssion
bet ween the ref RAdPWipgwdti:s for E@mpde + dimdatneeederhicabby candleEh,

and thus to aVOh@r&Q_@ﬁEQ&&% i%ﬁbﬁ%?ﬁiﬁiﬁﬁﬁ?eqwrﬂdﬁﬁi&i ORePative
26 pul verulent material gn"the cold surface of The torch. This type of

recondensat i on FrﬁkEQGV\P‘FHGr-awaI of the torch for maintenance and/ or
ener gency reasons nopgceirlfingulto fhe appabusrép whg Hewventilet, otha

rovabl o O At e kB 5 Bherrb AR B LoNehHhAC g ApShet
Accordi ng to theagppgr,atits dieidhti redatiive tidiethe melt and its angle
relative to the surface of the melt.
For example, for a furnace fusion zone diameter of
approximately 1500 mm, a pulverulent material that
15 melts at between 1300 and 1500°C, and a melt depth of
between 100 and 500 mm, the power rating of the plasma
torch may be set to between 150 and 700 kW and
preferably approximately 600 kW, the height of the
torch may be set to between 450 and 950 mm above the
20 melt, and preferably 700 mm, and the angle of the
plasma torch may be set to between 45 and 90°, and
preferably 90°.
According to the apparatus of the invention, the
overflow means of the melt may, for example, be an
25 overflow stop disposed on the second end of the casting
zone. This overflow stop may be movable and adjustable
so as to allow the overflow level of the melt to be
set. - |
According to the apparatus of the invention, the
30 overflow means may be coupled with cooling screens to
cool the melt overflowing out of the furnace as
vitreous or crystallized material. _
According to the invention, the overflgw apparatus
may be replaced by, or cdupled with, means for drawing
35 the melt.
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‘20 plasma torch can be controlled as concerns its power rating, its height
relative to the nelt and its angle relative to the surface of the nelt. For
exanple, for a furnace fusion zone dianeter of approxinmtely 1500 mm a

pul verul ent material that 15 nelts at bet wve&n 1300 and 1500[err] C, and a
melt depth of between 100 and 500 mm the power rating of the plasma torch
my be set to between 150 and 700 kW and preferably approxi mately
600 kW the height of the torch may be set to between 450 and 950 mm above

the 20 nelt, and m&Esrabhy €60 vHB appdrhbisatd ecmé iH@eB{:%ﬁa teq{eh
may be set to bet ween 45 and 90[err and preferably &err AcCording to

the apparatus GT3WEg nPeAREoRaYyh %eﬁ’ﬁfm\l%a}l’% Bf rpil, 1Rgl EPPRFatus

exanpl e, be angib miﬁgvmslppwﬂtﬁpeésg!eanrbn%srecond end of the casting

zone. This overflow sto be e and adjustable so as to allowthe
overflow | evel of tﬁ@“ﬂ%l ttyé& ]ﬂé&)r&?-gré th2§ hEhgp RARREAGE

i n.\/.f%l:l%ihon :5[16 a’.in.cﬁ/m |Q\udleﬁéft{fﬁita?&r@uabéédwﬁ& !e‘)éO'd:cSthﬁGI?@clﬂls H}ﬂd
coo e nelt over oyt, o e furnace as, vi us or al li.ze
mat eri al . Accortf ‘{’)ﬂ"c‘ﬁ% leﬁentrq}'r? tion E\P&eﬂl oRF appaf atift

/rA\ epl aged by, o[]rmmi@d \u;iétd nbtnstlﬁer fbmmﬁ ﬂﬁyt,thﬁEI texamp]?H fbe
ccording to the _apparatus_o venti g mea Qr
exanpl e, be a ro?‘fﬁ%é a‘f)%a?aﬂﬁ ESFI Fﬁ&TPn“ﬁ g&le ngglrgd “Feré"he‘ﬁn S
type of rollinghel drausnghsp@@damﬁgiahef nelteld meteyile bel highawithe
speed to bgyco d t t e e _rohl.

the rotati S8 Spakter pR¥LEAR) Eaerdd 'afetdh eofifletdl SGrdarbl® dobT el
for cooling the# okher srorlaess widrerehy dmm spébyeonst n@am:aab of

material is hi ¢pndtent quality.

Moreover, a rolling mill has the advantage of
being able to guide and calibrate the crystalline or
15 vitreous material being formed.

In one embodiment of the invention the casting
zone may comprise a register that separates the fusion
zone from the casting zone such that the furnace is

20 maintained under negative pressure. This negative
pressure is obtained, for example, by means of an
extraction ventilator for the treatment of fumes and
gases given off as the pulverulent material starts to
melt. This negative pressure prevents the toxins

25 contained in the fumes and gases given off as the
pulverulent material . starts to melt being discharged
into the atmosphere via the casting zone or leaks in
the furnace. The x:egister may be fixed or movable.

The register may also provide a regular melt flow-

30 rate at the furnace outlet.

According to the apparatus of the invention, the
furnace may also comprise a flue for extr?.cting the
fumes and gases given off as the pulverulent material
starts to melt. This flue is preferably disposed so

35 that it extracts the fumes and gases without being in
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10 roller cooling control system commands greater cooling of the rollers,
thereby giving vitreous material of constant quality. Mreover, a rolling
m |l has the advantage of being able to guide and calibrate the crystalline
or 15 vitreous material being forned. In ?%e enbodi ment of the invention
the casting zone may conprise a register that separates the fusion zone
fromthe casting zone such that the furnace is 20 nmaintained under
negative pressure. This negative pressure is obtained, for exanple, by

means of an extigeta@f ¥EBh! kdeOmdlY dithdsF efh "ERE EhsibREZci GPSEse
given off as the pulverulent material starts to nelt.. This negative

pressure preverfastiad snRsoSstheofUENACE-in the funmes and gases given of f

as the pul verul ent ‘nph&réRtraét #6hS FlAeMibly, PFord eabipld ,J&k | dirthédEed
at nosphere via the casting zone,or | eaks in the furnggce. The register may

be fixed or nove®lehe TRECFeReRELPNRHy extyachion yenkl Tar melt flow 30

-rate-at thesfurnace gaddbedingccaidli Ngheo tdipaRpaist UsFOf the | Predddmn,
t he furnace may, al so conpri ge a r extracti mgi_t he funes and gases

Given of f as t HETYRRGLPR crihemBHIVETIeRt shaReRLAL WM SCFTgR means,
preferably di spdsed pbasha tbtekcht andr aghe t heltundrawitigiasrmns t oy
being in 28(§0q%99%+mﬁt ythﬁ Telt eitheroin tEe fgsion zone or the
casting zone ofSTREITITACRY FhelEREFaOPPOROPEEEINESOPror exanpl e, be
connected to the af Fareexaupde,exthecteansydivy | hipecting pulveeadietitng
i ect ton landeterfar o Wi Rubdks" A" ghdl Rl € carav e "R | e
by at |east onandferoltheomverflewameianst mayredes faomtimglded ndy a
pul verulent 10 sBHerdR! 1680 ddMtddiTaRf &d 106eiCbe iAW ) fB3BS the
furnace.

The control loop of the melt level in the furnace,

15 i.e. in the fusion zone and/or the casting zone of the
furnace may, for example, consist of a control system
commanding the injection of pulverulent material into
the furnace and/or the overflow setting of the melt of
the fusion zone and/or the setting of the drawing of:

20 the wmelt out of the furnace in relation to the melt
level in the fusion zone and/or the casting zone of the
furnace.

The melt level may be determined by means of
probes located in the fusion zone and/or in the casting

25 zone of the melt. )

For example, when the level of the melt in the
casting zone is higher than a preset value the control
loop can command faster drawing of the melt, for
example when drawing is effected by means of a rolling

30 mill, by increasing the speed of the rollers, while
leaving the injection rate of pulverulent material
constant. _

For example, when the level of the melt in the
casting zone is lower than a preset value, the control

35 1loop may command a faster injection rate of pulverulent

SP 13 443.69 EE



and/ or the overflow neans nmay be controlled by a control |oop controlling
the level of the nelt in the furnace. The control |oop of the nelt level in
the furnace, 15 i.e. in the fusion zone and/or the casting zone of the
furnace may, for exanple, consist of a conBPol system commanding the

i njection of pulverulent material into the furnace and/or the overfl ow
setting of the nelt of the fusion zone and/or the setting of the draw ng of
20 the nelt out of the furnace in relation to the nelt level in the fusion

zone and/or themgRering 9> Oéhéhgufx‘x'l%'&%c%nc%-r@_ BBhbtha¥eln &’Paw%ng
determ ned by neans of probes |located in the fusion zone and/or 1 n the

casting 25 zone*@Fethe nelt. For exanple, when the level of the nelt in the
casting zone is highpert Bﬂamilér,e%'&enVQ:'Hée 1leRRI1ICHH e RO CAY wOPEBHH

faster drawi ng of the nel or exanpl e en drawing is effected by neans
of a rolling SOfﬁ’?FI ,CBE’S{:?IB ea§f‘ﬁgngﬂléa£’ge§9 o&‘? hePFeFeer svaliet e ¥avi ng

-the-inrj ecti 6n_redrtpdlplibepr agnicomiiatid AorbAamita iing dutli X &l edrabengt he
| evel of the meéé%ig t%ﬁscasti ng zone is |ower than a preset val ue, the
control 35 | oop ? Rd a faster i njection rate of pul verul ent 29

material into the fuThacmeans Fawnbhjettingt pdleeralehtt materiOxaimtes.
| ess const ant _a equal to the greset

when the | evel t Lt i or.

value, the 5 co‘%{l?o ooﬁtena%n%rg%ﬁﬁnc})%"ﬁﬁt’éﬁl?%j gkt &8}? aﬁﬂrﬂﬁa\maﬁ(g Seed

rates. The neansdjested) byt angoptiredr dicept comtecldlingtthe heedparsaerssd

t he power ﬁﬁtiWQEO%héh@eigrﬁﬂd”EHebg g%hg@t%gngy a control loop controlling
1 of t mel  andthe Ca

the tenperatures e sting zone.
The melt temperature control 1loop may, for

example, consist of a control system that controls the
setting of the rate of injection of pulverulent
material into the furnace and plasma torch power

15 setting relative to the temperature of the melt and/or
the casting zone.

The temperature of the melt may be determined by
means of probes located in the fusion zone and/or the
casting zone covered by the melt.

20 For example, when the temperature of the melt is
too h_igh, the control loop may command a drop in the
power rating of the torch; conversely, when the
temperature of the melt is too low, the control loop
may command an increase in the power rating of the

25 torch. o

The height of the torch in the furnace may be
controlled by a control loop setting the temperature of
the fusion zone. °

The fusion zone temperature control loop may, for

30 example, consist of a control system for commanding the
height setting of the torch relative to the temperature
of the casting zone. _

The temperature of the fusion zone c'ovéred by the
melt may be determined by means of temperature probes

35 located in or on one wall of the furnace covered by the
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The nelt tenperature control loop may, for exanple, consist of a
control systemthat controls the setting of the rate of injection of .

pul verul ent material into the furnace and plasma torch power 15 setting
relative to the tenperature of the melt and?®r the casting zone. The
tenperature of the nelt may be determ ned by nmeans of probes |located in the
fusion zone and/or the casting zone covered by the nelt. 20 For
exanpl e, when the tenperature of the nelt is too high, the control |oop may

conmand. a drop ltﬂelﬁ? ﬁ?é’ﬁér&%tl Gedlr the DYt PR $iveh tv}?l‘?lch

tenperature of t 8 w the control | oop may conman
increase in the ﬁveP ?ﬁ'ﬂ‘?‘ng BF¥St-he 25 torch. The height of the torch in

the furnace may be COFéfolé:@dnﬁJNe,a when!, ol ihoap Sethhfsohhgrd eWHEE:ﬁt LEl?e of
t he fusion zone. el&f usi on zone terrperature control |oop may, for 30

exanpl e, consi stt@FCR DoWETy TR ARG RWKVRIFISRE ( RAtRELEA Jé'bqu:'hlgorbf
t.he torch relsativetéo die Tc!i'mmiaﬁwf e ﬁlfe t hém@é&btﬂ&ezoﬁﬁebgae d@i@éﬁaté” e
of the fusion zogescor\l/ered bé t rgi ngﬁ erm ne(% maa s of
tenperature probesSE3R £3BG EGPREGEVSR 8 i3 e py
the - 30 mdlt, gomtrohblgopeeant cempandt aogrteheefrOlt@h-chr hﬁh\g{lﬁtcg thgwer
pLas 1 oue | FOr XL oalEh AicBes LLARLLTR, bD W Rekls L G

t enperature pr ob’elsedefimataefustbe Zoempé eaperat uwe htl_gmermethan amd)reafé
Sops contr ol e e g8ell HRRT R EAREAALET BF Yo EDEIGRC 48 e
melt and the 10 m%}asth%guﬂﬂ@e sgparaifelyenper aﬁm@lbanecbles.'i]am Fheynare

preferably used simultaneously.

The apparatus of the invention may be used as
described above or on 1line, for example with a

15 Thousehold waste incineration plant, i.e. it may be
integrated into a household waste incineration plant
preferably comprising means for treating gaseous
effluent produced by the incineration of household.
waste.

20 In this configuration the apparatus according to
the invention can be used for on-line treatment of the
pulverulent material produced by incinerating household
waste and the fumes and gases given off by the fusion
of the pulverulent material are treated on line using

25 an apparatus for the treatment of gases and fumes of
the said household waste incineration installation.

The characteristics and advantages of the present
invention will be better understood from the following
detailed description. The description is of a non-

30 limitative example and refers to the attached figures.

Brief description of the drawings _
- figure 1 is a detailed diagram of a cross-section

through a continuous vitrification apparatus for
35 pulverulent material according to the invention,
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iréy be used separately or sinultaneously. They are preferably used
si mul taneously. The apparatus of the invention nmay be used as descri bed
above or on line, for exanple with a 15 household waste incineration

plant, i.e. it may be integrated into a Rdusehol d waste incineration
pl ant preferably conprising neans for treating gaseous effluent produced by
the incineration of household waste. 20 In this configuration the

apparatus according to the invention can be used for on-line treatnent of

the pulverul ent-ngigniral 2pieducad airam Gl aldy Gransihal evdsicn agg 4he
fumes and gases 8| ven of f by jthe fusion of the pulverulent material_are
treated on |ineCGRFHRUSHES 4 ’ﬁ:p‘b‘aé]aﬁﬁfsl‘?%r PRRAFALYE e FOTof RIEERYUIeNE ynes

of the said houagberilalaateorddngetat ithe iiptetididn ,on. The characteristics
and advant ages of _.the_present inyention w be hetter understood frpmthe

[
fol | owing det ai T e8 8BEEr Pprithi? THRITRYCPEpARo FHLETgeRgTt, Rf & section
-ki-m-tati ve, sexathkreughdmettedrawd nighmediisn@rbddigiy ao e efnviasciow) i on

of the drawings_-_.tiqure, 1. s a detailed di agram of cr.aoss-section through
a continuous Vi F%’bgggaﬁ &r?s aap%’a%?%'g OEOF%3§ve53I13eP'&F§'nt° S e
accordi ng to thsechientitthrogfhla 448ntdnbious Gitrifigatiofl iappaxkhtagsam

of a top view o ' a 440 It sl f i i s for

pul verul ent mat é??q?ﬁg{({%gp%igﬁg {"o%%%%el%:in\%zcrﬁq g%l'fd q:%lt é:g{rée%r&té I ‘agr am of
an enl argenent of faguret iSoris at diegyammf ar aechjoneshyongbordi sgrew-t he
i nvention, 39 fi 4:1 Lagr f \Y; VA f PSR L on

t hrough a cgnt i %ﬁsﬁl?reie}:iq?gt i %?p%pfgg?las?ug or %idi ve'%ﬂggnt% mat er;t?ﬁ?ﬁt’;
accordi ng to thBatayéali dpto. thegfuenages a di agram of a section through a

screw 10 type injection apparatus for injecting pulverulent

Detailed example of an embodiment of the invention

In figures 1 to 4, identical part numbers refer to
15 identical components of the illustrated embodiment of
an apparatus according to the present invention.

Figures 1 and 2 show respectively a diagram of a
cross-section and a top view of a section of an
apparatus for implementing an embodiment of the process

20 of the invention.

In these figures, the apparatus comprises a
furnace 1 comprising a fusion zone 3 for a pulverulent
material and a casting 2zone 5 for a melt 4. The
apparatus also comprises means 7 for injecting the

25 pulverulent material into the furnace, a non-
transferring arc plasma torch 11 and melt overflow
means 17,

Fusion zone 3 is circular and enclosed by a wall

composed of an outer metal envelope 19 and an inner

30 multi-layered refractory structure 21 composed chiefly
of alumina. The refractories in contact with the melt
together with those likely to come into contact with it
are chrome-free to avoid contamination with hexavalent
chrome of the said melt and the water used to treat

35 fumes given off as the pulverulent material starts to
melt.
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material into the furnace. Detail ed exanpl e of an enbodi ment of the
invention In figures 1 to 4, identical part nunbers refer to 15 identical
conponents of the illustrated enbodi nent of _an apparatus according to the
present invention. Figures 1 and 2 show res ectively a diagramof a
cross-section and a top view of a section of an apparatus for inplenenting
an enbodi nent of the process 20 of the invention. In these figures, the
apparatus conprises a furnace 1 conprising a fusion zone 3 for a

pul verul ent naterlalmwwinhﬂhﬁﬁﬂdﬁhégﬂﬁhétf@fean62|hnﬂcdﬂﬁééﬁﬂ%ﬂ@ﬁuéhélSO

conprises neans 71Eo I.nj ecting the pul ver yl en terial into the
furnace, a nBf: st%‘?qq?’lgia?csﬁ?&%nﬁ“?&t&ﬁyl TANG &R IPPERVReans
17. Fusion zonethenr hletamlraars:amhrmm,l qmttim;]ﬁhﬂ@h@clmm@l Hheek out er
nmetal envel ope 19 an‘dl an &,taré It| | avered refractor strr%%ure 21

conposed chi ef |y ‘of alunina. he G ef Gor iBERIF nt‘é%’f meFhe
t-oget-her wi t5h t nefractioaliest @ﬁ:(ﬁusncm eamEt3adn wdntddt aﬁftlchﬁeolm {djeg to

avoi d cont am na t aﬂﬁ?ﬁ I t.he ,sai.d el t a e water
used to treat BEhg?mmssI%gl Ve?lé%f E?%gggugyet’ﬁ’ls Ting. 4 a‘fa %@ST‘
melt - SP 13 443ceQling CBz'qlhEtrefZBact dhiss tthérmalr nhianniemontwﬁaesth
the nelt may cogphah A el r heat

resi st ance, part?cu ar P?/l to t er%éas/hoc‘k&wlﬁgg%é ?‘l rnt &ﬁen;p '5+ts
corrosi on of th@lsratépﬂa(ﬂfomwmnﬂusmehezoabsB1nll10cchiteacntefmat¢tcumies4 a
t her mal bang erbyswagg&ﬁg Rtk Stk fl’iengu.ﬂ: cifged cooling circuit

23. This thernal barri &r causes fornatl on an auto-crucible in nelt
4. This linmits m grafP8nisteggad,dianetar of §u$h@7@ gRBer 8f d&c 18 gnm

and the height of fusion zone 3 is 950 mm.
Fusion zone 3 in contact with melt 4 is described
as the vessel, the lateral sides of the furnace are
15 described as the walls and the upper section of the
furnace is described as the wvault.
Injection means 7 is a pneumatic injector 7a and
injection of the pulverulent material is effected with
a conveying gas in dense mode. Injector 7a is extended
20 by means of a metal tube 7b or lance that conveys the
pulverulent material into the furnace. This lance 7b is
protected inside the furnace by a refractory 7c.
Injection means 7 can be controlled so that
pulverulent material may be injected either into or
25 onto melt 4 and can be directed in an injection
direction comprising. variable horizontal and vertical
components that can be oriented downwards.
In figures ‘1 and 2, reference 7 indicates a
nominal position for the injection of pulverulent
30 material into melt 4 and reference 9 indicates an
example of an alternative position for injecting

pulverulent material onto melt 4. Angle o of figure 1

indicates the alternative direction for injecting
pulverulent material into the fusion zone relative to
35 the surface of melt 4 shown by a horizontal dotted
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1 >

10 by trapping themin the auto-crucible. The internal diameter of fusion
zone 3 is 1500 mm and the height of fusion zone 3 is 950 mm Fusion zone 3
in contact with nelt 4 is described as the vessel, the lateral sides of the
furnace are 15 described as the walls and The upper section of the furnace
I s described as the vault. Injection neans 7 is a pneumatic injector 7a and
I njection of the pulverulent material is effected wwth a conveying gas in
dense node. Injector 7a is extended 20 by neans of a netal tube 7b or

|ance that, convese | hewayl verudaie R Salelobaba LiRILPARE. 1L dange 70

I's protected inside the furnace by a re ractory nj ection neans
be controlledsﬁh&haompm&hylnxﬁmtxmnedlnéchnpnbeanghmtédoélBhawnnumfor

25 onto nelt iéh @ﬁ Hg adirected in an injection direction
conprising variable OFIZOH? and vertical conponents that can be oriented

downwards. In flguréﬁpnaaﬁUUS lreﬂemennmmﬂrlsabcaiasnatuansmarqmmgtaxmlfor
et ecti gn. gf) gty cepken! 130 TAYERSkn 1B! BeTE: £yBA0 JALGIANES 40

i ndi cates an an a ive p03| ecting pulverul ent

materi al onto mmnent apgﬂécatépnﬁlgﬁréﬁz|7iﬁcﬁ&bs FRoAa2t #8hatd9i40e and

direction for i 14N ul ul I ive
PREC13 938U19/ 'Pﬂi%”ﬁﬁ.‘iﬁhé ecﬁt dotéi—'fdé%% %3’2%4619168&

to 35 the surface of nelt sh orlzont

33 line. This #ARRAFRERGe éﬁl@écwl@ﬁw%g@@ ES |r@sf§ratqtmx heshaatimal13.

injection diredfyactely EHelatioym) aQ:fté Nt &C M3 tTERESE 7 1P a8akUS d
al so conprises a non-transferring arc pl asma torch 11. This torch I s of

the type défcriSPsrAtRrentt 1S¥at PSHB’eFR Abe 73styactory walkss afag
and FR-A-2 735 t3@9. filbhacpl agehighi ChenpeRatage anmdAhéJcaphadaigiadnpot

shown) and a r%iﬁ%ﬁ1or¥h3hea%gad%ory sheath therefore acts to improve
the overall energy balance of the process of the
invention.

15 This refractory also acts to avoid recondensation
of salts from gases and fumes produced during the
fusion process on the cold surface of the torch, which
could make withdrawal of the torch for maintenance
and/or emergency reasons difficult.

20 Torch 11 is mounted on a bracket allowing it to be
moved vertically, thereby optimizing heating by

controlling its position relative to the melt.

In figure 1, angle B is the angle of an
alternative position of the non-transferring arc plasma
25 torch relatlve to the vertical position described
above, accordlng to a nmdlflcatlan of the process of

the invention.
In addition to the plasma torch, the apparatus
described mwmay include booster burners (not shown)
30 mounted on the lateral sides or walls of the furnace.
- These burners are used alternatively and may be used to
maintain the furnace at a constant temperature during
shutdown phases in the process. This is to avoid
thermal shocks to the refractories and maintain the
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Refractory sheath 13 acts to limt heat |loss due to 10 tenperature
transfer between the refractory walls of the furnace at high tenperature
and the cool ed plasma torch. The refractory,sheath therefore acts to

i nprove the overall energy bal ance of the process of the invention. 15

This refractory also acts to avoid recondensation of salts from gases and
fumes produced during the fusion process on the cold surface of the torch,
whi ch coul d make wit hdrawal of the torch for mai ntenance and/ or energency
reasons .di ffi cyplv@pulent Waterial | mebuveded thexebyacledtlawingni nchet to

be noved verticall t herghy L _Zd i by controlling its
position re|a¢r8£9?%dPﬁ8 Eglgg Fﬁgekkgbﬁgw%ﬂéaiﬁﬁﬁﬁi' [err] 1s the angle
of an alternative poasting dofornéeSporwhiahsfis rong the witheam gideorah
relative to the rfic OShti exGLi bo ceordipng to .

nmodi fication off';{%éé%r ?coéfs)es %f %ﬁbe“gi %&éﬁ?ﬁgﬁi I%gaarc'i%i tgigoni?o % thBFaslrr%

-t-or ¢h;— t heSappehitls medscr4 boverfi}owsc|fictem beaide fusioner zogeod .sHakd 30
nount ed on the ldes eor, : . n cal r S

used alternatidé?%ggﬁ% %Eggbé ﬁgﬁyéi%é%ﬂééggﬁ h%ﬁﬁq?ngggﬁggpéﬂggné?gﬁt

t enper at ure durfimgsthendowf pihe ccashinge zpnecds heimyg sins contaesi witder nal
shocks to the r 0L, § nd i i gt 1 43, : :

pul ver ul ent naﬁérlfgﬂ& Eﬁgﬁt g('j thEhgrEEE?/‘d %ﬁdg\%fngh%t %gg%rl?cé’e(ﬁ?rn?tboelbneg
restarted i medikt@pPytachsvikl evastdowumeansi d7oforh@edthdr- side of fusion

zone 3 frofpinj ecti QleIBaBGeF£1bh hed2 17 H5W GbvaBLE drepeithaeedd om
caonpri,ses a first and a second, end,

said fusion zone 3. Said casting zone 5
the first end d®t Eé%??‘ig Q?r]]ti’é(ng Ity dént 4eedy R eRRPL o ARG,
the second end adjuse cthet ovgrflow UiVl of melt 4 in the fusion zone
and the casting zone.
Said melt overflow means may be replaced and/or
15 complemented by a rolling mill with cooled rollers that
draws the melt from the furnace via this casting 2zone.
This type of rolling mill is shown as reference 37 in
figure 3. In this figure the casting zone 5 is coupled
to movable, adjustable overflow means 17 for melt 4 and
20 to rolling mill 37. Said rolling wmill 37 comprises
cooled rotating rollers 39 that draw melt 4 overflowing
from the overflow means via the casting zone out of the
furnace.
The apparatus shown in figure 3 also comprises
25 cooling screens 41 that assist in the transformation of
the melt 4 by cooling it into amorphous vitreous 47 or
crystallized material, and an apparatus 43 for
controlling the height of the rolling mill and the
overflow stop. In addition, the rotating rollers can be
30 controlled both as concerns their speed and their
cooling, thereby making it possible to control the
drawing of the melt. _
In figure 1, the casting zone of apparétus 1 also
comprises a register 27 that separates the fusion zone
35 from the casting zone so as to maintain a level of
_negative pressure in the furnace by means of a
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in contact with overflow means 17 for nelt 4. 10 Melt overfl ow neans
17 is a novable stop that can be adjusted vertically. It is used to control
and adjust the overflow level of nelt 4 in the fusion zone and the casting
zone. Said nelt overflow nmeans may be repl a¥®d and/or 15 conplenented by a
rolling mll wth cooled rollers that draws the nelt fromthe furnace via
this casting zone. This type of rolling mll is shown as reference 37 in
figure 3. In this figure the casting zone 5 is coupled to novabl e,

adj ust abl e over f{oN¢ MBS 1 (.  BRbWnd %ng&%ﬁﬁ# gil as?’%? 2?%% d

rolling mll 37 conprises cooled rotating roll

overfl owi ng fronk¥mRs ogéveporffeas the v vezarlient z‘@ﬂfeeml oftants to
f.urnace. The appaént USvEdoddict 26l gure 3 al so conprises 25 cooling screens
41 that assist in the trapsformation of the nelt 4 by cooling it into

anor phous vitreous 47R% TRYEREPKE; RVermalee anotedythatanthispresisterss

f-gg-mmrol Ihsng lidkpdei ghimehatle r\%ﬁrh%%@e&" u@.%rh'l%nQVerlﬁé%féPp by
a ition, the rotatin r ers can e con concer ns
their speed arépr?’rf&rgbﬁollil t axshangeskb ﬁ WPandﬁtq bI“S Fo anfht the t he
drawi-ng of the remelted fmmmél tIe €Rereforéomnakes appaneributidnseo

A .that epar a hefus on zone 35 fromthe casting
ggrr]rgrlszezsat (r)egltrsl'h? awjee'tf% tgl? tbﬁ#v‘élﬁFé 183PFAAVRE £ ur nace by neans

of a 35 venti | at orTHenoappapabhsi @lsxt comprigesha gramseratute Nperobeven

ff th I I I t mel t a duct ,25. elnv tors
have al so nbbed Ahatots Eor eetriidite PefBetarird B8 bt aelky 1n"Ehe

pul verul ent nateastiing [Borey ctenpehathareat prabaaniksubedweencohero@l thend
the unnelted matdigdratdrd @feéﬁéex%?ﬁ%t%ﬂ%@ 'Rt By the melt in

the fusion zone more or less in the region where the
plasma flows out of the t:brch, temperature probes 33

15 located in the casting zone and a melt level probe 35
in the casting zone. The melt level probe operates
without contact using the capacitive effect.

In figure 1, reference 4a denotes distortion of
the surface of the melt in the fusion zone caused by

20 the flow of plasma from the plasma torch. This
distortion helps increase the heat exchange surface
between the plasma and the melt and improve the
uniformity of the melt in the fusion zone.

The apparatus shown in figure 1 also comprises

25 three control loops (not shown), X, Y and Z.

A first control loop, known as loop X, controls
the melt level in the furnace. This control loop is
designed to contirol means 7 for injecting pulverulent
material into furnace 1, melt overflow means 17 and

30 drawing means 37 for the melt in the furnace relative
to the level of melt 4 in casting zone 5. Control loop
X operates by receiving data concerning the level of
melt 4 collected by melt level probe 35 a:nd, in the
light of this data, selecting a higher or lower

35 injection flow rate of pulverulent material by
controlling injection means 7, and/or a higher or lower
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the quality of the final vitrified product. The apparatus al so conprises a
tenperature probe 10 29 used to control the tenperature of the nelt in the
casting zone, tenperature probes 31 used to control the tenperature of the
refractories covered by the nelt in the fu86on zone nore or less in the
region where the plasma flows out of the torch, tenperature probes 33 15

| ocated in the casting zone and a nelt |evel probe 35 in the casting zone.
The nelt |evel probe operates w thout contact using the capacitive effect.

In f 1 t

the 1 081 on soncMERE0I ¢ ERobES ity £y Sinb BoMIELRGS OF bUE-ERLL 1"
torch. This di stoptildn @14/3311' r@rbasberherhé@wegxdmg@gsmpm (bﬁt tben
the plasma and ag¢mgy I% é‘ﬁg trﬁ'fl]:'nb?orkfpsté'ePécf:I{ﬁ%”%l thi%l}élheor

fusi on zone. The apparatus s | ure 0 conpr s 25 ee
control |oops (ﬂr@?’eé‘h(?\ﬁ&)atl)@n \SBﬁﬁﬂZO Ather otasingiralders i hdweE akheoop

-X..control s g hergBhlinge\w@l11,n 58 thathadfe 18V81CYUH 'he | RERL! 2 UBS! Hﬁéd to

control neans 7 for ,injecting _pulverulent material 1nto furnace 1, nel
overfl ow means EASEARIIFONA 2R AP RR¥R QY fl@Sa HEOREEaNtn dhé-f @ n‘&@ét

relative to thedepttl off bekWeeh |§oqsea${d hFQRe. 5. Control | oop X operates
by receiving data concernl ng. t he | evg of melt 4 coll eit ed %'rmel t | eyel
t

probe 35 and, in the®l SFFCH EPRETL: 400Dy éi’;‘!‘?"ﬁb &5Hi-gREr FoRkEross

i nj ection flowr:héatemp@fratmﬂe/awlené mERteand tHY ety | zoge n"rnggi on
means 7, ar‘idtg gﬁgg or | ower ‘ mel t .over,flowb conttol | ng.

posi tion of veFPP t op°PP, an@Bt ré) g ST A Phe ™ z Phedt ? t he
nelt by the rol pumgelmﬂ.len&? mptesiadt i do atheghéurnacbomandr othéi opowered

of the rotati ng,. 5?_ grSOS,__Q gfof'&? 51iol I Fggtgl onst%%lpt haft t ei,g‘]y%s of)yt he

melt 4 in the cas zone more or ['ess
receiving data concerning the temperature of melt 4 in

the casting zone collected by temperature probe 29 of

15 melt 4 in casting zone 5 and temperature probes 33 in
casting zone 5 and, in the 1light of this data,
selecting a higher or lower power rating for torch 11
and/or a higher or lower injection rate of pulverulent
material so that the temperatures of the melt and the

20 casting zone are maintained more or less constant, i.e.
at between 1300 and 1500°C.

A third control loop, known as loop 2, controls
the temperature of fusion zone 3. This control loop
controls the height of the toxrch in the furnace.

25 Control loop Z operates by receiving data collected by
‘ the temberature-probes 31 in the fusion zone covered by
the melt and by selecting a higher or 1lower torch
height so that the temperature in the fusion zone is
maintained more or less constant, i.e. between 1300 and
30 1500°¢C.

The height of the torch for a melt level in a 300
to 500 mm fusion zone is between 450 and 100‘;0 mm.

Figure 4 is a general view of a cross section
through an embodiment of the invention described in

35 figures 1 to 3.
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aépth of between 300 and 500 nm A second control |oop, known as |oop Y,
controls the tenperature of the nelt and the casting zone. This 10 control
| oop controls injection neans 7 of the pulverulent material in the
furnace and the power rating of torch 11. Gmtrol |oop Y operates by
receiving data concerning the tenperature of nelt 4 in the casting zone
coll ected by tenperature probe 29 of 15 nelt 4 in casting zone 5 and
tenperature probes 33 in casting zone 5 and, in the light of this data,

sel ecting a higher ot l.oweL,power nating for torch 11 and/or.,a higher. or

| ower injection rat e&z’f]‘spufﬁgpﬁfeerﬁh% g\:l?%l PIESERSE (9o Redddeat %€e§°5f
the melt and t hextFragasiriong tdeme fmmesni ahdi ngdsewr eghwveheseffonasanthe . e.
at between 1300 Q r] thir trol_lo kno | Qop
controls the te?%@‘g'gt]rg’a'eérg fm%rfég%lgz\jon}r%%i stoco%{érlg‘l' g@ggggﬁ%r ol"ét%e
hei ght of the teadjmstahle frackesr 23 Gumt olsuppmrts. oporaeheslby ameteivi ng
.data..col |l ected dd P gleat b 1. fUS] c r by
the nelt anfby%el ecting gghigégfﬂég ﬁ%‘vératbg’rac %Hg g%?ggégﬁgt q%%e%ﬂe
tenperature in tinvenidiosh wnthis ewbodimentd. nore or | ess constant, i.e.

bet ween 1300 and 30 T@Ok@é&&en]_ﬂgtc\%ghg Bf%f g%geﬁ%%{)%%% e t th‘i\ée

in a 300 to 500 mm fusion zone 1S en ure 4 1s a

general view of eXafpd€s MRt YaxYt Rebwgenad Séninnd A0 kg ofepnhveruilsnt

described in 35Snjzt@died ! grus any dddfddvés, Bher hdur THhSaénser RodBOVS the
presence of a flue 26 for "extracti ng the funes and gases given off as the
pul ver ul ent1@mat eri al 1& &hiks: exampPle thg-mblverulenly MRterial praireted

that supports. tigf ChE¥ddmanghe 5 trddtidnt € 48 beunierd tptodpded at daring
according to th?mcin‘eration of household waste.
For a nominal flow rate of 350 kg/hour the
conveying gas flow rate in dense mode is of the order

15 of 12 Nm3/hour. This unit, Nm3/hour, or normal cubic
meters per hour, for the gas conveying the pulverulent
material in dense mode relates to the conveying gas
flow rate measured under normal conditions of
temperature and pressure.

20 The injection lance inside the furnace has an
internal diameter of 20 wmm, this diameter being
selected in terms of the injection rate of pulverulent
material in the furnace.

The melt, composed of the mineral fraction of the

25 injected pulverulent material, has a flow rate that may

_ vary between 100 and 300 kg/hour, i.e. approximately 70
to 75% of the injection rate and runs out of the
furnace by overflowing into the rolling mill which
shapes and cools it to produce a strip of wvitreous or

30 crystalline material with a width of 150 to 200 mm and
a thickness of 4 to 8 mm at a speed that may vary
between 0.8 and 4 meters per minute. .

Plasma torch 11 is dimensioned to be capable of
melting the pulverulent material. It has an adjustable

35 power rating that varies between approximately 175 and
700 kW.
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I nvention in this enbodi nent. The treatnment capacity of the furnace in this
exanpl e may vary between 150 and 400 kg of pulverulent material, plus any
addi tives, per hour in dense node. 10 In this exanple the pul verul ent
material injected is fromthe treatnent of 3Bunmes produced during

I nci neration of household waste. For a nom nal flow rate of 350 kg/hour the
conveying gas flowrate in dense node is of the order 15 of 12
Nnferr]/hour. This unit, Nnferr]/hour, or normal cubic neters per hour, for

t he gas conveying the_pu ul L alq] nqgﬁ rel,ateg.to th
conveying gas flow ?gt ekﬁgﬁaﬁ%%%%ertﬂennog rfrgéﬁaconcﬁvfi 6‘%5 aéFeCEeg
t enperat ure anddpravaxds amd leaveghé&he rfjexch oat | andd stiamsiedef rotmethe

furnace has an pBYer pdatdim R i zd M&ad éﬁ‘£§i§9 éfkﬁcgﬁg In
terms of the injection rate of pulverulent material 1n the TTOF nace. €
mel t, conposed BRlEne i al dipkanren ofan hebes spdpetedd @il vebetween

materlal, has aabboesdaietdlialegeyatar Y50k e bR A A kol oK el v

approximately "70 to 75% of the injection rate urn
by overflowi ng YAPo™™e rolling mll which shapes and cools it to produce a

strip of vitreous orpd@ &ryedsd | icie TBLA! i bn¥talcd PISl N aftel 5B¢t 03860 N
and a thickness oth to 8fnn1 t a speed that nai vary between 0.8 and 4
meters per m nuf8/PENEs R té’r"@'ﬁ% i RaRerdftd S EinGphiiee 8YSHEN: | ng

the pul verul ent fusieni zlequiresnsa dorel Wil aratind VEbdtledd 35t aNdr i €S

frow s df 8ot ed0loviar Mefdhy . Epenisitt, i w1y’ GPB: ofe 1YORHERLS ol ¢

that is set to chemirad hesmposditdimrssiafh wheh tistemwldl TehtseringaneRecan
be selected at PELYERN and secondly on increases in furnace heat loss
' during continuous industrial operation. Under these
conditions the power required for fusion may vary

15 between approximately 1 kWh/kg and 1.75 kWh/kg.

The wmelt nominal depth in the fusion zone is 300
mm. The temperature is maintained at approximately 1300
to 1500°C in the fusion zone and 1250 to 1300°C in the
casting zone.

20 The temperature of the fumes produced during
fusion of the pulverulent material is of the order of
1500°C at a flow rate of between 300 and 400 nP/hour
for 350 kg of pulverulent material injected into the
furnace per hour. The unit of Nm3/hour relates to the

25 flow rate in cubic meters per hour of gas and fumes
given off as the pulverulent material starts to melt,
measured under normal temperature and pressure
conditions (273°K, 101325 Pa).

The melt that overflows out of the furnace to be

30 drawn is cooled as it leaves the furnace. At this point
it is a vitrified product whose composition lies in the
vitreous zone of the phase plot of the Ca0-Al203-5i0;
system, in a zone where the melting point is relatively
low, at the values given above. Moreover, the

35 composition of the vitrified product gives it a high

. level of resistance to hydrolysis and therefore long-
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5'approxinately 450 and 950 mm preferably approximately 700 mm For a nore
or less constant flow rate of 350 kg/hour of pulverulent material entering
the system fusion requires a torch power rating of between 350 and 10 700
kWwhi ch is dependent firstly on the variaBBe chem cal conposition of the
material entering the system and secondly on increases in furnace heat

| oss during continuous industrial operation. Under these conditions the
power required for fusion may vary 15 between approximately 1 kW/ kg and

1.75 kwWw/ kg. Th Lhal _depih in fu3|o zong is_30Q Th
tenperature is Erggﬁt alﬁg#%&%%bggﬂzﬁat r}K?tlSOB"“ § 1500 eFP]lgagg]et heg?ﬁsi on
zone and 1250 tved:semftagr ]a@ i rfd:rmexamgleng}mr&; c@fe for rdad bmfhtﬂ)iangture

Che order of 1sB0FcrrPaPaery %, FYaFa8ss bekpRubialE Ue Fal A4 #idL,

for 350 kg of panoeruae‘ﬁt rﬁa‘l’e.rl an6%nj @aided 34k 0 rlaepéutmuekyperlrhoutheThe

t of N 2
1 Gae and PuneRUSVErTeAEC A Cok el Eprddiid b the “ IEI HEYRES OB 0B 1"
measur ed undehousnboikdl wastentarested in ahe pq&w@res{a:mice-t i ons

(273 err]K 101325 Fghen i Ikt dd SbeOYRIYMA ML RhrbPfal Uid EalCel® 30

drawn is cooled as it eave urnac olnt 1t 1s a vitrifired
product whose cbhposiurnace | &empexatuxg t ﬂé@ustorF@Jéftatﬂﬁ@dphu§énSI othef

the CaO Al [err]gséﬁ.h Ebgc?{r]T]r%’Si%nté‘ré pave vagneqt 'Eﬁl@ehﬂéﬁ‘rﬂad)%f‘t s
relatively | ow, %S:Jes I ven above. . Moreoyer, h

conposi t i ot%f ‘[“ﬁénQF%PF-PHe& ratyze "Torah skandhy “'l?fder esi st ance to

hydrol ysis and ther efhee glaigna toir&htem thasache! uskdCc s t Aat eﬁ@i‘c_f% it
suitable for rec§cl i ng f oL ar core for road buil di or

exanpl e, the avB? ﬁﬁepelt(?ent'ﬁﬁéggaf‘n@%hem temperature
injection of pulverulent mater:.al is halted. In this

mode the torch only provides the energy required to

15 maintain the temperature of the furnace and the melt,
which is normally between 175 and 250 kW. This
operating mode prevents the refractories being subject
to thermal shocks, the torch having the additional
advantage of maintaining not only the average

20 temperature value but also the gradients inevitable
when ash is injected at ambient temperature.

Exémple of a modified embodiment of the invention
In this modification, the apparatus is as
25 described above except for the means for injecting
pulverulent material into the furnace. In this
modification the injection means used is a screw-type
injector. This screw-type injector is positioned in the
furnace so that the pulverulent material is injected
30 onto the melt. '

Figure 5 is a schematic view of the screw-type
injeci:or used in this example. In this figure the
injector is numbered 50. It comprises a screw 52, a
motor 54 and a hopper 56 that £feeds pulverulent

35 nmaterial into screw 52.
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Sizqerf] are 37% 16% and 34% respectively in the 5 pulverulent materi al
produced by the incineration of household waste treated in the present
exanpl e. \Wen injection of pulverulent material is halted the furnace
tenperature can be maintained using the pl &ha torch. The inventors have
called this nethod of 10 maintaining the tenperature "Torch standby node".
The plasnma torch may thus be used as an energy source to maintain the
furnace tenperature when injection of pulverulent material is halted. In

this node the torch Ly P Lges shhe enef 9Y ¢ bedui fi&tbduel jvn akn _t he
tenperature of the fg?lr%cgé%%gt hestzrrel t, Wwhi g% i;!i n‘%?or_ralﬁy ‘bgp\%egku}?gkand
250 kW This opmaserdglnoieter fmare hd riss r act 80l @ Peichimadgsecscraw

th | shocks, +t o, Vi heeadditi \/ |.pt ai ni ng
ot oni y -t heCLLECE: 2o Bp RS BETTED, R BRI o the HlbRrEe

i nevit abl e whenofshthe jmebtt csumiberedi eht tSﬂm-dI}?Jee. 1B,>3aqﬂca‘t§‘sca is

di fi ed enhpdi t iyﬁrtt%o | iddC e

"ggb{';i'r{é{f?us n?ﬁ gge%ggg egglr iaBe alo%er%é&et}{c?p tl*%’? ]f%eéancéagér;as l?%r ‘I”?]}:%Eti ng
pul verul ent naféFFERt ishoyn taghemaieably bynarrows 66di flheatsewrewhs2

I nj ection nmeansiys [ - | j et | Ss n S
bosi L1 oned T &L fonane IBREe MY Mad 8 Foldioten Anhilid e TLEGILA | °.

onto the nelt. ERgaEB,59L the  arderi efviddwrer and theevntenseatiian wf used

in this exanpl ehe laxiBi of f ithé €sckBe iWieA! Wnd S ipwERer §d130. okt the
conpri ses screw 52, a.mtor 54 and a hogger 56 that fteeds pulverulent 35
material idfo stPERASe. isp approximately 1500 mmabovye ke wedl o The

i ntroduce pul veendeotf netrsw-atypet dnfeeaaee sb igadssd tHrdughi FadesySCT ew
tilted at an angfefQLncholgO[err] relative to the surface

The introduction of pulverulent material into the
fusion zone is controlled by using two screws connected

15 in series. The first screw (not shown in figure 5) lies
outside the furnace and is used to vary the flow rate
of pulverulent material (shown schematically by arrow
62) by varying the speed of the screw. The second
screw, numbered 52, is coupled to the furnace and

20 operates at constant speed to introduce pulverulent
material into the furnace.

The screw introducing pulverulent material into
the furnace is tilted at an angle of 5 to 30° relative
to the surface of the melt, and preferably 5 to 10°.

25 This screw introduces pulverulent material above the
melt at a distance- from the melt of between 5 and 50
cm. Good results have been obtained using a distance of
10 to 20 centimeteérs. By controlling the rotation speed
of the screw, these injection means allow injection of

30 pulverulent material to be either continuous or
discontinuous. This type of injection also limits the
fly-off of pulverulent material, for example into gas
and fume treatment apparatus and also optimizes the
thermal balance of the melting.

35 The introduction of pulverulent material may be
set at an approximate rate of up to 1200 kg of material
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of the melt nunbered 4. Screwtype injector 50 is 5 enclosed in a netal
sheath 58 that is cooled by a water circuit shown schematically by arrows
60. The screw 52 is 400 mm |l ong and has a dianeter, including the cool ed
sheath, of the order of 90 mmand the intefdection of the axis of the screw
with the inner wall of the 10 furnace is approximately 150 nm above the
nelt 4. The end of screwtype injector 50 passes through the wall of
furnace 1. The introduction of pulverulent material into the fusion zone is

control | ed by ugieig ﬁa\@rscm %d S vaPi 6Td eﬁndﬂlfe&;% énécrgﬁ/
(not shown in f| re lies outsrde t urnace and I's use vary
flowrate of pu anygt @R fhe swedumecifratheamelthyinr rtdwe 6Epstipn

varying the Speedm@‘ 8hE SEdSWindheosRCOBE SUSWeuPHABE! edox'ézm:tieS f)BHQEed
to the furnace and .20 égg rates t copstant speed to introduce pufverul ent
material into tﬁé’éflﬁﬂgn %&b\ﬁ’?qﬂq‘%&‘ﬁ@ﬂfﬂw \and| drawipgepfakhent o
the furnace§s meuu:emms:aieamdefnfnaﬁ:éo 30[err] relative to the surface
of the nmelt, and prefer err 5 This screw introduces

pul verul ent materi al trzlﬂ' gqq?é" ‘]rf“?ffs‘f%n%'etlfq“&‘ﬁ%% ®E| ingeckingeen
5 and 50 cm Gomdtesdallt hm\mxé)mmﬁigreﬂammﬂﬁﬁﬁme of 10 to 20
centineters. By_c o] he r at.ion spe of, t S W, these

i nj ecti on neans aﬁﬁ%%/%hyggF%gﬁ ot 3Bl s QﬂﬁCJLmPE ﬁépg1ﬂ§a4ﬁ3to

ei ther continudntroduce spuiliverulent Tmatetﬁpﬂ obannjbetrseeﬁlsatliahés

t he fly- of fy pof t t int S frre .

t reat ment gﬁgargphé%%# %Qﬁggiéﬁréﬁz%ég §nﬁg§PﬁE gr%ﬁ@é %%emﬁgFPan
35 The |ﬁPW§@§@d|@ﬁ'@NﬁMﬁnuienuﬂmaUﬁnxalaJ nay be set at an
approxi mate rate hd/Pabehé80 J5J fin Sit fbn ‘e’fjgﬁ Rer, O?“Fﬁt;l/-m% sgégr ng

is variable and dependent, in particular, on th n the
fusi on used to operate the apparatus reduces the amount of
residual material fly-off before treatment.
15 Under the conditions described above, injection of

300 to 700 kg of pulverulent material per hour gave
excellent results as concerned the final vitrified
product.
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zone and casting zone of the furnace, on the power rating of the torch and
the overflow and drawing of the 5 nelt outside the furnace. This
screwtype nmethod of introducing or injecting material has the foll ow ng

characteristics: - the advantage of using mechani cal pushing neans to

I ntroduce pul verulent material can be seen the 10 apparatus outlet in
the continuity of the solid nmedi um conposed of pulverulent nmaterial, - the
absence or mnimzation of the quantity of gas used to operate the
apparatus reduces the anount of residual terial fly-off before treatnent.
15 Under the conditions described > injection of 300 to 700 kg

of pul verulent material per hour gave excellent results as concerned the
final vitrified prodyct. SP 13 443.69 EE 42 CLAIMS 1. Continuous process
for vitrifying a pul &P@ﬁﬂqﬁﬂHﬁ'RﬂOQﬁ%ﬁa%@%rV%éélﬁylﬂgeﬂﬁﬂﬂlWQnuleﬁk

pul verul ent 5 rmﬁaafeﬁial Schéli:é@@'élﬁ?ﬂednﬁgi EhteU%eB %‘Bﬁ% ¥he JHIAGH e
I njection ns, ﬁ@ere is,nmelted by neans of a plasma torch so as to

obtain a nel hStHBtﬁﬁchﬁg ASFSv & FHD¥RR haongr pfca furnace

casting zone, "t hey rrnhgecahohelm&ﬂs)t rosleged jkatiey ahb YAt  NRednisi g7 10
zone in a directi.on congrls a horizontal conponent, and’the nelt being
c

removed from t hé ¥ acEORGRovs 13DutRg QRtRihed s Bfd teastBGgWREEB LI NdE or

| ess al ong sai d rfedrti zbst demeanEbNERém akteaVBYrid&en hg @aaésf:%g' Yo, N9
the materi al |nt the furn ysi on zone,

0
Process of claim ﬁﬁ%&%ﬁhagebﬁlﬂ%l%anogRF?QCEQHeFFEﬁVtHQtPUFﬁ§CJQE}°n
over fl owi ngl@Gnd zbreewi iy @i ditreetdaind cagid i Pne. hdRizontal component,

and the melt being removed from the furnace by

overflowing via the said casting zone, more or less

along said horizontal component and away from the means

for injecting the material into the furnace, in
15 relation to the fusion zone.

2. Process of claim 1 wherein said melt is
extracted from the furnace by overflowing and drawing
via the said casting zone.

20

3. Process of claim 2, wherein said plasma torch

is a non-transferring arc plasma torch.

4. Process of any of claims 1 to 3 wherein the
25 injection direction of the material into the furnace

also comprises a vertical component oriented downwards.

5. Process of any of claims 1, 3 or 4 wherein the

injection of the material into the furnace and overflow

30 of the melt are controlled to maintain a more or less
constant melt level in the casting zone.

6. Process of any of claims 2 to 4 wherein the

injection of the material into the furnace and drawing

35 of the melt are controlled to maintain‘a more or less
—_—

M v
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3. Process of claim2, wherein said plasma torch is a non-transferring arc
pl asma torch. 4. Process of any of clains 1 to 3 wherein the 25 i njection
direction of the material into the furnace al so conprises a verti cal
conponent oriented dowwards. 5. Process of any of clainms 1, 3 or 4 wherein
the injection of the material into the furnace and overflow 30 of the nelt
are controlled to maintain a nore or |less constant nelt level in the
casting zone: 6. Process of any of clainms 2 to 4 wherein the injection of
the material into the furnace and drawing 35 of the nelt are controlled to
mai ntai n a nor e constagns mels3 lewesht dmt thed tcdsvialg i zonde casting zone. 7.
Process of any of clains 1 to 6 wherein the injection of the material into
the furnace and the 5 power rating of the torch are controlled to maintain
nore or |ess constant-tBRpEe&asUr ehyt hef nelllaimsd thetd uéi orhaomin &he

Process of any ahjelcdigh lok0 thdhGAldEidIe 1eo NEhAN roindde RlAPMRLLOM C
is controlled to nmintai n a const ant terrper ature o usi on zone. . rocess
of any of clPai mPO¥eo ALY eiof tHRe | fpsehi aref cons nediled ato i madnthdn

furnace, the pl agFe Br 1444 CBonsthst gggp%agutr@%d ofdT A NHe1 OF anfiNepMel t

are controlled. 10. Process of any of 0 9, wherein the material
is injected int §USHONMEONe.20 11. Process of any of claims 1 to 9 wherein
the material is injected onto the nmelt. 12. Process of clains 10 or 11
wherein the 25 hori zontal and vertical conponents of the direction in
whi ch the pul verul erf- ndfeeess iof i ahgctatl cdmibs cbnttrol Vedvhel®iPr abess

of any of tie T aeegRtnGC!EdBpYaehE! Borch is controlled to maintain a
constant temperature of fusion zone.

9. Process of any of claims 2 1lo 4 wherein the
injection of the material into the furnace, the plasma

15 torch, the overflow and drawing of the melt are
controlled.

10. Process of any of claims 1 to 9, wherein the
material is injected into the melt.
20
11. Process of any of claims 1 to 9 wherein the
material is injected onto the melt.

12. Process of «claims 10 or 11 wherein the

25  horizontal and vertical components of the direction in

which the pulverulent material is injected can be
controlled.

13. Process of any of the foregoing claims wherein
30 the material is injected in dense mode wusing a
conveying gas.
L
14. Process of any of the foregoing claims wherein
the fusion zone is more or less cylindrical in shape.

-
L

35
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30 the mterial is injected in dense node using a conveying gas.
14. Process of anyof—the-foregoing clains wherein the fusion zone is nore

or less cyl imdri ibn shape. 35 44 15. Process of any of the foregoing
cl ai s mherg?gSh ﬁhSh CRlaGedi nt ai ned at a tenperature of 1300 to

1500[err] C ﬁu, cess of any of t foregoi ng clains wherein the

fusion zone i the nelt is cooled for auto-crucible operation.
17. Process of any of the foregoing clains wherein 10 the plasma torch is
directed dowmmwards so that the plasma flows nore or | ess onto the center

of the melt in relatlén Psockesf ¢fi anyopk. the. fPregeisgotclaimsofwhersein

f oregoi ng cl ai mg-pehepgh 1ps ¢ | t he | ected a
apparatus filled w th cool ]2% rﬁﬁ%ﬂ%t %E;r a?v t@ﬁneeﬁsc%% 082 v}?érfpf irte%
material. 19. Prct¥5<E of any of the foregoing clains wherein 20 the drawn
vitrified material is rolled. 20. Process of any of the foregoing clains
wherein nelting of the pulverulent material produces funmes _and gases that
are extracté% at a t%gpepéPﬁﬁésgpéaﬁayt%%ntbg fereegqinp rdaimgoMmdrayedn 21,

Process of claimHE)ﬂﬁ&i&ﬂnzﬁﬁéthﬂgc%hﬂéa%F%ﬂﬁﬁ”&%@ﬂheﬂ@tﬁéi%Boﬁ%ﬁﬂQ§§§ |
ected and 30

fumes and gases that are extracted fromthe furnace to be col
quenched. 22. P ?F?ﬂcégiﬁ(ﬂp?¢ﬁF¥Qﬁegoing cl ai ms wherein one or nore
additives designed to increase fluidity and slip of the nelt in the

furnace, to give betigr gelt 35 %nifornigy, or, to ,facilitate the
formation of the . Process of any of "the foregoing claims wherein

10 the plasma torch is directed downwards so that the
plasma flows more or less onto the center of the melt
in relation to the fusion zone.

18. Process of any of the foregoing claims wherein

15 the drawing of the melt is effected by an apparatus

filled with cooled rollers that draw the melt into a
vitrified material.

19. Process of any of the foregoing claims wherein
20 the drawn vitrified material is rolled.

20. Process of any of the foregoing claims wherein
melting of the pulverulent material produces fumes and
gases that are extracted at a temperature greater than

25 or equal to 1200°C.

21. Process ‘of claim 20 wherein melting of the
pulverulent material produces fumes and gases that are
extracted from the furnace to be collected and

30 quenched.

22. Process of any of the foregoing claims wherein
one or more additives designed to increase fluidity and
slip of the melt in the furnace, to give better melt

35 uniformity, or to facilitate the formation of the

| !
| M | ™ e ™ |
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45 vitreous

a mxture of these additives, is injected at the

sane tine as the pulverulent material. 23. Cbntlnuous vitrification
appar at us waSheaH&H}bﬂlyg;f ent material characterized by the fact that

it conprises a i ncl udes a fusion zone (3) for pulverul ent
mat eri al and a nelted matggi al, at |east one neans

(7) for |nJec

ent naterlal at |l east one plasma torch (11)

10 and at Ieast one neans (17) for causing the nelt (4) to overflow, -

sai d neans for

zone of the fur%&5§e

j.ectin gulverulent material being |lateral to the fusion
é’r\’cf( dPREELEd i9F ofle WEKTURE | Af edtheme drddEtivas, 15s

conpri sing a horhinZjeritald g Bame Sahd §§5Eh@9p@P%§r@PéﬁQ %tSPRS mor €

or | ess along said horizontal conponent and nore or |ess away

I nj ecti on neans,

in relation to the fusion zone, said casting zone 20

romt he -said

bei ng an overf | ow zo2®. ofohbenasi fUﬁi@BliQBQt@BH coppasatigs a f#dst gnd a

second end, he
t he fusion zone
the nmelt 25
posi ti oned to gig\y
direction.

means (37) for
of claim?24 whe

torch. 35
10

15

20

25

30

35

flrst nd ,of the s asting zone being in_contact with
PULYET %ﬁ&?%ﬁaihgﬁégéFFﬁ§lfSHeQMﬂékF|%@%BnF§éF\MQh

comprlsmseraflfzyrnafwnsl) tﬁatdlneyeaébow fOB2BE zZR@Ng 3)
ro of. the nelt nore or | ess horlzontal

a%é’t %}tall?‘ﬁ%r%ﬁer%’? fhE28pHBRPaZA8E3(6°) - cHiRtiesks
mmmlrag t heatrel teaetpl eshd 0 mwankl oy eanser 254 nemwgds

16T RS A LRBEERAY - ore) APAE o P Pbader dieteh  (11)
and at least one means (17) for causing the melt (4) to
overflow,

— said means for injecting pulverulent material
being lateral to the fusion zone of the furnace
and directed in one of the injection directions
comprising a horizontal component,

— said casting zone being oriented more or less
along said horizontal component and more or
less away from the said injection means, in
relation to the fusion zone, said casting zone
being an overflow zone of the said fusion =zone
and comprising a first and a second end, the
first end of the said casting zone being in
contact with the fusion zone, the second end of
the casting zone being in contact with the melt
overflow means, said overflow means being
positioned to give overflow of the melt in a

more or less horizontal direction.

24. Apparatus of claim 23 wherein the apparatus
comprises means (37) for drawing the melt coupled to
overflow means. '

25. Apparatus of claim 24 wherein the plasma torch
is a non-transferring arc plasma torch.

\—
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‘the neans for injecting the pulverulent material is also oriented in a
direction conprT%Tﬁﬁ‘é‘vertfea#—gonponent directed downwards. 5 27.
Appar at us of anﬁhﬁkmghﬁgg& 4 to 26 wherein the neans for injecting the

pul verul ent mat erfi [ l3ced nace and the neans for draw ng the nelt
are controlled b Im’gmm p that setsqaghe level of the 10 nelt in the
furnace. 28. Appa f clainms 23, 25 or 26 wherein the neans
for injecting the pulverulent material into the furnace and the nelt
overflow neans 15 are controlled by a control |oop that sets the |evel of
the melt in the furme APRRrappar fusady &fy etatngi v 280t ¢ 2aWhRERENn

the neans for igjectidighd hgopul YEjEEeMhgMBERE | plulvRi@12ht hBeerfiannags
and the power rating of the torch aré controlled by a control |opp that
sets the tenperdksReLwientrd mdit  @nddirectdon n§oPBRES1BE. Apphphtisads

any of claim Zbhgorént\heietbtdd dokARabgsght of the torch in the furnace
Is controlled by a control |oop that sets the tenperature of the fusion

zone. 31. paratus of any of clains 24 to 26 wherein 30 t he neans for

injecting the pul verzn emrdpp@igEhs! of t &Gy PloFsN@L4DhEh24t heo NRlet wheréinw
nmeans and the rrcerlg% drawi ng_ neapns.are, control |l ed b¥ ai} | east oneaﬁgntrol
| oop. 35 . MRABSr AU 1BISCRAPY Jhe (PRLVEBREeRT nFaterditns 10tq7

wherein the injtiod | G bAda PHeUNMidrs | BbectdiwbipandiciSmeper adreg in

d de. 33. f t f ' | ai 5. wh ' h
i sct] on roan TR R ChEE, By, BoteRrapdonoss atnaete,dns 18K biot nbve

f oregoi ng t0ai meliheimi thé hfuphasen torch is protected by a sheath (13)

28. Apparatus of any of claims 23, 25 or 26
wherein the means for injecting the pulverulent
material into the furnace and the melt overflow means

15 are controlled by a control loop that sets the level of
the melt in the furnace.

29. Apparatus of any of claims 23 to 28 wherein
the means for injecting the pulverulent material into
20 the furnace and the power rating of the torch are
controlled by a control loop that sets the temperatures
of the melt and the casting zone.

30. Apparatus of any of claims 23 to 29 wherein

25 the height of the torch in the furnace is controlled by

a control loop that sets the temperature of the fusion
zone.

31. Apparatus of any of claims 24 to 26 wherein

30 the means for injecting the pulverulent material, the

plasma torch, the melt overflow means and the melt

drawing means are controlled by at least éne control
loop.

35 32. Apparatus of any of the foregoing claims

(TN e smergay ==
REPLACED
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nmade of a refractory material. 10 35. Apparatus of any of the

foregoing clainms wherein the drawing neans is a |lamnating apparatus with
cooled rollers. 15 36. Apparatus of any of the foregoing clains
wherein the furnace also conprises a flue for extracting funmes and
gases. 37. Apparatus of any of the foregoigg clains 20 wherein the

pul verulent material is treated on line wth an existing househol d waste
incineration plant, and in which the gases and funes produced

during nelting of the pulverulent material are treated on line with an
apparatus for twhexehy the gisdechhant meansof is5 a t ppeymplifoubehetHioast e

incineration plaiMaratus operating in dense mode.

33. Apparatus of any of the foregoing claims
5 wherein the injection means is a screw-type injector.

34. Apparatus of any of the foregoing claims
wherein the plasma torch is protected .by a sheath (13)
made of a refractory material.

10
35. Apparatus of any of the foregoing claims
wherein the drawing means is a laminating apparatus
with cooled rollers.
15 36. Apparatus of any of the foregoing claims

wherein the ' furnace also comprises a flue for
extracting fumes and gases.

37. Apparatus of any of the foregoing claims
20 wherein the pulverulent material is treated on 1line
with an existing household waste incineration plant,
and in which the gases and fumes produced during
melting of the pulverulent material are treated on line
with an apparatus for treating the gases and fumes of

25 the said household waste incineration plant.

LT —
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