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ELECTRIC STEEL REFINING.
By D. F. CampBeLL (London).
(Paper read before the Iron and Steel Institute.)

The use of electricity for the refining of steel has now
taken its place amongst established metallurgical pro-
cesses, and many papers have been written on the sub-
ject of electric furnaces, but the author proposes to dis-
cuss briefly the general aspects of the subject, and what
he considers the probable and possible developments in
the immediate future in England. The electric furnace
is at present used in various works for the refining of
steel from the Bessemer converter in the manufacture
of rails and all classes of railway material and castings,
and more commonly in connection with the basic open-
hearth process for the manufacture of various products
of intermediate quality, castings and tool steel of all
kinds. These are the purposes for which it has been
most widely adopted, notably in America, Germany and
France, although it is also used for melting and refining
charges of cold serap of cheap quality for the manufac-
ture of tool steel and small castings, and its high effici-
ency is now generally acknowledged. The refining of
steel that had been previously melted was the first use
to which the electric furnace was applied commercially ;
but now that single furnaces have been producing over
200 tons a day for more than sixteen months, it is obvi-
ous that the field for the process has widened, and al-
ready many furnaces are in construction or operation in
this country.

The author is of opinion that the electric furnace is
especially suitable, and will be widely adopted, for any
class of work in which raw materials of a high degree
of purity are now used.

A wider application for rails and sections may occur
when working in connection with the Talbot furnace,
for the charge can be taken to the electric furnace as
soon as the carbon is down, and the necessity of remov-
ing the sulphur and getting a teeming heat is avoided,
as this is done in the electric furnace hoth economically
 and completely. Thus the capacity of the Talbot fur-

nace is substantially increased, and this covers the great-
er cost of electric refining.

Again, in the case of a basic open-hearth plant, using
60 per cent. of molten pig iron and 40 per cent. of scrap,
a 40-ton furnace might have 15 tons removed to the ele_c-
tric furnace for refining, and a similar charge put in
every two hours. Thus the capacity would be incrfaased,
the quality improved, and, in addition, a reduction in
the cost of raw materials can also be made in some cases,
as a low quality of pig iron can be used. )

Similar conditions occur when working in conjunc-
tion with an open-hearth plant for making castings, and
a thoroughly dead melt and extreme fluidity can be ob-
tained, while the commonest raw materials can be used,
and refined completely. This gives economy both in the
amount of gits and runners, and also in the reduction of
wasters. Even in the case of foundries engaged in ordi-
nary open-hearth casting work, in which tl_le‘margm qf
profit is now exceedingly small, the electric furnace is
congidered mnecessary for an improvement in quality,
while in a small foundry making light and intricate cast-
ings from erucible steel, an economy of several pounds
per ton may be expected to result from the adoption of
the electrie furnace, judging from the reduction of the
costs in works in Germany where crucible furnaces were
replaced by this process. g gty

There is little doubt that . crucible steel, Swe-
dish " billets and produets of intermediate. quality,
such as are used for the Sheffield trade and by tube-
makers of Staffordshire and South Wales, can be econo-

mically replaced by steel refined by electricity, and
made in Middlesbrough, Cumberland, or the larger:
steel works in the Sheffield and Rotherham distriets.

The use of the electric furnace is not likely te become-
general for rail steel manufacture at the present time,
except in cases where the conditions are exceptional.
In certain cases, such as at South Chicago, it has been
adopted for that purpose owing to the economic condi-
tions, notably the scarcity of good Bessemer ores and
the demand for better rails. The electric furnace in
such cases may save Bessemer plants from the scrap
heap, or, at any rate, prolong the life of present installa-
tions, and at the same time make it possible to produce
rails of a quality better than the best open-hearth steel,
thus avoiding heavy capital expenditure.

In the electric furnace, almost any degree of refining
can be economically effected, and the removal of sul-
phur, phosphorus, and oxygen is especially easy. This
is probably due to at least three causes:

1. The intense heating of the slag, which is the place
at which reflning takes place. Owing to this high tem-
perature and the extreme fluidity of the slag, the rate
of the refining reaction is very great, because the velo-
city of reaction rises very quickly for high tempera-
tures, and not in direct proportion to the temperature.

2. The extremely basic slag that can be kept in a
very fluid state, and the caleium carbide formed by the
action of the arc on the caleareous slag, are especially
advantageous for desulphurization.

3. The violent motion of the steel, which results from
the convection currents produced in the bath, due to
the two intensely hot areas caused by the arc below
the electrodes, increases the volume of steel exposed to
the hot and fluid slag area, and hence the ratc of refining.

The usual procedure for the use of the electric fur-
nace in connection with the Bessemer converter is to
charge the steel, holding back all slag in the ladle, after
putting on the bottom of the furnace, lime and mill scale
or iron ore. This produces an oxidizing or dephosphor-
izing slag, which may be carefully skimmed or poured
off. On the bath of steel earbon is thrown to carbburize
to any required degree, and then a second highly basie
and desulphurizing slag is added. The arc acting on the
calcareous slag produces caleium carbide, which may

combine with sulphur to form ecalecium sulphide. As:

neither gases nor air enter.the furnace, and the condi-
tions are almost completely reducing, no sulphates are
formed, a dead melt is easily obtained, and when the
slag is molten and the requisite heat obtained, the steel
is teemed. In the open-hearth or any oxidizing furnace
these reactions cannot take place so completely and effi-
ciently. 3

With steel from the basic open-hearth furnace, the
procedure is similar, but when the quantity of phos-
phorus to be removed is small, it is only nccessary to
use one refining slag for the elimination of sulphur and
any small amount of phosphorus remaining. The usual
practice is to put the carbon necessary for carburizing
in the bottom of the furnace and then add the steel, and
the basic slag materials. As soon as the teeming heat
is obtained, the necessary ferro-alloys are added and
the steel will be ecompletely refined.

Another point of interest is the rarity of blow-holes.
in electric steel when properly made, and this leads to
the question of the cause of these troubles. It is well
known that any ingot of steel when placed in a vacuum
evolves nitrogen, and this is about equally true whether
it be made in the crucible, the Bessemer converter, or
the electric furnace. Blow-holes contain nitrogen, but
this is probably not the cause. It is far more probable




