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dionistion is difficult and expensive the fusibility
of iron depends upon the quantity of carbon
present audand no commercially available meth-
od has till now been discovered by which iron
after parting with a very large proportion oeof
carbon can be broughtbrous ht to remain in a state
more nearly approachingL ffusion than that of a
pasty mass

steel is produced from iron from which the
carbon and other impurities have been extract-
ed by a tedious and costly process the object
of which is the restoration of a portionportion oeof the
carbon which previous processesses haveave remove 1JI
steel contains according to the purposes for
which it is wanted from rather more than i
MYperer cent to rather less than 2 per cent of car-
bon

malleable iron or iron comparatively free
from carbon is usually produced in this coun-
try in the following manner

ahethe melted iron as extracted from the ore
in the smeltsmeltingsmellingsmeltingin 0orr blast furnace is run out into
bars a few feet in lenethlength technically termed
pigs these pilpigss when cold are removed

from the sand moldsmolds into which they were run
and transferred to a second furnace called the
fining furnace where they are again reduced

to a state of fusion and finally the mass thus
produced is placed in a third furnace where it
undergoes the processsis of puddlin L

omitting all matters of detail the essential
part of0 tbthisis opeoperationrationtation is the reduction of the
iron to a pasty mass which is stirred and
rolled about by the workman until a large ball
or bloom of ironimn weighing from 60 to 70
pounds is conglomerated at the end of the rod
with which he works and is judged to be in a
fit state for ththe final process

it is then withdrawn from the fire and taken
to a Itiltiltingtinetino hammer and a pair of squeezerssqueezers
or to a Nas myths steam forge where it is
subjected to a very heavy pressure and a quaquan-
tity

n
of melted slag and refuse mixed with the

iron squeezed out
for the purpose of our present comparison

we need follow the process no further other
methods ofor producing malleable iron dircdirtdirectlyatly
from tbthee ore are in use in various parts of the
continent but they are extremely expensive
require a rich ore and a very pure fuel are only
applicable upon a small scale and sacrifice a
very large per inin some cases fromfroba 40
to er cent of the metal

of all our more important mechanicalanical oper-
ations perhaps

Z is the most imperfect
and unsatisfactory it is very expensive both
from thefhe quantity of fuel consumed which is
about equal to the weight of metal treated
and the severe nature of the labor required
duringdaring the recent hot weather it was found
necessary to stop nearly all the staffordshire

furnaces two men having fallen dead
at their work

the result is the production of an iron BOso
far from being chemically pure that it is as-
tonishingtonishing how murmuemuchh we have been able to
effect with so imperfect a material from the
Jimimmensemense demand for iron which has prevailed
for someisome years past and the stimulus that has
thus been given to tletiethe production of increased
quantity the quality has very seriously dete-
rioratedri

the difficulty experienced by the govern-
ment daringduring the late war in procuring ironiron of
a suitable for the purposes of warfare
is colvelltod weltwell known to need more than a passingpassim
reference

mr Besse experimentserim ants have been con-
ducted upon the pipig ironon lieile proposes that
for the purposes of inmanufactureaduf c ture the smeltedsmelter
iron as it leaves the blast furnace shall be
run immediately into the convellconvertinglingasvesselel pre-
sently to be described bit for thee purposes
of experiment it has deenteenbeen more convenient to
meltmalt down pigpiff iron as the metal is much
sooner reduced to a state of fusion the ex-
perimentperiperlment therethereforeforeY takes up the process at
ftahe pointpoint at which the metal is ordinarily
placed in the fining furnace

it must be remembered however that one
important end answered by his invention is tcto
do away withw ith the consumption of fuel required
for this intermediate process

the converting vessel where the change ojof
the melted metal from ordinary cast iron tcto
malleable iron or steel is to take placeplace con-
sists externally of a cylinder 0of iron sur-
roundedroundaddaJ near the bottom by a hollow rinyring
an annular pipe in fact affifthethe same mealmetal
communicating with five small pipes

acplacedeli at equal distances round the cylinder
these1 1 pipes are carried through the outer
inner structure of the vessel and each of f

enters the chamber within near the junction ol01

the side with the floor by an aperture aboutaboul
three eighths efof an inch in diameter ec
by a boatincoating of the best fire clay

theile exterexternalnalnai cylinder is lined with a
lining of fire bricelbrick and the internal tun
consconsistsats of two chambers or stories commu-
nicatingni by a small cylindrical 0openingpahi in th
center the lower chamber inintot0 mwhich th
melted iron is introduced is a simple

the upper crlcriamberchamber hasbag a floor inversely
arched so that any melted metal forced u
through the opening from the lower
may trickle back again and the roof is in th
shape of a cupola or dome two aperturesaper tures i
ffewevv incheslaches square placed opposite each other
between the floor and the top of this chamber
communicate with the external air

A powerful blast worked by a small engine
can be let into the hollow ring which girds th
outer cylinder and thence of course entenenters
the lower chamber through the pipes
A hole at the bottom of the chamber secure
injn thetho usual manner furnishes the means 01

tapping the vessel and running off the
into the molds prepared for I1ituenmenwh en everything is ready for thetha operationsoperation
to commence the blast is set on tot0 blow
the converting vessel the melting furnace i

tapped and the meltedmeitedironironuron of the usual deep
orangeorange tint pours slowly down the channel
into the lower chamber of the converting ves-
sel through an aperture which is then closed
up and

the pressure of the blast is about 90 or 10
pounds to the square inch stron enough to
force the air completely through the superin-
cumbent mass of fused iron and out through
the aperturesaper tures near the top of the vessel

As the action is continued every particle of
the melted metal is brought in turn into con-
tact with da stream of air to usease the language
of chemistry an enereuerenergeticzetic combination takestze s
places between the oxygenoxygen of the airair pumped
in and the carbon mixed with the iron in
pcpopularular language filepfire instead of being sup-
plied externally round and about the mass of
iron is kindled and sustained throughout every
particle of the liquid metal

A heatbeat is thus generalgeneratedted vastly greater thanban
that whichbich can be supplied by meremera external
combustion what is taking place is indicaindicatedtedteJ
by the tongues of flame which in two or three
minutes begin to shoot forth from the aperturesaper tures
in the vessel and which graduallydually increase in
body and in intensity untilFathe whole mass is
in a state of agitation almost like boiling
water the difference being however that the
agitation is caused by the external force of the
air blown rapidly and continuously through the
liquid iron not by the conversion of ththee sub-
stance itself into an expansible vapor as in
the case of genuine ebullition

however this state may very fairly be call-
ed the boil yandr and it is indicated by the blowing
out through the aperturesapertures of large quantities

j of melted slag the refuse which is squeezed
out of the puddle ibralerarys bloom under the action
of immense pressure but which is here driven
off simply by the action of the blast because
beingb I1i much lighterfighter than the iron it rises to the
top tikeilkeike scum upon the surface of water now
that the metal is in a state of perfect fluidity

it is supposed that at this period a very im-
portant
iioflo

1 tant change begins to taketike place and that
thatthait part of the carbon which is in a state
not of mechanical mixture but of chemical
combination with the iroironn isI1 now colcompelledapellesapel led
by the agency of the increasing heat to part
from the metal and yield itself a captive to
the superior affinity of the oxyoxygenen

this boilboli takes place from ruteenfifteen to twenty
or twenty five minutes after the commence-
ment efof the process and continues with more
or less violence until all the carbon is burned
out the moment that this iais effected and
that no more carbon or only a very small
quantity remains the metal must be run out
otherwise the action of the air would coolcorl the
metal and make it set hard with great rapid-
ity it may be run out into molds of any size
or shape but the most advantageous form is
that of a deep and narrow mold as then the
slag which has not been already removed and
which comes last out of the hole at the bottom
of the converting vessel lies in a thin cake at
the top of the casting and is easily taken off
by a pair of shears

it will be obvious that oneono principal feature inin
j thetile process is that the opoperatorpratororator deals with the
metal in a statetats of a desideratum
hitherto unattainable with iron containing only a
small quantity of carbon hence dtit can not
merely bobe procured in masses of any ssizebizelze where-
as the can only produce GO60 or 73 lbsibs in a
lump but it will possess hothe distindistinguishinggaishin 4 char-
acter of all fluids it will babe perfectly homoge-
nous the texture composition and quality will
babe thetha same throughout every part of the mass
that the fluidity is really greatly increased not-
withstanding the subtubsubtractiontraction of thetha carbon iais
shown by the fact that it is found desirable to di-
minish the power of the blast from 9 or 10 pounds
to about 5 pounds daringduring the latter part of the
process as well as by thetha rapidity with which
the metal runs out of thothe furnace and its bril-
liant whitewhitenessnesssess

it ia impossible to overrate the advantageadvantageaga ofor
having a really homogenous product in larcelarge
masses of malleable iron procured in the ordinary
way by welding togethertogellier a number of the pudped-
dlers blooms there often occur knobs and

j fragments of metaimetal much harder than the rest
and many manufacturers consider soft malleable
iron quite as trying to their toelstools as hard steel
from the unexpected increase of resistance sud-
denly ol01offered by particular parts of tietlelie missmass and
the consequent unequal strain upon different por-
tions of thetha machinery the greater the massmais
required thetha greater the difficulty of obtaining a

I1 metal upon all parts of which equal reliance can
bobe placed and hence where a very heavy strain

I1 iuhi a direction different from that of the fibfiberr iais
I1 expected strength is often obliged to be sought in
an enormous thickness of material the prodi-
gious weight of anchors iais rendered necessary by
the imimpossibilitytE

os ability of calculating accurately thestrengthstrengstrength of the metal in any particular part so
thatmat ilia size of the whole must be increased to
meet the chance of a bad piece of metal occurring
here and there

oneono of mr BesseBeesemersmerls numerous patents is for
the application of hisliis invention to the construe
tionlion of anchors in which helie hopes to attain equal
strength with a greatly diminished weight

it is haiola liectiecnecessaryessary to point out the
i saving in laborabor and fuel ehacted by the newne

processprocess especially in the manufacture of steel
mrir bessemer believes that steel such as is now
worth from to jagoXGO a tun may be produced
at a cost to the manufacturer of less thanthen fioZIO10 a

i tunton in the manufacture of malleable iron alsoaleo
i the saving will be veryvary great tho less thanihan in the

case of steel indeed oneonson of tile resultsretails of the
1 invention will be the curious anomaly that steel
F will be produced at a little less risk audand therefore

at a little lebslees cost than malleable iron for it is
obvious that I1 by tapping the furnace before the

I1 complete combustion of the carbon liashas ahentakenaken
place steel wllwill be produced instead of iron

1 practice and experience will no doubt in time

enable the workman so to regulate the operation
as to produce to a nicety any particular quality of
iron or steel required but until this practical
knowledge has been galgainedriedlied therehere will be some
difficulty in calculating the exact length of time
to bobe occupied in thetha conversion

ifir therefore the process should be continued
a little too long for steelfleet malleable iron will be
obtained if it be continued a little too longlook for
malleable iron the metal will be set in the furnace
the boilboll appears to be the critical period what-

ever be the time occupied in arriving at the boil
it is found that from twelve to fifteen minutes are
requisite to produce malleable iron and from
seven to twelve minutes to produce the different
qualities of steel

how effectually the carbon can babe reirelremovednoved is
showshown by an analysisis 0ofr a chanceri specimen of
mr Bessemers malleable iron made by dr hen-
ry who we believe was strongly inclined to
doubt whether the process could really be so suc-
cessful as it was stated to be ilehe found the
quantity of carbon present to be less than I1 3oth
prp r cent or letslebs than l part of the matsimetal
of silica a trace merely was doand

by the application of means already well un-
derstoodderstood the sulphur and oi nait wllwil be as
completely removed A consider lidde portion of
both is driven off without the useasa of any means
ftc that special object and by treatingtr thehe melt
edmeraled metal with proper substances these impurities
will be withdrawn

the difficulty which mr bessemer liashas applied
himself to solve and which hefie haslias solved is the
complete separation of carbon and thetha earthy
bases apart from the cheapness and facility of
his process he has been ableabla successfully to grap-
ple with the half per cent of carbon which

can never get rid of
the process as described above is open to a

serious objection the blabiablast1 t must be kept up to
the last or the melt d metametalI1 would run into the
tu yeresveres and spoil the blast apparatusapperratus hence
ththee air is being driven through the metal up to the
very moment that it ceases to run out of the
vessel and the ingotsingols produced are consequently
very porous and full of air bubbles with mal-
leable iron this is of no importance as it would
always be roamroll d while in a state not far from fu-
sion and the air would babe completely squeezed
out as thathe slagblag is squeezed out of thetho
bellbril

but cast steel would ba useless if porous a
didifficulty which is mame t by an ingenious bodifmodifica-
tion

ica
of thetile converting vessel it is blung horizon-

tally at the end of two cranks which by means
of a counterbalancing weight can easily be turn-
ed through any angle the blast iais admitted
by a pipe passing through the axiaaxle of one of the
ecranksrankg and thus revolving wittiwitta the converting
vessel

the enter the converting vessel by a
series of aperturesaper tures forming a horizontal row
the cylinder can thus be madomade to revolve round
the axis of the crank without turning upon any
axis of its own and thus the aperturesapertures of the

may be raised till they are brought above
the surface of the metal

the blast can thethentiena be turned otoff and the agi-
tation of the memealal allowed to subside iron
melted by existing processes sets in about three or
four minutes but mr bessemer finds that he
can allow it to stand for ten or twelve minutes
a period quite sufficient to allow all thetha air bubbles
to escape and the cylinder may then be raised
still further and the metal poured off as gently as
may babe requisite through a spout at thetha top or
in the side or01 the vesselversel

the quality of the steel produced admits of no
doubt A fragment broken otoff from an ingot cast
when we saw the experiment was compared with
a frafragmentment broken offof from thetha end of a fitefila it
was farderfardenhardenharder and far finer in the grain

the experiment in question was conducted wihwith
six or seveaseven hundred weight of yorkshire iron of
a commongommon quality an ingot of six hundred
weight was pproducedreduced in one piece in aboutabout 25
Mminutes thereTI I1ere will be no difficulty in producing
masses of anianyany sizesize or shape the size of the con-
verting vessevessel and the number of may be
increased to any requisite extent

the blast need not be increased in strongstrengthth as
it wllwill only be necessary to enlarge the area of the
floor of the vessel so that the iron may not rise
to a height of more than 8 or 9 inches the loss
was about 13 per cent but of this a considerable
quantity might be recovered asai the slag blown
outut during the boilboll contains about 50 per cent of
ironiron in thethu shape of little ghgli bulesbuies like shot setfet
ina the flag

iiit is extremely porous and crumbles to the
touch so that it might be broken up and the iron
separated by washing with little difficulty and
labor in the ordinary process from 17

I1
to 25 perer cent iais lost and in the catalan and
corsicanC iPa processes not only is a weight of char-
coal consumed from three to sevensaven times thateliat of
the iron produced but 5 or about 23 per
cent of the metal is sacrificed to the purity
atof the remainder

mr tried some years ago to decar
aurizee cast iron by blowing steam into thefhe
melted metal this attempt failed as the
separation of the oxygen from the steam ex
haustedbausted BOso much ofodgentthee heat of the metal that

abeheh heat evolved in the combination of the
eygen with the carbon in the iron was insuf-

ficientficfie to compensate the waste and the iron
was cooled instead of being heated

with the freedom froinfrom jealousy which marks
a truly great mind mr paid as we
have said at the late meeting at cheltenham
a graceful tribute to the importance ofdf the
invention and spoke in terms no less honorable
to himself than to air bessemer of the inge-
nuity of the process and the vastness of ththe
results to which it would unquestionably leadmr bessemer on the other hand derives
from the experience of mr the in-

i
ian-

i knowledge that by the use of
jetslets of steam ahtaafta blasts of air hervillhe will be able

to late with the utmost nicety the amouabou t
of heatbeat generated and the rapidity of the pro
cess

the history of this invention is c iriricbricsTICcs13
some two years ago mr Bessemer 3 attention
was attracted to a subject happily now of issass1 ss
pressing interest than it heohea was namely apa
manufacture of rifled canncarn n

the object of rifling misi and cannon iss
to secure a control over the dir action of
rotation which is part of the motion cfef eve V

projectile and to insure thatth it it shall take plavia 0
roilolroundiol an axis coincident with the dirt ci i i f
the missile

for this purpose with the minie musket a 0ii
ththee lancaster gun an eloinelongatedatad ball is seinhi4

and the interior of the prey acting tubetithe 3 r
with a curved groove uror groogrooveses

when a teaderleaden ball is shot no
injury is caused to the barrel of the ga b f
when an ironlion ball is as in theethe eciecaie fcagnonca inon the wear and tear is v verycry great iliillciui
the lancaster gunsuns iraree senoussor 0 uglyly t jx
not rendered unserviceable af arr a Vvelyely v
hundred rounds

it occurred to mrair bessemr that the ou
might be attainedattanud without rill ng the ccc i

by using an elonzaelongatedted ball wih a hotholholele
halfwayhalf way down its longer axis and d
into two channels opening by a curtcurk I1

upon each side of the ball
the effect of the air thron po 9

bent pipes and out at the backbaekb icklck of the ba as
it flew through the air woudwoulwon d be to ere a
motion of rotation round tbthi louger axis
ball just as in an emission bleamelbleampiel irotation isis created by the hickbickbackwardhackwardward pi a re
of steam issuilsuii a from a bent p pe

finding difficultieschies inin the u ay of besltestetestsanz
invention inin england and avaavalingtin biusbimsh imsius iff icertain circumstances into which11 it is nr t
necessary to ei ter he applied to the ernpernienkeni nr
of the french who instantly placed tae ii
sources of thetho arsenal at vacinn unestines at hshis s
dosal and afforded him eaeryery facility for t s
eexperimentsmentsIVthe balls were found to rotate as eapexp i I1

a fact which was proved hyby causing a B aana 1

projection to sspringng out of the side of theth ail
the moment it leftaft the mouth of the c i L jn0 o
and observing the position in whishwhich th s rcatratat
targetsta of0 thinth1 n board placed at intervalsinterval nu behe
flightflight of the baballbaliil but it was also found tha he
ccannonan coticould1 d not0t safely carry the inerasedincreased
weight of metal rendered necessarynecessa I1bj the
eloeioelongationnation of the ball hence mr bessemer
was led to make experiments on the production
of a tougher metal for cannon

liehe tried numerous mixtures of various landskinds
of fusible metal until at last he began ttto con-
sider whether it might not be practicable to
produce malleable iron in a state in which it
would be easier to mold it to the required form
than by the expensive process of forging the
result of hisbis experiments has been the discov-
ery of a troEro

processcesis applicable to theth arts of peace
no less tthanan to those of war

it is difficult to assign anyeny limits to thaiha impor-
tance of an invention whose influence wiliwill be felt
throughout the civilizedcivil zed world in an Impimprovedratedraved
quality and diminished coetcost of onouaoueouaa of the great
staplesstap lesies of modern industry

Uthelielle first axiom of the iron trade is demonstrat-
ed to be a fallacymacy and to a mind familiar with the
subject the magnitude of leoe change cannot be
more emphatically expressed than infit the simple
proposition that the ancient and fundamentalrundfund mental
antagonism between the cattcart iron andernd
malleable iron has ceasedteased to ebirt for mi teabie
iron will now always be cast

it is impossible to doubt the truth of the op
modestly expressed by Mr Bessemer thatthit tn 1 a
willwiliI1 improveimprote on inshis invention and that his p easi
will not receive its full development for daiyilylly
years to come

there is no country in which its influence willwiil
be as extInextendedded as our own in which so large a
portion ottlie community is eneenZengagedagedo directly or
indirectly in arts connected with the manufacture
of iron and steel but there are others where its
effects within a narrow sphere will be yet more
striking andard yet more welcome in soinesome coun-
tries where malleable iron is produced direct froinfrom
the ore theilia consumption off charcoal has become
matter for serious alarm

I1luu sa dinia it has long been to many reflecting
minds a subject of grave doubt whether the bene-
fits to be derived from the development of this
branch of industry were not more thanalian outweighed
by thetiie wholesale destruction of the forests for
fuel

wevve are glad to learn ahatthat lirmr Bbassemerbessemerademer has
not only secured the legitimate reward of his in-
dustry and ingenuity by the grant off patent rights
in almost every part of Europe but that alive to the
greatness of his invention he has resolved to adopt
a wie audand liberal policy in the grant of liceilcelicenseerises
and to place thetil use of Mslis process within the
reach of all persons who may be desirous of hahe
important advantages

from the Wolverwolverhamptonhampton
mr Bess emers discovery of a method ofor mak-

ing malleable iron and seini steep without absub-
jecting pig iron to the process of refining audand

by which a large savicasaving in fuel anaudand labor
and machinery will be effected ccontinues to excite
great attention in this neighborhood

it our last publication we gavegava mr Bess emers
account of his invention as detdetailedailed ntat the meeting
of the british association for advancing art and
science at cheltenham and in our present paper
we furnish a further account of an experimental

which took place in london on friday lastfast
the operationallonalion was witnessed by a numerous com-
pany ofotgentlemen connected with the iron tradetrades
and pronounced successful

two conditionscondit ionsious however were wanting to that
thorough fulfillment of the promises which ewt
Bess emers invention holds out which may seem
to require some explanation and this explanation
it is now our purpose to assaffaffordlurd the experiment
for severalbeveral good reasons took phoe in london


