CHAPTER X

A NAU
THE ANDERSON, CHAPLET, COLBY, GREENE, HARDEN, HERING, :

NATHUSIUS, QUESNAU, REID AND SODERBERG FURNACES

Tag group of furnaces described in this Chapter are less

1 2 jith in the pre-
‘ndustrially than the furnaces dealt wi :
o ik vious Chapters of this book ;

but for the reasons given in
the introductory paragraph
of Chapter IX. they are nob -
on that account the less infer-
esting or deserving of atten-

tion.

/} //;E The Anderson Furnace is
S 7 Z \‘("' the design of T. Scott Ander-

" '“'/'/'/4{{{“““ son, of Sheffield. The furnace

is shown in sectional elevation
in Fig. 82. In its genet'9:1
appearance and design. i
resembles closely the refining
F16. 82.—Anderson Furnace (sectional  ¢.1nace of Heroult. The fiidl
oy nace is provided with two

electrodes capable of vertical movement ; these are Wiite:

:acketed and may be worked either in parallel or series,

lccording to the nature of the work requu't?d from thg fEma,ce.
The special feature of the Anderson furnace 1, howlw;ewfzr, the 1)1;:)))—r
isl i th the base of the furnace,
vision of electro-magnets benea .

means of which the arc formed between the two electrodes can

be drawn downwards and controlled. It is further claimed for

the Anderson furnace that “the concentration of the incandes’-,
cent gases around the electrode is utilised to the best advantage,
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and that the arrangement of the furnace * tends to efficiency in
a very marked degree.”

No details of the practical installations of this furnace or of
its working costs are available, but according to the patentee,
four furnaces, each of 5 tons capacity, have been installed and
are now working upon the production of steel from pig-iron.

The Chaplet Furnace is shown in sectional elevation in
Fig. 83. The two electrodes are seen to be suspended in two
different chambers or divisions of the interior of the furnace,
which are connected by a
lateral canal. The electric
current flows from the posi-
tive to the negative electrode
by means of the metal con-
tained in this canal, as shown
by the arrow in Fig. 83.

The metal in the larger
chamber of the furnace is
therefore melted and purified
by combined arc and resist-
ance heating, and the furnace
resembles both in principle
and in its method of operation
the furnaces of Girod and
Keller, with conducting hearths, A Chaplet furnace is reported
by Keller to be in use at the works of the Aciéries d’Allevard
Isére, France, but no details concerning the size or efficiency of
this furnace have been published.

The Colby Furnace is of the induction type, and was
patented by E. A. Colby, in the U.B.A, in 1905. Fig. 84
18 a photograph of a small Colby furnace of 180 kw. capacity,
installed for melting tool steel at the works of Messrs. Henry
Disston & Sons, at Tacomy, near Philadelphia, in 1907. The
general principles of the furnace design resemble those of the
more widely-known Kjellin and Frick furnaces, but the following

F1e. 83.—Chaplet Furnace in
diagrammatic section.
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interest. The

details of the Tacomy furnace may prove of 1‘ntie;e:lhlms .
il of the furnace consisted of 1“jwent?r-elg1

b d 5 in. outside diameter, through

; The annular ecrucible,

cireuit of the

3 3 in. inside an
copper tube F in. :
i » cooling purposes.
which water flowed for cooling
the molten metal in which formed the secondary

Fra. 84.—A Colby Furnace in operation at Chicago.

i ide diameter and 15 ins.

: , measured 24 Ins. outm- '

Fm?da:ediameter and was 8 ins. I depth.. The trmﬁh :Zre

1;(?0 Ibs. of steel when fully charged, and ingots of 190 Zd -

red.evefy hour. The fusion of the added metal requir i

p]?l‘(;. hour, and the refining and killing process anoth;r ha; mald
b ’ 'y dens

i ere found to be very
he ingots poured were : : 4
ﬁourc;ge:esu; gThe E.M.F. of the single-phase primary current
om .
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used was 240 volts, and the maximum current employed was
540 amperes with a frequency of 60. The power used per 100 Ibs.
of metal poured was from 275 to 875 kw. hours, according to the
purity of the charged raw materials and quality of steel desired.
This is equivalent to from 605 kw. hours to 825 kw. hours per ton of
2,200 Ibs. The Colby Furnace Patents have been purchased by
the American Electric Furnace Company, who also have secured
the control of the Kjellin and Rochling-Rodenhauser Patents -
in the U.S.A., and it is stated by this Company that no
Colby furnaces are now operating in that country. One
may therefore assume that, both in efficiency and operating costs,
the Kjellin and Rochling-Rodenhauser types of induction furnace
are superior to the Colby furnace. Further details of the Colby
furnace erected at Disston will be found in the issue of the
journal named below.!

The Greene Process has been worked out by Albert E. Greene
and makes use of any of the ordinary induction types of furnace
for producing steel directly from pig-iron. The refining opera-
tion is effected, however, by the application of a new principle,
namely, the use of producer gas, which is blown into the molten
metal that is present in the annular ring or erucible of the indue-
tion furnace. The process is called the Flectric Converter Process,
and it is claimed for it that the losses ineurred when refining
pig-iron by the ordinary Bessemer or open-hearth processes are
Jargely minimised. The following description of the process is
taken from a paper contributed by Greene to the New York
(1911) meeting of the American Electro-chemical Society:?

The process consists in providing a bath of molten low-phosphorus
pig-iron containing the usual proportion of manganese, silicon, and
carbon. The charge must contain sufficient manganese and silicon,
however, to more than meet the specification for the particular steel
required. The temperature of the bath is raised to something over
1,425° C., and is maintained at this temperature by electric
heating, while a gaseous mixture containing (!0 and (0, is blown into

L Blectrochemical and Metallurgical Engineering for June, 1907,
2 Transactions, Vol XIX,, p. 233,
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the metal, in much the same way that air is blown into a Bessemer or
Tropenas converter. The gaseous mixture may contain 12 to 18 per’
cent. of CO, and 5 per cent. or more of COs.

The rate of elimination of the carbon is a little slower than with the
ordinary Bessemer process, for the same rate of blowing. A well-
operated side-blown converter requires from twenty-five to thirty-five
minutes to make a blow, using about 1,500 cubic feet of air per minute
per ton of metal. In the small induction furnace, using about 50 cubie
feet of gas per minute per 200 pounds (or about one-third the rate of
blowing in the side-blown Bessemer converter just referred to), the
carbon can be eliminated in something more than one and a half hours,
the exact time depending
on how much carbon there
was in the raw pig-iron
used. Thus, with only
one-third as much gas
blown per minute per unit
weight of metal, the time
is a little more than three
times as long, as for a simi-
larly blown vessel using air.
By increasing the rate of
blowing the time can be
very greatly cut down.
The rate of elimination
‘ Fic. 85.—A small Induction Furnace for depends largely on the

(reene s Process. “
nature of the contact of

the gas with the metal ; and when the gas is blown through the metal,
as in the case of this process, it is most rapid.

Tt was found that the gas could be blown into the metal without any
formation of slag on the surface and without any boiling. The most
convincing evidence that oxidation does not take place in the process
may be found in connection with the loss of manganese. In converting
a 134 per cent. speigel-iron info manganese steel, the patentee states
that he has dispensed with any additions of any kind, and that he has
produced a steel containing over 125 per cent. manganese without the
use of a slag to prevent vaporisation. The carbon was reduced from over
4 per cent. to 1'20 per cent. In later tests, using a lime slag, the
vaporisation loss has been further diminished.

The process described above for oxidising carbon without
oxidising iron is similarly applicable to the removal of phosphorus.
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ilhe p&?l;lteled has found that he can eliminate the phosphorus from
Iron and hold it out by means of lim .
! : : e, and that he can off, i
purification with practicall idati i s
. ¥ no oxidation of iron and
This elimination of the P
phosphorus has been i
temperatures below 1,350° 1 i g
: sl C. without oxidisin
g carbon;
;tn gas alio bleen effected at high temperatures (above 1 50032(1
up to 1,900° C.) after the ecarh ’ :
i has b idi
In addition to these f - ey
acts the patentee hag f
. s found th
;k:ladstghm can be taken up and held in the same slag th:::
s the p}msphorus ; this action being attributed to th b
of oxide of iron in the slag. e
A.low-grade pig-iron has been converted
steel in one continuous operation in this way
1(;arbon ?wthout oxidation of the iron and manganese, and th
¥ continuing the blow of the I : V.
gaseous mixture, with a li
on top of the metal, the : ey
» the phosphorus has been oxidis imi
nated. The phosphorus wa it b
: s found combined with the I
| _ : e lin
fzalelum phosphate, and practically all of the sulphur wa fle -
m the slag as caleium-sulphide. -
}%s regards the results obtained, Greene
to, gives the following anal
finished stee] :—

into a high quality
taking out first the

! ,1n the paper referred
ysis of the raw material and of the

Tase XXXVI

: { Raw material. Phosphorus (-76 per cent
Finished steel. Phosphorus 00 .

! Sulphur 0113 per cent.
26 per cent. Sulphur 0:040 per cent.

p?orus 0:094 per cent. Sulphur 0:040 per cent
phorus 0008 per cent. Sulphur (0:017 per cent.

: [ Raw material. Phos
1 F inished steel. Phos

Opeilti;lzoui flrreenUe has stfzted that the process has been
ey 8513 d'%A.’- with the 2-ton induction furnace
o ;)f 01,1 lango kl:sft in larger furnaces of this type a power
o ¥ 80 kw. hours per ton of steel would he required

@ same, the electric converter process does not

appear to have developed industrially in the TU.S.A.-

the writer cannot refer .

bo any existing plant where it i
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operated at the present moment. As a possible scientific develop-
ment of the application of the electric induction furnace to steel
manufacture, the (ireene process is, however, of greab interest and
is worthy of close study. Greene has pointed ouf that the pro-
vision of & suitable gas for working the process in large iron works
would not be a difficult matter, as the substitution of a gas con-
taining carbon monoxide and carbon-dioxide, for the air used in
the ordinary Bessemer process, does not involve any change in
present methods. A suitable gas for carrying out this process is
available from cupolas or blast-furnaces, or may be made in a
very simple gas-producer. Blast-furnace gas ghould be diluted
by admixture with stack gas, since the percentage of carbon
monoxide in blast-furnace gas is usually much higher than is
required. The process itgelf (in so far as the elimination of
carbon is concerned) is a gas-producer process, the evolved
gas being richer n CO and lower in CO: than that blown into
the metal. This fact opens the possibility of using the gas
over and over again, by purning a parb of it in order to main-
fain the desired composition.

The Hirden Furnace is of the combined are and resistance
type, and i8 designed to remove the defect attaching to the
original type of Kjellin furnace, namely, that the temperature
is too low and the slag surface too small, to permit the proper
elimination of the phosphorus and sulphur from the charged
metal. The new furnace has been termed by its designer the
« Paragon” furnace, and is shown in section and plan in
Figs. 86 and 8T7. The following description of ib i8 given by
J. Hirden in a paper read before the Faraday Society in
October, 1911.1

In this furnace the bath of metal is heated, not only from the
gurface of the slag by means of suitably arranged arcs, but also
at the same time from the sides and beneath the bath, by means
of side plates of second-clags conductors, similar to those which
have been used for some four or five years in the Richling-Roden-

1 Transactions of the Faraday Society, Vol. VIL, p. 183.
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hauser furnace. In thi
. In thismanner th :
the maxi e metallurgist is abl
o err:rllm; heat exactly where he wishes to have it ;to apply
. )h( he r-egullated at will. Thus, during desul’ hlnc-e b(_)th
than thlatczpt}fnsatmn’ the slag is heated to a temperaiulfligtmn
e pm-tione sl;e;}}ll ; while during the period of degasif;nglg?}jr
e power 1 L
e aid i power 1s conveyed to the bath through the
This design brings i
gs in other im i
e, 1 & . portant improve ot
ple, 1t is quite easy to start the cold furnacz by 111]11;{?113& fii(ln
S0 e

A LA
0 T
LA b s,

F1a, 86.—Hirden's Paragon Fur i i
gon Furnace in sectional elevation

ares, thus dispensing wi
g with the necessit e
Further - 51 .YOf filling in a liqui %
rther, the electrode question in simple ‘u'f fﬁ:nlai];;d charge.
5 may in

many cases become a serious one; as large
f ot » a8 large electrodes for
alwgaysaiei;pzzlt;zs‘are exce'edingly difficult to obta.i(r)ll, f;:;l a:s:
s ]g()) nlswe. Owing to the nature of the “ Paragon ”
i tifl a s;maller portion of the power enter; the
ey f:r ins:ae ectrodes, this drawback is considerably
okl nce, the upper limit of a simple arc-furna

A count of the difficulty in obtaining suiﬁcientf;

b 0

B.T.M,
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The electrodes for a 30-ton three-pha.se L Pa.f'agg):lﬁ % furnis:lc:
ould have a cross-section of 16 ins, or 2Zob 5q. :

L ' 50-ton furnace the electrodes would I.neasule
24 in:.n%)mei ins., or 576 sq. ins. This~ wouldﬁstﬂl 081;?;
i aximum ecurrent density of 245 fo '2 i

S m inch, which, as experience has proved, is well wnsi'nn
. jgzsllee E:]iii‘:s botl:: from an electrical and manufacturing
reas i

Fig. 87.—Hirden'’s Paragon Furnace (plan).

oint of view. These sizes of carbons correspond to s(ilmllélet a,r;2
: 0
furna,ces having capacities of only 12 to 14 tons an

-espectively. : o g
tOnSAwfu]itsher advantage claimed for this design is the greater

durability of the roof. It is well known that the: roof 1: th&;

portion of an ordinary furnace which is most rapldly,(}efs iiﬁie
ot In the “Paragon” fu

by the action of the hot gases. e

t‘ze destructive action is minimised, as only a small porion

the power is acting on the slag.
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The “ Paragon ” furnace has been patented by J. Hiirden and
the Grondal Kjellin Company, Ltd., and an experimental
furnace of the new type has been erected in Germany, at the
Rochling Iron and Steel Works, No constructional details of
this furnace have yet been published and no figures are available
showing the working results; but it is expected that the
“Paragon” furnace will prove more economical and more
generally useful than any of the existing types, and that the
special features of the design will permit larger furnaces, up to
50 tons capacity, to be operated with success.

The Hering “ Pinch Effect ” Furnace.

The “pinch effect,” upon which C. Hering’s patent is based,
was discovered by the patentee when working with an electrie
furnace, in which this effect wag disadvantageous and not
desired.

The phenomenon is an electro-magnetic one, and is due to
the physical contraction of the oross-section of any liquid
conductor through which a current 18 passing, this contraction
or “pinch effect ” heing sufficient under certain conditions to
rupture the conductor and hreak the current. Mr. Carl Hering,
impressed with the practical possibilities of this phenomenon,
has designed hoth an electric furnace and a valveless electro-
magnetic pump upon the pinch effect.” Fig. 88 shows a
diagrammatic cross-section of the Hering furnace, and Fig. 89
shows a tilting furnace based on this principle. The following
descriptions are taken from a paper read by E. K. Scott before
the Faraday Society in October, 1911.1

Fig. 88 represents the cross-section of two liquid conductors (AA)
surrounded by non-conducting material (BB). The current enters and
leaves by water-cooled electrodes (CC); (D) being the transformer.
Assuming for the moment that each liquid conductor is made up of
a number of elemental conductors, it is clear that these will be
attracted together in accordance with the law that “like currents
attract,” Circulation of the liquid is therefore set up as shown by

! Transactions, Vol. VIL, p. 202.
M 2
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1 7 o the

the arrows, by the liquid ‘HlOViI-lg tfromedt‘rfpC{;;:Ege;;ﬁ;;e, e
sto :

el Ast znec:;l%nqi g:zerei?iie]; by 5?@ liquid moving upwards as

Presime tse' ind that is what actually happens. o

g av be a tilting one (as shown 1n Fig. 89), or there may

. ﬁ%rna({f {l; +ust above the top of the resistor f:-uhes. I{a ang;
e taPPm_gt' Otulies must not be emptied, and sufficient metz]m? .gmg,g
%35? ti"ltlei;eiiliozottom of the furnace to conne;:t tllem acroislsi. = ;D.t 5

i i s very clearly how smad
o tc') SCR]E; iiljd iiﬁ:}(t)l‘:esbtllla;{u of the f{urnaces. Tt also shot\}\;:
S it E‘)( :nclined, this being done in order to reduce
R : back pressure on the surface of
the electrode.

Looking at the top of the
charge, its appearance 1S SOIe-
what similar to that of water
in rapid ebullition at two spots
where heat is localised, but of
course there is no noise and the
bubbles are few. ey

Tn some cases the agitation
at the top of the metal charge
is so great that the surface 18

inclined at 45 degrees. The
D suction down into the bottom

of the resistor tubes is also

iderable.

Conslltdshould be noted that the
heating is entirely‘ eﬁectetd 1513

; ‘culation from there is in a naturd
o bO_ttOHI . thcf Chg%:; (:;1 {ti.htfse tj'gri;lferred to the whole of the (f}:iargee
Al e t's-r'mo' and not by mere suction. 'l"he ele(?tro ej.i ?;e
AL ?ltrhe ;etal that is being melted. ’lhe.sectéor;si] ot o
e the current that passes are SO proportioned, 9..1V '
S ;‘nd 1ecir0des are raised to a temperature as nearly
elldS' G e1et0 the temperature of the molten charge. e -
Possé?lihijfrious‘ materials used for ele;trqde:l, }ieilr;angei q upd e

. ¥ istinctly che e

. pr(?‘-e‘d‘ e -m?talej;;:ro diess tﬁzebest and iron nearly as g(;%(i 1;1
ECOHOTU]WRI; ]?se?li;g}t-;forst, graphite being only slightly better
gas-carbo

as-carbon. the
o :’;‘ the hottest metal flows up the centre i

i in dia-
: . 88.—Hering Furnace 1n
F;gammutic sectional elevation.

. "
“ resistor tubes
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the lining does not have to withstand the greatest heat. Again, there
is very little eroding action due to friction on the wall; for the pinch
effect tends to pull the metal away from the lining; and tends to form
a vacuum, there. This is just the opposite of the effect in other
furnaces, where the circulation of the molten metal has given trouble
by its digging into the lining. Alundum has been used for the
lining, but as it had a tendency to crack magnesite powder is now
employed. Tt is packed in whilst in plastic condition, and after being
heated forms an extremely hard and smooth glossy surface.

The rapid circulation obtained in the furnace allows chemieal
changes to take place rapidly ; this means great economy in time. The
maximum temperature at any point does not need to be much above the
normal. In other furnaces where circulation is sluggish, the tem-
peratures in the charge vary a good deal. To allow for effective action

F1c. 89.—Hering Furnace (sectional elevation and plan).

of the slag it “is important that the hottest metal should impinge
directly upon it. This is exactly what takes place in the Hering
furnace ; for when it leaves the centre of the tube, the heated metal is
forced up against the blanket of slag.

The furnace can be worked with either direct or alternating
current ; three-phase current may also be employed. With
alternating current, the power factor can be raised to practically
unity ; the frequency need not be low, and may be chosen to
suit the ordinary generating machinery. If the electrodes are
made of the same metal or material as the charge, the furnace
tends to be self-regulating as to temperature. The advantages
claimed for the Hering pinch effect furnace are the following : —

() It is simple and cheap, consisting merely of two holes (or
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three with three-phase current) in an ordinary furnace hearth,
a simple electrode being fixed at the bottom _Of each hole. o
(b) The heat is generated by resistance in the charge 1ts'e ;
and the heating takes place at the bottom of the bath, A]ust
where it can be most effective. : : _
(¢) The circulation of the hot charge 1s entirely automatic,
and in & most effective direction, namely, from the bottom of the
bath up to the underside of the blanket of slag. ] _
(d) The speed at which the mixing takes place is such that
the charge is treated more rapidly than by oth.er methods.
Therefore, for a given size of furnace hearth, and given amm%nt
of electric energy, a larger amount of material can be dealt with
i (i?yihe electrodes are of metal and cheap, being usually of
the same material as the charge; they do not consume away, &3
is the case with carbonand graphite electrode's. s
- (f) In furnaces using carbon or graphite elfactro-de;, 1o
temperature of the furnace is quite frequently hlghe}l1 t }‘;m (118
really necessary. With the Hering furnace, on the ot etl . Mtl(i
the temperature and circulation of metal may be exactly adjuste
llurgical requirements.
. t2:) nﬁle;]:f fl'ogm gase?ms fuel can be aJp.plied to the top of thz
bath, without affecting any of the electrical gear. The. curren‘
can be switched on all the time, or only for the refining part
Of 1](};13) pglc:kfz electrical gear is out of the way on the unders1d}¢)a,
and if the furnace is required to tilt, a transforn.ler can. c
attached to it, so that the flexible leads for the high-tension
3 of small section. :
cunlilthciznPl;ient Specification, Hering claims tha't with shght
‘modification, the pinch effect furnace might be applied to making
steel direct from the ore. For this purpose a dnullyle furnace
would be employed, and the carbon monoxide gas given off by
the one furnace would be employed to preheat thfs ore. h_} one
section of the furnace carbon would be dissolved in the iron—in
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the other, iron oxide—and by the reaction of the two solutions
the carbon would be eliminated.

Since the above deseription of the furnace was published, it
has been stated by the inventor that if (when melting steel) a
carbon rod be held in front of one of the squirting tubes it
dissolves like a stick of candy in hot water ; on the other hand,
iron ore placed on this carbonised iron gave off large volumes of
gas, showing that the ore was being reduced by the carbon in the
iron, just as in the open-hearth process. With this combination,
Hering therefore proposes to use the furnace for the reduction of
iron ores.

The material to be employed for the construction of the
resistor-tubes is of considerable importance in its bearing
upon the working costs of the furnace. Magnesite and alundum
have so far been employed, and good results have been obtained
with both, but the use of other materials is now being considered,
and electrically calecined magnesite is to be used for the next
furnace constructed. The lining of the resistor-tubes is
tamped in around & mould when in a plastic condition ; it thus
forms part of the general refractory lining of the furnace.

No data are yet available showing the actual working results
obtained with this new type of refining furnace, and in view of
the criticisms that have been expressed with regard to the wear
and tear on the resistor-tubes, some little time must elapse
before any trustworthy opinion as to the commercial and
industrial possibilities of the furnace can be formed.

As regards the capacity of the furnaces of this type with which
the trials have been conducted, only small experimental furnaces
have yet been used. The Ajax Metal Company of Philadelphia,
however, have purchased the patent rights, and intend to develop
the industrial applications‘of the Hering furnace, both for steel-
refining and for melting brass and other non-ferrous metals.
This company hopes to have four or five of these furnaces at
work, on a commercial basis, in 1918. They have demonstrated

in their own preliminary trials that sulphur can he more
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easily eliminated in this type of furnace than in the arc furnace.
A recent test made in the presence of American steel experts i8
stated to have shown a reduction in sulphur contents of the steel
from ‘066 per cent. to 012 per cent. in 50 minutes, using a slag
composed of lime and fluorspar. This rapid elimination of the
sulphur is stated to be due to the active circulation of the metal
under the slag blanket.

The Naw Furnace and Process have been designed for the
preliminary refining of phosphoretic pig-iron, too high in its
silicon contents for treatment directly in the open-hearth furnace.
The process is protected by U.S.A. Patent No. 786048 of
1905, and depends upon running liquid pig-iron through a column
of heated iron ore, and in allowing a bath of molten metal to
accumulate at the bottom of the ore column. The intimate
contact between the molten pig-iron and the ore maintained af a
high temperature leads to a chemical reaction between the
silicon and the iron-oxide of the ore; and the temperature
attained is found to remain sufficiently high to produce both a
fluid slag and a molten pig that can be run easily from the
melting furnace. The silicon and portion of the phosphorus and
manganese are eliminated by this process, and are found in the
slag. The patentee of the process has also designed a special
form of electric furnace which allows easy immersion of the ore
in the metal that is to be refined. This furnace, according to the
description given by the designer in the journal named below,"
is capped by a water-cooled roof and is surmounted by an ore-
ghatt, with a lateral inlet for the liquid pig-iron that is to be
rofined. Vertical electrodes penetrating the roof are placed
around the shaft. The bottom is made of carbon paste, and the
electric current passing between the electrodes and the carbon
bottom traverses the liquid metal and slag.

The furnace is so arranged, and the operations are so con-
ducted, that the ore required as refining medium is kept immersed
to any desired depth in the molten pig-iron. As soon as the ore

1 Metall. and Chem. Engineering, March, 1911.

MISCELLANEOUS FURNACES 169

in the bath is consumed and has to e replaced by new ore, the
latter can be immersed without any trouble in the liquid bat,h.
The patentee has calculated that the removal of the silicon
phosphorus and manganese will demand 44,724 calories per tm;
of metal treated, and that in order to supply this loss of heat
and to maintain the metal and slag at a temperature of 1200‘;
to 1,400° C., 2,100 e.h.p. hours will be required. Under ;1101'9
favourable conditions, the chemical reactions, however, might
supply sufficient heat 0
to keep the process
working without any
external heat supply;
and af ftimes, no
doubt, the process
could be worked as a
self-supporting one.

No data relating
to this  process,
beyond those given
by Nau in the article
referred to above,
are available, and it
would appear, there- 5, 90.—Nathusi i
b th&l; e Fi1a, 90. l\att;*ig:rlﬁiigrflace (sectional
process and furnace are still in the experimental stage of their
development.

T'he Nathusius Furnace is a design which seeks to combine
the advantages, and to escape the disadvantages, of the Heroult
and Girod types of furnace.

The furnace is of the combined are and resistance type, and is
alzhown in section in Fig. 90, and in operation in Fig. 91. The
furnace is seen to be provided with three carbon vertical
electrodes, arranged symmetrically above, and with three
extra steel electrodes, arranged below (or in the bottom of ) the
crucible. These six electrodes are connected to the inner and
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outer terminals of a three-phase generator ; the molten metal in
the crucible itself forming the neutral point of the system. .As
both the upper and lower electrodes are of mutually alter.natmg
polarity, the metal in the bath is subjec‘at to a lgreut variety (.)f
heating currents, and the thermal efficiency of the furnace 18

i e
T'16. 91.—General external view of Nathusius Iurnace
in operation.

stated to be high. Further advantages claimed for this.furna,ee
are:—(1) Excellent mixing of the metal and the production o'f a
uniform melt, results due to the rotary fields set up by tl.le vertieal
currents that traverse the molten bath. (2) Rapid heatl%]g'g, due f:o
the presence of three arcs, and of three fields of heat activity. (3)
The convenience and economy of a three-phase current supply.
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(4) Easy regulation by means of a booster transformer, or by a
special generator with an adjustable neutral conductor. (5) The
heat effect can be concentrated where it is most desired ; namely,
in the slag during the earlier stage of the refining process, and
in. the molten bath during the later stages, when the slag has
finished its work and the “rest” or quiescent period of the
refining process has been entered upon.

The furnace is of the tilting type. Fig. 91 shows the external
appearance of the furnace, the electrodes heing suspended from
ordinary cables by means of pulleys, and operated by means of
high-speed motors.. Some further details of the Nathusius furnace
will be found in the issue of the journal® named below. No
figures for the power consumption and running costs of this
furnace have yet been published.

The Quenean Furnace is similar to that of Hering, both in
principle and design, the “pinch effect” of powerful electric
currents being made use of to produce a series of regular
pulsations in a bath of molten metal, heated by ordinary
resistance. One or more steel electrodes are fixed in the bottom
of the furnace. The upper ends of these are molten, and are in
direct contact with the molten furnace charge. These columns of
molten steel which form the electrodes are enclosed in cavities
lined with magnesife bricks set in tar, and the continual make
and break of the electric current caused by the “ pinch effect
creates a series of regular pulsations throughout the molten
charge. Further particulars of this furnace will be found in the
papers referred to below.? No data based on the actual operation
of this furnace have been published.

The Reid Refining Furnace, as shown in Fig. 92, is a simple
arc furnace, with carbon electrodes. It is protected by U.S.A.
Patent No. 947849, granted to J. H. Reid in February, 1910, and
1t forms only one portion of the “ Reid system of electric smelting
and refining.” No efficiency or costs data relating to this furnace

! Electrical Review, London, April 5, 1912,
2 Metallurgical and Chemical FEngineering, March and June, 1910,
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are available for publication, and it does not appear to have
been applied to steel refining on a commercial scale of operation.
The Soderberg Furnace is of the combined arc and resistance
type, and is similar in

principle and design fto

that of Nathusius (see

p. 169). Richards, in

the Transactions of the

American Electro-chemi-

cal Society,' has given

details of a furnace of

this type which is being

erected at the works of

the Jossingfjord Manu-

facturing Company in

Norway. The furnace

is circular, and will hold

25 tons of metal. The

three electrodes passing

through the roof are

connected to a three-

phase generator by a
connection.  Six

?

“gtar’

small electrodes, each

F1e, 92.—]1xp(]3; gf:g;zl type of Reid e

and serve as connection o the bath. This latter acts as the

neutral point of the system. Little or no current passes through

these embedded electrodes; consequently the arcs from the

upper electrodes pass in one direction only, namely from the
electrodes to the bath, and are not in series with one another.

1 Vol. XX., p. 413.

4 in. in diameter, are.

CHAPTER XI

BIBLIOTECA

COMPARATIVE POWER CONSUMPTION AND RUNNING COSTS

TrE preceding Chapters have contained a very large number
of figures relating to the power consumption and running costs
of the various furnaces and processes described. It is the
author’s purpose in this, the final Chapter of the book, to reduce
this mass of data to a form in which the results may be more
easily compared. It is necessary to note, however, that when all
the values of power, weight, and value have been reduced to one
eommon form of expression, there will still remain the differences
due, (1) to the greater or less impurity of the pig-iron and steel
used for the refining process ; and (2) to the extent to which the
electric refining operation is varied in the production of a pure
product ; and (3) to the varying rates of wages and costs of
materials in the different countries. For these reasons, compara-
tive power and costs data require most careful investigation and
study before they can be used as guides to the relative efficiency of
competing electric steel-refining furnaces and processes. In
those cases where no chemical analyses of the raw materials and
finished steel are given, the data are, for comparative purposes,
practically worthless. Even when full details of the chemical and
physical tests have been presented, only a practical steel-maker
and metallurgist can judge of the comparative efficiencies of the
refining processes.

The author proposes, therefore, in this Chapter merely to
present all the available data in the form in which it can be
most easily made use of, in order to arrive at an independent
and reliable judgment upon the various furnaces and processes
of electric steel refining ; and each steel-maker will be expected




