METALLURGY OF STEEL.

CHAPTER V.
THE CHEMISTRY OF THE BASIC BESSEMER PROCESS.

Acid and Basic Process Contrasted.—The removal of the Carbon,
Silicon, and Manganese in the basic Bessemer process, is exactly the same
as in the acid Bessemer, except that the removal of the Silicon is more com-
plete. The real difference between the processes commences after the
removal of the Carbon, at the drop of the flame, as, on continuing the
blowing, the Phosphorus is attacked, and combines with the lime in the
slag to form a stable Phosphate of Lime. This continuation of the blow
after the removal of the Carbon is known as the “after blow,” and before
this stage is reached the Phosphorus is removed to a very slight extent only.
The elimination of Phosphorus depends upon the fact that, at the tem-
perature of the converter, Phosphate of Lime is not decomposed by metallie
iron,

I[n the acid process the removal of Phosphorus is impossible, because
Phosphate of Iron, assuming it to be formed in the presence of a silicious
slag and molten iron, is immediately decomposed, and the Phosphorus passes
back into the metal. The basic lining theoretically takes no part in this
veaction, except in so far as it provides a non-silicions lining, and enables &
very basic slag to be formed by additions of lime ; but a neutral lining of
Chrome iron ore, or similar material, would —provided it could resist the high
temperature and mechanical abrasion of the metal, and if lime were added,
in sufficient excess to combine with the Phosphorus, Silica, &c.—answer the
same purpose. Part of the lining is always fluxed and part is abraded,
thus assisting to form the slag, but this is accidental ; and the object of
making lime additions is to form a basic slag as early in .the blow a8
possible, and so protect the linings of the vessels from this action.

The amount of lime that is added must vary with the composition of
the metal ; the more silicious and Phosphorie the pigiron, the larger the
quantity of lime required. -

Pig-Iron Requirements for Basic Praectice.—A good basic pig for
Bessemer work should contain about 0-50 per cent. of Silicon, and never
more than 1:00 per cent. As sulphur is removed only to a limited extent
during the basic blow, and as its removal is somewhat erratic, it is necessary,
in making bsic pig. either to smelt Manganiferous iron ore, or to mix some
Manganese ore with the blast furnace burden, to insure obtaining a pig iron
Jow in sulphur; with the result that the best pig-ivon of this class usually
contains about 2 per cent. of Manganese. The percentage of Phosphorus
is important, as in working with a low Silicon pig-iron, Phosphorus, l_\Ifeln-
ganese, and Carbon are the only elements relied upon as fuel for raising
the bath of metal to the required temperature for teeming. In other words,
a certain percentage of Phosphorus is as essential to the basic Bessemer as@
certain percentage of Silicon is to the acid Bessemer. In actual practice,
about 25 to 3-00 per cent. of Phosphorus in the pig-iron is found to give the
best results, as with a lower pn:‘centztgé than this, unless the Silicon 1s lugh,
there is considerable danger of getting “cold heats.” Pig-iron containing

PURITY OF THE LIME. 93

much_less Phosphorus than this has been frequently employed, but it does
not give satisfactory results. Another important point with reference to
Phosphorus is the question of the percentage of Phosphoric Acid in the
slag, for, apart from any metallurgical considerations, it is of vital im-
portance,_from' a commercial point of view, to obtain a slag rich in
Phosphoric Acid, as otherwise its value for agricultural purposes is greatly
reduced.

Purity of the Lime.—It is very important that the lime employed
Shf}lll't] be as free as possible from Silica, as every pound of Silica may be
said in general terms to require 4 lis. of lime to flux it, so that each per
cent. of Silica in the lime entails a loss of 5 per cent. on the weight of
lime added, and it also appears to retard the removal of sulplm?. In
many works lime, with Silica not excecding 1 to 1'5 per cent., is used
although generally it amounts to 2 per cent., and sometimes (:ul;sidemhl};
more.

Oxidation of Impurities.—The following series of analyses by Stead
(Table xv.) of metals and slags taken during a low Phosphoric basic
Bessemer blow, show the general changes taking place, and the curve,
in fig. 86, which has been deduced from a number of pubizished and private
analyses, shows graphically the gradual oxidation of the impurities with
more Phosphoric iron :—

" = G a m
TABLE XV —ANarysEs oF MeraL TAREN ar DiFrerexT PERIODS OF
THE Basic BesseMEr ProcEss.

; |
Period from : o ‘ ‘
Commencement, ‘ Carbon. | Manganese, | Silicon. | Sulphur, Phosphorus. | Copper.

i Per cen%. | Per cent. Per cent. | Per cent. Per cent. Per cent.
Fluid Tron, - 357 0-71 170 | 006 ' 157 ‘ Trace.
3 mins, , - 368 062 081 | 006 160

. 056 028 | 006 1-63

1]
tE

) = | 28 0-38 065 005 143
e - | D 0-27 0-01 005 1-42
T : 012 Trace. 0:05 1922

12

§g% w : [ 010 Nil. 005 | 014
45 B9 Secs,, Trace. Trace. Nids: i 005 0408

ANALYSES oF SLag TAKEN AT DirrereNT Periops ¢F THE Basic
B!-‘.SS[‘IMHI{ PR(JUF.S.‘:'.

. —
Silica. | Phosphoric Acid. | Metallie Iron.

: 7 Per cent; | Per cent,. Per cent.
i minutes, - - - " 3260 060 565
g B e R 4260 1'15 2:00
19 n . . - - 3600 160 460
i ' Tt o - - 3560 261 4'80
16 P 30 seconds, - 3300 566 615
16 " 3‘_’ . = - 1560 1506 1045
5 35 ; . - 1660 1603 11-35

T B
he analyses were made from fused slag, not from a mixture of lime and scoria.
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SULPHUR AND ITS ELIMINATION. 93
blow, but is not so completely removed as in the acid process. Stead * has
shown that Phosphide of Iron is capable of reducing Oxide of Manganese
when the two are melted together in a basiclined crucible, and the
above results given by Wedding + show that Manganese is reduced from
the slag, and passes back into the metal during the basic after-blow,
although it is to a great extent re-oxidised before its termination (see table,
- 91),

4 It can hardly be assumed that, under the
during the after-blow, Oxide of Mang
blast and adding lime it appears that
or the mass of iron at the high te
Oxygen than the Manganese, and these are able to act as reducing agents,
Hrom Btead's experiment, quoted above, it seems probable that the Plos-
phide of Iron, in the presence of large excess of lime, acts as the reducing
agent.

5 Although the author has never verified this pissing back of Manganese
i the basic converter, he has done so repeatedly in the basic Siemens
process, and there is no donbt that, owing to the presence of a powerful
base like lime, the Oxide of Manganese is much more readily reduced from
the slag than it is from the silicious slag in the Bessemer acid process.

Sulphur and its Elimination.—The behaviour of Sulphur during
the blow is somewhat erratie, in certain cases a considerable proportion
being removed, while at other times the elimination is hardly perceptible.

The percentage removed is much more marked in cases of charges high in
Sulphur than in those low in Sulphur, but the conditions most favourable
are somewhat difficult to determine, and the results obtained by numerous

Eetallurgisﬁs vary greatly when working under apparently similar con-
itions,

C. H. Ridsdale, after a long experience at the North-Fastern Steel
Coy’s Works, states that with pig-iron containing 1% per cent: of Man-
ganese, 0°09 per cent. of Sulphur is reduced to 0-06 per cent., and this con-
fivms the author’s experience. Stead i hassummarised the results of various
mvestigators, as to the removal of Sulphur in basic Bessemer from pig-iron
containing different percentages as follows :—

oxidising conditions existing
anese is reduced, but on stopping the
either the Phosphide of Iron present,
mperature has a greater affinity for

Sulphur in Pig. Sulphur in Steel. Suﬁﬁfﬁglggﬁ o(\)'fadr

0420 per cent. | 0°150 per cent. 64 per cent.
0307 ,, 0085 B T
ol60 0200, ,; Bl
0:090 ,, 0060 ,, R
g0 . 0-050 Nil

Stead § found that “fluid Oxides of Iron remove

. Sulphur from iron
Without the formation

; of Sulphur Dioxide, and he has also brought ex-
perimental evidence to show that the Sulphur in Sulphide of Iron is, in
the presence of 5 fluid calcareous slag, converted into Clalcium Sulphide.

© contends that this is the reaction which takes place in the converter,
the whole of the Sulphur being retained by the slag. Wedding,|| on the

¥ Iron and Steel Inst. Journ., 1893, vol. i., p. 66.
1 Ibid. , 1890, vol. ii., p. 539.

1 Ihid., 1892, vol. ii., P 283.

§ Ibid., 1893, vol. i., p. %9.

U {bed., 1890, vol. ii., p. 539
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other hand, distinctly states that a considerable amount of Sulphur is
volatilised during the blow, and that the total percentage of Sulphur in the
original charge of wetal is not accounted for by the percentage of Sulphur
found in the slag. This statement refers to high sulphur charges, and
as no data are given it is impossible to say on what evidence it is based ;
but coming from so high an authority it must be assumed that it can _be
supported by experimental evidence. It is possible that both_aubh?tjlttes
are right and that whereas, under normal conditions of work, with a ,1{ghly
basic slag, and when dealing with metal containing Sulphur under 0-20 per
cent., as in Stead’s experiments, the whole of the Sulphur may be found
in the slag; with a less basic slag and higher Sulphur contents in the bath
of metal some of the Sulphur may escape. i

Wedding’s results confirm those of Stead as to the removal of ‘bulphur
taking place almost entirely during the © after-blow,” and he cites one
instance where desulphurisation was greatly increased by prolonging the
% after-blow ” slightly after complete dephosphorisation, which supports
the contention that the Oxide of Iron formed plays an important part in
the elimination, _ .

Hilgenstock * disputes the deductions drawn by Stead, and maintains
that Sulphate of Lime is produced in the Bessemer converter, and that
the irregular removal of Sulphur in the basic Bessemer 1s due to the
decomposition of this Sulphate by the iron bath and its re-absorption by the
molten metal. In the author’s opinion Stead has proved his case,_at a'll
events so far as to show that the final result is that Sulphide of Calcium 18
produced in the basic converter, and Sulphur retained in the slag in that
combination. In whatever form the Sulphur may be removed, it has been
clearly shown by Messrs. Wedding, Stead, Ridsdale, and _r:tl}te1'§s that its
removal takes plﬁce practically during the "at'teln}flow;’i this is just what
might be expected, as then there is the production of ()xxde‘ of Iron in
excess, a very high temperature in the bath, and at the same time a very
fluid calcareous slag. : }

In the early stages of the blow the Oxides of Iron produced are rapi ly
reduced by the Carbon, Silicon, &e., and to a less extent by other constit uents
present, and the temperature of the convertvr.is such that only a comparas
tively small part of the lime has as yet been (lnlssolvml in [,IE“ slag, so Lhatba
fimid calcareous slag is not formed until the ‘after-blow.’ There is no doubt
that the fluidity of the slag plays a most important part both in desulphuris:
ing and dephosphorising, and it is probably largely due to the ﬂp..ldl.ly tlrllab
the presence of Caleium C.hlm'i{]u confers on the slags that the Saniter de-
sulphurising process owes 1ts success.

TABLE XVI.—ANALYSES OF METAL.

| \
‘ 2nd 3rd 4th

1st 2n¢ \ At
Period. Period. Period, Period.
Metal, | | e |——— ‘

|

| —
s =y Iy

[

|

Desiliconised. | Decarburised. | Dephosphorised. | Steel.

Deseription.

B

Per cent. | Per cent. Per cent. Per cent.
.05 . 3, 7 | {J‘..‘)‘
Carbon, - . 2:32 2:180 007
Manganese, 0200 009 008
Siheon, - - ';, 0300 007 | Trace.
Sulphur, - - 16 0°148 U!l: l‘.;({;:
Phosphorus, . B! 1:020 153 [

* Stahl und Eisen, Jan. 15, 1803.

| Per cent. L .

SULPHUR AND ITS ELIMINATION.

CorRESPONDING SLAGS.

1st | 2nd ! 3rd : 4th
Period. Period. Period. I Period,
Description. | |

Desiliconised.‘ Decarburiséd. | Dephosphorised, Steel.

Per cent, | Per cent. Per cent. Per cent.

- . . 4430 47°00 4678
Magnesia, - - 0-72 086 1-80
Manganous Oxide, . 660 446 251
Ferrous Oxide, - - 438 823 1402
Ferric Oxide, - - 129 | 100 429
Alumina, - - - | 0:35 26 030
Silica, . - Py . 30-20 29-80 14-90
Phosphoric Anhydride, - - | 2+61 783 14'86
Sulphur, s ' 0°16 0-10 036 0-36
Phosphorus, o . ‘ 1'14 341 6-49
Probable per cent. of liquid }

slag on 100 parts of ;| - SR 11 2700

metal, - 5 -)

1079
900
214

Sulphur in lime used = 0054 per cent.

The foregoing analyses by Stead (Table xvi.) from samples supplied
b}: J. P. Walton show the removal of impurities during the basic blow
with special reference to that of Sulphur. They also show that the entire
amount of Sulphur present in the metal can be accounted for in the slag.

Assuming that the weight of slag per cent. of metal used was as given,
we have the following sulphur account up to the end of the after-blow :—

SULFPHUR IN SLAG. i
27 per cent. of slag, at 036 per cent. Sulphur, 3 . S e - 04097
Less Sulphur added in the lime, 152 per cent., at 0°054 per cent. Sulphur, - 04008

Total received from metal, - - - - - 0089

Svreuur REMOVED FrRoM METAL. ’;‘.‘E‘Lll‘l'}‘;'
e Gt

0°160

100 parts of raw iron contained, - : : ; = s .
r cent. Sulphur, - . . - 0068

Less 85 parts of blown metal, at 0080 pe

Total removed, - - - - - - - 00092

'Ijhe Sulph}zr removed during the fore-blow, calculated from the analyses of
tie slags, is as follows . — -

A¥TER First PERIOD.

The Sulpimr. in7 per cent. slag, at 0'16 per cent, Sulphur,
less 0025 carried in by the lime, is equal to, 0009 on 100 of metal.
A¥TER Skcoxp PERIOD.

The Sulphur in 11 per cent. slag, at 0°10 per cent. Sulphur,
less 0°026 carried in by the lime, is equal to, - - - 0°008 on 100 of metal.

The fol]

g owing results, obtained by C. H. Ridsdale, of the North Eastern

ks, have confirmed the above :—
7
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Description. Sulphur in Metal. | Sulphur in Slag.

Per cent. Per cent.
. Metal poured into vessel, - i e 0-100
After blowing five minutes, - - - - 0-118
. At the drop of flame, - - - . - 0-118
At first sampling, - - - - - - 0074
. At finish of blowbefore adding Ferro-Manganese, 0071
. Steel taken fifteen minutes after No. 5, - - 0-057

o 00 RO

It has been experimentally shown by Finkiner,* and confirmed by
Hilgenstock and Stead, that Sulphate of Lime is decomposed by iron af
high temperature, and indirectly this has an important bearing on the
elimination of Sulphur in basic Bessemer practice, as when impure lime
containing appreciable quantities of Sulphate of Lime is used for making
additions, not only is no Sulphur removed from the metal, but some Sulplur
actually passes from the slag into the metal. The importance of using a
pure lime in this connection was pointed out by Mr. J. P. Walton,7 who
considers that the removal of Sulphur in the Bessemer converter largely
resolves itself into a question of the purity of the lime employed. He found
that with a non-silicious lime low in Sulphur, Sulphur was removed from
the metal, while with a silicious lime high in Salphur, the latter element
passed from the slag into the metal. With lime containing from 2'5 to 3
per cent. of Silica, and 0:27 to 0°35 per cent. of Sulphur, he found, as the result
of three experiments, that there was practically no elimination of Sulphur
from the bath; but with an exceptionally pure lime, containing 04 per cent.
of Silica.and only traces of Sulphur, the Sulphur was reduced from 0:064
to 0:02, and 0'03 per cent. in the finished steel. On the other hand, he
found that when compelled to use a lime containing b to 6 per cent. of Silica
and 07 to 1:00 per cent. of Sulphur, the Sulphur increased from ‘06 per cent.
in the cupola metal to 0:13, and even 0-20 per cent. in finished steel. The
author’s experience at the Staffordshire Steel and Ingot Iron Co.’s Works
completely confirmed Mr. Walton’s results, as under ordinary conditions a
very pure Welsh lime was available, with the result that Sulphur was very
appreciably eliminated during the blow; but on one or two occasions,
when impure local lime was employed, owing to non-delivery of the usual
material, considerable trouble wag experienced with the increase of Sulphur
in the finished steel. :

It may be taken as generally admitted, that a fluid calcareous slag is
the main factor in the elimination of Sulphur, while the fact that a certain
amount of Sulphur passes out of the metal after the addition of the Ferro-
Manganese, shows that Manganese plays some part in the elimination.

'Whatever the reaction is, it is probable that the Manganese which

passes to and from the slag during the after-blow, as shown by Wedding,
assists in the removal of the Sulphur. It may be a direct reduction of the
Ferrous Sulphide by the Manganese, with formation of the Sulphide of
Manganese, this being assisted by the fluid calcareous slag; or it may be
an indirect reaction, the Manganese Oxide formed increasing the fluidity of
the slag, and enabling the calcareous slag to act more effectively on the
metal. So far as the author is aware, no direct experimental evidence
elucidating the particular reaction in the converter can be adduced. We
know that in the metal mixer Sulphur is directly eliminated as Sulphide

* Mittheilungen aus den Konigl. technischen Versuchsanstalten zu Berlin, 1893, p. 28,

€ seq.
+ Iron and Steel Inst. Journ., 1893, vol. i., p. 90, e seq.
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?f Mnnganes_e, on the addition of Manganiferous iron to high Sulphur
iron, and this distinctly supports the hypothesis of removal as Sulphide
of Manganese. On the other hand, there is considerable evidence that
by increasing the fluidity of a calcareous slag, the removal of Sulphur is
effected apart from the presence of Manganese,

Phosphorus.—In the early days of the basic Bessemer process, pig-iron
containing from 1'5 to 2 per cent. of Phosphorus was frequently.aseg. but
a8 the _metal had necessarily to be low in Silicon, it was soon found ;:hat
even with the greatest care, there was considerable risk of the metal becom.
ing too cold for tapping, and the loss from skulling was considerable, conse-
quently a mors Phosphoric pig-iron was soon generally adopted. To, obtain
the necessary heat in the finished metal, with pig-iron containing 05 per
cent. of Bilicon, the Phosphorus should not be less than 25 to 3 pgr cent.—
%gafer;bly tl}le Ja{-)tter—an(} in some works pig with 35 to 3-8 per cent. of

0spnorus has been regularly used wit i & iorati
e y hout in any way deteriorating the
. As the Phosphorus is not appreciably removed until all the other
impurities have been eliminated, the heat from its oxidation is concentrated
at the end of the blow, when it is most required, and thus it compensates
for the a.bsence‘of Silicon, the great heat producer in the acid Bessemer,

The curves in fig. 87, taken from Wedding, together with general curves
on p 94, show the rate of oxidation of the Phosphorus in pig-irons
containing different percentages of this element, and it will be seen
that only about 10 per cent. is, on an average, removed before the
after-blow commences, It cannot, of course, be as;f;umed, in view of the
strong affinity which Phosphorus has for Oxygen, that the Oxygen of the
blast, or the Oxide of Iron formed, especially selects the Silicon, Carbon
and Manganese for oxidation during the first part of the blow and then
‘atta.clksl the Phosphorus, There can be little doubt that the P,hosphorus
18 oxidised from the commencement of the operation at the same time ag the

_other elements, but that in the absence of a basic fluid slag rich in lime, the

{I’;hti):é);mte ;}f‘ Iron is immediately decomposed in the presence of an excess
< i z(l)smi;nrii nc*liﬁgo‘:g}s SS(fead *in 1879, by a very pretty experiment,
theHe Ijx‘lelt-ed Qlevel.an.d pig in a large lime-lined erucible, impinged upon
W’thsur ace a jet of air, and as the Oxide was formed, he absorbed it
‘ﬁ:h a lump of lime, and found it to consist largely of Phosphate of Iron.
OxifI: thcé li);ast was stopped, the surface of the metal rapidly cleared, the
- .51.:!1 hosphate of Iron being reduced by the Carbon in the metal,
m:;d > 1t could reach the sides of the crucible to be absorbed by the lining,
L Wwas only when the metal was practically decarburised that the Oxide
ormed on the surface ceased to be reduced.
utIix:]the Bessemer converter, Phosphate of Iron is formed near the twyers,
Bilin, }Es‘isul]g through the bath of metal, it is reduced by the Carbon,
b it,wc', in tl_le mass of metal before it can reach the slag. Stead found
ol as ltl]}’-)(:ls:ﬁlb]? to dep_hns?hormo to the slightest extent at the high
i cont'me i!;lh?ljﬂg in an.aud _['JETSSGI‘I]EI' converter, even when over-blowing
e muer or fifteen minutes, but 1‘f lumps of ferruginous slag, containing
fuid O] epi.';‘lltblét. of deerof Iron and 39 per cent. of Silica, were stirred into
e 1 eland pig-iron, 50 per cent. of the Phosphorus was removed, show-
CS]'.I‘ T el}zﬁgm‘aure Was 3 xery tmportant factor effecting the reaction.
AT ig\; flrtn ].3@11., in 1&{6, by running m!etul into a bath of molten Oxide
ol turnace lined with ¢ Blue.J.iﬂly," demonstrated most clearly that
paratively low temperatures Oxide of Iron was capable of removing
* Proceed. Inst. Cleveland Bngineers, 1879, p. 62.
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the greater part of the Phosphorus from pig-iron, the Carbon being removed
only to a small extent. The actual results obtained were the removal of
95 per cent. of Silicon, 84 per cent. of Phosphorus, and only 11 per cent. of

NG
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Carbon. In this particular experiment there were conditions similar to
those prevailing in the basic Bessemer during the early part of the blow,

»
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except that in the latter case the temperature is higher, and the proportion
of Oxide of Iron to metal less.

There seems little doubt that if it were possible to keep the temperature
of the converter metal only slightly above that of molten pig-iron, dephos-
phorisation would result from the commencement of the blow, or, at all
events, as soon as the Silicon was removed and sufficient Oxide produced in
excess to form Phosphate of Iron. Owing, however, to the high temperature
prevailing, any Phosphate of Iron formed is reduced by the metallic bath,
sufficient lime not being dissolved in the slag to combine with and hold it,
Towards the end of the blow, the conditions as regards basicity of slag are
changed, as with increasing temperature the slag increases greatly in fluidity
and absorbs more lime. After the removal of Carbon, Silicon, and Man-
ganese, the metal bath is more readily oxidised, with the result that the large
excess of Oxides of Iron and Manganese rapidly oxidises the Phosphorus;
and the Phosphate of Iron thus formed, being brought into intimate contact
With a very fluid slag, rich in lime, gives up its Phosphorus to the latter,
with the production of a Phosphate of Lime,* a compound which is not
appreciably reduced by metallic iron at the temperature of the converter. It
has been shown by Messrs. Hilgenstock, Stead, Ridsdale, and others, that the
Phosphoric acid exists in the slag in combination with four atoms of lime to
one of Phosphoric Acid—that is to say, as tetrabasic Phosphate of Lime,
4Ca0P,0, ; but to ensure the formation of a stable Phosphate, it is necessary
that lime should be present considerably in excess of that theoretically
required to form this Phosphate,

Rephosphorisation of Metal on Addition of Spiegel, &e.—On

ding Spiegeleisen or Ferro-Manganese at the end of the blow, it is found
that the Phosphorus is to some small extent reduced from the slag, and
passes back into the metal, so that it is practically impossible to make high
Carbon steel by means of additions of Spiegeleisen in the converter. The

Hiiculty is overcome to some extent by pouring off the great bulk of the
8lag before making the Manganese additions, or by adding the latter in the
ladle, the slag being kept back as much as possible in the converter during
pouring. Different explanations have been given of the reason of this
reduction, it being generally held to be due to the CO given off, and to the
reducing action of the Manganese itself.

Stead, on heating basic slag at a very high temperature in an
atmosphere of Carbon Monoxide, obtained buttons of iron free from
Phosphorus, showing that the iron, but not the Phosphorus, had been
reduced, Again, on simulta,neously melting equal quantities of Ferro-
M_a-nganese and carburetted iron in separate crucibles in the same furnace
With similar proportions of Phosphate of Lime, he found that the button
of metal obtained from the Ferro-Manganese contained 1:0 per cent. of

hosphiorus, that from the carburetted iron only 01 per cent. In
another eéxperiment, by increasing the length of time in the furnace, he
O_btained a Ferro-Manganese button containing as much as 5 per cent. of
hosphorys,

The heat of formation of Phosphide of Manganese is considerably
greater than that of Phosphide of Iron, and consequently we should expect
that Manganese would be a more powerful reducing agent than iron for
Phosphate of Lime,

hese experiments seem .to point very strongly to the probability
that Manganese acts as a direct reducing agent on the Phosphorie

I *Steac'll has shown that when Phosphate of Iron and Lime are heated together, Phos-
P'; ?_]'ge of Lime and Oxide of Iron are obtained. Proceed. Inst, Cleveland Engineers, 1879,
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Acid in the slag, and that the Carbon Monoxide given off takes little
part in the reduction, although by agitating the bath and bringing
metal and slag into intimate cofitact it assists indirectly. It has been
mentioned that Stead found that Phosphide of Iron would reduce Oxide of
Manganese, and that this Oxide is certainly reduced during the Bessemer
blow from the slag. Consequently, if the above reaction takes place,
Manganese then is acting, on the one hand, as a reducing agent, and Oxide
of Manganese acting under similar conditions as an oxidising agent and
being itself reduced. Although the conditions during the after-blow and
at its finish are similar, they are by no means identical, and the difference
in temperature, together with the Silicon in the Ferro, and the presence of
the reducing Carbon Monoxide gas given off, may constitute just sufficient
variation to cause a reversal of the chemical reaction, a phenomenon which
in many other cases is simply a matter of temperature. Whatever the
exact cause of this reduction of Phosphorus, it cannot be entirely prevented,
but it may be largely reduced by maintaining a very calcareous slag, as the
more basic the slag, the less readily will the Phosphoric Acid be removed
from it.

Re-carburisation in the Basic Bessemer Process.—Owing to the
tendency to overoxidation during the basic after-blow, somewhat larger
quantities of Ferro-Manganese or Spiegel are required than in a cor-
responding acid blow, and numerous attempts have been made to decrease
this by adding carbonaceous matter in various forms to reduce the excess
of Oxides before adding the Ferro-Manganese. Basic material mixed with
tar and other carbonaceous matter, made into compact bricks by cuking,
and wooden boxes filled with carbonaceous matter and pig-iron to weight
them have been tried, but not generally adopted. Grey hematite previously
heated to a ved heat, in the case of soft steel, is frequently used, and pro-
bably this is about the best practice and is the one most generally followed.
The use of & good manganiferous pig-iron for blowing is the best method
for reducing the quantity of finishing metal required, as when this i
used some Manganese, often as much as '2 or ‘3 per cent., is left in the
metal at the end of the blow, and tends greatly to reduce the over-oxidation.
In the case of rail steel, when Carbon from 0-35 to 0-45 per cent. is re-
quired, Spiegel melted in a small cupola and run into the ladle, or else some
modification of the Darby process (p. 189) of recarburising is employeds
The economy of using the latter for these comparatively low Carbon steels
is more apparent than real, since 15 per cent. Spiegel can now be bought
at practically the price of rail steel. As every cwt. added to the charge
contains 94 per cent. of mixed metals, Iron and Manganese, this means so
much more weight in the ingots; whereas, when Carbon only is addefi,
although the actual cost of material is practically nil, the increase it
weight only equals the percentage of Carbon actually absorbed. The
percentage of iron in the slag is a matter which, in many works, does
not receive the attention which it deserves, but it is a most important
point, and furnishes a very good indication as to whether the operation of
blowing is being conducted with care. In a works producing 500 tons
of slag per week, an increase of Oxide of Iron equal to 2 per cent. of iron
in the slag means a loss of 10 tons of steel, which, at a very low estimate,
is equal to £30 per week, and this is very likely to occur if the working
of the process is not controlled by frequent analyses of the slag, and
every precaution taken to keep the amount of Oxide present as low a8
possible. The amount of Oxide of Iron in the basic slag at the end of
the blow should not, as a rule, exceed 13 per cent., equal to about 10
per cent. of metallic iron.
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. Effect of Oxide Additions.—It has already been pointed out that
1t Is most important to obtain a fluid slag as early as possible in the
blow, and, if in addition to this, the yield per ton of pig-iron used can be
increased, two very important points will have been g;ined. This may
to some extent be effected by adding easily fusible Oxides of Iron Wiu}l
the lime before putting the metal into the converter, when there is little
doubt that a considerable proportion of such Oxides is reduced by the
metalloids in the pig-iron, in the same way that the Oxides formed at the
twyers are reduced. In some works as much as 10 ewts. of Oxide are
added to a 7-ton charge, without the resulting slag containing any more
iron than in S{mliar charges blown without such a.ddibtions, and ?t is not an
unusual practice to add 1 cwt. of Oxide per ton of metal, part with the
first lot of lime, and part just before the after-blow. The advantage of
rlidqmg some Oxide just before the after-blow is that the fluidity of the slag
18 Increased, and this tends to shoiten the after-blow, and also to removz
the Phosfpht_)rus more completely. The objection to doing this is that there
18 2 possibility of obtaining an oxidising slag which tends to produce red-
short metal, unless larger additions of Ferro are made; but this view does
not seem to have been borne out by experience. It is important that the
Oxides added should be non-silicious, and good mill-furnace cinder from

ba_sic slag, or Oxide hottoms, answers admirably, and may be mixed with
mill or hammer scale. ]

Thermo-Chemistry of the Acid and Basic Bessemer Processes.

All chemical action is accompanied by a redistribution of energy in the
reacting bodies. Some of this energy takes the form of heat, and as the
amount of heat liberated and absorbed during any reaction is invariable
and can be measured, the thermal aspects are as important in some respect;
as the chemical and physical aspects. When two bodies, such as Carbon and
Oxygeg, combine to form Carbon Monoxide (CO) or Carbon Dioxide (CO,)
a certain number of heat units are evolved; and when the CO or CO, s
dissociated or split up again into its two elements, Carbon and Oxygen, the
;&me number of heat units are absorbed. In general terms, a heatdunit’may
t.}? deh?ed as the amount of heat required to raise a given weight of water

rough a given temperature. The weight of water taken in the following
ealeulations is 1 kilogiamme, and the heat unit employed is the quantity of
58511: required to raise 1 kilogramme* of watertrom 15°°C. to 16° C, and when
g heat units are said to be evolved it means that sufficient heat has been
Q‘_’819p8d to raise 50 kilogrammes of water from 15° C.t0 16°C. This heat
unit is termed a Calorie. When Carbon and Oxygen combine in the
%ropﬁl'blon_olf their chemical equivalents to form €O, we have 12 parts of
bﬁ:ﬁzg tlmébng_ with 32 of Oxygen, and when 12 grammes of Graphite are
e (31 ), it has been found experimentally that the evolution of heat
e caloties, so that this reaction may be expressed by the following
qu&ﬁlon i—C.+ 0, = €0, + 970 heat units or calories.
exot]ag::z‘ 97"6 hleat units are evolved or given out, and this is termed an
- 1 reaction—that is to say, the heat disturbance is positive, and
if equations, is denoted by a + sign.
" =}3n the other hand, we oxidise Carbon by means of steam, as is done
aKing water-gag, the total result of the reaction is an absorption of

heat ; and i i i
3 if heat 18 not suppli i i i
: ek Pp ed from an mdependent source the reaction

* S : .
kilog ome writers base the calorie on 1 gramme of water, and call it *“therm” ; but the

ramme calorie is used as more convenient for our purpose.
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12 grms, 18 grms. 28 grms. 2 grms,
- LR ﬁzo w

(582, heat (294, heat
of formation). of formation).

Thut is to say, there are 29-4 heat units evolved by the combustion of
Carbon to C0 — 582 units absorbed in splitting up the water into 0 and H, so
that the final result is that there is a loss of 288 heat units, which explains
why it is necessary to supply heat by forcing air into a water-gas producer
after steam has been oxidising the Carbon for a few minutes. This re-
action, then, and all those which are attended with absorption of heat, are
termed endothermic, and the result of the redistribution of heat is denoted
by a - sign. ‘ :

In considering these heat reactions the physical state of the bodies re-
acting, and also that of the products, whether solid, liquid, or gaseous, must
be taken into account, and also the temperature at which the reaction takes
place. This latter is important to remember, as a reaction which at one
temperature may be attended with an evolution of heat may at another
temperature result in heat being absorbed. Thus CO in burning to CO, at a
comparatively low temperature evolves 68:2 heat units, but at a tempera-
ture approaching 3,000° C. only 370 heat units, and if we consider the
reduction of Fe,0,, or Magnetic Oxide of Iren, by CO at a low and high
temperature respectively, we get the following .—

The heat of formation of Fe,0, is 2707 heat units—that 15 to say, that
three equivalents of Iron (56 x 3 = 168 grammes), on being vxidised to
Fe,0,, evolve 2707 heat units, and consequently 2707 units will be al.nsorber.j
when it is reduced. Carbon Monoxide (C0) in burning to CO, evolves 68-2
units at low temperatures Then

Fe,0, + 4C0 = 3Fe + 400,
270 82 % 4

In the reduction of Fe0, we get 270-7 units or calories absorbed, or
~ 270'7 units evolved. - In burning 4 CC to 4 C0, we get 682 x 4, or
272:8 units,

Therefore the final result 1s

272:8 — 2707 = 2-1 heat units evolved.

This is an exothermic reaction, and is denoted by + 21 If we consider
the same reaction at temperatures near 3,000° C., the heat absorption by
dissociation of Fe,0, is the same, but the heat evolved by oxidation of CO to
€0, is only 37 units instead of 682 units. Thus

Fe, + 4C0 = 3Fe + 4CO0,
2707 4 x 37 = —-1227

shows a deficiency of 122-7 units.
If we assume that the iron is reduced to Ferrous Oxide only, the
equation becomes

Fe0, + CC = 3Fe0 + CO,
2707 3 x 69 37 = — 267 units;

so that the reaction is still attended by an absorption of heat.

These reactions would then be endothermie, and this explains in part how
reactions are reversible, a reducing action at one temperature ceasing to he
80, and even becoming an oxidising one at another. Chemical reactions take
place only within certain limits of temperature, which vary with the par-
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ticular substances. Thus Carbon and Oxygen do not combine at ordinary
atmospheric temperatures, and at extremely low temperatures even the
most energetic of chemical actions practically cease. On the other hand, at
extremely high temperatures most chemical compounds are dissociated.

On the heat of formation of a compound—that is to say, on the number

- of heat units evolved at its formation or which will be absorbed on its

dissociation—will depend its stability when brought into contact with
another body under conditions in which they can react upon each other.
Thus an oxidised compound will resist or undergo reduction when brought
into contact with a reducing agent, according as its heat of formation is
greater or less than the heat of formation of the body which would result
from its reduction. For instance, Manganese is able to reduce Magnetic
Oxide of Iron, because the resultant Manganese Oxide has a greater heat of
formation than the Oxide of Iron.

Fe,0,( +2707) + 3Mn = Mn,0,(+328) + 3 Fe.
2707 33280
absorbed. " evolved.
57-3 heat units in favour of Mn,0,.

This enables the action of Ferro-Manganese as a deoxidising agent to be
understood.

These theoretical considerations have a very important bearing on the
reactions taking place in the Bessemer and Siemens processes, and serve to
explain why certain bodies are more readily oxidised than others, and form
stable compounds in the slag, thus allowing the impurities to be removed
from the iron. The heat developed is the heat evolved, as the result of
chemical combination, minus any heat absorbed by the reduction of bodies
added to bring about such oxidation. In the case of the Bessemer process,
the oxidising agent is the free Oxygen of the air, and, consequently, if we
assume for the present that the Carbon, Silicon, Sulphur, &c, &ec., in the
pig-iron are dissolved in the iron, and not in any way combined, the heat
developed will be the sum of the heat units evolved by the oxidation of the
impurities present. In the case of the Open Hearth or Siemens process, the
oxidising agent after the bath is melted is the Oxide of Iron added, and
the heat units finally produced will be the same as in the Bessemer process
{(assuming the composition of the bath to be the same), minus the heat units
absorbed in reducing the Oxide of Tron. It is true that in the Bessemer
process Oxide of Iron acts to a large extent as the oxidising agent ; but this
Oxide is formed at the twyers with evolution of heat, and exactly the same
amount of heat is re-absorbed when it is dissociated and gives up its
Oxygen to the impurities present, so that there is no loss, and the Oxide
simply acts as an agent for conveying Oxygen to the bath. In calculating
the actual heat developed in the Bessemer process, it is of course necessary to
deduct the number of heat units carried away by the products of combustion,
loss by radiation, &c., but, at best, only an approximation to the loss from
these sources can be arrived at. The loss by radiation is fairly constant for
all qualities of iron, if blown for the same length of time, and it is usual to
neglect it altogether.

It is by no means necessarily correct to assume that the Carbon,
'Sillcion, Sulphur, Phosphorus, Manganese, &c., exist in the free state
I iron at high temperatures, as Carbides, Silicides, and Phosphides
of Tron are well known. If these bodies are in chemical combination
With the iron, they must, before they can be oxidised, be decomposed with
absorption of heat, and such heat must be deducted from that evolved
on their oxidation. Before, however, discussing the somewhat complex
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question of the constitution of the pig-iron, it may be advisable to give the
method of calculating the heat evolved on the assumption that the elements
exist in the free state, and afterwards further consider the question in the
light of more recent investigation.

The following data are necessary, so that an allowance may be made
for the heat .carried away by the products of combustion :—

Specific Heats: € = 0:241; €0 = 0:2479; 0 = 0:218; H = 0:244;
Fe0 = 017 ; molten pig-iron = 0:110; molten steel = 0:16 ; the two latter
values being only approximations. The initial temperature of the molten
pig-iron is 1,400° C., and the average temperature during the blow 1,700%
‘The air is supposed to be dry, so no correction is made for moisture. The
composition of the pig-iron is assumed to be as follows :—

C = 35 per cent. ; Silicon = 10 per cent, ; Manganese = 1 per cent. ;
Phosphorus = 3:0 per cent.; 2 per cent of the iron will be burnt to Fe0,
according to Campbell's estimate.* For convenience of calculation, we may
assume 1,000 kilos. to be blown,

The following are the heats of oxidation :—

Heat, Units
or Calories.
1796,
294,
69°3.
365°2,
91-0.
69 0.
270°7.

]

53

, i.e., 28 grms, of 8] combining with 32 grms. Q
2 18,
22 S : . 3
62 P 80
55 Mn 16
56 Fe 16
1 168 gl < - 64

wa

o

@
B N o

CoOOCD

bt Jacl sl

o

Il

:

Heat developed from one kilogram of element Heat developed from one kilogram of element.
Sg 4 ¥ . . . g’i?g Mn, . 1,654
A : : : b, Fe, . 1,232 (Ferrous Oxide formed).
i 2,166

i e B el 5,890 Fe, . 1,611 (Magnetic Oxide formed).

In 1,000 kilos. of metal of the above composition we have 35 kilos. of
Carbon, 10 kilos. of Silicon, 15 kilos. of Manganese, 30 kilos, of Phosphorus,
and 20 kilos. of iron to be oxidised, and thus the total heat evolved will be,
in.round numbers—

Heat Units or Calories,
85,750
64,100
24,800
176,700
24 640

Total heat evolved, . : > . = 375990

Carbon, & i . " : 2,450
Bilicon, ; 2 o E 6,414 >
Manganese, . : . . . 1,654
Phosphorus, . - . : - 5,890
Iron, . - : : : ; 1,232

| A T

From these heat units must be deducted the heat units carried away in
the gaseous products of combustion, and in the Nitrogen which passes away
with them, and, also in the case of solid products of combustion, the heat
absorbed in raising them to the temperature of the bath. It is assumed, for
the purposes of calculation, that all the Carbon is burnt to CO, although,
according to Snelus, about 17 per cent. is burnt to CO,,

35 kilos. of Carbon require 46°7 kilos. of Oxygen, and produce 817 kilos,

46:7 x 77

of C0. This necessitates the introduction of SRR kilos, of Nitrogen.

* Structural Steel, p. 73.

By accompanying Nitrogen,
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Therefore, the heat absorbed will be—

By Carbonic Oxide, 1,700 (817 x 0:2479) — (356 x 0-241) 1,400 = 22,600 calories,

46°7 x 77 x 1,700 x 0‘24_4
]

By aceompanying Nitrogen, = 64,800 ,,

By 0 for oxidation of Silicon to Si0s, 11'43 x 0-218 x 1,700 = 4,200

&“B;” x 244 v 1,700 = 15,800
By 0 for oxidation of Manganese to Mno0,
oo 4364 x 7T
(4:364 x 0°218 x 1,700) + - x 244 x 1,700 = 7,600
By O for oxidation of Phosphorus to 2,0;. 1

§§;2T5413 x 244 x 1,700 = 68,000

(38°7 x 218 x 1,700) + :

By 0 for oxidation of iron to Fe0,

(257 % *17 % 1,700) - (20 x 0°11 x 1,400)+ (M

23

x 244 x 1,700) = 12,300

Total heat absorbed, 195,300

The heat remaining in the converter is, therefore, 375,990 — 195,300 =

180,690 calories.

Although the foregoing statement gives a general idea of the heab
produced during a Bessemer blow, it 18 necessary to consider the view
advanced by Professors Ponthitre and Hartley, and other chemists and
metallurgists as to the constitution of molten iron. Various Carbides,
Bilicides, and Phosphides of both iron and Manganese are well known, and
the caleulations of both Professors Ponthiére and Hartley, on reactions in
the Bessemer converter, are based on the assumption that some of the
more stable of these exist in iron at the temperature of the Bessemer
converter.

The researches of Troost and Hautefeuille* have shown that the
Carbide, Silicide, Sulphide, and Phosphide of Manganese evolve a consider-
able amount of heat at the moment of formation, or, in other words, are
stable bodies, while the corresponding iron compounds, with the exception
of the Phosphide, are comparatively unstable. On this account we may
assume that the Manganese exists in the pig-iron almost entirely as Carbide,
Silicide, and Sulphide, and none in the free state. The Phosphides of Iron
and Manganese are both stable bodies, so in this case we may assume that
the Phosphorus is distributed between the iron and Manganese in the ratio
of their masses—i.¢-, practically all combined with the iron. The fact that
both the Carbide and Silicide of Manganese are stable bodies, and that, as a
rule, there is not sufficient Manganese present to combine with all the
Carbon and Silicon, leaves us in doubt as to how these two elements are
combined. Professor Ponthiére f considers that we are justified in supposing
that two-thirds of the Manganese is in the form of Carbide and one-third as
Silicide, this being about the ratio of their respective heats of formation.
The rest of the Carbon and Silicon will be combined with the iron.
Carnot and Goutal { have also studied the constitution of cast iron, and
have come to the following conclusions :—Sulphur is usually combined with
Manganese as MnS, any excess being combined with the iron as FeS.

* Annales de Chimie et de Physique, 5th series, vol. ix., 1876.
t Iron and Steel Inst, Jowrn , 1897, vol. ii,
+ Annales des Mines, vol. xviii., pp. 263-300.
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ith 1 ilicon is usually free
Phosphorus is combined directly with iron as F%P.f ?}11111;.311 1\}1{1 g;;ua . ({ e
but i can combine with Manganese and with iron, fl o
respectively, the latter, however, is dec_o:.npose.d 1-?-]1]3 ; o:s o ¥ i
combined with both Manganese :u;d iron, p_lfj 2 ryF‘e : U, 3
excess of Carbon being combined with iron, .tulmmg?l .3.”.41‘ e

On the above assumption, the constitution of the pig-irc

been considering would be as follows i—

Constitution of Molten Iron.
Per cent. Per cent.
100 | 107
¢ 007
1-00 ; = AR =00 - Y 075
sS1 002 Silicide of Manganese,  MnSi, 1 Si 095
P
M

Pig-Iron Analysis.

Per cent.
Mn
350  Carbide of Manganese, Mn,C, C

1]

=300 E Fe 1626 1926
n=1450 Phosphide of Iron, Fe;P, 200 9
46-34

331

1560

075

Carbide of Iron, Fe.C,

[ T

Silicide of Iron, FeSi,
Sulphide of Munganese, MnS, ) sk
Free Tron,

100-00

The heat developed by the oxidation of these cmnpuufuljtl mnylel;z
& e § t 1 1 Mangos o
caleulated in the following manmer :—For the oxidation of Mangar
< L2 : :
Carbide the thermal equation 18—

+ 50 = 3Mn0 + CO, :
M?:EG S 3: %« 91 976 = 3706 — x calories,

fes, if heat of formation of the Carbide, be zero.
or 370:6 ealories, if z, the heat of Lomlc‘mtmn 0 At » b e
- SIFIE it is assumed that the Carbon is burnt to CO instead of CO,, we get

- 40 = 3Mn0 + CO )
MI;&C T 3x91 294 = 3024 — » calorvies,

: 3094 calories when xz = 0. £ _ , A )
v ]'1; the same way we arrive at the following values of Eh}b heats oi
: g ic ituents of f iron, assuming for the momen
oxidation of the various constituents of the iron, lb.?F12111.11D'??1‘ . I‘.‘ 3k
that the.heat required to decompose them, or, in other words, their he
of formation is zero:—

TABLE XVII.—Heats oF OXIDATION.

/ ) : 3706
arbide of Manganese (burnt to C0.), . » - 370°
Cfub]-( e0 g” (burnt to CO), + ’ - : ;:()ﬁ%
Sulpliide & ; ‘ . s . . _13;)[)6
<ot S e . 1299
Phosphide of lron, ; 3 : : ; 9
C:aj.pbil;le of Iron (C burnt to COy), . . . 5 ; 19::

2 »» (C burnt to CO), . . I . 1‘39 ‘.
Sulphide of Iron, : . . ; - ; 2156
Silicide of Iron, . . - : ; v : . ,

In every case these values l'efe_l’ to a gram-atom of #-he meil;all. 1Iumd}er
to arrive at the frue heats of oxidation we mustlsubt-ract Elolni-iil}e?-lb?l?
heats of formation of the various conl}founds. Untot‘t-urn‘utelfg- 1tl nese ]Li {,) 10
formation are not accurately known in many cases, The following table,
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slightly altered from one by Professor Ponthitre, gives approximations
sufficiently close for the present purpose :—

TABLE XVIIL.—Hears oF FORMATION,

Carbide of Manganese, Mn.C, . . . . « 1144 calories.
Sulphide of Manganese, MnS, . = G 534 =
Silicide of Manganese, MnSi, . = . 474 o
Phosphide of Iron Fe,P, . TRURTINENESR | T
Bilicide of Iron Fasl, « . + . negligible.
Carbide of Iron, Fe.C, i . negligible.

Subtracting these values from the values calculated on the
that the heats of formation are Zero, We arrive
following table :—

assumption
at the results given in the

TABLE XIX.—HEATY 0F OXIDATION OF THE CoxstimueNTs or IroN,

e
| | Heat of
| OI{s(eial of |Oxidation of
| xidation | Comrpound
Formula. | lf‘gﬁ?;'h%fn per grm,- | per Efrm.-
J " |atom of free| atom of the
| metal metal in
| | combination.

ST

| |
e ttoon, ., o, . ., ,‘ FeSi | Negligible ‘ 248+6 248°6
Carbide of Manganese (C burnt to C0.). | MnsC | Il 3706 2562
Sulphide of Tron, ey iy e [ 240 138-2 1142
Sulphide of Manganese, . : [ 534 { 1602 1088
Silicide of Manganese, ; i 474 2706 2232
Carbide of Tron (C burnt to C0,), Negligible | 1015 1015
Phosphide of Iron, . ; ; 43°3 129-9 866
Carbide of Tron (C burns to CBY s | Fesl Negligible 78-8 78'8
Carbide of Manganese (€ burnt to €0), . Mn;C 1144 302-4

1880

In the above table it has been assumed that the iron is burnt to.
Ferrous Oxide. This is certainly true to a large extent as will be shown,
although the burnt metal contains Magnetic Oxide. In any case, the
substitution of Magnetic Oxide for Ferrous Oxide would make only a slight
difference to the above values, \
.. Toarrive at an accurate estimate of the heat evolved durin
1t would be Decessary to add to the above the heat developed by the forma-
tion of the slag 1In many cases the required data are wanting, and even

the specific heat of the slag has not been determined. The following figures,
owever, are available «—

g oxidation,

Ca + 0 = Cad + 1315 cal.
Ca + 8 = (a8 + 908
Cal + 8i0, = CasSi0, + 333 ,,
Fe0 + 8i0, = Fegio, 3
4 Cal + PO, 4 Ca0.P,0, + 180 | (about).
3 Fel + .0, 3Fe0.P,0, + 306

L4}
In view of the complex constitution of pig-iron at high temperatures,

dge of the form in which the foreign elements
lations given above must be considered as an
her the elements exist in anything like the com-
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bination suggested by Professor Ponthiére, or by Carnot and Goutal, in the
present state of our knowledge it is impossible to say, but we may, for the
purposes of calculation, assume that they exist in some such form of
combination, and therefore from any heat evolved must be deducted that
absorbed in decomposing such compounds. In view of the progress which
is being made in the analysis of pig-iron and other alloys, especially in
respect to their ultimate composition, it is of importance that the student
should cease to regard pig-iron as mere mixtures of Carbon, Silicon,
Manganes® &e., with metallic iron, but should accustom himself o think
of these elements as forming definite compounds with the iron.

The amount of heat evolved and absorbed by the decomposition and
oxidation of the impurities in the Siemens process is the same as for the
Bessemer process, but the total heat produced in the bath from metal of the
same composition is less, owing to the oxidation being effected by Fe0 or
Fe,0,, which has to be reduced with consequent absorption of heat; it must
be remembered that the heat produced by the oxidation of the impurities
is spread over some hours instead of being all evolved in a few minutes. On
the other hand, no heat is carried away by Nitrogen passing through the
molten metal as in the Bessemer process.

The foregoing calculations derive real interest and importance from the
faet that they enable us to give a reasonable explanation of many of the
reactions occurring during the manufacture of steel by the Bessemer and
Siemens processes.

Let us first consider Sulphur. It is well known that Sulphur is not
~ removed during the acid-blow or in acid Siemens practice, and its removal is
very irregular during the basic-blow and in basic Siemens practice. When
Oxygen is blown through a bath of iron containing FeS, we should expect
that Fe0 and 80, would be formed, and that the latter would pass away
with the products of the combustion ; but the reason why this does not take
place is shown by the following equation :—

80, + 3Fe = 2Fe0 + FeS
693 2 % 69 24 = 927 calories.

Thus assuming 80, to be formed, it would immediately be reduced by the
Fe and FeS reformed, as its reduction is attended by the gain of 92-7
calories. If, however, we have lime present, the following reaction may
take place :— -

FeS + €0 = Fe0 + CaS
24 1315 69 908 = 4'3 calories.

This reaction, while exothermic, is very feebly so, and it explains why the
removal of Sulphur, even under basic conditions, is very erratiec.

It is also well known that the addition of Manganese does, under certain
conditions, remove the Sulphur, or at all events mask its effects, and it is
conceivable that if it remains associated with the metal it may be less
injurious as Mn8 than in the form of FeS.

FeS + Mn = MnS + Fe
24 456 = 216 calories.

This explains the removal of Sulphur in the metal mixer as MnS.

In the case of Phosphorus in the acid converter, or acid Siemens furnace,
any Phosphate of Iron formed is at once decomposed either by Silicide of
Manganese, if present, or by Metallic Iron. When no Manganese is present
the Metallic Iron in excess is quite sufficient to explain the reaction, The
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heat of formation of Ferrous Phosphate from its elements is 465 calories, so
that we have

3Fe0P0, + 11Fe = 8Fe0 + 2FeP g/
5

46 8 x 69 9(433 x 3) = 3468 calories.

So that assuming that Phosphate of Iron or Phosphoric Anhydride is
tormed, the above thermal equation explains why it is immediately
reduced with reformation of Phosphide of Iron. If, however, we intro-
duce a base, which, by its combination with Phosphoric Anhydride, evolves

- more heat than Fe0, we ought to be able to replace the FeO by this

base and form a more stable Phosphate. We have such a base in lime
which forms a Tetra-Phosphate on uniting with P,0,, and evolves about 180
c?lmlm'les in so doing, so that we have the féollowing reaction tuking
place :—

Sl s
3Fe0 + P,0, + 4Ca0 = 4 Ca0,P,0, + 3 Fel
306 180 = 1494 calories.
Since the lime is already oxidised when added to the bath its heat of
formation need not be considered, and we have the following equation for
the action of excess of iron on Phosphate of Lime :(—

*4Ca0,P.0, + 11Fe = 5 Fe0 + 2Fe,P + Cal
180 + 3654 345+ 6(43-3) = 594 calories.

According to this equation, excess of iron is capable of reducing Phos-
phorus from the Phosphate of Lime, though the reaction is a feeble one
compared with that between 3 Fe0,P,0, and excess of iron. It should he
remembered, however, that the removal of the bulk of the Phosphorus does
not begin until the Carbon and Manganese have been removed and the bath
1s free from these reducing agents. Its elimination is, therefore, probably
due to mass action, the large excess of lime and air overcoming the reducing
tendency of the free iron. We should, therefore, expect that, on stopping
the blast and adding Ferro-Manganese, some of the Phosphorus would pass
back, and this actually does occur to a limited extent in practice. In this
connection it must be remembered that the heat formation of Phosphide of
Manganese ig congiderably greater than that of Phosphide of Iron, and conse-
quently Manganese would have a greater tendency than iron to reduce the
Phosphorus from the slag, Although the above equations show which
réactions are thermally possible, these reactions, like most others, depend
largely on the temperature of the bodies reacting, and while Metallic Tron
ab the ordinary temperature of the Bessemer converter decomposes Phos-
phate of Iron, and to a less extent Phosphate of Caleium, at lower tempera-
tures this is not the case, as is evident from Phosphorus being very largely

removed, in the Bell and other washing processes, in combination with
Oxide of Tron.

* It is possible that the heat of formation given—viz., 180 calories—is too low, the
data for arriving at this figare not being very satisfactory.




