The Dissipation of Energy in D.C.
Transferred-arc Plasma Systems and the
ences for Production of

Fer

W
D

Wm..
D)
o
o
3

.
I
0
«f’:m
g

The advantages of plasma systems
tiont

er ihfee—;ahase s
the production of ferro-alloys are examined
The interaction between an arc and the metallurg
ent from that in a submerged-arc furnacs, carmula ly

Experimenis on the dissipation of energy i “a'
results, which give rise to the following ’*oncl\ja ,a
here is a tnrqe a;s atml J e(‘er }/ at ha ano d
energy deveioped € arc irected rﬁow*“

E'D

\;OT’dI){ ons in a plasma furnace is differ-
ﬁe itilization of the energy of an arc.
ed niaqma arc are described, and th

—‘
O.’E'(C} <D o
=
D
=

ol VITW

INTRODUCTION South Africa, with 1ts abundant reserves of raw

materials and its well-established ferro-alloy in-

Since about ten years ago, plasma-arc technology  dustry, it was to be expected that this idustry
has been receiving a

great deal of attention as a would take a keen interest in the application of
: produ




orm are

1 . o o 4
ame of non-t

this

the base of the shaft furnace. Elec- §h<’*r’ are many types of arcing s
contained in the arc heater, and mntext, however, only high-current d.c. trans-
Ipy gas 1s introduced into the reac- %if}“md—;-.u‘(‘ systems will be considered.

tion zone. This type of system has not heen ap-
plied in South Africa, but has received a lot of at-
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been else- 1o evaluate various pmuxs routes for the produc-
summary thc major Admumwu of the  tion of ferrochromium. They showed that the con-
em are that it dIl()ws independent mmpmm of clectrical energy can be reduced from

~d-arc
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Sysi
'm* %kr{-‘d rate of ilw v materials and 3,77 MWh/t for a mmcmmmu subme
raw mate ;mndu to ] ui MWh/t for the Showa Der

panels is qg preciable, but can be offset by opera-  direct because of its open-bath ' mode of operation,
tion at }ghc power levels, which increases the  whereas, in a submerged-arc furnace, fine material

can cause blockages in the burden of raw
materials, which u‘suh m ﬁ.ll‘lli-l(‘(‘ eruptions. Con-
trol and measurement of the dcw‘rfse of prereduc-
ion 1 the

thre 'ipm and actually reduces the net uti
~in megawatt-hours per ton of prod-
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arc has to be based on extrapolation from meas-
urements made at substantially lower levels of cur-
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Anode region
Many \waim have been made of lh(" heat-transier

anode, and a briel
lonthea

review
s based ¢ i

fall potentia
the wor ix fum‘m»n of the anode material.

The last term in brackets can be lumped to-
gether as an equivalent voltage U,

. The high current
d(‘nsiﬁ}; at the mmodv 18 !(‘ldl(d to the efficiency of
electron proc isw‘l(m Maecker® developed a theory
for t le-jet pht‘nomcnon based on the fact
A&ssiml pmah uhc is pr opmuomd o the

"t s the current den-
the the

erred-arc system water-cooled torch em-
ving a I’n()mm’d -tungsten ¢ athode. In this
, the cathode tip is tapered, which causes a
high current density at the tip. This, in con-
nction with the arc-sup pursm gas, which is in-

a nozzle sunmmﬁ
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e entire Cr

water-co tenn torch)
't gives rise to a stable arc column with
S;gzsumdm Maecker forces causing a pumping
action near the cathode. It is also assumed that
the arc column is sufficiently long for the major
generation of energy to be accomplished via joule
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o n‘gmhmii for the anode may be fairly xmaih but
wa convection and radiation components ¢l,, and
1.4 can be significant. If the radiation component
15 E.;egwsi‘n 20 ;«md “’}O pm“ cent of lh(‘ tom! ener-

plasma arc
are c\iinlt“’d, dw terms ui (‘zlth()df.‘ heating and
anode-electron E‘a@:ning can he accounted for.
However, the :vumwmg \()mp(mmm (/M, and ¢,

which in a hi nt, | are the

: : r optically
thin {viz, no radiation is reabsorbed within the arc
column). Therefore, in the assessment of radia-
tion, direct measurements must usually be relied
upon.
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rimeter

Bath diameter ¢ aneter = 10 mm
Side-panel height (X 4) Flat at front face = 1 mmu

20°

Taper

Anode diameter
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Anode area
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be noted that the anode 1s not an anode in the
strict sense, since the arca of the copper surface is
much larger than that of the anode ;
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The heat transfer to the cooling water for
and largely proportional to
ctore, even at high currents,
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leads to the calorimeter. The slanting of

r.

_ anode attachment would direct a large pro-

¢ With the roof oft and a long arc, an appreci- portion of the hot gas from the arc column
able amount of the energy is lost—more t Emu onto the base and lower rings, at high veloci-
was predicted from the resu h*’ U§ the expe tv, thus in(‘r(—‘e-minq the heat absorption in
nents with a closed to p. With a 27 i h
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would therefore have a small effect on the relative  cle over the mmium ath, T 'm;~ the energy from
amounts of radiative energy absorbed by cach  the anode spreads out into the bath, and, if tl
copper surface, and any sla,mhmm change in the  raw materials are dropped onto the region

WE;U&W oportions of energy transmitted to each by the e.modc some preferential increase in
] sult of heat transfer by convec-  heat transfer to the reduction reactions could oc-
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rical arrangement of the busbars ensures that the umm g path required at the anode presents a

fgte CO




easil

h{* anode connec
area of the arc root and for reliance to he placed
in the bath to distribute the cur-

on

3 i
fons to be k.}(fd{{?\_i away Irom g

a ‘metal heel’

rent.

il@\T‘ CLUSIONS

in this E{’Eii;ﬂ stnce the re ﬁw;h’ﬂﬁi? pox

spread out into the rest of the furnace
tack the
There is
radiation

refractories.

from an arc, l)ut im
r cent ol

aj ')})(‘21 rs

4 3““2 }. E“* 1er

gh de; . ndet
contro the pnwcr input and the feed rate
of raw mate ”di:s 18 p(msai le, as well as control
over the chemistry of the product. However

the short time constants of the process make 1t
sophisticated infra-

necessary for a far more
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