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X, n ﬁcco;znt of fome Appearances attending the Converfisn of
caft into malleable Iron. In a Letter from Thomas Beddoes,
M. D. 1o Sir Jofeph Banks, Bart. P. R. S.

Read March 24, I791.

SIR,

7 OU are undoubtedly well apprized of an alteration Iately

B introduced into our manufatories of iron, in confe-
quence of which the reverberatory has been fubflituted in thé_
place of the finery furnace. The new procefs is capable of being
indefinitely varied. 1 have lately been favoured with an oppor-
tunity of obferving one of thefe variations with every advan-
tage I could defire.  As in this method the changes undergone
by the metal during the firft {eries of operations lie perfectiv
open to infpetion, a thort defcription of them may not per-
haps be unworthy the notice of philofophical chemifts.
Allow me to premife further, that I did not content myfelf
with a fingle examination ; and, for the fake of greater accu-
racy, Itook minutes of the phenomena, and of the time when
they occurred. A very intielligen\t ‘workman was at the fame
time dire&ted to anfwer all my queftions, fo that I enjoyed the
benefit of his experience alfo.

In fomewhat more than half an hour after it was put in,
the charge confifting of 2} cwt. of grey pig iron was nearly

melted. ‘The workman now began to flir the liquid mals :
for
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174 Dr, Bevpoxs on fome Appearances attending

for this purpofe he ufed fometimes an iron lever, and fome-
times a kind of hoe; but he firft turned :the flame from off
the metal, which is done by letting down a damper upon the
chimney correfponding to that with which ordinary reverbera-
tory furnaces are provided, and by raifing the damper of a
fecond chimney, which proceeds immediately from the fire-
place, and carries off the flame, current of air, &c. without
allowing it pafs into the body of the furnace.

In 50 minutes from the commencement of the operation,
the metal had become in confequence of the conftant ftirring
loofe and incoherent ; it appeared about as {mall as gravel; it
was now alfo {tiff, and much cooled.

55 m, from the fame period, flame turned on again. Worke
mah keeps flirring and turning over the metal; in 3 m. it
becomes foft and femi-fluid ; flame turned off ; the hotteft part
of the mafs begins to heave and fwell, emitting a deep blue
lambent flame. The workman calls this appearance fermen-
tation.

1 hour t m. blue flame breaking out over the whole mafs;
heaving motion alfo general.

1h. 13m. metal full as hot, or, as the workman and my-
felf both judged, rather hotter than at the inftant the flame
was turned off, though it is now a quarter of an hour fince.

1h. 18 m. where there is no heaving and no blue flame
the mafs is fenfibly cooler, and only of a dull red heat.

1 h. 20 m. workman obferves, that the metal fticks lefs to
his tools. Pig-iron, he fays, faftens upon it immediately, and
muft be thaken off by ftriking the other end with an hammer 3
as it approaches more and more towards #afyre (malleablé
iron) it adheres lefs ; and when the tools come clear up out of

the mafs, he judges it to be fermented enough.
7 1hs



the Converfion of caft into malleable Iron. 178

1h. 25m. little heaving or blue flame; metal ftiffer, and
of a dull red; flame turned on and foon oft again.

1 h, 26 m. by conftant ftirring the me-tal is become as fine
as fand. Workman remarks, that the flame, which re-
appears over the whole mafs, looks more kindly. It is evi-
dently of a lighter blue colour.

11 h. flame turned on and foon off égain. Mafs ferments
ftrongly. Hifling noife heard: this noife was diftinguithable
in fome degree ever fince the blue flame and heaving motion
became vifible, but always faint till now.

1 h. 40 m. lefs blue flame.

1 h. 48 m. flame twice turned on and off in this interval,
Metal now clots, ftands wherever it is placed, without any
tendency to flow, and no liquid pig iron now remains in the
bafon of the furnace ; the mafs has been conftantly ftirred and
turned over. ’

1 h. 50 m. a little finery cinder appears boiling up amid the
mafs, Workman attributes the increafe of the hifling to this.

1 h. 53m. {carce any perceptible blue flame or heaving.  All
the metal is now gathered into lumps, which the workman -
beats and prefles with an heavy-headed tool. He brings them
fucceffively into the hotteft part of the furnace, into which
the flame has been admitted. He now ftops the port hole in
the door at which he had introduced his tools, and applies a
fierce flame for 6 or 8 minutes; the metal is then rolled.

Thefe appearances, at leaft the moft interefting of them,
feem to admit of an eafly explanation ; and I offer the following
obfervations as fupplemental to thofe for which we are already
indebted to the Swedith and French chemiits on this impor-
tant branch of metallurgy. 1 aflume the following propofi-
tions as already proved by thefe philofophers. 1, That caft

iron



196 Dr. Beppors on_fome Appearances attending

irou is iron imperfe@ly reduced, or, in other words, that it
contains a portion of the bafis of vital air, the oxygéne of M,
Lavorsier. 2, That it contains a portion of plumbago, with
which grey caft iron moft abounds. 3. That plumbago con-
filts of iron united to charcoal. 4. That fixed air, which I
would rather call carbonic acid air, confifts of oxygéne and the
conftituent parts of charcoal.

The heaving or {welling motion, fo confpicuous in the pro-
cefs, is doubtlefs owing to the difcharge of an elaftic fluid;
and the lambent deep blue flame, breaking out in fpots over the
whole furface, thews, that this elaftic fluid 1s an inflammable
gas of the heavy kind., That no doubt might be left upon the
former of thefe circumftances, I dire¢ted the workman to take
out, at two different periods, a quantity of the metal where it
was working moft ftrongly. Both proved, on examination, to
be fpungy, cellular, and full of bladder holes.

The heavy inflammable air, I imagine, 1s produced in this
manner. The oxygéne of the imperfe&tly reduced metal
combines with the charcoal to form fixed air ; at the {ame time
another portion of charcoal 1s thrown into an elaftic ftate, that
is, into inflammable air, and burns on the furface with a very
deep blue flame, on account of the admixture of fixed air.,
The heat which is fo obvioufly generated in the mafs at the
beginning of the fermentation, I attribute to the combination
of the oxygéne and charcoal; a fa& which, with feveral
others as I have already remarked on another occafion *, thews,
if not the falfehood, at leaft the imperfection of the modern
do&rine on the fubje& of heat. The acidifying principle, it
would appear, has fome power of generating heat independant
of its condenfation. Here abundance of elaftic matter is

* Chemical opinions of a philofopher of the laft century,
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the Converfion of cafl into malleable Iron. 179
difcharged ; yet, notwithftanding the heat abforbed by its for-
mation, and that which flows out of the metal in all direc-
tions, the whole mafs becomes hotter. The ‘oxygéne cannot
be fuppofed to have much {pecific or latent heat, becaufe it
undoubtedly exifts in the iron in a very condenfed ftate. Neither
does the appearance of the mafs allow me to afcribe this gene-
ration of heat to the burning of the inflammable air at the
furface, as will alfo be immediately evident for another reafon.
The lefs deep blue colour of the flame at a fubfequent period
in the operation is probably owing to the abfence of fixed air,
or at leaft to its being produced more {paringly, the oxygéne
being now nearly confumed. 1t will not appear furprizing,
that the oxygéne in this cafe thould be confumed before the
charcoal, if it be confidered, 1. that grey iron contains a
large portion of plumbago ; and, 2. that fixed air contains a much
larger quantity of oxygéne than of charcoal; near three times
as much, according to our beft experiments on its formation :
{o that I afcribe the fubfequent fermentation accompanied with
the lighter coloured flame almoft eutirely to the converfon of
the charcoal into an elaftic fluid. A very experienced philofo-
phér, I am well aware, has aflerted, that water is neceflary to
this converfion ; an opinion concerning the juftnefs of which
I have long entertained great doubts. Whenever I have dif-
tilled charcoal per f¢, I have found the firft portions of gas
to contain fixed air; an appearance owing, as I believe, to the
"decompofition of water abforbed from' the atmofphere; but,
after continuing the procefs for fome time, there has ftill been
a prodution of inflammable air; but ‘from this neither lime-
water nor milk of lime would abforb any portion, though
when fired with vital or common air, it would produce fixed
air; and if moifture was added to the charcoal, nflammable
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178 Dr. BEpDOES on fome Appearances attending

and fixed air would be generated anew. Moreover it appears,
from the experiments of Dr. AustiN and fome others, that
charcoal confifts of the hydrogéne and azote of the French
chemifts. How far it may be difficult or impoffible entirely to
convert charcoal mits ordinary ftate into gas, 1s a point I with to-
{ee more fully illuftrated by future experiments. At prefent it
feems obvious, that the circumftances of the operation I have
defcribed are particularly favourable to this converfion : for, 1.
not to mention the violence of the heat, we have this {ub-
flance in a very attenuated ftate, fo that, very probably, the
expanfive power of fire is very little, if at all, counteraGed by
the attra&ion of cohefion, which cannot be {aid in the cafe of the
moft minute mechanical divifion we can effe@&. 2. The attrac-
tion of the particles of the iron for one another will produce
an effort to extrude the intermixed particles of charcoal, and
thus enable 1t more readily to aflume the elaftic form.

Now, during the continuance of the lighter coloured blue
flame, the mafs, as I obferved, thews no power of generating
heat within itfelf; a circumftance which indicates that the
heat produced in the former part of the operation does not
depend on the burning of the gas at the furface; and I think
infpetion will fatisfy any one that it is produced in the heart
of the mafs. It may indeed be objefted, that the metal, now
brought nearer to the {tate of malleable iron, may require a
greater {upply of heat to keep it at the fame temperature. It
is lefs fufible, as we are well:affured. By referring back to the
minutes you will obferve, how very often it was neceffary to
turn the ﬂame upon the mafs during this {econd fermentation
in order to keep it in a ftate in whu,h it could be worked.

The very copious production of elaftic fluids during an hour,

and often during a much longer fpace, for in this inftance the
7 procefs
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procefls was remarkably fuccefsful and fhort, does not feem
favourable to a late ingenious hypothefis, according to which
water is the embodying principle of all elaftic fluids. I have
never indeed confidered this as very probable, and, afterthe ob-
fervations I have related, I fee no means of defending it. Will
it be faid, that the pig iron, as being in fome fort a calx of
iron, contains water ?

In annealing crude iron, with or without charcoal, it is
well known to increafe in all its dimenfions. I have f{een bars
originally ftraight bent like an S, when long expofed to heat in
circumf{tances where they could not extend themfelves end-
ways. I fuppofe this phznomenon may be owing to a very
{mall beginning of this fermentative motion, which acts as an
internal principle of expanfion. Caft iron bars, not in contact
with charcoal, would, according to this fuppofition, by long
annealing lofe of their weight; or if the heat was too low for
the elaftic fluid to be difcharged from their fubftance, they
would probably blifter like fteel: an appearance undoubtedly
owing to the generation of air. I¥Mr. HornE, in his Eflay on
" Iron, fomewhere remarks, that on opening thefe blifters he
has heard a whiftling noife as of air ruthing out.

During the whole of this procefs, frequent jets of white
fparks, of a dazzling brightnefs, played from the furface of
the metal. They would have afforded an extremely beautiful
“fpe&acle but for the inconvenience of looking on fo hot a mafs.
They arofe, no doubt, from the burning of {mall portions of
iron.

The effeét of fo much ftirring as I have noted down does not
“require to be explained.

The workman was clearly of opinion, that the fermenta-
tion of hard or white crude iron is lefs than of grey in this
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procefs; a fa& which perfeétly coincides with the preceding
‘obfervations, fince that fpecies contains lefs plumbago, or in
other words lefs matter fit to produce elaftic fluids.

In order to prove the extrication of fixed air during the
fermentation of the metal, I once thought of introducing lime-
water in an iron veflel within the body of the furnace; but
when I confidered that the fire-place was not divided by any
partition from the body of the furnace, and that the whole
building was full of burned air, T omitted the experiment fom
‘a perfuafion that, even if the lime-water thould become turbid,
the fixed air might come from another fource.

I was not unmindful of the fulphur which exifts, as I have
reafon to believe, in every form of iron manufaltured with
coaks. I cannot, however, afcribe any of the effects 1 ob-
ferved to its prefence. There can be little doubt, that fome
portion was perpetually extricated with the inflammable air
during the whole procefs; for on diffolving pieces of the
ftamped, or rather the rolled iron in weak muriatic acid, filver
held in the extricated air was tarnithed as much and as foon as
by air from fpecimens taken out of the furnace at different
times during the procefs. I could not but conclude, that the
tarnithing matter came from the iron, when I found the air
from a folution of zinc in the fame acid, incapable of pro-
ducing the colour upon filver. The appearance, the want
of a martial aftringent tafte, and the diffolving action of
cauftic alkali, led me to conclude, that the colour in each expe=~
riment with iron was derived from fulphur.

I leave it to the adherents of phlogifton to accommodate
thefe phznomena to their doérine ; confidering it, for my
ewn part, as {uperfluous to beflow any further attention upon a
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{yftem which, after a long difcuffion, has been fully refuted in
all its modifications, and which indeed feems on the eve of
being univerfally abandoned.

I have the honour to be, &c.

THOMAS BEDDOES.




