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tion is difficult and expensive. The fugibility
of iron depends upon the ?nanfity of carbon
present; and no commercially available meth-
od has till now been discovered by which iron,
after parting with a very large aiprapart-iun of
carbon, can be brought to remain in a state
more nearly approaching fusion than that of a
pasty mass. |

Steel is preduced 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 portion of the
carbon which previous processes have removed.
Steel contains, according to the purpeoses for
which it is wanted, from rather more than 1
{n:-r cent. to rather less than 2 per cent. of car-
JOMN.

Malleable iron—or iron comparatively free
from carbon—is usually produced, in this coun-
try. in the following manner:

The melted iron, as extracted from the ore
in the smelting or blast furnace, is run out into
bars a few feet in length. technically termed
‘pigs.” Theee pigs, when cold, are removed
from the sand-molds into which they were run,
and transferred to a second furnace, called the
‘fining Lurnace,” where they are again reduced
to a state of fusion; and finally, the massthus
produced is placed in a third furnace, where it
undergoes the process of puddling.

Omitting all matters of detail, the essential
part of this operatien is the reduction of the
iron to a pasty mass, which is stirred and
rolled ahnuf by the workman until a large ball
or ‘bloom? of iron, weighing from 60 to 70
pounds, is conglomerated at the end of the rod
with which he works, and is judged to bein a
fit state for the final process.

It is then withdrawn from the fire, and taken
to a “tilting hammer’ and a pair of squeezers,
or to a Nasmyth’s steam forge, where it is
subjected to a very heavy pressure, and a quan-
tity of melted siag and refuse, mixed with the
puddled iron, squeezed out.

For the purpose of our present comparison
we need fn]l.‘
methods of producing malleable iron diregtly
from the 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 centage—in some cases from 40
to H0"per cent—of the metal.

Of all our more important mechanical eper-
ations, perhaps puddling is the most imperfect
and unsatisfactory. It is very expensive, both
from the quantity of fuel consumed (which is
about equal to the weight of metal treated
and the severe nature of the labor required.
During the recent hot weather 1t was found
necessary to stap nearly all the Staffordshire
puddling furnaces—two men having fallen dea:l
at their work.

The result is the production of an iron so
far from being chemically pure that it is as-
tonishing how mueh we have been able to
effect with so imperfect a material. ¥From the
immense demand for iron which has prevailed
for some years past, and the stimulus that has
thus been given to the production of increased
quantity, the quality has very seriously dete-
rioratea.

The difficulty experienced by the govern-
ment during the late war in procuring iron of
A qua.u’léy suitable for the purposes of warfare
is too well known to need more than a passing
reference.

Mr. Bessemer’s experiments have been con-
ducted upon the pig-iron, He proposes that,
for the purposes of manufacture, the smelted
iron, as it leaves the blast furnace, shall be
run immediately intothe converting vesgel pre-
sently to be described; but, for the purposes
of experiment, it has been more convenient to
melt down pig iron, as the metal is much
sooner reduced to a state of fusion. The ex-
periment, therefore, takes up the process at
the point 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 to
do away with the consumption of fuel required
for this intermediate process.

The ‘converting vessel,” where the change of
the melted metal from ordinary cast iron to
malleable iron or steel is to take Flace, con-
sists, externally, of a cylinder of iron, sur-
roundad, near the bottom, by a hollow ring—
an annular pipe, in fact—o6f the same metal,
communicating with five small ‘tuyere’ pipes,

laced at equal distances round the cylinder.
ese pipes are carried through the outer and
inner structure of the vessel, and each of them
enters the chamber within, near the junction of
the gide with the floor, by an aperture about
three-eighths of an inch in diameter, protected
by a coating of the best fire clay.

The external cylinder is lined with a thick
lining of fire brick, and the internal structure
consists of two chambers, or stories, commu-
nicating by a small cylindrical opening in the
center. The lower chamber, into which the
melted iron is introduced, is a simple cylinder
—the upper chiamber has a fleor inversely
arched, so that any melted metal forced up
through the opening from the lower chamber
may trickle back again, and the roof is in the
shape of a cupola or dome. Two apertures, a
few inches square, placed opposite each other,
between the tloor 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 the

outer cylinder, and thence, of course, enters

the lower chamber through the tuyere pipes.
A hole at the bottom of the chamber, secured
in the usual manner, furnishes the means of
tapping the vessel and running off the produce
into the molds prepared for it.

When everytibing is ready for the operations
to commence, the blast is set on to blow into
the converting vessel—the melting furnace is

low the process no further. Other '
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tapped— and the meltediron, of the usual deep
orange tint, pours slowly down the channel
into the lower echamber of the converting ves-
sel, through an aperture which is then closed
up and luted.

The pressure of the blast is about 9 or 10
pounds to the square inch—strong enough to
force the air completely through the superin-
cumbent mass of fused iron, and out through
the apertures near the top of the vessel.

As the action is continued, every particle of
the melted metal is brought in turn into eon-
tact with a stream of air. To use the language
of chemistry, an energetic combhination takes

laces between the oxygen of the air pumped
n and the carbon mixed with the iron. In
peoular language, fire, instead of being sup-
plied externalﬁr round and about the mass of
 iron, is kindle
particle of the liquid metal.’

A heat is thus generated, vastly greater than
| that which can be supplied by mere external
combustion. What is taking place is indicatel
by the tongues of flame which, in two or three
minutes, begin to shoot forth from the apertures
in the vessel, and which gradually increase in
lbndy and in intensity until the whole mass is
'in a state of agitation, almost like boilin
water—the~difference being, however, that the
| agitation is cansed by the external force of the
air blown rapidly and continuously through the
liquid iron, not by the conversion of the sub-
stance itself info an expansible vapor, as in
the case of genuine ebullition.

However, this state may very fairly be call-
'ed ‘the beil,” and it is indicated by the blowing
‘out, through the apertures, of large quantities
of melted slag—the refuse which is squeezed
out of the puddler’s ‘bloom’ under the action
of immense pressure, but which is here driven
off simply by the action of the blast, because,
being much lighter than the iron, it rises to the
top, like scum upon the surface of water, now
that the metal is in a state of perfect flaidity.

It is supposed that at this period a very im-
portant change begins to take place, and that
(that part of the carbon which is in a state,
not of mechanical mixture, but of chemical
combination with the iron, is now compelled,

from the metal, and yield itself a captive to
the saperior aflinity of the oxygen.

This “boil’ takes place from fifteen to twenty
or twenty-five minutes after the commence-
ment ef the process, and continues with more
or less violence until all the carbon is burned
out: The moment that this is effected, and
that no more carbon, or only a very small
quantity remains, the metal must be run ent,
otherwise the action of the air would cocl the
metal, and make it set hard with great rapid-
ity. 1t may be run out into molds of any size
or Ehag)e; but the most advantageous form is
that of a deep and narrow mold, as then the
slag which has not been alread{v removed, and
which cemes 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 one principal feature in
the process is, that the operator deals with the
metal in a state of perfectWaidity—a desideratum
hitherto unattainable with iron containing only a
small quantity of carhon. Heunce it can not
merely be procured in masses of any size (where-
as the puddler can only produce 60 or 78 Ibs. in a
lamp) but it will possess the distingwishing char-
acter of all fluids—it will be perfectly homoge-
nous. The texture, compesition and quality will
be the same throughout every part of the mass.
That the fluidity is really greatly increased, not-
withstanding the subtraction of the carbon, is
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 daring the latter part of the
process, as well as by the rapidity with which
the metal runs out of the farnace, amd its bril-
liant whitemess,

It is impossible to overrate the advantags of
having a really homogsnous product. In %urgﬁ
| masses of malleable iron, procured in the ordinary

way bz welding tegether a number of the pud-
dler’s blooms, there often ocenr small knobs and
{ragments of metal much harder than the rest;
and many manufacturers consider soft malleable
iron quite as trying to their toels as hard steel,
from the unexpected increase of resistance sod-
denly offered by particular parts of the mass, and
the consequent unequal strain upon different por-
tions of the machivery. The greater the mass
required, the greater the difficulty

——

be placed; and hence, where a very heavy strain,
in a direction different from that of the fiber, is
expecled, strength is often obliged to be sought in
an enormous thicknees of material. The prodi-
gious weight of anchers is rendered necessary by
the imﬁumibiiity of calculating accurutely the
strength of the metal in any particular part, so
that the size of the whole must be incressed to
meet the chiance of a bad piece of metal occurring
here and there.

Oune of Mr. Bassemer’s numerous patentsis for
the application of his invention to the construc-
tion of anchors, in which he hopes to attain equal
strength with a greatly diminished weight.

It is haioly necessary to point out the enor-
mous saving in lubor and fuel effected by the ne
ﬁm, especinlly in the manuafacture of steel.—

r. Bessemer believes that steel, such as is now
worth from £50 to £60 a tun, may be produced
ata cost to the manufacturer of less than £10 a
tun. In the manufacture of malleable iron, aleo,
the saviug will be very great, tho® less than in the
case of steel. Indeed, one of the resalts of the
invention will be the curious anomaly that steel
will be produced at a little less risk, and therefore
at a little less cost, than malleable iron; for it is

complete combustion of the carbon has tuken
place, steel will be produced instead of iron.
Practice and experience will, no dodbt, in time

by the agency of the increasing heat, to part:

of obtaining a|
metal upon all parts of which equal reliance can

obvious that, by tapping the furnace before the |
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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 gained, there will be some
difficulty in calcunlating the exact length of time
40 be occupied in the conversion.

If, therefore, the process should be continued
a little too long for steel, malleable iron will be
obtained—if it be continued a little too long for
malleable iron, the metal will be get in the furnace.
“The boil’ 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
geven to twelve minutes to produee the different
qualities of steel.

How effectually the carbon ean be removed is
shown by an analysis of a chance specimen of

and sustained throughout every | Mr. Bessemer’s 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. Ile found the
quantity of carbon present to be less than 1-30th
per cent—or less than 1-380th part of the metal.
Of silica, a trace merely was found,

By the application of means already well un-
derstood, the sulphur and phosphorus will be as

& [completely removed., A considerable portion of

both is driven off wihout the use of any meaus
lﬂu‘ that special object; and by tresting ‘he melt-

| edumetal with proper substances, thess impurities
will be withdrawn.

The difficulty which Mr. Bessemer has applied
himself to solve, and which he has solved, is the
complete separation of carbon and the earthy
bases. Apart from the cheapness aund facility of
his process, he has been able successfully to grap-
ple with the half per cent of carbon which pud-
dling can never get rid of.

The process, as described above, is open to a
serious objection. The blast must be kept up to
the last, or the melt:d metal would run into the
tuyeres, and spoil the blast apparatus. Hence
 the air is being driven through the metal up to the
very moment that it ceases to run out of the
vessel; and the ingots produced are consequently
very porous and full of air bubbles. With mal-
leable iron, this is of no importaace, as it would
always be rolldd while in a state not far from fu-
sion, and the air would be completely squeezed
EHIIII, as the slag is squeezed out of the puddled

aill.

But cast steel would be useless if porous—a
dificulty which is met by an ingenious modifica-
tion of the converting vessel. Itisslung horizon-
tally at the end of two cranks, which, by means

of a counterbalaucing weight, can easily be turn-

‘ed through any angle. The blast is admitted
by a pipe passing through the axle of one of the
cranks, aud thus revolving withh the converting
vessel,

The tuyeres enter the converting vessel by a
series of apertares forming a horizontal row.—
The cylinder can thus be made to revolve round
the axis of the crank without turning upon any
axis of its own; and thus the apertures of the
tayeres may be raised till they are brought above
the surface of the metal.

The blast can then be {urned off and the agi-
fation of the melal 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 quitesuflicient to allow all the air-buhbles
to escape—and the cylinder may then be raised
still further, and the metal poured off as gently as
may be requisite, throngh a spout at the top or
in the gide o1 the vessel.

The quality of the steel produced admits of no
doubt. A fragment broken off from an ingot cast
when we saw the experiment, was compared with
a fragment broken off from the end of a file. It
was barder, and far finer in the grain.

The experiment in question was conducted with

a gommon quality. An ingot of six hundred
weight was produced in one piece in about 25
minutes. There will ba no difficulty in producing
masses of an{ size or shape. The size of the con-
verting vessel and the number of tayeres inay be
increased to any requisite extent.

The blast need not be increased in strength, as
it will ouly be necessary to eularge the arex of the
floor of the veesel, so that the iron may not rise
to u height of more than 8 or 9 inches. The loss
was about 13 per cent; but of this a considorable
‘quauntity might be recovered, as the slag blown

out during the boil contains sbout 50 per cent of

iron, in the shape of little glibules, like shot, set
in the elag.

It is extremely porous, and erumbles to the
touch, so that it might be broken up, and the iron
separated by washing, with little difficulty and
labor.  In the ordinary puddling process, from 17
{ to 20 per cent. is lost, and in the Catalan and
Corsican processes, not only is a weight of char-
coal consmed from three to seven times that of
the iron produced, but 5-13(hs, or about 28 per

| cent. of the metal is sacrificed to secure the purity
of the remainder.

Mr. Nasmyth tried some years ago to decar-
burize cast iren by blowing steam into the
melted metal. This attempt failed, as the
separalion of the oxygen from the steam ex-
hausted so much of ge heat of the metal that
e heat evolved in the combination of the

gen with the carbon in the iron was insuf-
ficient to compensate the waste; and the iron
was cooled instead of being heated.

With the freedom from jealousy which marks
a truly great mind, Mr. Nasmyth paid, as we
have said, at the late meeting at Cheltenham,
a graceful tribute to the importance of the
 invention, and spoke in terms no less honorable
to himself than to Mr. Bessemer, of the inge-
‘nuity of the process and the vastness of the
 results to which it would unquestionably lead.

Mr. Bessemer, on the other hand, derives
[from the experience of Mr. Nasmyth the im-
 portaut k_nuw;ﬁ{ga that, by the ‘oint use of
Jets of steaw and blasis of air, he will be able

-

six or seven hundred weight of Yorkshire iron of |

331

L N S il i

to regnlate with the utmost nicety the amount
of heat generated, and the rapidity of the pro-
cess.

The history of this invention is curious.
Some two years ago, Mr. Bessemer’s attention
was attracted to a subject happily now of less

s pressing interest than it then was—namely, the
manufacture of rifled cannon,

The object of rifling muskets and cannon is
to secure a control over the direction of that
‘rotation which is part of the motion of every
 projectile, and to insure that it shall take place
(round an axis coincident with the direction of
' the missile, _

For this purpose, with the Minie musket and
the Lancaster gun, an elongated ball is used,
and the interior of the projecting tube is cut
with a eurved groeve or grooves.

When a leaden ball is shot, no appreciabie
injury is caused to the barrel of the gun, but
when an iron ball is used, as in the case of
| cannon, the wear and tear is very great indeed.

The Lancaster guns are seriously injured, if
not rendered unservicable, after a very few
hundred rounds. |

It occurred to Mr. Bessemer that the object
might be attained, without rifling the cannon.
by using an elongated ball, with a hole drilled
half-way down its longer axis, and prolonged
linto two channels opening by a curved arm
upon each side of the ball. =

The effect of the air passing through these
' bent pipes and out at the back of the ball, as
it flew through the air, would be to create a
motion of rotation round the longer axis of the
ball, just as, in an emission steam-engine, a
rotation is created by the backward pressure
of steam issuing from a bent pipe.

Finding difficulties in the way of testing the
invention in England, and availing himself of
certain circumstances into which it is not
necessary to enter, he applied to the Emperor
of the French, who instantly placed the re-
sources of the arsenal at Vincennes at his dis-
posal, and afforded him every facility for his
| experiments.

e balls were found to rotate as expected
—a fact which was proved by causing a small
projection to spring out of the side of the ball
the moment it left the mouth of the cannon,
and observing the position in whieh this eut
targets of thin board placed at intervals in the
flight of the ball; but it was also found that the
cannon could not safely carry the increased
weight of metal rendered necessary by the
elongation of the ball. Hence, Mr. Bessemer
was led to make experiments on the production
of a tougher metal for cannon,

He tried numerous mixtures of various kinds
of fusible metal, until at last he began to con-
'sider whether it might not be practicable to
produce malleable iren in a state in which it
would be easier to mold it to the required form
| than by the expensive process of forgine. Ths
| result of his experiments has beea the discov-

ery of a process applicable to the arts of peace
no less than to those of war,

It is difficult to assign any limits to the impor-
.tance of an invention whose influence will be felt
throughout the civilized world in an improved
quality and diminished cost of ous of the great
staples of modern industry.

The first axiom of the iron trade is demonstrat-
ed to be a fallacy; and, to a mind familiar with the
subject, the muﬁnilude of the change cannot be
more emphaticaily expressed than in the simple
proposition that the ancient and fundumental
antagonism between the terme cast iron and
malleable iron hus ceused to exist; for mallealle
iron will now always be cast.

It is impossible to doubt the truth of the opinion
modestly expressed by Mr., Bessemer, that others
will improve on his invention, and that his p,ocess
will not receive its full development for many
years to come.

There is no country in which its inflaence will
be as extended as our own, in which so large a
portion ol the commuuity is engaged, directly or
indirectly, in aris connected with the manufacture
of iron and steel; but there are others where its
effects within a narrow sphere will be yet more
striking, and yet more welcome. In some coun-
tries, where malleuble iron is produced direct from
the ore, the consumnption #f charcoal has become
matter for serious alarm.

In Sa-divia it has loug been, to many reflacting
minds, a subject of grave doubt whether the beue-
fils to be derived from the developmeut of this
branch of industry were not more than outweighed
E}' Ithe wholesale destruction of the furests for
et

We are glad to learn that Mr. DBessemer has
not only sccured the legitimute reward of his in-
dustry and ingenuity by the grant ef putent rights
in almost every part of Europe,but that,alive to the
greatness of his invention, he has resolved to adopt
a wire and liberal policy in the grant of licenses,
and to place the use of Lis process within the
reach of all persons who may be desirous of its
important advanutages.

[Frem The Wolverhampton Clironigle, ]

Mr. Bessemer’s discovery of a method of muk-
ing malleable iron and ‘semi-steel without sub-
Jeeting pig iron to the process of refining aud
paddling, by which a large savieg in fuel and lubor
and machinery will be effucted, continues to excite
greal attention in this neighborhood.

It our lust publication we gave Mr. Bessemer’s
sccount of his invention, as detuiled at the maeling

| of the British Association for Advaneing Art an

Science at Cheltenham; and in our preseut paper
we furnish a further account of an experimental
triul which took place in Lendon. en Friday Jast.
The operation was witnessed by a numerous com-
pany of genitlemen connected with the Iron trade,
and pronounced successful.

Two conditions, however, were wanting to that
thorough fulfillment of the promises which Mr.
Bessemer’s invention holds out, which may seem
to require some explanation; and this explanation
it is now our purpose to affurd. The experiment,
for several good reasons, took place in” Loudons




