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as woild lie ai 1irst imîiagimtdtI ; for lie actuil weiglit of air blown per ton of iron pro-
ttieet ia s or 'eveil timeîs Ilie weiglit of tle stliti iaitrials charget.

Ilte blast lurnace itself i a very large ,trutltire, circulai in section, of a heiglht
varying fromî 60 fi. toc )o fi., and a largesat diaiieter of alcout one.fourth the height.
The contour tif fite iterior i, ilt iliat of a lperiect cylinder, but frot the point of
largest chaiieter tecieiically ca illie " lsh " chater) the watt, are drawn in both
upiward andit tttiiwwtrt, o liat ai ithe bolctm of tlic furnace the dianeter is only
allout oile-lif ti < 1 chamceter, aid at hle tilt aistit 30 ir cent. smaller than the
bosh. l'ie iwes parit of lic furnace i-s called lic l ealirth " or " cricilble," for il. is
here tlai tlie iitltei iron collects belore i eing adraws n off. elie walls of tlic crucible
are fromt 5 fi. tot i fî. in heiglit anidf usially perpendicular. Frot tlie top iof the
crucble sails tlie furiace ltopes oui ward ant utiwarîl till tlic butsi is reaclhed. This
wliole 4ection o ile furnace is alsc known as tie " bshes," andi it is here liat the
actia lusion tof file imateraia k-, place. Fromii ite i ut t t h tilie tilt tlie Wails
slope in again.

The miiateials, vii., ore, fiel and flux, are chargtd ilito tlie furnace by meuas of
a iiecl.Iisti kI as a " bell and lopptjer," which iat the samte tie cltes Ilie tol
of tie turnace. A luea y cast rnul hopper ietie o Ie tle top t elie furniace, leav-iig
ant opmling In ns centre if aibsoit half lic lîsi liaiteier. Th. opening is cloised by a
liavy frrin bell. Iitctd itî position front tle muerior of tle furnace sa that the lwer
edge il <ite bell lap five-r Ilie lower edge of tlie holiper on its gunder side <or tlrte or
four imiche. Thu, %%hen tlic lil i, drt il tiglitly againsi lic lîtîpp-r, lie furnace
is tightly closed eten io tle escape tif gai.. Thie imaterials are then tdumip<lied into tlie
hîoppeîcr uiti iu isî fuiti, wien the bell ma ieu lIecrdt la> <tiimans tif a mîîechanically
actuateti and italanceil leer ari, so liat a space tif 15 in. tio 20 in. is topenetd ibetween
<lie contact eilge of <lie IbCll andc [te hopper, and through tlits sdpace tle miterials slide
over thie 4liig sides tuf ie li bell mi flie mtîîerioîr of <lie furnîace. This bell siait' is
ised for th e l itiic if obtaimiiing an equal ai utinformî distriutîl til of tle iaiteriais
tiver lite area tif cite furnac, %i hich wouiîîlî d fie ie powe cblc wcre ile materiais ltiliped
titi ait t-rîinary openiig. Thi iiiforni di.utii -tit ini ii clarging is very iitportant to
the umîîiionii work îîîg of tlie furnace ; fttr if tlic miterials -re aIl duiped into the
centre or tc lune side, tlie acentniig carbimtiie oxide gas, seeking tle casiest way out,
wouild Ibit iiiierfectiy act uciilion tile great tuas, accmtiiiilcul in tene localiy. aid ithe
furnace soutl wtork one-sidied. Tite gicat lieight of tihe furnace i required in order
to e fise <le ore for a %utticiently long iune to the action tif lie carbotnic oalîte. The
descenît of Ile tire froithe iltp to tieti loitum of the furnace occupies frot 18 toc 24
hours. On a level with1 te floir of tlic crucible, neri the fthteie tf flie furnace, is
<lie sittialetl tlie - tappitg lhle.- This utile pierces the wall tif tlie furnace to ils in-
t-rior, and Ilirougli it the molc iron is tirawnt out. Tue tappinîîg helle leads diirectly
intt a trougli which commuicate, i tih the cas<itig ieds. rhis hole is stoppI up
with ciay during tlie time tei :ron : collecimg n the crucible. Tapping takes place
tsuially every six hours. .\bout 3 ft. above tie taiping hole anti sotimieiines dirctly
over it, sometineics to one bide, s tli slag latI or " cingler no " as il is techinically
called. Tic slag formed by tle ilus. iloaiting upon the surface of the iron, i> lere
driawn off froi time t, line as :t rises til its leigit. I is tisually run directly into
Ibuggies or cars coistricted l tihfle îpurpose aind hatiled of to the cider dupit.

The liast si inirtruced into lie furniace ai tih top of lie crucible, about 5 fi. or
6 fc. aboie hlIe doter. At i% tir cigit cqiii-dlistanît poinints the cirecumîîfrence of the
furnace wall openings are imale tit. tie intetrer of the furntace. lIo these openiings
waer-coolel - liolders of bronze ter tron are fitced. intt tese holders are accur-
ately fitted tlie blast nonile, tir " tuyeres," alist water-coled. The water-cooling is
accIompilhbh'lied by ca,imItîg a cutl iof liipe in tle iron lîclcer or tuyerc, through which
water is contimually forcd, or in tlie case of tlie bronze tuyere and holder thic walls
are imalde double. wis it a space bt-ween, in which water is kept circulating. At a
sufticient leighut abiuve the tuyer-s a main blast pipe encircles the furnace, fron which
branches are le down to, cach tuyere. The tuyere nozzles are inserted frot 6 in. tu
to un. Ievconl flic liter w.ill ioo the furnace. The water-cooling of fite tuyeres and
holdets, i ihe tdesîgitîl primaryir fe r he itmaintien.tîice, aid much in preserving the
brick work adjacent to t lieut. Fullowing tit <its hit, Ile bosh walis of lic ftrntace
are ttiw greatlye prolungel imi bife b) niintiî iîg rws siof water co-iletl plates ctompilîletely
encircing tle furnac ai ult.mttces o! aboutt 30 in. lbetwi-eien lie rows. hlie-e are built
in tile brck wsoprk and ar- <ns iuble, ecxcept th clic uiitsite edige of tlie plate and tlie water
connsections. These aplate., are remotuvalle ici case of lcak, which is rare.

Tit- acct-sslrie.s toa Ilie lîiast fîtuiace proper .ire tle boilers, hlowing cngines, hot
blast ,toves. h at il %. aier suply. TIh bilers ¿tnd stio s are heaited by waste
gases flumi fie furnlace, SO chit tli furnace i-, practically self-s ti ng in <lte natier
o poiwer, tle lnlt fuel nietcess ry bpcgtig that ut m it fuirntace fiai thie prpstiibie of
smltecttg. Tie farciace ges rue th the i ofa toih firnace, ai art thence cîinductcd
away ly a large pipe called Ilie - din-take," tci caries the gases lown teo the
îan ilue wfhicl hes n"tlergrualtn. 1 lits lue comiethictis the gaset-s tc thie btoilers and

stoveS. Tithe lutoer et tuf ti lo -take i, enularged just beefore iî enters the flue into
a chamber if conttsideable ire known as tue "Idust-catcher, which name sutffciently
dscrIUe s t, unction. The gases carry w% ith thei ccnsiderabulle tlantifics of dust
whichi accunimîtlaIte in he flues, stove, and boilers, seriouîtsly iiipairinig their effeciency
by chokng liemt. This tic dtist-catcler is tiesigiel to obviate. The boilers and
blotwsmittg engines need litite lescrtiuin, as lthey speak fir itestsves. The tise and
operatîcn of lite iit-ilast stIove t, a silbject of muci interest, and to lie ftritacetian it
is a verv considterable factor in uthe furnace econotty.

It <s apparent thiat if air at tlic teilieraltre tif <lie surrounling atnnihiere lie
blown into ilie furnace it w ill require a certain auitint of fuel to bring i tilt to the
tenlieratutre of the seething ma-N. If thiis air could lie leated, ani tiati, toi, withouti
furthier epienlittire of fuel, before it is cdlivered incto the furnace it is eviient a con-
',itleralic ecînomîy of stivling fuel muîst restilt. This is what is accomtplished b-y tlic
htast stve. The wasie gases of ft furnace. which fornerly were i-rmîittei ti
escape into lite air, are lby this apparatu utilired (or the heating of the blait. Stoves
as construci-te nowadays consistif a large shell of tink plate cnclosing a iass of lire-
brick so disposed as tio forut a large mtmber of siali flues or checkerwork. Each
.sîove measures fro 13 fi. to 20 fi. ii cliameîtcr, and 6a f<. to 70 ft. in height, being
nearly as large as tic blast furmnace itself. A total croîs-section area of, say 300
squar- feet is sutlxlivicedi Iy the brickwork into a large number of smîîali flues, of say, 40
square inches, thus imultiplying tle heating surface enormnously. These flues are con.
structed perpentlictlarly. The gas is aditmîited at the bottom of one side into a
chamber where it is nixed wihth thc proper proportion of air to produce combustion ;
thus ignited it rises to the top of the siove, where it is deflected tlown again through
a series tif stal flues. On reaching the bottonm, it is deflected up again and then
down, having traversed lie lciglt ci the stove four tites Iefore it passes off bîy the
chiiney. The gas having leta passed through the stove a sufficiently Iong tine to
bring the whole mass of brickwork to a blight rel eai, it is then shut off and the
blast from the blowing engines is then adnitted on the oiposite sile of the btove from
tlie gas, and is male to trasel over the same path through the stove in the reverse
direction. During its passage it absorbs the heat from ithe brickwork, raising its own
temperatire to from 1,200 o 8,500 deg. F. From the stove the air is then carried by
the blast main directly to the tuyeres. There are usually three and sometimes four
toves aitached to each furnace. Fach stove is; kept on gas for two hours and on air

for one hour ; thrce stoves, therefore, permit of two stoves lieing kept continually on
gas and one on air, a stove being changcd every liour. Of course before the blast is
shut off of one stor e it is ati.itted ilirough a fresh one, as the blast iust lie kept con.
tinunusly on the furtace.

Another vailuable feature of the hot-iliast stove is thie act that it places within
the control of the fuirnace manager an amontl of caloric or ieat eiiergy entirely sui.
ject to his manipulation t c ts, if tlic furnace is disposed to work culd, an increase of
temperature of tle blast will isuîally aci as a corrective, and vite rersa. In the uni.
form prorbin of.a de<iret grah' of iron, thh is of t highesî vjne. la this con-
nection a very brief coideration of the chemistry of pig iron nay not be out o! place.

In recovering from te ore tie iron it contains, we do nt obtain ithat iron
chemically pure, nor is i desirable that we shouhl do so. We have seen how the earthy
impuriiies were to a conisiderabe extent removed, viz., the silicates of alumina, lime
anti whatever of magnescia thiere mîight bie in the ore. Ilut certain other elenments,
notaly phosphorus and manganese, are not thus removed ; nor arc <hey ever coin.
pletely remted, <he second cnly partialiy, the frst not at ail. In addition to the
goepurnties of <lic oire, we are .Iing with the fuel, especially where cuke is usedi,
anothet lot of inuritits, nn:,liy silica andti sulphtur. Silica, or silicic acid, as it is
chenically callel. leinig a compouind of ,ilicon and vxygen, is not capalble of being
lecoipItosed into its constituient elenients, silican and oxygen, except ai the very high-

est lieat. Tierefotre out of the very large amntueinlt of silica in the formî of silicates that
is charged into the furniace, we find only a comparatively siall proportion appearitig in
tle pig iron a. ilicon, which has doutleess been decoiiosedl in sone areas of very
high teimpîîeratures before tlie tiyeres. A piortion of tlie sulphur is carried off in the
slag, but cnougli reiains to mîake a gomi dea of trouble to the pig iron consuier.
In ilte resulting iron Iten, we fini in addition to lie metiallic iron such iipurities
as %ilicoi, suiliir. piho-sphorus, iranîganese and carbon. The carbon in pig aron ex.
ists in Iwo states, fret carbon in the foini of crystals or lakes and combmnîed or dis-
soiivel carbon which las l-en taken «p bly the cion lefore the îtyeres. The propor-
tions in which thesc two conditions of carbon exist in the pig iron depend uîpon the
temperature of the furînace; if fth furnace is hot, the carbon exists in very large
percentage as fiee carbon or graphite : if the furnace is working cold, the carbon in the
iron wvill lie fogid largely as combined carlbon with little graphite. So, to, as might
lie inferred front what 'was sait1 before, a cold iron will contain little silicon as the
temlperature before lic tuytres has not been sudficient to decompoîse the silicic acid.
The teiîperaîtire alsti has a narked influence on tie bgehavior of the sulphur. With
the furnace working hotif is nearly ail carried off in the slag, but at lower tempera.
tires its greater afliniiy for the iron asserts itself and a cold iron is focuni to contan an
olbjeciatiaile atoutnt of sul phtir. Colk iron, thererore, will lie low in sificion, low
in graphite carlon, and higli in suiîîlitpr; for niost purposesan undesirablecomllination.
'i he value ail the hot-blast stoves in enabling the firnace mîtantager to correct <lie len-
lierattires of his furnace is thuis maie plain.

The operations of the last furnace are continuous untii the fire brick lining wears
out. This occurs in frot two to three ycars un ier ordinary circuiîstances. or a
better way of stating the life of the linitng is that it weill generally yield 25.ooo to
<50,000 tots of iron, thougli one or two of America's fations furnaces have turned out
300,000 and even 4oo,o-o tons on a single lining. The m..gen.-t of a blat
furnace, the proper nixing (if the iaterials. the reguation tef the working or the fur-
nace itself for the production of a large, uniform and econoicital output cati: for the
highest skill, watcltiiness, patience, and often courage. An accident <o the fui lace
is almîîost always cxlpensive and offen dangerous; the atparatus is always operat-C
under high pressure and fite highest leats known to science. Altogether the m.n-
ageiient of a blasît furnace presents a mosit intricate probilem in econonical metallur.y.

Cheaper Steel Rails. -A significant article on the steel rail trade appearei
receci> ti lie Iron . ). lTe opinion expresecl is liat tlie trate is on the eve of
iiiporiantirttemn., and that new factors wili have tu lie taken into accouni next
year. The Yoingstown mil now nearing ccmîpletion, may enter the rail tr;ide when-
ever therc is a stludiicient difference betlween ilils and rails; and ltre is the possilulity
of foreign rails lcng iiiirteti tin <lie Gulf and the l'acifi, coast. The is great mills,
howe-cr, iiiay lie aile to liold their wholc territory in spite of any ri..dIs. One has
male important iîîimortiatIt imiprovemtents in plant ; another has secured a source of
supply of clieat raw material ; a third has lthe adviantage or a liower cluy ont foreign
ore ; atdf a fucrth s estremicly aggressive in its management. There is a widespread
opimion that ltuiwer prices for rails wouldl li-lp the billet market by increasing the con-
sumtion, ani wcith pre3011 pîrsces of rat- mareria c the rail niliis coule) afloril to) sel) at
loweir prices than those ruling if they had a larger tonnage. lint the financial condi-
tion of tlic railro1d, t , such that tlic lirospect of a tonnage tup ta anywhere near the
capacity of tlic mills, is not briglit.
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