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dUced by Huntsman at Sheffileld in the year
1740, and is still carried on in substantially
the Same manner at the present day.

ht is difficuit ta find the exact limit beyand
ýehich Wrought iran passes into steel. Bar
!rO0 COntaining as much as two parts of carbon
In 1,000 of metal would be sa decidedly hard-
'ed by chilling as ta be termed a steely iront
a5 cd a slight increase ini the quantity would
Produce miUd steel such as the homogeneous
'e Of which cannon and armour plates are

foreed, A proportion of carbon amounting
tethree parts in î,ooo is contained ini the

selner steel rails, and in the steel of which
Spd8and hammers are cammonly made.SLelemploye(t for tools commonly contains

10or 12 parts of carban in i,o00. When the
Carbo. amaunts ta 14 parts in 1,000 the steel
bbCom1es more fusible and resembles white

Ctirn Bar iran, which contains only a
'lulte proportion of carbon has a tensile

;n 'lch O but 57,500 Ibs., nearly 26 tons,
;(the Baard of Trade gives 5 tons a

l~Sae ioch as the working strain towhich it
b ht expose bar iran in actual practice),

t0 ll ere the proportion of carbon amouints
tree or five parts in 1,000 the tensilesteghis increased ta 90,000 or 100,000lbý,40 or 45 tans, a square inch, while it is%l sort enough ta be easily punched and

. Red, Such a metal is well suited for
ler Plates and similar purpases. The pres-

ence Of carbon makes iran more capable of
tet n'gmagnetism. We will now commence

cet'%ufattresteel by wvhat is known as the
t.rett'nprocess. The process of cemen-

lish by which, in tii lately, nearly ail Eng-
b seel was produced, cansists of heatingbar io

Ches n contact with charcoal ini a closed
ti0 of til it has acquired a proper propar-

iOfe carbon. The cementatian furnace is
e 8taihaed, the hearth is divided by a grate
l nI a coal lire, the flanie of which cir-

Placq aIl around the fireclay chests or pots
COnta. on each side of the grate ; these pots

the,. ,ln Seven or eigbt tans of bar iran, toge-
%ion Wilth charcoal necessary for its conver-

ai-,'t)steel. A small opeuing is left at
th 'the middle of one end of each chest
der U4h Which the end of one of the bars un-

bigngcementatian is allowed ta project;
tbhroO 0f bar is withdrawn from time ta time

Q% a small hale in the wall of the
pro ce for the purpose af watching the
is afo' cementation. The charcoal
are 1ufld from hardwoad, with which there
an N 5 rfletimes mixed a little comman sait

brSOfle ashes af the charcaal. The
0fi iran shouîd be of the purest de-

'th ;t00 if the best steel is ta be produced.
ordeY are about 3 mns. broad, %' in. thick. In
enrt fili the troughs the workman stands

th iron Platform between the two, and sifts
layt leMent Powder ino them sa as ta farm a

pl f or 'V'in deep, îîpon which the bars are
ePhrt %tandling upon their edges, about i in.

'th 'a're Cement is then placed, and se on
'Iote Pots are filled. A temperature of

bR'lt f1000 Fahr. is required ta enable the
'trunta acquire a proper proportion of

t1ibn and the pots are maintained at this
r~,d ltue for a peýriod according ta the
aa 9 fe steel required ; four days be-
' 0 1eo for p roducing steel af which

of a4a aprings are made, while eight or
t le"b equired for the ver>' hard steel
th'e let c 1~ chisels are made. The lire is
4trount and some days elapse before

u~1~t the a re caol enoîîgh ta be opened.
t. e in eeks are generally occupied in

Ion, "~ar iran ino steel; about 16 cemen-
"k are executed by a single fur-

lelrst e bars are found ta have blisters on
bi bît cet and Sa it is called blister steel.

%4e rsteel is broken up into pieces of a
a *t 8ize for packing close together,

u ~It 30 1bS. of it are intraduced inta a
t W .crucible about 2 fi. high, made ot1 'Xed with black lead, and provided
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with a closel>' fitted caver. These are placed
in a small furnace, holding six, twelve or mare,
about 6 ft. wide and 2 ft. deep. Hard coke,
broken lnto small pieces, is employed ta taise
the crucible ta a bright red heat; the steel is
then intraduced, the crucible covered, and the
furnace filied with coke ; when the steel is
melted the crucible is liffed ont, and ils con-
tents poured out inta a cast iran mould pre-
viously heated. The mauld is ini twa halves,
clasel>' fitted together, so that it ma>' be coat-
ed inside with coal tar soot. For the produc-
tion of large castings of steel the requisite
number of crucibles must be emptied inta the
mould as nearly at the same time as pos-
sible. At the factary of Krupp, a casting
of 16 tons may be prodnced in this way, 400
men welI drilled ta ca-operate in ernptying

,200 crucibles so that the melted steel may
flow ino the gutters leading ta the mould.
But great improvements have been made in
the manufacture of cast steel by the Siemens
process and introduction of the regenerative
gas furnaces. Cast steel bas the seriaus de-
fect of being brittle at a high temperature, so
that it is forged with difficulty, and does not
admit of being welded readil>'. A method of
correcting this vas patented by Heath in 1839,
which consists simply in adding ta the cast
steel in the melting pot about i-ioo of its
weight of Mn. C02, the result of the action of
heat upon a mixture of black axide of Mn.
and charcoal or same other cantaining car-
ban, such as coal tar. The blades of knives
are made of cast steel welded on ta an iron
tang. Siemens gas producers are rectangu-
lar chambers of ire brick ; the combustible
gases are hydrocarbons, the product of the
distillation of coal in the upper portion of the
praducer ;CGO, farmed by the reduction of the
C02 produced at the firebars by the combus-
tion of the fuel which, passing over the heat-
ed coke or carbonaceons matters formed in
the upperlayers, combines with an additional
atom of C with the production of 2 volS OfGO,
thus C02+ C =2C0. The regeneratars are
vaulted chambers of firebrick placed beneath
the furnace in which are stacked masses of
brick work through which the air and gas is
admitted inta the furnace. The charge con-
sists of 9% of pigiran, 6%/ of spiegeleisen; the
process from the first ta last accupies za
hours. An average charge consists Of 20%

of pig, 2o% Bessenmer steel scrap, io% rough
puddled iran, 15% Siemens scrap, 15% aId iron
borings, 20% iran shea rings, after which 7342%
of spiegeleisen is added.

The simplest method of niaking steel is the
Bessemer process, which depends salel>' upon
the removal of the carbon by forcing air
through the liquid metal, and if this process
be arrested before the removal of the carbon
is completed, tlhe metal will have the com-
position of steel, but if ail the carbon is burnt
ont so as ta abtain wrought iran it is then
converted ino steel b>' adding spiegeleisen,
which cantains 82% of iran, io% Mn., i% Si.,
4% C. The canverter in which this process is
carried on is made of wrought iran boiter
plate and lined with fireclay or other refrac-
tory material ta pratect it from axidation. It
is generally large enough ta contain îo tons
of cast iran for a charge and is suspended on
trunnions 50 that it ma>' be easily tilted for
charging and discbarging, a 6-ton converter
is generali>' about i i ft. high and 3 ft. wide.
Through the bottom of this vessel there are
several apenings ta admit the blast of air
which is blown in at a pressure Of 1,5 ta 201bs.
a square inch, produced generaîlly through a
large blast engine for that purpose, through
3,5 hales from 7 tuyeres with 5 bales each. The
converter, having been heated b>' burning a
little fuel within it, is charged with pigiron
which has been previously melted in a separ-
ate furnace, a pigiron containing a large pro-
portiait of graphite and silica and a small pro-
partion of sulphur and phosphorus being
selected. The air bubbling through the liquid
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metal induces an intense combustion of the
iran, praducing a large quantit>' of the black
or znagnetic oxide of iran the -samne as you
see round a blacksmith's anvil) which is car-
ried up b>' the force of the blast, togethèr
with the nitragen of the air which does not
act upon the iran. The -bubbles of this gas
being forced up through the melted metal
effectuall>' mix the unoxidized portion with
the înelted oxide, which couverts the carbon
of the cast iran into GO and the silica ino
silicic acid, the latter caznbining with some
oxide of iran ta form a slag which appears as
a froth at the mouth of the converter. The
silica is always oxidized before the carbon,
and during the first ten minutes ver>' little
flame is seen at the manth of the converter.
In this process a portion of the iran itself is
the fuel undergoing combustion, the tempera-
ture is much higher than that of the puddling
furnace in which coal is the fuel, for a givezi
quantit>' of oxygen in the act of burning iran
produces 1-3 more heat than in the act of
burning carbon. The operation usually lasts
for oni>' 2o minutes, its terminatian being
indicated by the almost total disappearance
of the flame af GO, but a far more
exact methad of ascertaining when the
requisite aniaunt of carbon has been re-
moved consists of viewing the flame thraugh
a spectroscope, when the color is first yellow
or orange, but il graduall>' changes ta bIne
or violet as the amaunt of CO increases ; the
disappearance of these line marks indicates
within a few seconds the conclusion of the
process. If Bessemner iran were required the
contents of the converter would now be dis-
charged into a ladie, which is swnng around
ta the mouth of the converter, and from the
ladle ino the moulds, situated aronnd the pot,
but ta produce gaod malleable iron from this
process ver>' high priced pig bas gat ta be
procnred, s0 this prevents the application of
this process for the production of good malle-
able iron. In arder to canvert the decarbur-
ized metal ino steel the requisite proportion
of C is added in the form of spiegeleisen. A
special variety of white cast iran containing a
large quantit>' of carbon in chemical combina-
tion together witb manganese, which is ob-
tained b>' smelting in a blast furnace with
charcoal a spathic iran containing a large
proportion of managnese, suèh as that from
the Brendan His (Somersetshire, Eng.)
which contains : Fe., 83% ; Mn., 10.71 %; Si.
x%, and C, 4-32%. The presence of' Mn. is
probabl>' of great importance with regard ta
the use of spiegeleisen as an ingredient of
Bessemer steel. It is intraduced in a melted
state, generaîlly melted in a cupola elevated
above the level of the mouth of the canverter,
and mun throngh channels in a molten condi-
tion ino the mouth of the canverter, which is
tilted mbt a horizontal position ta receive it ;
the blast being stopped during the addition,
and afterwards turned on again for a few
seconds when the canverter has resumed its
former position, in order ta diffuse the spiegel-
eisen through the liquid iran, after which the
steel is transferred ta the tnould, being ponred
for that purpose ino a large ladle lined with
loam and swung araund the pit over the
moulds arranged, the metal running ont of
the ladle from the bottom in which is placed a
fire-clay plug. B>' this procesS 200 tans of
steel weekly is produced which wauld require
b>' the old process of melting blistered steel,
4,730 crucibles and 760 melting furnaces.

The effect of hammering, or rolling, in-
creases the tensile strength, for the ingots of
Bessemer steel which gave a mean tensile
strength Of 27 tons per sq. inch had it increas-
ed ta 68 tons by hammering or rolling.

The proportion of carbon in the steel ha*
such an important influence upon its proper-
ties that it is canstantly necessar>' ta deter-
mine its amount by chemical analysis.

The most simple and expeditiaus process is
that due ta Eggertz. Iron containing com-


