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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 completely refined.
Another point of interest is the rarity of blow-holes in
electric steel when properly made, and this leads to the ques-
tion 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 mot the cause. It is
far more probable that they are due to the combination of
oxides with the carbon in the process of cooling, and that the
carbon monoxide so formed at a high temperature causes
blow-holes in the cooling steel, and owing to the diminution
of volume of the carbon monoxide on cooling, a partial vacuum
is formed, and nitrogen is sucked into the blow-holes. In
electric steel, oxides do not occur in any quantity, and con-
sequently the prime cause of blow-holes is reduced.

Again, the quality of electrically refined steel is better
than a material of similar chemical composition made in any
oxidizing furnace. =~ This is probably due to the reducing
conditions under which it is finished.

It must not be forgotten in discussing these special quali-
ties of electrically refined steel, that some inferior material

. . . |
has been made by incompetent melters or ineffective furnaces,

and that the electric, just as much as any other furnace, re-
quired trained men, and most careful designing by
metallurgists who have made a special study and had prac-
tical experience in this subject.

The question of the cost of applying this process, which
must be considered before all others, is more difficult to
discuss generally, owing to the great variety of conditions.
The following are the chief points, all of which must be
carefully considered in each particular case:—

(1) The possibility of saving in cost of raw materials
since the best qualities of steel can be made from impure raw
materials. For example, in the case of refining steel from
open-hearth furnaces in the South Staffordshire district, the
use of local pig-iron as compared with hematite iron would

effect a saving of several shillings per ton owing to the high
railway rates.

(2) Possibility of increasing the output of present
furnaces by the addition of electric furnaces, with
improvement of product. For example, in the case

of Talbot and other open-hearth furnaces, where a large
expense is incurred in the removal of sulphur and getting a

teeming heat, the steel can be advantageously transferred to \

an electric furnace for desulphurization and the output ma-
terially increased. ~The Talbot or other tilting furnace is
especially satisfactory owing to the facility with which charges
can be transferred to the electric furnace, whenever required.

(3) The cost of power and possibility of using blast-
furnace or coke-oven gas, exhaust steam, etc. will be the
determining factor in regard to deciding whether, in the
manufacture of steel, electric refining can be economically
adopted. In the case of cheap power or valuable products,
scrap may be economically melted and refined in the electric
furnace at a current consumption of 700 to 8oo kilowatt-hours

per ton, or if the price of power be high, the steel may be |

merely desulphurized and deoxidized, after melting and de-
phosphorizing in a basic furnace, with a power consumption
of 100 to 150 kilowatt-hours per ton. '

(4) The possible reduction of capital expenditure at
certain works where the present products are not sufficiently
good for modern specifications. This may involve the entire
ré-organization of the works, but it is often cheaper and more

v

efficient to add an electric furnace to a Bessemer plant, than
to replace the latter by open-hearth furnaces.

The author does not Wish to compare the different types
[of electric furnace in this paper, but the figures given are
| taken chiefly from Héroult furnaces in America, England,
| and France, as this type has been far more widely
adopted, and is used in larger units than any other, and
single furnaces are now refining 250 tons per day. This
| furnace is similar to a basic open-hearth furnace, and seems
! to present more simplicity and to embody more of the desir-
able features of electric furnace design than any other, which,
.in the author’s opinion, are— '
% (1) The best basic open-hearth design should be follow-
| ed as closely as possible. A bottom homogeneous and solid,
~and banks free from embedded elecirodes, are important,
‘\ and above all simplicity of design.
1 (2) All electric mechanism, in the form of generators,
| transformers, etc., should be entirely separate from the
ifurnace, should work under ordinary conditions of standard
| electrical practice, and should be of standard design, so as
| to avoid all unnecessary risks and complications.
\ (3) A high power-factor must be maintained, thus re-
| ducing the capital cost of machinery, and increasing the
| general efficiency of the power-house.
(4) To.avoid excessive cost of refractory materials, the
i roof should be protected from the direct radiation of the arcs
iby the electrodes themselves, and the intensely heated area
| of slag should be as large as possible, to increase the surface
| of refining action. The Héroult furnace has an advantage
| over the open-furnace in that the heat is applied to the centre
of the bath, so that the banks are not quite so hot as the
‘middle of the furnace and the wear of refractories is conse-
| quently less.

‘\ (5) The heat should be applied to the slag, as in the
| basic open-hearth furnace, and the tempe{anure of the slag
' should be maintained above that of the steel, which allows of
iextreme basicity and fluidity being obtained and gives an in-
tensely active refining action. The conditions in the furnace
should be oxidizing, neutral or reducing, at will.

| The adoption of electric refining will cause some re-
&adjustment in the steel trade. As soon as the Sheffield steel-
| melter has become acquainted with the process, and ac-
customed to the working of electric furnaces, electrically re-
\ﬁned steel will largely replace ordinary crucible steel. This
‘» has already occurred in Germany and America, where electric
\furnaces are used to make all classes of special and ‘high-
speed steels, the usual practice being to refine metal from a
| basic open-hearth furnace. Large crucible plants and small
open-hearth furnaces engaged in the manufacture of small’
\and intricate castings such as motor-car parts, etc., may be
| replaced by electric furnaces, because the high degree of
]ﬂuidity and dead melt obtained is especially advantageous.

‘\ In many cases manufacturers of axles, guns, and tubes
will abandon the use of Swedish raw materials, and refine
| steel made from low-grade ores, thus reducing the value of
high-grade ore deposits and the quan'tity imported ; for, by
the use of electricity, Cleveland stone will proi;luce a steel
equal to the best hematite ores. The capacity of many Ta]b@t
and basic open-hearth plants will be increased and the quality
of the product improved, while much of the power that is now
going to waste will be utilized for steel refining.

From the electrical engineer’s point of ‘view the electric
furnace is an attractive load, as it is more or less in con-
tinuous operation. In the case of the Héroult furnace the
power factor is 0.88 to 0.90, though much less with large in-
duction furnaces. Single, two, or three-phase current of any
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