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ABSTRACT. For the first time in the practice of steel production, universal arc furnace of periodical functioning
for producing steel by direct reducing is proposed. This unique furnace permits to use ore monocharge briquettes

for steel making. © 2008 Bull. Georg. Natl. Acad. Sci.
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A universal closed arc furnace of periodical func-
tioning for producing steel by the method of direct re-
duction at single-stage cycle has been elaborated at the
Georgian Technical University (GTU).

Taking into consideration the experience of GTU
specialists in the development of a unique method for
preparation of briquettes of monocharge for ferroalloys
[1], a new method in steel-making industry for the iron-
ore monocharge becomes very actual. However, this
method is not used in steel-making industry for iron ore
monocharge, because an appropriate steel-melting elec-
trical furnace does not exist so far.

Pilot experimental melting in a 3-ton steel-making
arc furnace at the Rustavi metallurgical plant (Georgia)
was realized. By means of ore-thermal reduction bri-
quettes of monocharge (composition of monocharge -
iron ore and coke) the following results were obtained:
efficiency degree of iron yield 90-93 %:; presence of sul-
phur in steel not more than 0.03 %.

Mechanical characteristics of melted steel meets the
demands for responsible brands of steel.

Work has shown that fitting preparation of
monocharge even from low grade ingredients permits to

obtain desirable steel by means of direct reduction. But
it should be underlined that use of the existing arc steel-
making furnaces for these purposes was not expedient,
which is accounted for by the high expenses of electri-
cal energy and long duration of melting process, be-
cause the geometrical and energetic parameters of the
furnace are not in proper relation with the regime of
melting,

In the proposed universal closed arc furnace of pe-
riodical functioning reduction occurs at the beginning
of the melting process, the electrodes being in the charge
during this period. After the melting of the charge and
removing the slag through the upper tap hole (the lower
part of the pouring aperture of this tap hole is on the
level of metal surface), the electrodes are lifted and the
transformer switched, the electrical regime for refining
and alloying processes is established. Upon completion
of these processes steel is poured out from the lower
outlet aperture.

At the transition to open arc regime the lower grade
of voltage, used during the refining and alloying, should
be equal to 230-240V, with the linear current 8000A.
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According to the calculations of the authors, the
average specific expenditure of electrical energy during
the steel making process equals 2500 kWt-H/t. To watch
the melting process and give slag-forming and alloying
additives the furnace has a working hatch-window.

Calculation of a round three-electrode furnace with
definite capacity at the ore-reducing process may be
carried out in the following way:

At first the useful capacity is determined according
to the formula:

P=S-n-cosp,

where S is the full capacity of the furnace transformer,
kVA, n - electrical efficiency, cos ¢ - coefficient of fur-
nace transformer’s capacity.

The useful working voltage is obtained as

U=Cip.

Study of the electrical resistance of the briquettes
of iron ore monocharge, which is fulfilled by means of a
similarity method, permits to find the coefficient C=6.3.

Linear voltage is determined by the formula:

B

Ulin - N
n7Ccos @

but linear current in the electrode equals:

P
Jlin:W.

The diameter of the graphitized electrode, which is
selected depending on the linear current (the main criterion
is the possible density of current in the cross-section of
electrode, which is usually regulated by the provider of
electrodes) is determined by means of the formula:

del = \4Jlin/7r'j >

where j is the density of current in the electrode.
Proceeding from the diameter of the electrode, the
principal parameters of the furnace bath may be selected:
D, =6d,, - diameter of furnace
D, =3d, - electrodes circle diameter
The thickness of furnace lining is determined by
thermal calculation, taking the temperature on the fur-
nace cover not more than 150°C. Then the cover diam-
eter equals:

D,,, =D, +26,mm.

On the basis of the above calculation method, a uni-
versal closed arc furnace with productivity about

Bull. Georg. Natl. Acad. Sci., vol. 2, no. 2, 2008

41 tons/day has been designed by us. The furnace was
built and now it is exploited in Rustavi (Georgia).

Electrical supply of the furnace with capacity 4.5
MYV A is realized from the furnace transformer.

Calculation of furnace parameters was carried out at
the value of quantity 77cos ¢ = 0,8 [2]. At that the use-
ful capacity of the furnace equals 3600 KWt; worked
useful voltage - 50V, linear voltage - 108V.

The value of worked current in the electrode is taken
at 20 kA. The diameter of the graphitized electrode equals
400 mm and density of current approaches 15.9 Alem’,

Proceeding from the diameter of electrode 400 mm,
the main dimensions of the furnace bath were deter-
mined:

D, =2400 mm - internal diameter of bath;

D, =1200 mm - electrodes circle diameter;

H  =1200 mm - altitude of bath.

The scheme of a universal closed arc furnace with
capacity 4.5MV A is given in the Figure.

The foundation of the furnace hearth is made from
fire clay brickwork, above which is a layer of chromatic
concrete, then follows brickwork of magnesitic brick and
dolomite printed clothing. The brickwork of the mine
wall consists of magnesitic bricks. From the internal side
the brick-work of the wall has a sloping rammed layer of
carbonaceous mass (which is made with slope).

The water-cooling cap of the furnaces stands on
the sandy lock of the furnace chamber. On the internal
surface of cap is a drifted layer of heat-proof concrete,
the thickness of which equals 30mm. The lateral wall of
the cap has three windows, the dimensions of which
equal 450x1000mm. These windows are needed for throat
watching, but in case of need by means of these win-
dows the charge may be approached by electrodes.

The roofing of the cap is divided into three sectors.
Each sector has canals for the circulation of cooling
water. The cap has three apertures, in which peaking
inserts from basaltic fiber are placed and also seven ap-
ertures, in which pipes for supplying charge are inserted.

The upper ends of these pipes are connected with
loading bunkers. The pipes are isolated from the cap
and bunkers in order to avoid contact between them.
The pipes are supplied with valves, which stop sending
charged material at the moment the bath is filled . It
should be noted that the furnace works in regime, which
is characterized by saving part of the liquid metal on the
hearth. The cap has also an aperture, in which a mani-
fold is placed for connection with the gas outlet tube
for gas cleaning.

In order to decrease electrical losses the furnace
cap is usually made of non-magnetic corrosion-resistant
steel. In order to economise expensive material in the
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Figure. Universal closed arc furnace.

1. Casing, 2. Fireclay brick; 3. Chromitic concrete; 4. Magnesitic brick; 5. Dolomitic layer; 6,7. Fireclay gravel; 8. Packing from
carbon mass; 9. Sandy gate; 10. Water cooling cap; 11. Outlying pipe line; 12. Central pipe line; 13.Electrodes; 14. Manifold
for connection with gas outlet tube; 15. Coating from heat resistance concrete; 16.Working hatch window; 17. Concrete box of

central pipe line; 18. Cross piece from heat resistance concrete.

given design of the cap ordinary carbon (magnetic) steel
is used.

For that purpose radial slits are made in the central
part of the cap, which ensures break of circular mag-
netic force lines, locking around electrodes. These slits
are filled with heat-proof concrete, which has great mag-
netic resistance.

Replacement of expensive non-magnetic stainless
steel with ordinary carbon steel gives a significant eco-
nomic effect.

In the proposed furnace cantilever type electrodes
are used with automatic regulation.

To intensify the reduction process in the furnace
vertical line metallic tubes are provided. The tubes are
intended to supply natural gas. These tubes are placed
between the electrodes.

After removing slag and beginning refining and al-
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loying processes for intensification of carbon’s oxida-
tion in melted metal instead of natural gas, oxygen is
supplied by means of those tubes.

Conclusion

In the present article, an absolutely new type of
closed arc furnace of periodical functioning is consid-
ered, which represents a combination of ore reducing
and steel melting furnaces.

In the aforesaid furnace obtaining of desirable brand
of steel is possible by means of direct reduction of iron
ore briquettes.

For all that, the prime cost of obtaining 1 ton of
steel, as compared to steel produced by traditional meth-
ods, is 25-30 % lower.



Universal Closed Arc Furnace of Periodical Functioning for Producing ... 73

BB gg09

3360(0;1\)'3;‘30 ﬂaaa\)abok nﬁmﬁkbg&‘aﬁo a\)ol‘)‘aﬁ)'ﬂg:)o 66.)93'360
Q‘aaaggo cBmgQ.)ng'ls 306;3.)3060 30Q360Bbm301s ﬁ)doﬁols 3.);1\)501&
dmbm d.)‘bao'ls 460 636360150605

3 dg:);gob'ag,o;fgo*, . .)Qbaob“, L. 836(')50.)*, o). B'Q]Q-z]'bob*

* bogotroggarml dgfbosgo mbaggebodgibo
i JJJQJHOOZ) 627360; [de&ﬁwgg@m[) (ﬁgjﬁ_od!;jﬁo ;75{5(75[}0(&7@0

6536hd3o 30(4)33;:3.);\0 q;mg:)o;\ool) V\)ﬁ)amabol} 36)0;]@06.)'30, aaamo%o%abaggoo 3360(');\0‘3930 ;]aaggabol)
ﬂﬁmélﬁg{rﬂéo Qo'b'adrag:)o () d\)gg-aﬁm Qaaag:m %mgga;\ooly 306;203060 aogabobmao'ls @ 305015 3&;\0501) 3mbe d.ﬂsaol)
560&]@3601}08.35, 3(*)83.)50;:20.) Q‘aaaggo'ls doﬁmm.);go ag{)a{](?bﬁraggo > aamaaéﬁmﬂgo 3&5&33@&360% 15.).)5&)60’30)
13(')63-393330.

p&3mmagbogmos mydgemol fgemoo bysoggdgeno Lsbydagob sbagmo jmblih@g]es, Hrmdgmars gbGabagrgmeb
305030;}3‘36 391’3{]('56“{]91’ ;\ooﬁo 36663815 QS Bo'a‘aoggabols 83"691’5]31’ 6.)3(')303;]56)0) dols Qébé%éga&még 05930
Qébémﬁébﬁoébégoé[;o Aot Jol) GeAMIRo, 6.)(3 boaédsmbmog %G)Qol) Q‘aaaqob 36(')5(')80'36(')&)1) Qo aosoa'aaoaQa

Q.ﬁaé{;l} Q‘aaaggols ébbgg&ég 1)&3060) 5030(350;:3':]60 Qéb.)ﬁ;ga&abo.

REFERENCES

UM. Teanasaose, I'A. Jlommamuoze, I'H. Jlommamuoze (1987), Tpynst ITIN, Ne3 (414), ctp. 417-423.
B.

1.
2. B.U. Knouaweun. I'b. Kawmaxaweunu, C.A. Mebonus (2001), Metamnypr, Nell, ctp. 47-48.

Received March, 2008

Bull. Georg. Natl. Acad. Sci., vol. 2, no. 2, 2008





