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Introdtrcti.on

Drring operation of subnerged-arc r€ductlon f\rnaces
for Silicon rnetal prodtrtion, the electr.cdes are
often subject to non-steady tfteñnal conditions. The
se pr\)dLEe high mechanical str€sses tn the electrG-
&s, and coul-d impalr thej.r integrity. Furthering
prevlous lnvestigation, wtÉr€ steady-state str€sses
had been studled (1), the authors han¡e nor,r calctr
lated tfte lnternal stress and terperaturre distrlbrF
tion for some typlcal ca-ses of norrsteadr state con
dltions. Th€ purpose of thts stuQy was to singleori
the nr'st critlcal conditions for the electrrcdes, so
that practica] infornation for operation could be
obtained.

Subject u'¡der irwesti. gation

For tuo differ€nt grades of electrpdes (semi-graphl

te grade and anthraclte grade) 12OO rm in dianEter,
working ulder steady-state condltlqts w.ith an ave-
rage curr€nt density of 6,5 n/cnP, tne fol.lowrng
typlcal cases of non-steady state conditions wer€
studled:

a) furnace stopping and electrode ltfted out of the
charge;

¡) fl,¡rnace stopping for a relatively Long period,
with electrode kept sutnerged, followed by fur-
nace re-starting.

The pr€sent article deals w'ith the study caff1ed
out for the case "a", using an anthr€ci,te grade e-
lectrode.

Physical rodel and rnethod for calculation

The physical nndel employed was:
a) electrode colr-rm characterlstics: electrodes

12OO nm in dianeter; total length tnder the con-
tact claÍps 29OO nm; electncde portion sutnrerged
by thE charge in steady-state conditions 23OO nm:

b) no joints in the electrrcde;
c) physical characteristics of the electrodes at

room temperatur€ as per Table T;
d) no skin effect:

e) axisynrnetric distribution of ternperatur"e a¡rd
q f  r c q c a a .

f) validlty of tfre ]aw of linear elastici.ty of nra-
ter ia l ;

g) tfre onl-y external force taken into accoL¡nt: the
weight of the electrode.

Table T

Electrical Resistivity Cl¡m 45
Thennal CondLrctlvity W/* Iz
Coeff. of therrnal Expansion I/X 3 . 1O-b
Yotrrg's lUoclulrrs l'.1/rm2 5 1O3

For tk¡e calculation, variations of physical cnarac-
teristj-cs with ternpemtrtr€ as weLL as \,¡ith the
t'tf€rYnal b@kgroLnd" of rnaterial \^er€ taken into
&cor-nt. TfÉir vaLues r¡¡ere Íeasur€d in our lab over
the terperatur€ range 2G25OOoC. Varlations of the
cufl€nt density aJ.ong tfie radius of the electrode,
caused by electrlcal r€sistlvity variati.ons, werE
also taken into accor.ü1t. The non-steady state con-
ditions irwestigated r¡rer€ :
- electrode subnerged by tfre char.ge, working in

steady-state condi t ions up to t i . rne t=to ( i .e. ,  for
t  .  t o ) ;

- power-off wiLh electrode inmediately lifted out
of the charge at tinre t=toi

- electrode StaÉng in sr..rch conditions for the r.vtrole
per iod t  > to.

this j.s a physical scfrematization of real cases oc-
curring .in the industrj-al practice of fumaces for
Silicon metal prodEtion. For the tenperaturr calcu-
Iations, tfre ¡le1l-lmown differential equation of heat
balance j.n non-steady state conditiqrs (the Fourier
eqr:ation) vras used, b/ith suitable bou.ldary conditbns.
The nechanical stress condlti.on was determined by
solving the differential equatlon system fonned by:
( - eqr-rations of stress balarrce
( - equations of stress-strain relationship
( - constitutive equations of material
with suitable boundary condi tions.
The rnathenÉti-cal solution was determined by the nre-
thod of I'orthogon¿ú arrangernents", using a suitál)le
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ccxnputer.

. Results and discussion

The computer gj.ves temperatur€ and str€ss distribu-
tions as a flnction of time. The resul-ts of tenpe-
ratirr€ calcul-ations show that stnaight after thre
electrode has been lifted out of tlrc charge, tl're
tl€ñnal gradlents in the zones near the surface a¡rea
of the electrode increase substantially, a,s cornpar€d
to ttÉ steady-state condltions. ltle str€sses caused
by these ternperature distrlbutions are shorr¡n ln thp
figure as a graph, at several significant npnents of
tine. The fig-rre sho¡,S the verbical sectlon of a
half-electrode (sirrce the physical rndel- is axislm-
netric), with the lines of equal axia-t stress ú2.
It can be noticed that stralght after the electrode
has been lifted out, high tensile str€sses occur
in the electrode, near its surface area, with risk
of fracture. Srrh a situation is long-lastlng. Ther-
rnal gradients and str€sses progresslvely decrease
only 2-3 hours after tfre electrDde has been lifted
out. Fr"om all this, it is clear that the partiaf or
total liftÍng of the electrode colu¡rn out of the
charge is to be ar¡oided in lndustrial practice.

Conclusion

The r€suLts r€ported h€r€ as an example, as v{ell as
those of other cases tfie authors have investigated,
show that the rnathernati.cal-physlcal model used is

suitable to obtain useful- inforynation about str€sses

in non-steady state ccnditions. Up to now, the r€-

sults of sr.¡ch studies have reflected operative elec-

trode behaviour. The authors intend to keep on with

this irwesti gation, impncving the mathematical-phy-

sical rnodel and achievinq even mor€ reliable resufts.
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TIMES ON AN ANTHRACITE
GRADE ELECTRODE LIFTED OUT OF THE CHARGE
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