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DR. SIEMENS'  ELECTRIC'AL FURN.ACE 

At a meeting of the Society of Telegraphic Engineers, 
Dr. Siemens gave the followiilg tlescription of his electri- 
cal furnace : 

Amongst the means a t  our disposal for effecting the  
fusion of highly refractory metals, and other substanccs, 
none has been more fully recognized than the osy-
hydrogen blast. T h e  ingenious modificatioi~ of the same 
by M.  H. Ste.-Claire Deri!le, linown as  the Deville fur-
nace, has been developed and applied for the fusion of 
platinum in consitlerable quantities by Mr. George Mat- 
they, F. R .  S .  

T h e  Regenerative Gas Furnace furnishes, however, 
another means of attaining extremely high degrees of 
heat, and this furnace is ilow largely used in the arts- 
among other purposes, for the production of mild steel. 
By the application of the open hearth process, 10 to 1 5  
tons of malleable iron, containing only traces of carbon 
or other substailces alloyed with it, nlay be  seen in a 
perfectly fluid condition upon the open hearth of the fur- 
nace, a t  a temperature probably not inferior to the melt- 
ing-point of platinum. I t  may be  here remarked that 
the only building material capable of resisting such heats 
is a brick composed of 98.5 per cent. of silica, and only 
I.; per cent. of alumina, iron, and lime, to bind the silica 
together. 

In the Devllle furnace an  extreme degree of heat is 
attai11e.i by the union of pure oxygen with a rich gas-
eous fuel under the influence of a blast, whereas in the 
Siemens furnace it is due to slow combustion of a poor 
gas,  potentiated, so to speak, by a process of accumu-
lation through heat stores or regenerators. 

The temperature attainahle in both furnaces is limited 
by the point of complete dissociation of carbonic acid and 
aqueous vapor, which, accortling to Ste.-Claire Deville 
and Runsen, may be estimated a t  from 2503' to 2800" C. 
But long before this extreme point has heen reached, 
combust~oll becomes so sluggish that  the losses of heat 
by radiation balance the production by combustion, aild 
thus prevent further increase of temperature. 

I t  is to the electric arc, therefore, that  we must looli 
for the attainment of a temperature exceeding the point 
of dissociation of products of ~ - ~ m b u s t i o n ,  indeedand 
evitlence is not xvailting to prove the early application of 
the electric arc to produce effects due to extreme elevation 
of temperature. As early as the year 1807, Sir EIumphrey 
Davy succeeded in decomposing potash by means of an  
electric currenr from a Wollaston battery of 400 elements ; 
and in I S  ro the same philosopher surprised the members 
of the Royal Institution by the brilliancy of the electric 
arc produced between carbon poiiltsjthrough the same 
agency. I 

blagneto-electric and dynamo-electric currents enable 
us to produce the electric arc more readily aild econon~ic- 
ally than was the case at  the time of Sir Humphrey Davv, 
and this comparatively new method has been taken ad- 
vantage of by blessrs. Huggins, Locliyer and other physi- 
cists, to  atlvance astronomical and chemical research 
with the aid of spectrum analysis. Professor Dewar, 
quite recently, in experimentiilg with the dynamo-electric 
current, has shown that in his lirne tube or crucihle sev- 
eral of the metals assume the gaseous condition, as  
(lemonstrated by the reversal of the lines in his spectrum, 
thus proving that  the temperature attained was not much 
inferior to that of the sun. 

My present object is to show that the electric arc is 
not bnly capable of producing a vely high temperature 
within a focus or evtreinely contracted space, but also 
such large effects, with comparatively moderate evpendi- 
ture of energy, a s  will render it useful in the arts ior fus- 
ing platinum, iridium, steel or iron, or for affecting such 

reactions or decompositioi~s as  require for their accom- 
plishment an intense degree of heat, coupled with freedom 
from such disturbii~g influences as  are inseparable from 
a furnace worked by the combust~on of carbonaceous 
material. 

T h e  apparatus which i einploy consists of an ordinary 
crucible of plunrbago or other highly refractory material, 
placed in a ln~ta l l ic  jacket or outer casing, the interven- 
ing space heinq filled up with pounded charcoal or other 
bad conductor of heat. A hole is pierced through the 
bottom of the crucible for the admission of a rod of iron, 
platiilum or dense carbon, such as  is used in electric 
illumination, T h e  cover of the crucible is also pierced 
for the reception of t!le negative electrode, by preference 
a cylinder of compressed carbon of comparatively large 
dimensions. At one end of -a beam supported at  its cen- 
tre is suspended the negative electrode by means of a 
strip of copper, or other good c o ~ ~ d u c t o rof electricity, 
the other end of the bean1 being attached to a hollow 
cyliilder of soft iron free to move vertically within a 
solenoitl coil of wire, preseilting a total resistance of 
about so units or ohms. By means of a sliding weight, 
tile prer~ontierance of the beam in the direction of the 
solenoid can be varied so a s  to balance the magnetic 
force with which the hollo~v iron cylinderis drawn into the 
coil. One entl of the soleiloid coil is co~lnected with the 
positive, and the other with the negative pole of the 
electric arc, and, being a coil of hixh resistance, its at-
ractive force on the iron cylinder is proaortional to the 
electromotive force betweeen the two electrodes, or, in 
other words, to the electrical resistance of the arcitself. 

T h e  resistance of the arc was determined and fixed at  
will within the limits of the source of power, by sliding 
the weight upon the beam. If the resistance of the arc 
s i ~ o ~ ~ l i iincrease froln nu\, cause, the current passing 
throuqh the solenoid ~vould  gain in strength, and the 
maglietic force, overcoming the counteractiug weight 
\i,ould cause the negative electrode to descend deeper 
into the crucible; whereas, if the resistance of the arc 
should fall I>elo~rthe ilesired limit, the weight \irould 
drive back the iron cylinder within the coils. ant1 the 
length of the arc ~voultl increase, until the balance be- 
tween the forces engaged had been re-established. 

The autoillatic adjustmeilt of the arc is of great im- 
portance to the attainment of advantageous results in the 
process of electric [usion; ~ i ~ i t h o u t  it the resistance of the 
arc would rapitlly diminish with increase of temperature 
of the heated aimosphere within the crucible, and heat 
would be developed 111 tile dynamo-electric machine to 
the prejud~ce of the electric furnace. T h e  sudden sink- 
ing or change in electrical resistance of the material un- 
dergoing fusion ~vould ,  on the other hand, cause sudden 
increase in the resistance of the arc, with a likelihood .of 
its extinction, if such self-adiustino- action did not take -dace .  

Another important element of success in electric fusion 
consists in const~tuting the material to be fused the posi- 
tive pole of the electric arc. It i i  well kno\rn that it is 
a t  the positive pole that the hext is principallv developed, 
and fusion of the material consti tut~nq the positive pole 
takes place eveu before the cluc15le itself is heated up to 
the same deglee. This principle of action is of course 
applicable only to the melting of metals and other elec- 
tlical conduciors, such as metallic oxides, which consti- 
tute the materials generally operated upon in metallurgi- 
cal processes. In operating upon non-conductive earth 
or upon gases, it becomes necessary to provide a non-
destruct~ble positive pole, such as  platmum or iridium, 
which may, however, undergo fusion. and form a little 
pool a t  the bottom of the crucible. 

In this electrical furnace some time, of coursr, is occu- 
pied to bring the temperature of the crucible itself up  to 
a considerable degree, but it is surprising how rapidly 
an accumulation of heat takes place. In workhlg with 
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the  nlodifiecl medium-sized ilynamo-machine, c a j ~ a h l e  D E S I L V E R I Z A T I O X  O F  LE:\D BY THE Z I N C  
of producing 36 wehers of currelit witli a n  expenditure 
of 4 horse-po~rer ,  and which, if used for il1uiniiiat.ing 
purposes, procluces a light equal to  Gooo candles, I fintl 
tha t  a CI-ucible of about  zo centimetres in depth, immersecl 
in a non-conductive material, is raised u p  i.o white lieat 
in less than a quarter  of a n  liour, and the  fusion of oue 
! t i i cm~tre  of steel is effected within, sap, another quarter  
of a n  hour, successi~-e fusions being- made in sornewhat 
tliininishing intervals of tiine. I t  is rjrlite feasible t o  
c-trry on this  process up011 a still larger scale by increas- 
ing the  polver 01' the dynamo-elcc rlc tnachine nntl the  
size of the crucibles. 

By t h e  use of n pole of dense cnl-boo, tlie otherwise 
purely chemical reaction intended to  be  carried into effect 
may be  interferecl with through the  detachment of parti-
cles of carbon from the same ; and although the  con-
sumption of the  negaiive pole in a neutral atmcsphere is 
exceedingly slo\~-,  it may become necessary to  substitut? 
for the s l m e  a negative pole so  constitutetl a s  not to 
yield any substance tr, the  arc.  I have ~ 1 ~ e c 1  for this pur- 
pose (as also in the construction of electric l a n ~ p s j  a 
water  pole or tube of copper, through \vhicll a cooling 
current  of water  is made to  circulate. I t  cons is!^ sinlply 
of a s tout  copper c y l i ~ ~ t l e r  encl, having closeil a t  the  l o ~ v e r  
a n  inner tube  penetrat ing to near the  bottom for tile 
passage of a currelit of water  in:o the cy111lder. \vliich 
water  enters and  is discharged by mealis of flexil~leindia- 
rubhsr  tubing. This  tubing being of non-contluctive 
material, and  of sniall sectional a rea ,  the  escape of cur-
rent  froril t h e  pole to t h e  reservoir is so  slight that  it may 
t ~ eentirely neglectetl. O n  the other  liancl, some loss of 
lieat is incurred througll conduction in the use of the 
\ ra te r  pole, but  this loss diminishes w ~ t hthe increasing 
heat of the  furnace, inasmuch a s  the  a rc  l ~ e c o m e s  lor~ger ,  
ant1 the  pole is retired more a n d  inore into tile cruci1)le 
cover. 

T o  melt a g1..1111 of steel in the  electric furnace takes, 
it is c r i l c~~la ted ,  8103  l l tat  units, \ \hich is wi,hiu a frac-
tion the  h-at actually contained in r i  gl-am of pure cal-])on. 
It rzsulrs froin this  calculation that, th rough the  use of 
the  clynamo-electr~c machine, LI,OI.I<C~ a teal11 engine, l ~ y  
when consitieretl theoretically, I lb. or' coal is c a ~ a b l e  of 
me:ting nearly I 111. of mild steel. T o  nlelt a ton of steel 
in crucibles in the  ol~tiirlary air lurnnc.: used :it Shcffirld, 
froni 2% to  3 tons of best Durha in  colie :ire conrumetl ; 
the  same effect is protiuce:i Lvith I to11 of coal when the  
crucibles a re  belted in :he Regenerative G a s  Furnace ,  
\rliilst to  procluce ll~iltl steel in 1x1-ge masses on  t h e  open 
hearth of this lurnace,  I z cn-ts. ot coal suffice to  protluce 
I toll of steel. Tile  e lec t r~c  furnace may be therefore 

air furnace,  and  would,  barr ing sonle incidental iosscs 
not  includecl in t h e  calculrtion, be  a s  r e ~ a r d s  ectlnoiny 
of  fuel nearll- equal to  the  liegenerative G a s  Furnace.  

I t  has,  howevzr, the  follo\ving a t l ~ a u t a g e s  in its favor:  
1st. T h a t  the  degree of  temperature attain:~l)le is theo- 
re:ical!!- unlimited. zd .  T h a t  fusion is effected i i  r i  per-
fectlv neutral atmosphere. 3d T h a t  tile operation can 

much a ron, be carried on in a laboratory n ~ ~ t l ~ o u t  prepar t '  
aqtl under the  eye of the operator. 4th.  T h a t  the limit 
of heat  practically attainable with the  use of oi.tlinary re- 
kactory materials is vely high, because in t h e  electric 
fur i lac t  t h e  fusing ma!erial is a t  a higher temperature 
t 7 a n  the  crucible, \\-hereas in o r t l i ~ ~ a r y  fusion thc  temper- 
;rlure of the  crucible e x c ~ e d s  tha t  of the  material fused 
\?ithit1 it. 

I\-ithout \vishiug to  pretend that  the  electric furnace 
here represented is in  a condition to sul)ersede other 
f l l r n a ~ - s  f o r  ordinary purposes, tlie advantages above i l l -

tlicated will malze it a useiul agent ,  I believe, for carrying 
on cllemical reactions of various i,inds a t  ternptratures 

under contiitions \\rhich i t  lias hitherto been in~pos-  
sible to secure. 

considered a s  being more economical t h a n  the  o r i l ~ r ~ a r y  The old improving pans irere lllaclc of cast-il-on, placed on a 
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'l'lie treatment of argcntiferous leads XI-it11 ~ i n c ,  for the 
purpose of extmcting the silb-er and refining the lead, is by 
no means a llovel process. About twenty !-ears ago a 
luetallurgist named Parl;s toolc out patents for desi lveri~ing 
rich leads by means of zinc, and firma n ianufac t~~r ing  
adopted liis process. They were, ho~ve\-er ,  s ~ ~ l i s e c ~ t ~ e n t l ~  
obliged to abandon it, in conseiluencc of tlic cliflic~~lty ex-
perienced in tlir seprrration of tlie ziuc fro111 the concen- 
trated silver, to adliiit of tlie cupellation of the latter metal. 
A (;crmal: clieinist iia~iiecl Flacli afternrards tool; up the 
s~~l>.ject ,and ljy I-unning the alloy of  zinc, silver, :ind lend 
irlong with irou slag, t h r o ~ ~ g l i  a peculial-ly constl-ucted 
blast-ful-nace, 1i7as eniiblcd to free tlie conceutlatetl silvcl-- 
lead f ~ o m  zinc. H e  also proposed tlic use of this furnace 
for removing of traccs of zinc fro111 the tlcsilicri~ecl lead, 
but tliis was abancloned in favor of the ordin:irv im-
~j ror ing  or calci~ling pan. Tile operation nritli tlie'l~last. 
flirnace n,as found to be very trouljlesome, :rnd as the 
greater portion of tlic zinc w:rs entirely lost, was by 110 

means econo~iiical. AI. AIailes, of 3Iessrs. (;uillelli k ' c o . ,  
i\Iai-seilles, ~17Iio were the first to ~vorlc F1:rch's process, 
found ont and patentetl a simpie nlealis of treating the 
slloj-, and recovering the zinc by distillntion. This is the 
process 11ow in use ancl knonrn as :lie 1;lach-G~iillen~pro-
cess, and ~vliich is carried on in the follonring manner :-
About IS  tons of " rich l e a d , '  containinggenerally from 60 
to 70 ounces of silver per ton, are melted in n large cast-iron 
pot, to ivliicli I per cent. by weight of ~ i n c  is added,  and tlic 
wllole ell stirred for tn.entyrninutes. The fires are dralyn, 
and tlie contents allowed to settle aud cool ~111til tlie zilic 
rises to tlie surface, and forms a solid ring or crnst coil- 
taining the silver alid other foreign metals. This :illoy is 
relnoved to a slnall pot at l ~ a n d ,  rvllere part of the ieacl is 
s~veatecl out ,  and the alloy thoroughly dried. The large pot 
~vi th  the lead ilon7 partially desi lreri~ecl  is again 11e:ited up, 
and treated in the sallle wry a ~ b e f o r e ,  hut ivitll the atldition 
of olllp a half per cent. of zinc, ~vhicli when it has rise11 to 
tlie top is rcmovctl as  before, nlld dried. X tliircl atlclition 
of 3 quarter of per cent. of ~ i n c  is found Iiecessary to talcc 
out the re~nainclerof the silver, care being taken, on the 
cooling of this zincing, that :ill the crystals are cleanly 
slcimmecl or[. The  lead in the large pot is nssnyecl, and 
found almost alrvn!-s to colliai~l less than j cl~vts. of silver to 
the ton of lead ; if it shoulcl happen to contain more, it is 
clue to carelessness on the part of the morkmen. The pot 
is now tapped, ant1 the lead run clorrn into an iniprovi~lg 
pan, ivllel-e it is kept at a high heat for near.1~- eight hours,  
for the purpose of osidisiilg or burning o f t l i e  s ~ n a l l  per- 
centage of zinc mhich is left in it from the zincillg process ; 
after seven or eight hours' firing in this pan it sllould con- 
tain no trace of zinc. It is then tapped ant1 run  into moulds 
for marltet lead, or fol- the nianufacturc of lead products. 

bed of sand, wit11 a groox-e in :lie upper sides, wllich groove 
was filled wit11 hone-ash to 1)reoent the action of oxide of 
leatl on the iron. These pans, fro111 the giving ~vny of the 
hone-ash, ancl the gl-cat n7enr and tear on the iron frolll the 
liigh heats necessary, were found to be both troublesome 
:lud es l~ens ioc; they were 1.ery often under 1-cpair, nncl 
selclonl lasted more than six or eight months. They Iiavc 
been s~~per<ct lec l  1)y nn improving pan of cast-iron lined 
wit11 hrick insitle. This  ],an, i11ste:rcI of being placetl on a 
bed of sand, a s  xi7:rs tlie case ~ r i t h  the ole1 improvilig pan, 
is Iiung on brick ~valls ,  and is rlt~ite open both b c l o ~ r  and 
round tlie outside. This new pail Ilas heen working i l l  

the patentee's' lvorlts, 3lnrseilles, for solne years ~vitliout 
any brea!; dobvn. It l)urns no Inore coal, and can be as 
econo~n~c:rllyxvorltecl in el-cry way as the oltl palls. T11c 
zinc and s i l~-cr  alloy, after hein!: clriccl, is me1:etl in a 
plumbngo crucible, co~.esctl on tlic top, n-ell luted wit11 
fire clay, counectecl wit11 a sinnll cast iron recei7-er 1)y 
me;rns of a pltlmi~ngo ~Iipc,  ancl firecl up n-it11 coke. The 
zinc, tlistils over, a11d is colide~lsecl in the iron i r c e i v e ~ .  
llftcr all tlie zinc 113s bccli t!i;tillcd, t l ~ c  pipe is ~l iscon- 
nected, tlir c o ~ ~ e r  relno~-cd,ancl t l ~ c  lead and silver, left in 
----. .- ---- - - - -~~~ 
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