SPECHFI EATI ON. PLASMA MELTI NG METHOD AND PLASMA MELTI NG FURNACE Fl ELD OF THE
| N\VENTI ON The present invention relates to a plasma nelting nethod and a
plasma nelting furnace for treating by nelting of nmaterials to be nelted,
Such as incineration residues and fly ash left in an incinerator, by using
pl asma arcs. BACKGROUND OF THE | NVENTI ONjAn incineration residue, for
exanpl e, incineration ash, discharged froman incinerator for nunici pal
refuse is treated for reduction in volunme by nmelting in a nelting furnace.
Conventional Iy, as one of such neltingpkdippELfToR Pl asma nelting furnace
has been used. There are two types of plasm ne{tlng furnaces according to
the disposition of the electrodes; a transfer type and a non-transfer type.
Atwin torch type out of the transfer type has an anode or a cat hode

installed in a torch and th r.electrode install ed outside the torch,
e.g., on the bottom Aébﬁnﬁiﬁﬂ#ﬁ%bﬁgﬁgép.Aﬁﬂephﬁﬁuér%ﬁk? Gt@&ﬁyﬁﬁﬁs an
anode and a cat hode which are installed in one torch. The twin torch type
has an anode and a cathode which are installed in each of a plurality of

torches. O these types, the twin torch type is the nost superior in the
mai nt enance BRELR OF rEHE CENVENTION

The present invention relates to a plasma melting method and |
2 plasma melting furnace for treating by melting of materials to
be melted, such as incineration residues and fly ash left in an

incinerator, by using plasma arcs.

BACKGROUND OF THE INVENTION

.An incineration residue, for example, incinération ash,
discharged from an incinerator for municipal refuse is treated
for reduction in volume by melting in a mglting.furnace.

Conventionally, as one of such melting furnaces, a plasma
melting furnace has been used. There are two types of plasma
melting furnaces accqrding to the disposition of the electrodes;
a transfer type and a non-transfer type. A twin torch type out
of the transfer type has an anode or a cathode installed in a
torch and the other electrode installed outside the torch, e.g.,
on the bottom of a melting chamber. The non-transfer type has an
anode and a cathode which are installed in one torch. The twin
torch type has an anode and a cathode which are installed in each
of a plurality of torches. Of these types, the twin torch type

is the most superior in the maintenance and control of the



-2- 'eleétrodes. And this twin torch type plasma nelting furnace has anode
and cat hode torches of graphite disposed in the upper region of the nelting
chanber in the furnace body, and a nolten base netal, which is an electric
conductor,. -di sposed in the bottomof the nelting chanber. And plasnma arcs
are generated between the two el ectrode torches and the base netal to heat
and nelt incineration ash charged onto tWe base netal, the plasnma arcs
generated by these anodes and cat hodes being substantially equally
utilized. In this connection, the plasma generating phenonenon at the

cat hode and @k¥eredtThes is characterized in that the plasm at the anode
having an inflow of electrons is |ess stable than the plasm at the cat hode
havi ng an out f | cvndftllectwiondortheteber plasihenmé heieg i Surndas ms/ Aricild @nd
in the conditions for the furnace, e.g., when the furnace is started and

hence pl asmacathsd@rt@sbhelildM@riaphReealiibfob8Cifl thd et Nbdd @n RAT ItAES

of the charging of a material to be nelted (incineration_ash) into the
melting chamber in the furnace body, and a molten base metal,
which is an electric conductor, disposed in the bottom of the
melting chamber. And plasma arcs are generated between the two
electrode torches and the base metal to heat and melt
incineration ash charged onto the base metal, the plasma arcs
generated by these anodes and cathodes being substantially
equally utilized.

In this connection, the plasma generating phenomenon at the
cathode and anode torches is characterized in that the plasma at
the anode having an inflow of electrons is less stable than the
plasma at the cathode having an outflow of electrons. Therefore,
when there is a large.variation in the conditions for the
furnace, e.g., when the furnace is started and hence plasma is
started, during temperature rise or in the initial periods of the
charging of a material to be melted (incineration ash) into the
furnace, it is difficult to maintain the generation of plasma
arcs; therefore, there has been a problem that the operation is
intermittent.

Further, it is at the anode torch having an inflow of
electrons rather £han at the cathode torch having an outflow of
electrons that the electrode tip is more heated. Therefore, in

the case of an electrode of graphite, the anode torch tip is



furnace, it is difficult to maintain the generation of plasm arcs;
therefore, there has been a problemthat the operation is intermttent.
Further, it is at the anode torch having an inflow of electrons rather than
at the cat.hode torch having an outfl ow of electrons that the electrode tip -
is nore heated. Therefore, in the case e3-an el ectrode of graphite, the
anode torch tip is -3- heated to a higher tenperature, presenting a
probl em of severe el ectrode consunption. DI SCLOSURE OF THE | NVENTI ON

Accordi ngly, an abject tﬁ%he resent invention is to provide a plasna
mel ting net f63tedate B gé eﬁe??'?‘?lﬁr#*d%%cé’r@éﬁa&ﬂlélgofa Poobleg phesaveve
probl enms. To achieve this object, a nelting nethod for a plasma nelting
furnace, acedegit¥gdeocersuppbient i nventi on, havi ng anode and cat hode
torches of graphite and an el ectric conductor which is disposed on the
bottomof a nelting chanber, is characterized in that the cathode torch is
di sposed in the upper region of a :

: DISCLOSURE OF THE INVENTION

Accordingly, an object of the present invention is to provide
a plasma melting method and a plasma melting furnace capable of
solving the above problems.

To achieve this pbject, a melting method for a plaéma melting
furnace, according to the present invention, having anode and
cathode torches of graphite and an electric conductor which is
disposed on the bottom of a melting chamber, is characterized in
that the cathode torch is disposed in the upper region of a
melting chamber, while the lower end of the anode torch is
contacted with the electric conductor.

Further, said plasma melting method is also characterized in
that it is used when there is a large variation in the conditions
for the furnace, e.g., when the furnace is started, during
temperature rise or during the charging of a material to be
melted into the furnace. Further, a plasma melting furnace
according to the invention to achieve this object, having anode
and cathode torches of graphite and an electric conductor which
is disposed on the bottom of a melting chamber is characterized
in that the cathode torch is disposed in the upper region of a
melting chamber, while the lower end of the anode torch is

contacted with the electric conductor.



mel ti ng ‘’chanber, while the lower end of the anode torch is contacted with
the electric conductor. Further, said plasma nelting nethod is al so
characterized in that it is used when there is a large variation in the
conditions for the furnace, e.g., when tQe furnace is started, during
tenperature rise or during the charging of a material to be nelted into the
furnace. Further, a plasma nelting furnace according to the invention to
achieve this object havi ng anode and cathode torches of graphite and an

el ectric conductpirtée) 4 oldisnowRdt9Agt RErRRLL OMAPIng ABddd Yh & NAIRIgd S
characterized in that the cathode torch is disposed in the upper regi on of

a melting chagh es%f'&iﬂ}ﬁﬂeogi ere?LcEP‘fcaQqu@ %%Icqr cont ag tedgsvmdth

the el ectric conductor -4- urnace > Hav Bf

anode and cat hogde t.orches o te a ectric conduct r.which is
di sposed on ?ﬁeg%ot?ott%ﬁ :gﬁg Eanéhﬁﬁﬁﬂsefslﬁh %E?%ﬁ?%%&F#ﬁfﬁtﬁﬂa

there is a Iagge varlat on in the conditions for the furnace, when
the furnace FREERat$ &, %Hﬁ?rﬁfﬁ%%ﬁﬂgpaﬂﬂré i genditions for the urnace,

e.g., when the furnace is started, during temperature rise or
during the charging of a maierial to be melted into the furnace,
the cathode torch is disposed in the upper region of a melting
chamber, while the lower end of the anode torch is contacted with
the electric conductor.

According to the plasma melting method and plasma melting
furnace, the continuous operation of the furnace becomes possible
by utilizing the stable plasma arc from the cathode torch having
an outflow of electrons rather than utilizing the unstable plasma
arc from the anode torch having an inflow of electrons. Further,
the electrode consumption rate can be greatly reduced by
utilizing the plasma arc from the cathode torch which does not
heat the electrode so much rather than.utilizing the plasma arc

from the anode torch which heats the electrode to a great degree.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view of a plasma melting furnace in a
first embodiment of the invention;

Fig. 2 is a sectional view of a plasma melting furnace in a
second embodiment of the invention;

Fig. 3 is a sectional view of a plasma melting furnace



duri‘ng the charging of a material to be nelted into the furnace, the

cat hode torch is disposed in the upper region of a nelting chanber, while
the | ower end of the anode torch is contacted with the electric conductor.
According to the plasma nelting nethod ahd plasma nelting furnace, the
conti nuous operation of the furnace becones possible by utilizing the
stable plasma arc fromthe cathode torch having an outflow of el ectrons
rather than utilizing the unstable plasma arc fromthe anode torch having

table pl .
an i nfl ow of2c8oFdingnse guReRLf 1cafion ot ithyyseconsuepbrdimente can be

greatly reduced by utilizing the plasma arc fromthe cathode torch which
does not heat tHd8gel &cipodePlan nyker rshamwing raam owtilinei sgrehdepentnafaFig.
fromthe anode torch which heats the electrode to a great degree. BRIEF
DESCRI PTI ON3QF THE DRAWNGS Fig. 1 is a sectional view of a plasma nelting
furnace in a first enbodi mrent of the invention; Fig. 2 is a sectional view

of a plasma nel tFigg bBuiBagesédt foSET 0N Od PNl meleihBVeatrhaBe Fig. 3
is a sectional view of a plasma nelting furnace
according to a modification of the second embodiment;
Fig. 6 is a plan view showing an outline arrangement of Fig.
5; and

Fig. 7 is a sectional view of a plasﬁa melting furnace

according to a modification of the second embodiment.

DESCRIPTION OF THE EMBODIMENTS

A first embodiment of the present invention will now be
described with reference to Fig. 1.

In the first embodiment, reference will be made to a plasma
type incinerator for melting an incineration residue, which is a
material to be melted, e.g., incineration ash, from municipal
refuse.

This plasma melting furnace comprises.a furnace body 1 in
which a base metal 2 which is an example of an electric conductor
is disposed on the bottom of a melting chamber defined therein,
an anode torch of graphite 3 and a cathode torch 4 of graphite
disposed in the upper region of said melting chamber la of said
furnace body 1, a power source 5 for feeding a predetermined
current between théSe two torches 3 and 4, gas feeding means (not

shown) for feeding gas when necessary to holes 3a and 4a formed



accdrding to a nodification of the second enbodinent; Fig. 4 is a plan view
showi ng an outline arrangenent of Fig. 3; Fig. 5is a sectional view of a
pl asma nelting furnace according to a nodification of the second

enbodi nent;- Fig. 6 is a plan vieM/shomAné‘an outline arrangenent of Fig. 5;
and Fig. 7 is a sectional view of a plasma nelting furnace according to a
nodi fication of the second enbodi nent. DESCRI PTI ON OF THE EMBODI MENTS A
first enbodLnent,gf he present invention will now be described with
reference t d°FPgL91® FﬁtFﬂ ef P EshesHivbdAnte iy, meaaipudaterwarmshénatdehown h
pl asma type incinerator for nelting an incineration residue, whichis a
materi al tofee Apddwddually rahsingrand dowestingf thm rorchiesall naéiuse. aThi s
pl asma nelting furnace conprises a furnace body 1 in which a base netal 2

whi ch i s anpexanplielofietacebecé rmade il ude@triic don@asedroButhealothpmref a
mel ti ng chanber defined therein, an anode torch of graphite 3 and a cat hode

torch 4 of @rapki Ferdiepeseink nthd iU /1Y ORKRS b33ked naRLY ﬁg_gngnber la

of said furnace body 1, a power source 5 for feeding a predeterm ne
potentiometers 7 and 8 disposed between the anode torch 3,
cathode torch 4 and the potential detector 6 for detecting the
respective potentials between the torches 3, 4 and melt pool
(molten base metal 2 or molten slag C) or the solid base metal 2.

One side wall of the furnace body 1 is formed with a charging
port 9 for incineration ash A which is a material to be melted.
The other side wall is formed with a discharging port 10 for
molten ash, which is a melt, i.e., a molten slag C. Further, in
Fig. 1, the numeral 11 denotes an incineration ash feeding device
for feeding incineration ash A into the charging port 9, and 12
denotes a thermometer, e.g., a thermocouple type thermometer for
measuring the atmosphere temperature in the upper region of the
melting chamber la which region is less influenced by a variation
in the amount of ash A charged and in the_amount of slag C
produced.

The cathode torch 4 is disposed substantially in the middle
of the melting chamber la, while the anode torch 3 is disposed
near to the charging port 10,

How to operate said plasma melting furnace will now be

described.

1. Starting the plasma melting furnace:



current ‘between these two torches 3 and 4, gas feeding neans (not shown)
for feeding gas when necessary to holes 3a and 4a forned in said i
el ectrode torches 3 and 4, nanipul ator arnms (not shown) for individually
raising and |l owering the torches 3 and 4, a potential detector 6 nmade of
electric conductor such as carbon brick ¥or detecting the potential of the
base metal 2, and potentiometers 7 and 8 di sposed between the anode torch
3, cathode torch 4 and the potential detector 6 for detecting the

respective pote aI e hes 3 4 and nelt ooI nol t.en base
netal 2 or rmlt n sIA; %s\“% cttg?'é'%? g g%@e et o 2. ]df St R 151 e?he
furnace body, 1 is fornmed with_ a %har ing port 9 for incineration ash A
which is a nHt%?ithe @sldd ngechagberndactnePrayide \an |oX¥E e SARFaptmption of
di scharging port 10 for nolten ash, which is a nelt, i.e., a mlten slag C
Further, in 0% moxe ttham @¥er and] thgehovesednelent mdattianehesh ¥ @adi g are
devi ce for feeding incineration ash A into the charging port 9, and 12
denot es a t hix eoretaart, waitdy the bheenmebablE.ty&udté&adhnﬁn(goqu frreaselitigg
the atnosphere tenperature in the upper region of the nmelting chanber |a
whi ch regionig ssumskidd firneanctd Pywarvabudtb0d to the electrode torches 3
and 4.

(B) A plasma arc is generated between the base metal 2 and
the cathode torch 4.

In this furnace startinglperiod, since the base metal 2 is
solid at ordinary temperature and has rust or other adhering
substance present on its surface, it is difficult to generate
plasma arcs, and particularly it is very difficult to cause the
anode and cathode torches 3 and 4 to generate plasma arcs at the
same time. Therefore, with the anode torch 3 contacted with
the base metal 2, a stable plasma arc is generated at the cathode
torch 4 where electrons are discharged from the electrode.

In addition, when the plasma arc breaks, the cathode torch 4
is lowered to contact the base metal 2, whereupon th cathode
torch 4 is raised again, so that a plasma arc is generated.

(C) After it has been confirmed that the base metal portion
below the cathode torch starts to be melted.by this plasma arc,
the cathode torch 4 'is raised to a heated arc position which is
about 50 mm above the base metal 2, so as to continue the plasma

arc, and the base metal 2 and the gas atmosphere in the melting

chamber la are heated to higher temperatures. For example, at



I n the amount of ash A charged and in the anmount of slag C produced:. The
cathode torch 4 is disposed substantially in the mddl e of the nelting
chanmber la, while the anode torch 3 is disposed near to the charging port
10. How to operate said plasma nelting furnace will now be described. 1.
Starting the plasma nelting furnace: s8&- (A A plasma activating gas B,
e.g., nitrogen gas, is fed into the nelting chanber la to provide an oxygen
concentration of not nmore than 2% and the | owered el ectrode torches 3 and

4 are in conthgk viad,ttiee baskd@t dn 2hePRdoBkCEbEER POYEIQ fOrs Il N(x-%g | s
supplied fromthe power source 5 to the electrode torches 3 and 4 A

plasma arc i $o9eQ E%ﬁdt}p@té’@ﬁ%cfeh%o%ﬁe4 mglag,2yang &héhgaé hode forchydy 4.
? ro

In this furnace starting pe since th ase néta 1S CoIT T arts
ordinary temperapur ey angh 1aS,J Ysle 913010 340SE P&Jmce;

(D) With the anode torch 3 brought into contact with the base
metal 2, and with a plasma arc generated between the cathode
torch 4 in the heated arc position and the base metal 2, the melt
(melt pool) of the base metal 2,;3 enlarged. For example, at
this time, the voltage on the anode torch 3 is 0 - 5 V, the
voltage on the cathode torch 4 is 100 - 150 V, and the current is
1,000 A.

(E) When the furnace atmosphere température measured by the
thermometer 12 reaches 900°C - 1000°C, the base metal 2
immediately below the anode torch 3 starts to melt. Thus, a
clearance starts to form between the anode torch 3 and the base
metal 2, which is an unstable state in which it is uncertain
whether a plasma arc will be generated or not. Then, the anode
torch 3 is raised a few millimeters to generate a plasma arc
between the base metal 2 and the anode torch 3. 1In addition,
900°C is a temperature at which incineration ash melts, and
1,000°C and highef are temperatures at which the furn;ce wall
fire-resistant material is liable to be burnt.

At this time if the plasma arc continues, the anode torch 3
is raised a preparatory arc position about 5 - 10 mm above-the
base metal 2. In addition, if the plasma arc breaks, the anode

torch 3 is lowered into contact with the base metal 2, whereupon



substancte present on its surface, it is difficult to generate plasma arcs,
and particularly it is very difficult to cause the anode and cat hode
torches 3 and 4 to generate plasna arcs at the sanme tine. Therefore, with
the anode torch 3 contacted with the hgse netal 2, a stable plasma arc is
generated at the cathode torch 4 where el ectrons are discharged fromthe

el ectrode. In addition, when the plasna arc breaks, the cathode torch 4 is
lowered to contact the base netal 2, whereupon th cathode torch 4 is raised

again, so thof Paidetb HiaAl tiocS gearendted. pl Qndf AL, | IR DARN £ Med
that the base nmetal portion below the catﬂode torch starts to be nelted by

this plasm afgys (gétempactﬂtoq?ﬁtd%r ¢Brén §a§&§§£§0 Shel O CO Mefa fah%%tnl ONs 50

whi ch i s about 50 mm above the base ne |nue asna

arc, and the_ d. th erg | t he, ne er
are heated to ﬂfbher qghﬁgﬁg? re§n or ﬁ%& %ﬁéh r { q#%wb

vol tage on t anode torch - the voltage on the cathode torch 4
is 80 V, andr%?mfﬁﬁﬁ?Qﬁnlﬁ d §8§ A: 2 Fbatlng up the plasma melting

furnace:

(F) After the spreading of melting of the base metal 2 blow
the anode torch 3 by this plasma arc has been confirmed, the
anode torch 3 is raised to a heating arc position about 50 mm
above the base metal 2 so as to continue the plasma arc, whereby
the base metal 2 and the gas atmosphere in the furnace are heated
for temperature rise. For example, the voltage on the cathode
torch 4 is 100 - 150 V, the current is 1,000 - 1,300 A. and the
atmosphere temperature in the furnace is held at about 1,000°C

3. Charging incineration ash A into the plasma melting
furnace:

(G) The voltage on the anode torch 3 is 100 - 150 V, the
voltage on the cathode torch 4 is 100 - 150 V, the current is
1,000 - 1,300 A, and the atmosphere temperature in the furnace is
held at about 1,000°C. Under these conditions, when the base
metal 2 is melted over the entire region, whereupon incineration
ash A at low temperature is fed onto the molten base metal 2
ﬁhrough the charging port 9. When incineration ash A at low
temperature is fed onto the base metal 2, the temperature of the
latter is temporally decreased and molten slag is formed only
locally, so that the plasma arc voltage goes up, causing the

plasma arc to be unstable.



(D ‘Wth the anode torch 3 brought into contact with the base netal 2, and
with a plasma arc generated between the cathode torch 4 in the heated arc
position and the base netal 2, the nelt (nelt pool) of the base netal 2 is
enl arged. .For exanple, at this tinme, theilo~oltage on the anode torch 3 is O
- 5V, the voltage on the cathode torch 4 is 100 - 150 V, and the current
Is 1,000 A (E) Wen the furnace atnosphere tenperature neasured by the
thernoneter 12 reaches [err] - [err] the base netal 2 imredi ately bel ow the

anode torch 3 sfigyt siith réNel athbeShe Pe CtERpEFLEuSE A4 Sthd FuFdRREHAEGN althe
anode torch 3 and the base nmetal 2, which is an unstable state in which it
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torch 3is raised a fewnillinmeters to generate tween
base net al 2andt e an or,ch_3. Inad e | S a tennper.atur
whi ch i nci net3% i Bh 40 scﬁ C{; th 4RG% 17859 ﬁll’%h'&?{éi'ég & H&° g]]ﬂ:rl@é‘ ott
whi ch the fuynace flre resi st ant materlal Is liable to be burnt. At
this time ifl¢hem) dhe basei ReE’l £he anode torch 3 is raised a
preparatory arc position about 5 - 10 nm above the base netal 2. 1In
addi tion, if thelbl afhethe Plgsmaksrct he epntibnued chtite jatmasmvese i nt o
contact with the base netal 2, whereupon

temperature in the furnace is held at about 1,000°C and the

charging of incineration ash is continued.

(J) If the plasma arc breaks, the charging of incineration
ash is interrupted. And after the anode and cathode torches 3
and 4 have been lowered into contact with the base metal 2 or
molten slag C, the catﬁode torch 4 alone is raised from the
preparatory arc position to the heating arc position to generate
a plasma arc, the atmosphere temperature in the furnace being
held at about 1,000°C. For example, the voltage on the anode
torch 3 is 0 - 10 V, the voltage oh the cathode torch 4 is 100 V,
and the current is 300 - 1,000 A. Then, as in (E) and (F), the
anode torch 3 is raised from the preparatory arc position to the
heating arc position to generate a plasma arc. And the step
moves to (G).

In addition, the length of the plasma arc from the cathode
torch 4 during this operation is controlled on the basis of the
potential difference detected between it and the melt pool (base
metal 2 or molten slag C) by the potentiometer 8.

Further, when it is desired to finally stop the operation,

the molten slag (molten ésh) C and part of the base metal 2 are



-9- it raised again to generate a plasma arc. For exanple, the voltage on

t he anode torch 3 during continued plasma arcing is 50 - 100 V, the voltage
on the cathode torch 4 is 100 - 150 V, and the current is 1,000 A. (F)
After the spreading of nelting of the base netal 2 blow the anode torch 3
by this plasma arc has been confirned, the anode torch 3 is raised to a
heating arc position about 50 nm above tia base netal 2 so as to continue
the plasna are, whereby the base netal 2 and the gas atnosphere in the

furnace are heated. for_fepgpe ri,.se.. For. _examl,e e I o]
cathode'torgﬁsﬁh?ggigoa% §20£€¥H{ﬁ% %&ﬁrﬁﬁﬁ%ﬁqg’lgESOtP%E,§§8 k?ggﬁdg?éégé 5
at nosphere tenperatyre_in the furnace is held at about 1,00QC 3. Chargin

i nci nerati oﬁsggHrﬁe n?s%t heR’BI %’Fraafﬁsl"tjﬁfgkrf nz&c‘?é'.c?‘(eé) %Tﬁggvél’t 5BeY oRrY %%e
anode torch 3 is 100 - 150 V, the voltage on the cathode torch 4 is 100 -
150 V, the &aisedt apgut 369 mmjongeene q fdeadigdifesuranrpeP it bhe Pose

the furnace is held at about 1,000C. Under these conditions, when the base
metal 2 in order to prevent them from sticking to the base metal

2.

According to the above embodiment, the unstable plasma arc
from the anode torch 3 having an inflow of electrons is not
utilized and instead the stable plasma arc from the cathode arc
where electrons are discharged from the electrode is utilized,
whereby continued operation of the furnace becomes possible.
Further, since the plasma arc from the anode torch 3 which
intensely heats the electrode tip is not utilized and instead the
plasma arc from the cathode torch 4 which does not heat the
electrode tip so much is utilized, the electrode consumption rate
can be decreased.

Further, since the cathode torch 4 which generates a stable
plasma arc is disposed substantially at the center of the melting
chamber la, i.e., the melt pool, it is possible to make effective
use of the plasma arc. Further, since the anode torch 3 is
disposed close to the ash charging port which is on the lower
temperature side, the electrode consumption rate can further be
decreased.

Further, even if the anode torch 3 has its tip (lower end)
consumed until its tip is positioned in the molten slag C, there

is no possibility of the passage of electricity becoming



metdl 2'is nelted over the entire region, whereupon incineration ash A at
| ow tenperature is fed onto the nolten base netal 2 through the charging
port 9. When incineration ash A at |ow tenperature is fed onto the base
metal 2, the tenperature of the latter ¥4 enporally decreased and nolten
slag is formed only locally, so that the plasna are voltage goes up,
causing the plasma arc to be unstable. -10- (H Wth the atnosphere
tenperature in the furnace held at about 1,000C, the anode torch 3 in the
heating arc positi.on and the cathode to

positi on abd sﬁiﬁ%%ﬁniﬁ&ﬁﬁe1Fhésbé§e°ﬂ§€%$tgwf%ﬁ3gﬁgEﬁgig%a v ”§F§ng e

continued, the atnosphere tenperature in the furnace is held at about [err]

and the char gi ndwithefoi #dnsei sheappteatiometented’ 4md 8 ranendnsitaddedar c

breaks, the charging of incineration ash is interrupted. And after the

anode and céidtocen dihehdas?® mrial Ragedbbthe 2mode ctbrigit 3 cont dettweienh thie

base netal 2 or nolten slag C, the cathode torch 4 alone is raised fromthe
base metal 2 and the cathode torch 4, the potentials between the
forches 3, 4 and the solid base metal 2 or melt pool (molten base
metal 2 or molten slag C) can be accurately measured. This makes
it possible to effect accurate control of plasma arc generated at
the cathode torch 4 and suppression of plasma arc generation at
the anode torch 3.

Further, when there is a large variation in the operating
conditions for the furnace as during starting of the furnace or
in a temperature increasing period, the anode torch 3 is in
contact with the base metal 2 and heated to 900°C - 1,000°C by
the plasma arc from the cathode torch 4; therefore, the problem
of discontinuity éf plasma arc can be eliminated and damage to
the anode torch can be prevented. Further, on starting the
charging of incineration ash A into the melt pool, only when the
plasma arc is interrupted, the electrode torches 3 and 4 are
brought into contact with the base metal 2 or molten slag C, and
then only the cathode torch 4 is raised while the temperature in
the furnace is maintained by the plasma arc from the cathode
torch 4; thus, the problem of discontinuity of the plasma arc is
solved and the temperature in the furnace can be stably

maintained.

A second embodiment of the invention will now be described



preparatory arc position to the heating arc position to generate a plasm
arc, the atnosphere tenperature in the furnace being held at about [err].
For exanple, the voltage on the anode torch 3 is O - 10 V, the voltage on
the cathode torch 4 is 100 V, and the current is 300 - 1,000 A. Then, as in
(E) and (F), the anode torch 3 is raiseel¥romthe preparatory arc position
to the heating arc position to generate a plasma arc. And the step noves to
(G. In addition, the length of the plasnma arc fromthe cathode torch 4
duri ng this wipdry ateéferencectont Fokked. on the basis of the potential

di fference detected between it and the nelt pool (base nmetal 2 or nolten

slag C) by the pmiettirateetbodimbhtt d€scribed dboves refeinrseta anf iarxlahgestop
the operation, the nolten slag (nolten ash) C and part of the base netal 2

are di schar gedias Wit il BiAg1EhenbdE NesReh adkh e A RAMNOdROWOERND 1 S
turned off. "As for the el ectrode torches 3 and 4, they may be rai sed about

100 mm or nofe Fhov, QE,I 'ei...%hfi faﬁ@w@ve{'h 2 PREBIE) & bt to

pr event thenﬁ?ron1 ng to th ase

torches, e.g., two cathode torches, are provided for a single
anode torch.

That is, a cathode torch 4A is disposed in the middle of the
melting chamber la, and another cathode torch 4B, which is
auxiliary, is disposed close to the discharging port 10, while an
anode torch 3 is disposed close to the charging port 9. And
power sources 5A and 5B are disposed between the anode torch 3
and the cathode torches 4A, 4B, respectively, for feeding
predetermined currents. In addition, potentiometers 7, 8A and 8B
are installed between the anode torch 3, the cathede torches 4A,
4B and the base metal 2.

Of course, in this case also, the anode torch 3 is positioned
at a height such that its lower end is in contact with the base
metal 2 on the bottom of the melting chamber la, while each
cathode torch 4 is positioned at a height such that the necessary
plasma arc is obtained.

In addition, the furnace operating method is substantially
the same as in the first embodiment, and thereféore a description
thereof is omitted. However, since.the auxiliary cathode torch
4B is added, positioned close to the discharging port 10, the

operation somewhat differs at the initial stage.



According to the above enbodi nent, the unstable plasma arc fromthe anode
torch 3 having an inflow of electrons is not utilized and instead the
stable plasma arc fromthe cathode arc where el ectrons are discharged from
the electrode is utilized, whereby continyed operation of the furnace
beconmes possible. Further, since the plasma arc fromthe anode torch 3
which intensely heats the electrode tip is not utilized and instead the

pl asma arc fromthe cathode torch 4 which does not heat the electrode tip
so nmuch is utiliZhdt isie ké¢ferehand conplmsmaornrcais ganebastedcbetwesn the
Further, since the cathode torch 4 which generates a stable plasma arc is
di sposed subahadei abtyhal ik tentreiddlfe caeheakt LBgcEhanbend| Bhei bfse ddrl
melt pool, it is possible to make effective use of the plasna arc. Further,

since the angdgnbpkBliswi Ss b ePOSEEMIGSGeiReliNe AsheRbar gifng, PORL AA@&xﬁJbé S
on the |l ower tenperature side, the el ectrode consunption rate can further

be decreased tRBI ot EVED & r h i ' end
consynpd_untffggésmgi% igﬁpdiiiééﬁigym%ﬁ%Phg %@I?gngél3éﬁtééphé%gwfgh?ékgse
possibility of Lhe,PaR8308 Ao FlEF ¥HiE DathSG2 ™ 0%ch 4B is raised, thereby

generating a plasma arc.

In addition, in the case where there are a plurality of
cathode torches 4, each potentiometer 8 disposed between the base
metal 2 and each cathode torch 4 detects the associated
potential, and the plasma arc from each cathode torch 4 is
controlled on the basis of the detected potential.

In this connection, the second embodiment described above
refers to an arrangement provided with two cathode torches 4, but
in the case where three or more cathode torches 4 are provided,
they are substantially equispaced, as shown in Figs. 3 through 6,
to ensure that smooth melting takes place in the furnace.

In addition, Figs. 3 and 4 show a case where cathode torches
4A - 4C are disposed at equal intervals on the same
circumference, and Figs. 5 and 6 show a case where cathode
torches 4A - 4C are disposed at equal intervals on a straight
line., Further, the reference characters 5A - 5C in the figures
indicate power sources to be applied between the anode torch 3
and the cathode torches 4A - 4C, and 8A - 8C denote
potentiometers for detecting.potential differences between the

cathode torches 4A - 4C and the base metal 2. The provision of a



-12--unstable, since it is in contact wwth the nolten slag |ayer. Further,
since the potentioneters 7 and 8 are installed between the base netal 2 and
the anode torch 3 and between the base netal 2 and the cathode torch 4, the
potential s -between the torches 3, 4 and the solid base netal 2 or nelt pool
(mol ten base nmetal 2 or nolten slag C) ggn be accurately neasured. This
makes it possible to effect accurate control of plasma arc generated at the
cat hode torch 4 and suppression of plasma arc generation at the anode torch

3. Further, ghhgnitike @ri éaehbaégeoif@ﬁé@tlé)@'néﬂl%eorb%rt%'dggt%%ﬂby ons for
t he furnace as during starting of the furnace or - a tenperature

| ncr easi ng poeu[l%% WA 1AROUR B2 LP L con sﬂct%mvgg;]t B Al 2

and heated to [err asna arc om t cat Fefore,
t he probl em of discontinuity,of asmp, arc can be elimnated and to
the anode t GREIPIEIT B8 B&@&émd&m%ms T e ey e renagihg BRLE

I nci neration ash Ainto the nelt pool, only when the plasna arc is

i nt er r upt ed Pae addebensge fapithbate thp controhafudine iseito cosdisdeng £ar
the base nmetal 2 or nolten slag C, and then only the cathode torch 4 is
rai sed whil eéhehduraaser andr euppress local damage to the fire resistance

material in the furnace.

Further, since a plurality of cathode torches 4 are
installed, melting is effected by a greater amount of more stable
plasma arc and hence the heat exchange rate of electric power put
into the melting furnace is improved, so that the running cost
can be reduced.

That is, the cathode torch disposed at the discharging port
for molten slag prevents the fluidity of the molten slag from
lowering owing to the cooling thereof, while the pluraiity of
cathode torches disposed substantially in the middle generate
stable plasma arcs to effect melting.

Further, in the second embodiment described above, the
potential difference between the base metal 2 contacted by the
anode torch and each cathode torch 4A has been detected to
control the plasma arc length thereof; however, as shown in Fig.
7, for example, power sources 5A and 5B may be connected between
the anode torch 3 and the individual catho&e térches 4A and the
potential differences between the anode torch 3 and the
individual cathode torches 4A and 4B may be detected by the

respective potentiometers 6A and 6B to control the plasma arc



t he: furnace i s maintained by the plasma arc fromthe cathode torch 4; thus,;ﬁ
t he problen1of di scontinuity of the plasma arc is solved and the

tenperature in the furnace can be stably naintai ned. A second enbodi nent of

t he inventi.on will now be descri bed -13- with reference to Fig. 2. The
first enbodi nent described above refers f9_an arrangenent provi-ded-with a =~

singl e anode torch and a single cathode torch. In the seco
however, a pIuraIity of cathode torches, e.g., two cathode !ﬁeﬂﬂiﬂuw
prOV|ded for_a si éi e anode torch That is, a cathode torch cl
in the middlWHAY IHEAIMEL ISchanber |a, and another cat hdde t or ch 4B
which is auxiliary, is disposed close to the discharging port 10, mhlle an
anode torch 3 i sl di spoeddinigomethodt Ferchaplasmea puelt hg Mk peeerhasdmeces
5A and 5B are di sposed between the anode torch 3 and the cathode torches
4A, 4B, respactanmsie/,tdrh famddiangaphedet eontheshd Wd€ing . arl re lagtidiicon,
potentionmeters 7, 8A and 8B
conductor placed on the bottom of a melting chamber, said method
being characterized in that the cathode torch is disposed in the
upper region of the melting chamber and the lower end of the
anode torch is contacted with the electric conductor.

2. A plasma melting method as set forth in Claim 1,
characterized in that the method is adapted for use when there is
a large variation in the conditions for the furnace, e.g.,_when
the furnace is started, during temperature rise or during the
charging of a material to be melted into the furnace.

3. A plasma melting method as set forth in Claim 1,
characterized in that after the anode and cathode torches have
been brought into contact with the electric conductor during
furnace start, the cathode torch is raised to a preparatory arc
position to generate a plasma arc between the electric conductor
and the cathode torch, and after confirmation of the melting of
the electric conductor, the cathode torch is further raised to a
heating arc position which is above the level of the preparatory
arc position, thereby heating the interior of the furnace.

4, A plasma melting method as set forth in Claim 1,
characterized in that in a temperature increasing period for the

furnace and with the lower end of the anode torch contacted with

the electric conductor, the cathode torch is positioned above the



are‘installed between the anode torch 3, the cathode torches 4A, 4B and the
base netal 2. O course, in this case also, the anode torch 3 is positioned
at a height such that its lower end is in contact with the base netal 2 om——

the bottom-of the nelting chanber |a, whiyge each cat hode torSHnm ,
positioned at a height such that the necessary plasma arc i U'm‘,"””'m”"’ '
addition, the furnace operating method is substantially the sam® a$ ik the »
first enbodinment, and therefore a description thereof is omtted. However,
since the auxl¢stric ceandbirtanrteh e4Beratadded]lapnsi aroncthe | atem swhade

di schargi ng port 10, the operation somewhat differs at the initial stage.

-14- That i stempéoatiwadin i dRmmazkec iss igepeass@dtdetdeen 1 ooemdarddor ch

3 and the mddl e cathode torch 4A and the base netal 2 therebelowis

suffici entlyafeét egonfirndt Sor ide theh@etdiRU8 ! OhENe F&: 811 d NG fH O 9i NY
port 10 is in contact wwth the base netal 2 and thereafter this cathode

torch 4B is §he&fatd NEEDNow AR alnodd @oﬂ:ﬁ?r@hg"&node torch is raised to

the preparatory arc position to generate a plasma arc, and after
~confirmation of the spreading of the melting of the electric
conductor immediately below the anode torch, the anode torch is
raised to a heating arc position which is above the level of the
preparatory arc position for heating.

5. A plasma melting method as set forth in Claim 3,
characterized in that in a tgmperature increasing period for the
furnace and with the lower end of the anode torch contacted with
the electric conductor, the cathode torch is positioned above the
electric conductor to generate a plasma arc, the atmosphere
temperature in the furnace is'increased to 900 - 1,000°C, and
after confirmation of the melting of the electric conductor
immediately below the gnode torch, the anode torch is raised to
the preparatory arc position to generate a plasma arc, and after
confirmation of the spreading of the melting of the electric
conductor immediately below the anode torch, the anode torch is
raised to a heating arc position which is abo;e tﬁéxlevel of the
preparatory arc position for heating.

6. A plasma melting method as set forth in Claim 1,
charactérized in that if the plasma arc is interrupted'when the

anode and cathode torches are raised during the charging of ash



In addi‘tion, in the case where there are a plurality of cathode torches 4,
each potentioneter 8 disposed between the base netal 2 and-
torch 4 detects the associated potential, and the plasna ar
cat hode torch 4 is controlled on the basjs of the detected ngﬂ%ﬁmﬂmmm
this connection, the second enbodi nent deScribed above refers mos s
arrangenment provided with two cathode torches 4, but in the case where

three or nore cathode torches 4 are provided, they are substantially .

equi spaced, itostden furngicgs. thet phanging, of casinsia d nitieatrugitedt andelthieng
takes place in the furnace. In addition, Figs. 3 and 4 show a case where

cat hode t or dmsielAnd 4¢E8thodeditopobes ate elpsdéd reditiartvalcdntacth@ithnehe
circunference, and Figs. 5 and 6 show a case where cathode torches 4A - 4C

are di sposec actigealconduervdl srothe féleéwhd14d NendHEulddd thlheatabaeence
characters 5A - 5Cin the figures indicate power sources to be applied

between the @Qde itOral sdqard EQﬁeP@%Qogﬁ%%%%&%ﬁ§¥gﬁd'm%gng%qq §he 8C

denote potentioneters for detecting pote rences between the
cathode tor Ctheemspe“i'%thrici%nq;hgh?upggge n‘g{ %03 - TP,%OW’%V,I sa.ln%n t?xfenathe anode

torch is raisea again to generate a plasma arc and restart the
charging of ash.

7. A plasma melting furnace having an anode torch and
cathode torch made of graphite and having an electric conductor
placed on the bottom of a melting chamber, said melting furnacé
being characterized in that the cathode torch is positioned in
the upper region of the melting chamber and the lower end of the
anode torch is contacted with the electric conductor.

8. A plasma melting furnace having an anode torch and
cathode torch made of graphite and having an electric conductor
placed on the bottom of a melting chamber, said melting furnace
being characterized in that when there is a large variation in
the conditions for the furnace, e.g., when the furnace is
started, during temperature rise or during the charging of a
material to be melted into the furnace, the cathode torch is
raised to the upper region inlthe melting chamber and the lower
end of the anode torch is contacted with the electric conductor.

9. A plasma melting furnace as set forth in Claim 7,
characterized in that the cathode torch is disposed substantially

in the middle of the melting chamber.



|

plurality of cathode torches, e.g., three cathode torches, besides having
the nmerits of the first enbodi nent, makes it possible to m-pim
variations in the tenperature of the nelt pool and hence fajbhitate t he

I

control of.the set conditions for the furnace and suppress mmﬂiﬂ'm'iﬂm)mm

the fire resistance material in the furf@fse. Further, since A

cat hode torches 4 are installed, nelting is effected by a greater anount® of
nore stable plasm arc and hence the heat exchange rate of electric power
put into the nel®qnd MIAseee med Ling, EyBRace 2s mAt tirrthudm fdadds@ can be
reduced. That is, the cathode torch disposed at the discharging port for
mol t en sl ag ¢hamagfierized finyitdaty the cathodé t eoreh aip [dicndsedesiubs tontigliy
the cooling thereof, while the plurality of cathode torches disposed
substanti al | yn ithdé heiddledlof ghecmaleingabhenpdrsma arcs to effect nelting.
Further, in the second enbodi nent descri bed above, the potential difference

bet ween the basgl Netglplasaanmeatedgbyuthgc@ngsesd oredr o di e anh igatode
torch 4A has been detected to control the plasma arc | ength thereof;

however, as i N.:F A sour be
SO i dr Edl 1 that 248 BhEae POYEL 9yu£f§%o}t“ﬁ5ago§§r Ty abe |

f
connect ed bet ween t‘{}‘e anoofe torch nd the rndivid

and the charging port for the material to be melted.

12, A plasma melting furnace as set forth in Claim 8,
characterized in that the anode torch is disposed close to a
charging port for the material to be melted.

13. A plasma melting furnace as set forth in Claim 9,
characterized in that the anode torch is disposed close toc a
charging port for the material to be melted.

14, A plasma melting furnace as set forth in Claim 10,
characterized in that the anode torch is disposed close to a
charging port for the material to be melted.

15. A plasma melting furnace as set forth in Claim 7,
characterized in that the furnace has one anode torch and a
plurality of cathode torches,

16. A plasma melting furnace as set forth in Claim 8,
characterized in that the furnace has one anode torch and a
plurality of cathode torches.

17. A plasma melting furnace as set forth in Claim 9,
characterized in that the furnace has one anode torch and a
plurality of cathode torches.

18. A plasma melting furnace as set forth in Claim 10,



pot-ential differences between the anode torch 3 and the individual cathode
torches 4A and 4B may be detected by the respective pote
6B to control the plasnma arc -17- WHAT IS CLAIMED | S:
met hod for -a plasna nelting furnace havi ng an anode torch mm@,}m MU",
torch and having an el ectric conductor pléted on the bottom 0
chanber, said nethod being'charaCterized in that the cathode torch is
di sposed in t lon f t chanmber and the | ower end of
t he anode toFBﬁr? %5%?% é&%%5§5€“¥ 'gaéoﬂaﬁcﬁﬁ?532t°%‘ | 2R
mel ting method as_set forth in Caim1l, characterized in that the nmethod is
adapt ed for Béérahéhytﬁﬁr%aFEPQFIQﬁﬁﬁ?e@arlatlon in the conditions for the
furnace, e.g., when the furnace is started, during tenperature rise or
during the charg®ng Afpbasma oné i ing fugnmekt e¢ satofohehf inn@leim 311 A
plasma nelting nethod as set forth in Caim1l, characterized in that after
the anode andhanhboéeited cihwest ety echeeefurnaeeghsi Bhe eabiactonth handiea
el ectric conductor during

plurality of cathode torches.

20. A plasma melting.furnace as set forth in Claim 12,
characterized in that the furnace has one anode torch and a
plurality of cathode torches.

21. A plasma melting furnace as set forth in Claim 13,
characterized in that the furnace has one anode torch and a
plurality of cathode torches.

22. A plasma melting furnace as set forth in Claim 14,
characterized in that the furnace has one anode torch and a
Plurality of cathode torches.

23. A élasma melting furnace as set forth in Claim 7,
characteriﬁed in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the cathode
torch and the electric conductor rendered conductive through the
anode torch.

24, A plasma melting furnace as set forth in Claim 8,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the cathode

torch and the electric conductor rendered conductive through the



furnace start, the cathode torch is raised to a preparatory arc position to
generate a plasma arc between the el ectric conductor and the cathode torch,
and after confirmation of the nelting of the electric conductor, the
cathode tor.ch is further raised to a heating arc position which is above
the |l evel of the preparatory arc positio t hereby heating the interior of
the furnace. 4. A plasma nelting nethod®ds set forth in ml u u‘ IIII
characterized in that in a tenperature increasing periodl “lmu ll

and Wi th theadswertayitth.of the anode torch contacted with thetel'ecthi é
conductor, the cathode torch is positioned above the ' electric conductor
to generatea S h p r e Af I eis

i ncreased to I[Oiesrar]m y%sgf‘at g‘rﬁ%gﬁ?l ?%r??%% o? %#J 1%:%1{}: i Cfl%‘ H’e%él ectric
conduct or d| atel de torch ode torch I S rai sed to

t he prepara y'a‘efrtce pos%ltlon ?’ ﬁré?’égé‘ p‘?% sd“ A& gepgrated
confirmation of the preagé of the nelting of the electric conductor

i medi at el y 'ﬂtfé%‘tﬁﬁ"c g’BP&ha“‘Elh'éh%l qdp ipnch (i soatreldedeani the
arc position which is above the | evel of the preparatory arc position for
heat i ng. basis of a potential difference to be applied between the cathode

torch and the electric conductor rendered conductive through the
anode torch.

26. A plasma melting furnace as set forth in Claim 10,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the cathode
torch and the electric conductor rendered conductive through the
anode torch.

27. A plasma melting furnace as set forth in Claim 11,
characteriged in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the cathode
torch and the electric conductor rendered. conductive through the
anode torch.

28. A plasma melting furnace as set forth in Claim 12,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the cathode
torch and the electric conductor rendered conductive through the

anode torch.



5. ‘A pllasma nelting nethod as set forth in Claim3, characterized in that

in a tenperature increasing period for the furnace and with the |lower end
of the anode torch contacted with the electric conductor, thﬂmmmlujmﬂ'mrlﬂm
i's positioned above the electric conductor to generate a pla '
atmosphere tenperature in the furnace i s23ncreased to 900 - 1*006C,"ant s

after confirmation of the nelting of the electric conductor imediately

bel ow t he anode éorcA‘n, he anog&.tor h is raised to the preparatory arc
position to genstat ¢ ap%arsa{%afré"e P8 AUTRRER 28 oRE F r R TNt biCkada dodeadi ng
of the melting of the electric conductor i mediately bel ow the anode torch,
the anode t ofR#ractenizad) in, thatedbendengthpeti 2 i plasme cire Sermrateache

| evel of the preparatory arc position for heating. 6. A plasma nelting

met hod as seetwrem the @ditmppolclaadather catbode tédmth s tdmn tptcdslesd arc tihe
I nterrupted when the anode and cat hode torches are raised during the

chargi ng of basis of 1D-patert itdle didffeasacet b6 BoaiPh NDedibetShedrs the cathode
interrupted and the anode and cat hode torches are lowered into contact with

t he torch and the electric conductor rendered conductive through the
anode torch.

30. A plasma melting furnace as set forth in Claim 14,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the cathode
torch and the electric conductor rendered conductive through the
anode torch.

31. A plasma melting furnéce as set forth in Claim 15,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the cathode
torch and the electric conductor rendered conductive through the
anode torch.

32. A plasma melting furnace as set forth in Claim 16,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the cathode
torch and the electric conductor rendered conductive through the
anode torch.

33. A plasma melting furnace as set forth in Claim 17,



-

el ectric conductor or the nolten slag, whereupon the cathode torch is
raised to generate a plasnma arc to naintain the tenperature-in the furnace

at [err] and then the anode torch is raised again to generate a plasnma arc

and restart the charging of ash. 7. A plgsma nelting furnace lmu lr"mi""""””“l |
anode torch and cathode torch made of griaphite and having an 'S~ @&t w I
conductor placed on the bottomof a nelting chanber, said nelting furnace
bei ng characterized in that the cathode torch is positioned in the upper
regi on of tIfafAtetdzefafBethahdtinelengidt ahe Hlasme ax6d€ensrekeds
contacted with the electric conductor. 8. A plasma nelting furnace having
an anode torkstween ddehaedtt oreh ardicthe ceptipide domeh Havicegtanldedconi the
conductor placed on the bottomof a nelting chanber, said nelting furnace
bei ng char addesriizext ien poltantihdndiifedence atd Begaprdriedl ibetwieent ke cathode
conditions for the furnace, e.g., when the furnace is started, during

t enper at ur e fdrih @nddwhieN@leBerdaEGhdiic ®dr rdMiHddcdndule ivR! tadolBhothbe
furnace, the cathode torch is raised to the upper region in the nmelting

chamber and jhfd Quglcnend of the anode torch is contacted with the electric
conductor. 9. A plasma nelting furnace as set forth in aim?7,

characterized igy thal h0QG2hA2¢enE Ob e hide U PO E IS HANhEY 18,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the cathode
torch and the electric conductor rendered conductive through the
anode torch.

35. A plasma melting furnace as set forth in Claim 19,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a éotential difference to be applied between the cathode
torch and the electric conductor rendered conductive through the
anode torch.

36. A plasma melting furnace as set f9rth in Claim 20,
characterized in that the length of a plasma arc generated
between the melt pool and the céthode torch is controlled on the
basis of a potential difference to be app%ied between the cathode
torch and the electric conductor rendered conductive through the
anode torch.

37. A plasma melting furnace as set forth in Claim 21,

characterized in that the length of a plasma arc generated



in the mddle of the nelting chanber. -20- 10. A-plasma nelting furnace
as set forth in Claim8, characterized in that the cathode torch is
di sposed substantially in the mddle of the nmelting chanber” A plasma

mel ting furnace as set forth in Claim7, characterized in th o
torch is disposed close to a charging po%St for the material mllmmmmmm”“l :

12. A plasma nelting furnace as set forth in Claim8, characteérized-imtHhat*
the anode torch is disposed close to a charging port for the naterial to be

mel ted. 13. pephesitche!ddNg dosinasa eﬁeseatﬂeaéhtwgﬁfére&wﬂ%ﬁft&{ leped
in that the anode torch is disposed close to a charging port for the

material (o BesIEIP dduedt ALRNIRARLLLEO LUL0GS, 2P UL it Ol

10, characterized In that the anode torch'is 0 “Close
port Tor Lhe,RRLET AR LR G cohc B FETRAEt AR B E, en
a anode torch. ’

38. A plasma melting furnace as set forth in Claim 22,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the cathode
torch and the electric conductor rendered conductive through the
anode torch.

39. A plasma melting furnace as set forth in Claim 8,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode
and cathode torches.

40. A plasma melting furnace as set forth in Claim 9,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode
and cathode torches.

41. A plasma melting furnace as set forth in Cl#im 10,
characferized in that the lengtﬁ of a plasma arc generated
between the melt pool and ﬁhe cathode torch is controlled on the
basis of a potential difference to be applied between the anode

and cathode torches.



plurality of cathode torches. 16. A plasma nelting furnacgj_af_ﬁie,t,fﬂ_ul—i—nt
Claim8, characterized in that the furnace has one anode rch and a

plurality of cathode torches. 17. A plasna nelting furnace gﬂulﬂ“l“mmm
Claim9, characterized in that the furnage has one anode tcumm i '
plurality of cathode torches. 18. A plaSfif melting furnace as Set *fofth in

Cl ai m 10, characterized in that the furnace has one anode torch and a

plurality of cajhode tEhHas melfind ?L@ﬁ&*@enﬁétéw £ EIRCE B 6 r}fqrth in

Claim 11, characterized in that the furnace has one anode torc a

plurality Ofcl%ﬂt erltz%rdlcg S+hal: tﬁ‘epigﬁgg‘lénﬁétsé gglea].csun{anacrec[ ?ecnﬁe%taa&%%;t h i.n

G aiml12, characterize hat the furn . anode .

Gaim 13 CRFGAet (ohs el REPT: ABAY ERRACRtRate ofr Hhode GUNIP g &n the

plurality Ofb:§§£K§¥éi(gg¥l§§ial difference to be applied between the anode
and cathode torches.

43. A plasma melting furnace as set forth in Claim 12,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode
and cathode torches.

44, A plasma melting furnace as set forth in Claim 13,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode
and cathode torches.

45. A plasma melting furnace as set forth in Claim 14,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode
and cathode torches.

46. A plasma melting furnace as set forth in Claim 15,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode

and cathode torches.



22.° A plasma nelting furnace as set forth in Claim 14, characterized in .
that the furnace has one anode torch and a plurality of cathode toreches———

23. A plasma nelting furnace as set forth in Caim7, characteri '
the I ength of a plasma arc generated between the nelt pool m] ﬂ@ !w‘rﬂgu m‘
torch is controlled on the basis of a pot®mtial difference il g
bet ween the cathode torch and the electric conductor rendered conductive

t hrough t he ano torch. 24. A pl.as mel ting furnace as set_forth in daim
8, chgr act eri zegﬁ n ‘{W;itast"}?e "\eéﬁd‘PﬁngPrﬁaﬁFaéﬁas%? Ly &d-aidt iden t he
melt pool and the cathode torch is controlled on the basis of a potential

di fference teharagiRNizas Hat tbat the dangbheof op chlasme tare dermnbted
conductor rendered conductive through the -22- 25. A plasma nelting

furnace as skeetwesn htheh n@ldi podl ehdr bbeecatkdde nteieh ihedrengiliedf on the
pl asma arc generated between the nelt pool and the cathode torch is

control | ed obashe dfisd patfert ipdt dafifakelcéf €6 ep6eap Pl o anplieath helevagRgkhe
cat hode
and cathode torches.

48. A plasma melting furnace as set forth in Claim 17,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode
and cathode torches.

49. A plasma melting furnace as set forth in Claim 18,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the

" basis of a potential differénce to be applied between the anode
and cathode torches.

50. A plasma melting furnace as set forth in Claim 19,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torgh is controlled on the
basis of a potential difference to be applied between the anode
and cathode torches.

51. A plasma melting furnace as set forth in Claim 20,
characterized in that the length of a plasma arc generated
between the melt pool and the caﬁhode torch is controlled on the
basis of a potential difference to be applied between the anode

and cathode torches.



torch and the electric conductor rendered conductive through t he ‘anode

torch. 26. A plasnma nelting furnace as set forth in Caim10, characterized

in that the length of a plasma arc generated between the mamllmm"m“iwﬂlll
cathode tarch is controlled on the basis of a potential dif :
appl i ed between the cathode torch and thggel ectric conductor *rehdered = *
conductive through the anode torch. 27. A plasma nelting furnace as set

forth in daim%d, cRha i i n, that the | ength ,of | a .ar
gener at ed betmeé%'thg %gﬁ%ﬁ%o%€9%% téﬁ?3§§Fh8ﬁesg%rgﬂrF§ EBn?E%E?eglbnhthed
basis of a potential difference to . be applied between the cathode torch an
t he eIectri2°®8ﬁ85§?5?z?5nﬂ%r%ﬁ?Eo Adsngth kfoggRleEB2aABAEERREAtERS. A
plasma nelting furnace as set forth in Claim12, characterized in that the
| ength of a PR&¥REBNatBegBAbE aPeRl Hndwidie dedhodet tpooh aadcehtrehlédden the
torch is controlled on the basis of a potential difference to be applied
bet ween t he bashedeft ar phtemtiiahedif feoterice condechpplieddbeedeennthet drvede
t hrough t he anode torch.

and cathode torches.

53. A plasma melting furnace as set forth in Claim 22,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode
and cathode torches.

54. A plasma melting furnace as set forth in Claim 23,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode
and cathode torches.

55. A plasma melting furnace as set forth in Claim 24,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode
and cathode torches.

56. A plasma melting furnace as set forth in Claim 25,
characterized in that the length of a rlasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode

and cathode torches.



-23+ 29. A pl asma nel ti ng furnace as set forth-irn daim13, characterized

in that the length of a plasma arc generated between the nelt pool and the
cathode torch is controlled on the basis of a potential difq

applied between the cathode torch and th 9eI ectric conducto r"mmm”ﬂ" ﬂ””“,
conductive through the anode torch. 30. /A”plasma nelting furrmace as set s =
forth in daim114, characterized in that the length of a plasma arc

gener at ed bet vesp. the PELindoRl1 ARG rlinGakRdesLer fho s FONLA ofh on the

basis -of a potential difference to be applie ween e ca rch and
the electric r cqQnductive, through,the anode torch. 31. A
bl ‘s el t | SAEPEFELELaE AL A RAC TSR BFCHIP1A 00 PRET eart Rk ache ¢ he

| ength of a plasma ajc gengerated between the nelt pool and the cathode
torch is cong?BV?%‘Ei e 'ﬁ%lefbééﬂ‘g’ 3ndaths: eathadegterek eht ecantand kgshiqnehe

between the cathode torch and the el ectric conductor rendered conductive
through the Badde eHranpotentimlydifferaprei hg berappbied betwder tthe ancde m

16, characterized in that the length of a plasna arc generated
and cathode torches.

58. A plasma melting furnace as set forth in Claim 27,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode
and cathode torches.

59. A plasma melting furnace as set forth in Claim 28,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode
and cathode torches.

60. A plasma melting furnace as set forth in Claim 29,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be apélied between the anode
and cathodé torches.

61. A plasma melting furnace as set forth in Claim 30,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the

basis of a potential difference to be applied between the anode

and cathode torches.



between the nelt pool and the cathode torch is controlled on the basis of a

potential difference to be applied between the cathode torch and the

el ectric conductor rendered conductive through the anode tor u nﬂ m
pl asma nelting furnace as set forth in Caim1l7, - 24- cha:f- ll' nu ""Il””“l
that the length of a plasma arc generat e‘ao‘between the nelt pool &and-the s *
cat hode torch is controlled on the basis of a potential difference to be

appl i ed bet weengi he gajhade tﬂl@hnanéukh%:g' §ELLE f&PB&‘C%xPrcfaeﬂ.F%’1ed'

conductive through the anode torch. 34. | asma el ting Turnace as 'set

forth in d aj teri I.n_that e Length of a plasma arc

ggaera!t ed be%%%%%%ﬁrf%ftl poté}%qar%get Egnégphggea?% 3ne salg%rﬁ‘?‘bﬂ'%ttfdon t he
basis of a potential_difference to be applied between the cathode torch and
the el ectri cPRBRRR e r PeP I rduthrveathedegirtelr thorrtRRkied 30 the

plasma nelting furnace as set forth in Claim19, characterized in that the
| ength of a b§%5$mpguﬁ;gﬁﬁgﬂﬁﬂq%jdlfference to be applied between the anode

and cathode torches.

- 63. A plasma melting furnace as set forth in Claim 32,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a poteﬁtial difference .to be applied between the anode
and cathode torches.

64. A plasma melting furnace as set forth in Claim 33,
characterized in that the length of.a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode
and cathode torches.

65. A plasma melting furnace as set forth in Claim 34,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be appiied between the anode
and cathode torches.

66. A plasma melting furnace as set forth in Claim 35,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode

and cathode torches.



betweerr the nelt pool and the cathode torch is controlled on the basis of a
potential difference to be applied between the cathode torch

e
el ectric conductor rendered conductive through the anode torch m“‘\um‘“\“\
pl asma nelting furnace as set forth in Caim 20, characterized \“m““ -
| ength of a plasma arc generated betweerr3the nelt pool and the ecathode ™
torch is controlled on the basis of a potential difference to be applied

bet ween the cat Rede o0 X ri_c _conductor, rendered. condyctive

t hrough t he anogg'to&c%?%@gdﬁiﬁan%tﬁéﬁcfnﬁsf ﬁ?%aggrgg éﬁtg}%’r‘?hyﬁ?h Cl ai m
21, characterized in_that the | ength Qf a plasma are generated - 25-

bet ween t he ﬁéf’faﬁhspﬁﬁ thethak %6’(%%&3(’5 PE BoRLASMReATHNEERRTHMERE S of a
potential difference to be applied between the cathode torch and the

el ectric con88E¥8EN ERgePeHt RARK AN dhehcatihndensoanbdest epnhiroBBed fon the

plasma nelting furnace as set forth in Oaim22, characterized in that the
| ength of a praismcfre petenrtiall difference to be applied between the anode

and cathode torches.

68. A plasma melting furnace as set forth in Claim 37,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode
and cathode torches.

69. A plasma melting furnace as set forth in Claim 38,
characterized in that the length of a plasma arc generated
between the melt pool and the cathode torch is controlled on the
basis of a potential differe;ce to be applied between the anode

and cathode torches.



bettweeh the nelt pool and the cathode torch is controlled on the basis of a
potential difference to be applied between the cathode torch and the

el ectric conductor rendered conductive through the anode torch. 39. A

pl asma nelting furnace as set forth in Caim8, characterized in that the

| ength of a plasma arc generated between the nelt pool and the cathode
torch is controlled on the basis of a potléhtial difference to be applied
bet ween the anode and cat hode torches. 40. A plasma nelting furnace as set
forth in Claim9, characterized in that the length of a plasma arc
generated between the nelt pool and the cabhode torch is controlled on the
basis of a potential difference to be appliéﬁ“be;meen t he anode and cat hode
torches. 41. A pl dsna neltlng furnace as set fti%h I'h Claiml0,
characterized in tjha - C , - getrer at ed between the nelt
pool and the cat hdg on the bsi $ of a potenti al
difference to be 4 [ le t or ches.

o T
4l
._= L\i\\ AN AN ;il
~ IS RO
= m Y S b
Lo Sl ~
— \‘-:
L'j /.) Ny / ® II'
w s £ ,\,g -
/// o (J~//‘€'//////Z::Z::Z:]
vV @\A /]




42.. Aplasma nelting furnace as set forth in Caim1ll, characterized in
that the length of a plasma arc generated between the nelt pool and the
cathode torch is controlled on the basis of a potential difference to be
appl i ed between the anode and cat hode torches. 43. A plasma nelting furnace
as set forth in Cdaim12, characterized ijp,that the length of a plasma arc
gener ated between the nelt pool and the éQZhode torch is controlled on the
basis of a potential difference to be applied between the anode and cat hode
torches. 44. A plasma nelting furnace as set forth in Caim 13,
characterized in that the length of a plasma arc generated between the nelt
pool and the cathode torch is controlled on the basis of a potenti al
difference to be applied between the anode and cat hode torches. 45. A
plasma nelting furnace as set forth in Caim14, chaggcterized in that the
| ength of a plasma arc generated between the nelt po@® and the cathode
torch is controlled on the basis of a potential dif¥erence to be applied
bet ween the anode_and cathode torches. 46 _ A pl |ting furnace as set
forth in Claim14, characterized in that the le h of' a plasma arc
gener at ed

FIG.2




between the nelt pool and.the cathode torch is controlled on the basis of a
potential difference to be applied between the anode and cat hode torches.
-27- 47. A plasma nelting furnace as set forth in Caim16, characterized
in that the length of a plasma arc generated between the nelt pool and the
cathode torch is controlled on the basis {}k a potential difference to be
appl i ed between the anode and cat hode tor 48. A plasma nelting furnace
as set. forth in Caim17, characterized in that the length of a plasma arc
gener ated between the melt pool and the cathode torch is controlled on the
basis of a potential difference to be appl i ed between the anode and cat hode
torches. 49. A plasnma nelting furn g éet forth in Caiml1l8,
characterized in that the Iength of & ma arc generated between the nelt
pool and the cathode torch is controlled on the basis of a potenti al
difference to be applied between the anode and cat hode torches.
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50. A plasma nelting furnace as set forth in Caim19, characterized in
that the length of a plasma arc generated between the nelt pool and the
cathode torch is controlled on the basis of a potential difference to be
appl i ed between the anode and cat hode torches. 51. A plasma nelting furnace
as set forth in Caim20, characterized in that the length of a plasma arc
gener ated between the nelt pool and the c?%hode torch is controlled on the
basis of a potential difference to be apﬁﬁ ed between the anode and cat hode
t or ches. -28- 52. A plasma nelting furnace as set forth in Caim?21
characterized in that the length of a plasma arc generated between the nelt
pool and the cathode torch is controlled on the basis of a potenti al
difference to be applied between tﬁE and cat hode torches. 53. A
plasma nmelting furnace as set forth in (aim22, characterized in that the
| ength of a plasma arc generated between the nelt pool and the cathode
torch is controlled on the




basi s ‘of a potential difference to be applied between the anode and cat hode
torches. 54. A plasma nelting furnace as set forth in Caim 23,
characterized in that the length of a plasma arc generated between the nelt
pool and the cathode torch is controlled on the basis of a potenti al
difference to-be applied between the anode and cat hode torches. 55. A

pl asma nelting furnace as set forth in Csggm24, characterized in that the
| ength of a plasma arc generated between the nelt pool and the cathode
torch is controlled on the basis of a potential difference to be applied
bet ween the anode and cat hode torches. 56. A plasma nelting furnace as set
forth in daim25, characterized in that the length of a plasma arc
generated between the nelt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode and cat hode
t or ches. 57. A plasma nelting furnace as set forth in Caim 26,
characterized in that the length of a plasma arc generated
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between the nelt pool and the cathode torch is controlled on the basis of a
potential difference to be applied between the anode and cat hode torches.
58. A plasnma nelting furnace as set forth in Claim27, characterized in
that the length of a plasma arc generated between the nelt pool and the
cathode torch is controlled on the basis of a potential difference to be
appl i ed between the anode and cat hode torghes. 59. A plasma nelting furnace
as set forth in Caim28, characterized in that the length of a plasma arc
generated between the nelt pool and the cathode torch is controlled on the
basis of a potential difference to be applied between the anode and cat hode
torches. 60. A plasma nelting furnace as set forth in daim?29,
characterized in that the length o ma arc generated between the nelt
pool and the cathode torch is control'l'8d On the basis of a potenti al
difference to be applied between the anode and cat hode torches. 61. A

pl asma nelting furnace as set forth in Caim30, characterized in that the
| ength of a plasma arc generated between the nelt pool and the cathode
torch is controlled on the basis of a potential difference to be applied
bet ween t he anode
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and .cat hode torches. -30- 62. A plasma nelting furnace as set forth in
Claim 31, characterized in that the length of a plasnma arc generated
between the nelt pool .and the cathode torch is controlled on the basis of a
potential .difference to be applied between the anode and cat hode torches.
63. A plasma nelting furnace as set forth in Caim32, characterized in
that the length of a plasma arc generatedgpetween the melt pool and the
cathode torch is controlled on the basis of a potential difference to be
appl i ed between the anode and cat hode torches. 64. A plasma nelting furnace
as set forth in Caim33, characterized in that the length of a plasma arc
gener ated between the nelt pool a t he gathode torch is controlled on the
basis of a potential difference t ddﬁhﬁzlied bet ween the anode and cat hode
torches. 65. A plasma nelting furnace as set forth in C aim 34,
characterized in that the length of a plasma arc generated
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bet ween the Wett pool and the cathode torch is controlIed‘Bﬁ_fﬁE_Bagrgabf a
potential difference to be applied between the anode and C afog kmai
66. A plasma nelting furnace as set forth in Caim35, chara

that the | ength of a plasm arc generated between the nelt p m&m‘l‘

cathode torch is controlled on the basi SABBTRA@Bt ential diff

appl i ed between the anode and cat hode torches. -31- 67. A plasm neltlng
furnace as set forth in Caim36, characterized in that the length of a

pl asma arc genera t p

controlled on theb%ggpg g?gglggf%§?$6 éﬁ#f%@%ﬂ%g ﬁﬁ%e applﬁggﬂ%etmeen t he
anode and cat hode torches. 68. A plasma nelting furnace as set forth in

Claim 37, characterized in that the length of a plasma arc generated
between the nelt pool and the cathode torch is controlled on the basis of a

potential diffefeprgshd) MELHIRY IRERJIMIRIG W @aATI9E 2RAnbrNadeihar ghes.

anode torch and a2 cathode torch made of graphite and having a
electric conductor disposed on the bottom thereof. When the
furnace is operated, the anode torch, having an inflow of
electrons, which forms an unstable plasma arc is contacted with
the electric conductor and is not used, while the cathode torch,
having an outflow of electrons, which forms a stable plasma arc,
is utilized for heating, whereby the furnace can be stably and
continuously operated. Thus, since the cathode torch which is
used is not heated so much and the anode torch, which is liable
to be heated to a great degree, is not used, the elecﬁfode

consumption rate can be greatly reduced.



69. A plasna MSet f r+g |QnH—§|—gHA@ §§Et\’;_%hara IREPFQQEMFHT SHEET :

cat hode torches. \
ABSTRACT (Fig. 1)

that the Iengtﬂnpgh I srra arc gener tec t gpal  a c{)tg@ 1995
cat hode torch i = dt he ba%&qm@m;mff P@F?cg Tohe
appl i ed bet ween Imn

PLASMA MELTING METHOD AND PLASMA MELTING FURNACE

A plasma melting furnace has a melting chamber having an
anode torch and a cathode torch made of graphite and having a
electric conductor disposed on the bottom thereof. When the
furnace is operated, the anode torch, having an inflow of
electrons, which forms an unstable plasma arc is contacted with
the electric conductor and is not used, while the cathode torch,
having an outflow of elegtrons, which forﬁs a stable plasma arc,
is utilized for heating, whereby the furnace can be stably and
continuously opergted. Thus, since the cathode torch which is
used is not heated so much and the anode torch, which is liable
to be heated to a great degree, is not used, the electrode

consumption rate can be greatiy reduced.



ABSTRACT (Fig. 1)

PLASMA MELTING METHOD AND PLASMA MELTING FURNACE

| A plasma melting furnace (1) has a meltihg chamber (1a) having an anode torch (3) and a

cathode (4) torch made of graphite and having an electric conductor (2) disposed on the
bottom thereof. Wher the furnace is operated, the anode torch, having an inflow of electrons,
which forms an unstable plasma arc is contacted with the electric conductor and is not used, -
while the cathode torch, having an outflow of electrons, which forms a stable plasma arc, is
utilized for heating, whereby the furnace can be stably and continuously operated. Thus, since
the cathode torch which is used is not heated so much and the anode torch, which is liable to

, be heated to a great degree, is not used, the electrode consumption rate can be greatly reduced.
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