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greatly increase the liability to produce over-oxidised metal as compared
with the open hearth process, especially as it seems the custom to decar-
burise completely, and to produce the required grade of steel by addition of
Perro-Manganese, Spiegel, Ferro-Silicon, &e. Converters to blow only 10
cwts. of metal can be used successfully, and generally speaking the process
lends itself to the production of small castings. With a 2-ton converter
large castings can, however, be made, as it is possible to keep the metal from
one charge in the ladle while another charge is being blown, and in this way
with two 2-ton converters, castings up to 10 tons can be made, or with a single
9.ton converter, 3 to 4 tons casting can be produced. The waste is said nob
to exceed 14 per cent., which is exceptionally little for such small heats, and
is certainly surprising considering the large amount of surface oxidation,
The process can be worked either as an acid or a basic one, but there would
appear to be little advantage in using the latter, and many difficulties would
arise in regard to linings and in dealing with the slag. The processis at
work at Woolwich Arsenal, where there are three converters which are said
to give extremely satisfactory results.

The Stoek Converter.*—This is a combination of an oil-melting furnace

and small side-blown converter. Materials are charged cold into the pre-=

viously heated converter ; oil fuel under a pressure of about 40 lbs. to the
square inch is supplied through flexible tubing to small tubes about -%; of an
“inch in diameter, let into the main blast twyers, which are about 2 inches in
diameter, and air for combustion, at 4 pressure of about 1} lbs., is admitted.
When the charge is melted, which takes about 1} hours for a 3-ton charge,
the converter is rotated to the blowing position, the oil shut off, and the hath
of metal subjected to a blast of air on the surface for about 16 to 19 minutes,
when the vessel is rotated into the teeming position and finishing metal
added in the usual way. The waste gases formed during the melting of the
charge pass through an economiser containing iron pipes through which the
blast passes on its way to the converter, and in passing through which it i8
heated up to a temperature of 700° F. During the actual blow the waste:
gases are allowed to escape, as they contain so much solid matter that they
would be injurious to the regenerative apparatus. Owing to the intense heat
developed during melting and blowing with heated blast, the converter has
to be lined with magnesite bricks, but low phosphoric iron is used and no
attempt is made to dephosphorise. The advantages of this converter are thab
no impurities are taken up by the pig-iron during melting, as in case of coke
melting in cupolas, and owing to the hot blast being used a very high tempera-
ture is obtained, insuring a very fluid metal, which makes the process particu-
larly applicable for manufacture of steel castings. The vessel is mounted so that
it can be rotated into the different positions for charging, blowing, and teeming.
Small Converters Considered generally.—Although these small

converters still have some enthusiastic supporters, with the few exceptions 8

where manufacturers find it necessary to make their steel in comparatively
small quantities under their own supervigion, these converters are used
almost exclusively for steel castings, and even under such circumstances the
general consensus of opinion seems to be that a small open hearth plant gives
Better all-round results. For castings, especially where small ones have to
be made, and metal has to be kept extremely hot and fluid, these small
tipping converters undoubtedly offer certain advantages over a Siemens
furnace. Steel can be made in smaller quantities, the converter can b8
used as a ladle to distribute the steel in small ladles for different castings,
and thus the metal be kept very hot until the whole heat has been caste
Frequent charges can be made during the day, instead of one charge as in the

* For further details, see paper by P. P. Dowden on * The Manufacture of Steel,” 58

read before the Institute of Marine Engineers, Feb, 17, 1913,
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CHAPTER 1V.

CHEMISTRY OF THE ACID BESSEMER PROCESS.
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During the last period the small amount of Silicon left and the remainder
of the Carbon are oxidised, the latter to Carbon Mono_md‘e, tl_le temperature
being too high to admit of the production of Carbon Dioxide in the presence
of iron. Some iron is also oxidised, as will be‘seeu from the qna,lyseg of
slag in Tables viii. and xii., where it will be not‘lc_e‘.(_l thalt ‘?]1_(3 oxide rapidly
increases between the end of the boil and the addition of Spiegel ; :11t}19ugh
in cases where low Bilicon pig-iron is used, and consequently a com]_aamtn'ﬂy
low temperature prevails, as in Ame'l'ican practice, this is not very mﬂ.tl'ked,
and is in fact hardly perceptible at times. At the end of ‘tlze boil the flame
at the mouth of the converter rapidly contracts, and the final disappearance
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of the Carbon is marked by the “drop of the flame,” which indicates that
the conversion is complete ; the blast is then shut off, and the vessel
immediately turned down.

The following analyses of gases, and curves deduced therefrom, illustrate
the reactions taking place during the blow :—

TABLE VII.—ANALYSES BY SNELUS oF GASES FROM BEssEMER CONVERTER.
|

Minutes from commencement of operation.

|

6 | 4 12 14
1
|

Carbon Dioxide, . 2 : *5¢ 820 358 2:30
Oxygen, : : z 92 | 0 Bl 0
Carbon Monoxide, . [ -B-ep 452 | 19:59 2930
Hydrogen, . : h | ‘88 2-00 200 2:16
Nitrogen, . . ] | 86 8528 74°83 6624
Carburets of Hydrogen, | ... =t : 0

10000 | 10000 | 10000 ‘ 10000 | 10000 | 10000

A certain amount of both iron: and Manganese is volatised during the
gecond and final stages of the blow, but especially during the latter, when
the metallic vapours are carried out into the air where with the Carbon
Monoxide they are burnt.

Production of Fume.—The following analysis of fume is by Schiffel,
and Prof. Hartley t considers that its composition suggests the volatilisation
of Silica, or some Silicate or Silicon :— 7

Fe0, 1629 ; Mn0, 48-23; §i0,, 34-86.

. The percentage of iron in the fume increases towards the end of the blow,

since, for the complete removal of metalloids, a certain amount of over-
lowing or oxidation of the iron is necessary; and it seems probable that
8ome of this oxide produced is carried away by the blast mechanically, rather
than'that the large proportion found in the fume has been volatilised. If
Iovnn_g is continued so that the brown fumes become extremely dense,
there. 18 1o corresponding increase in temperature to account for increased
volatilisation. That Manganese is comparatively volatile has been distinctly
proved, and there seems considerablo probability that this element is
volatilised to a small extent,

The Carhbon, although responsible for the development of a certain
amount of heat, plays a comparatively unimportant part in this respect,
OWIng to the greater amount of the Carbon being oxidised only to CO—
or, if oxidised to C0,, being again reduced to GO—and also to the faet
that all the products of its combustion, being gaseous, escape with the
.\ Carrying away a considerable amount of heat, Silicon is the great
eat producer; if plays an important part in rapidly forming a slag,
and a certain amount of this element is necessary in all pig iron required
for the Bessemer process. Manganese, within certain 1iﬁlits, is a very
useful constituent, especially when the Silicon is low, as it raises the

mperature of the bath, forms a fluid slag, protects the metal from
* Hydrogen not determined separately.
t ¢ Cantor Lecture,” March, 1898, by Prof. Hartley.
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over-oxidation, and, lastly. tends to remove the Sulphur from the molten
metal. Sulphur and Phosphorus are not oxidised, or, if oxidised, are
immediately reduced again in the presence of a siliceous slag, and pass hack
into the metal. During the Bessemer blow of a 10-ton charge of metal
having the following composition—Carbun, 3:50 ; Silicon, 2:00 ; Manganese,
1:00—7 cwts. of Carbon, 4 ewts. of Silicon, and 2 cwts. of Manganese are
burnt, and as Silicon is a much greater heat producer than Carbon the
intense temperature developed in the Bessemer converter is readily
accounted for. -

Mass Action in the Converter.—The influence of mass on chemical
action has a most important bearing on the reactions which take place in the
Bessemer converter. It cannot be supposed that traces of impurities are
seized by the Oxygen out of the large mass of metal and oxidised directly,
but it is generally admitted that the oxidation is an indirect reaction,
Magnetic Oxide being first formed near the twyers, and reduced by the
impurities in the bath to Fe0 and Fe as it passes upwards. The Oxide
formed at the twyers thus acts as a carrier of Oxygen to the impurities in the
bath, and the oxidation and reduction of iron goes on until all impurities are
practically removed, when, if the blow is not at once stopped, the bath of
metal rapidly becomes “burnt ”—i.e., surcharged with Oxide of Tron.

Thus the great affinity of Carbon, Silicon, and Manganese for Oxygen
enables them to act as reducing agents to the Oxide of Iron formed, and,
while being themselves oxidised and removed, they prevent, as long as they
are present in the bath, any over-oxidation of the iron.

Silicon being the most readily oxidisable element in the metal, its
reducing action is so great that, until it has been largely removed, the
oxidation of the Carbon does not, under ordinary conditions of temperature,
commence, as will be seen from the curves and analyses on pp. 87, 85, ¢t seqs

So great is the affinity of Silicon for Oxygen, that it is capable of decom- =8

posing to a large extent any Carbon Monoxide produced, giving rise to the
formation of Carbide of Iron, and so preventing the oxidation of the
Carbon during the early stages of the blow.

The Funetion of the Slag.—The action of the slag in the Bessemer
converter is a somewhat disputed question—Akerman holding strongly the
view that it plays a most important part in the oxidation of the impuribies;
as it does in other refinery processes. This view, he considers, is supporte
by the changes in the slag during the operation, as in nearly all cases the
percentage of Ferrous Oxide is considerably reduced during the boil, showing

that it must have acted as an oxidising agent to the impurities in the S

metal. As, however, was pointed out.by Campbell,* in discussing this.

point, the amount of available Oxygen calculated on the weight of theSSs

Ferrous Oxide present is too small to have very much influence, unless we
assume that it acts as a carrier of Oxygen to the bath. That the slag has

some oxidising effect, there can be little doubt, as in the Basic BessemersSs

process it is possible to add from 10 to 15 ewts. of Oxide of Iron to a 7-toRSS

charge without appreciably increasing the percentage of iron in the ﬁnishEd_r‘; |
slag ; but it is certain that the slag does not play anything like the importantass
In the latter all the Oxygen of the IES

has to pass through the slag first, when once the bath is melted, before it -—.l
: 4

part it does in the Siemens farnace.

reaches the metal, whereas, in the Bessemer process, the Oxygen has to pass

through the metal before it reaches the slag. The probability is that whem

a very oxidising slag is formed in the early part of the blow during the boil; =

the me‘al and slag being more or less intimately mixed, the latter gives g :

part of its Oxygen until a state of approximate equilibrium is establishedss
* Trans, American Inst, Mining Engineers, vol. xxii., pp. 668-9,

- of the slag in Swed
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That is to say, for a particular set of conditions depending upon the

composition of t.he‘ slag, the composition of the metal bath, the?emperature

. of the metal, &c., &c., the slag is capable of retaining only a certain amount

of Oxide, and Oxide of Iron will pass into or be reduced from the slag, as

the conditions vary during the blow. g

- Composition of Pig-iron.—The pig-iron used for acid Bessemer steel
ma,nlufaftur(é_rf?ay var_ydwithin very considerable limits—

. Low Silicon (under 1:0 cent, igh M from 2*
eeui;), o Ssvedish Wm}]){e::: cent.) and high Manganese (from 24 per
. Low Bilicon (under 100 per cent. Ma S D
centé),fa; irﬁ s f&merican wo}rfi’;S.cent) and low Manganese (under 05 per
igh Silicon (from 2 to 2:5 cent, ; / ‘b
= Iess):ja.s e most( Eng]ist;owoilgsr cent.) and low Manganese (75 per cent.
o P‘tr ?;:Sis)fonally high Silicon (2 per cent. and over) and high Manganese
B o roreen o of Bl e from ol Shene ek

o el : anganese, the Phosphorus
and wulphur must both be below ‘06 per cent., as neither of these con-
statuents is removed during the blow. ’
c]asLorr‘ Silicon and High Manganese Pig-Iron.—The use of this

:9 Jron is almost exclusively confined to Sweden, as the native ores
zg: t:;:m% E\Iangansse produce a pig-iron which is low in Silicon, often
e Sil ha to ﬁ'o per cent. of Manganese, and is exceptionally free
LAk pdur i.}rll Phosphm_‘l‘ls. To the low Silicon and high Manganese
'{ie‘ve]g yusfe e fine quality of the finished product, as they jointly
o II)aJ enough heat to enable the metal to be cast. The Manganese
: ?corysvan .1fmport.ant part in preventing oxidation of the metallic
remo’ved e en.li bb]own quite down, the Manganese is rarely completely
iy ,Sas ‘;’Vl e seen from the analyses and curves given. The prac-
e w;e B is not to blow until the Carbon is completely removed,
i othreﬁlbur;se by qddltwns of Ferro-Manganese, Spiegel, &e.,
1A ;})é) e blow at the point when the required degree of decarburisa-
o (}n reached. The Manganese in the pig-iron not only protects
e Su(}] }meta.l from direct oxidation, but has a distinct tendency to
L e ;;mr from th‘e metal, an_d hgs the most important indirect effect
s _1;0 a very fluid slag which is at the same time far less oxidising

a rich iron SI:a;é. BAkerman* is of opinion that the great ﬂuidit;
. : 1sh Bessemer practice plays a most important part in
::;‘;g‘;l:f; ?A:H]le of Tron from the ‘metal, as the more liqui}d the slla)xg, the
. re‘adpile ely it is brought into intimate contact with the metal, and the
i remainy'( Oel:‘a'1 1t remove and absorb Oxide of Iron, which would other-
e lim‘ t efbat.h of metal. On the other hand, Manganese rapidly
ol mn%o tl_le converters, and increases the waste. The Carbon is
hernatiteys bmt‘?‘f:vh'm‘higher in these Manganiferous irons than in ordinary
i a.n,d u s 8 is no d;sadvqntage, except that it slightly increases the
ang,anese prolongs the operation. The large amount of Carbon and
S the;})]l:es;ﬁant supplements the heat given out by the Silicon, and
ey ig p}ercentage of these elements it would probably be impos-
Bl i o el i
o loud them elves to the rapid work which is so essential
e c;m practice when working low Bilicon pig. The follow-
Sivedich Bessi'i:;s:'ol] samples ta_.k(in with slags corresponding, during a
e er_blow, and figs. 80 and 81 show graphically the rate of
purities .—

4 ' v . < .
Lrams. American Inst, Mining Engineers, vol. xxii., p. 282,

W
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LOW SILICON AND HIGH MANGANESE PIG-IRON.

TABLE VIIIL

No. 1. No. 2.
MEeprum MANGANESE, VERY HicH MANGANESE.

| |
Furnace el 4m, ‘ 6m: | Furnace | 4m, | 8m. | 0 m,
Metal. | 458 45 8. Metal. 15 5. 85s. | 20s.

Catbon, - - - | 400 | 430| -sm! 492 | 420| 13| 55
Silicon, : ‘ 102 | 03| 03| 08| 106 | -43| 2| 07
Manganese, 1183 | 22 12 09| 5612 326 851 43|

SLAgG.

Oxide of Iron, - - 2011852 31°19 || ... 20| 624| 945
Oxide of Manganese, - 26-31 | 31:01 | 25'43 4638 | 52°26 | 48-92
Magnesia, - - - 24 141 1 ‘04 29 | 46
Bms, - - - - | | -e2| 38| <92 o |128] 70| 100
Alumina, - . . 286 270 224 ... | 3:08| 2:49| 204
Silica, - . . - | .. |5526|4720/4050 4587 | 39407 | 3763

In blowing metal with 2:5 per cent. and upwards of Manganese, sufficient
18 usually left in the bath at the end of the blow to make further addition of
this metal quite unnecessary; and many thousands of tons of steel have been
made in Sweden without either any Ferro-Manganese or other finishing
wetal being added, the finished product being entirely free from red short-
ness. Probably the low percentage of Sulphur in the pig-iron used largely
enables these excellent results to be obtained, and it is more than doubtful
if; with Sulphur equal to that in ordinary English hematite, the same free-
dom from red shortness could be insured without Manganese additions.

The percentage of Sulphur originally present in Swedish pig-iron is so
low that the influence of Manganese in further reducing this is not easily
noticed ; but both in acid and in basic practice, whether Bessemer or Open
Hearth, a Manganiferous slag always tends to reduce the Sulphur in the
finished metal,

\ -
TABLE 1X.—Anxavyses oF Gases By M. Tamm rroM Two BLOWS AT
Westanrors Works, SWEDEN.

Minutes from Commencement of Operation.
First Series.

Carbon Dioxide, -
xygen, - - 4762 1699 | 0967 | 550
Carbon Monoxide, - - 0 | 17555 9321 14311
Hydrogen, - . : 0 0908 s 1699
ltrogen, - . . 86-111 78840 18735 81587

9127 | 5998

|
| atos. 9 to 10, 21 to 24,
.
|

Second Series, 2to 8. B to 10. g 17 to 19.

Carbon Dioxide, - - - 6608 6608 | 4144 | 2905
ygen, - . - 7256 | 1206 0-989 1-318
Carbon Monoxide . . 0 | 15570 25-580 25606
Hydrogen, - . . . N T 1-040 1-120
itrogen, - - | 8618 | 76:400 65256 |  62:061
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The foregoing table gives the analyses of gases taken at different periods
during a Swedish blow ; and it will be seen that free Oxygen is present
during the entire operation, although gradually decreasing towards the end
of the blow. This differs from the results obtained by Snelus, as will be
seen by referring to the table on p. 81, he finding no free Oxygen after the
first fow minutes, This difference in the composition of the gases may have
been due to the depth of metal blown being very small compared to the
pressure of the blast. In other respects, the analyses coufirm results
obtained under dissimilar conditions, Carbon Monoxide increasing, and the
Carbon Dioxide decreasing as the blow proceeds, the percentage of Hydrogen
depending upon the amount of water vapour in the air.

Low Silicon and Low Manganese Pig-Iron.—That the temperature
of the Bessemer charge principally depends upon the Silicon in the pig-iron,
was first pointed out by Prof. Jordan* of the Ecole Centrale in Paris, in
1869, and then by Prof. R. Akerman in 1872;+ and for many years the
pig-iron for Bessemer work has been selected by its content of Silicon,
either high or low, to meet the special conditions of work, whether a hob
or cold metal is required. The larger the quantity of metal blown, and the
greater the rapidity with which the blows follow one after the other, the
less Silicon will be required to keep up the heat of the bath; consistent
with maintaining the metal fluid, the lower the Silicon the better, as there
will be less waste, and quite as good, if not a better product. _

In America, the practice in many works is to use metal very low in
Silicon, from ‘8 to 12, which enables very rapid work to be done, the entire
blow not lasting more than eight or nine minutes ; the heat developed by
such pig-iron is barely sufficient to keep the steel fluid for casting, and it 18
only by most rapid working—one heat following another practically without
any interval, so that converters, ladles, &c., &e., are all kept extremely hot—
that it is possible to avoid “skulling” in the ladle.

The advantages of low Silicon are :—(1) That a better yield is obtained,
due, not only to the smaller amount of Silicon actually removed, but also
to the smaller quantity of iron fluxed away in the form of Ferrous Silicate,
as, especially in the absence of Manganese, iron is the most readily available
base, and combines with the Silica to form a Silicate with consequent loss of
metal.

(2) The larger the amount of Silicon in the metal, the larger obviously will
be the amount of Oxygen required, and, consequently, the daration of the
blow will be longer, and the wear and tear on the converter lining, especially
on the bottoms, will be greater. On the other hand, with metal very low in
Silicon, there is always considerable risk of not developing sufficient heaf,
and of the metal setting either in the converter or in the ladle. The general
effect of Manganese in the Bessemer converter has already been referred to
in the last paragraph, and its absence means that considerable additions of

either Ferro or Spiegeleisen must be made at the end of the blow to remove

all traces of red shortness caused by over-blowing. Indirectly, Manganese
is 4 very important factor in Bessemer work, especially when low Silicon
pig is used, as low Manganese and low Silicon in the pig generally indicate
high Sulphur, and high Sulphur means red shortness in the finished product.
In this country, at all events, it has not been found possible to produce
regularly, on a commercial scale, pig-iron with 1 per cent. of Silicon or less,
0'5 per cent. of Manganese, and under 0'10 per cent.of Sulphur, although in
America a pig-iron low both in Silicon and in Sulphur is made regularly in

* Bulletin de la Société des Ingénieura Civils.
t Iron and Steel Inst, Jowrn., 1872, vol. ii.

LOW SILICON AND LOW MANGANESE PIG-IRON. 87

certain districts—a result probably due largely to a very low Sulphur coke

being available,

TABLE X.—AMERIOAN PRACTICE.

IRITIAL CHARGE, TIME 0F ACTUAL BLOWING,

Molten | Scrap (Compo-| o 3 . 3 4 B =
. | esti- |sitionof B, : 8, 5 35 2 I)<I) ISO‘ i Ic)iss:'l P
| | Added |SPeizel

|
‘ Steel |Aver'ge
| | eisen.

| mated. [Charge.|

[ RET |
-[3:10 | 036 | 208 |2-04 (B~ 72 | 053 | 004
-|098 | 008 | 094 063 |0:33 |0 003|002
-1 040 | 097 | 043 |0:09 001 |00l 1490 115
0101|010 | ... |0-104 0107 {0-108 | 0°139 0-109
-|0:06 | 0-08 | 0:06 | 0-06 006|008 0059
| | 1 :

Carbon, -
Bilicon, -
Manganese, -
Phosphorus,
Sulphur, -

4:64 | 045

Adding!

|

0035/ 0:038

SLAG. 1

Siliea, elllEo R 42+ 26
o e R - i
Ferrous Oxide, -.| .. 2 34"”:1
Ferric Oxide, -| .. i 096
Mangan, Oxide, | ... i | B 790
S Ty e 2 0'@1
Magnesia, - .| i 36. 034
Phosphorus, g 0008
Sulphur, - - . g

Sooows

Clarbon flame. S
e

after drop A R
N
T Y 5 S 1Y oF w3
[

Appearance of

flame, - . . }
|

Silicon flame.
Brightening.
Moderate
Full Carbon
Flame drops.

34,502 30,628 53,481 45,365/ 26,430
17,251 22,971 19,691/21,810|25, 685

Blown 10 secs. .

Cub§c feet of air, |
bic feet of air |
per minute, - | [

(=
)

Yt
e
[ )
=]
e <l8

Removal 3
per cent
i)
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= :
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b ;
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4 2 3 9 3 Bty
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RO ., e i
8 82.—Elimination of Carbon, Silicon, and Manganese in Acid Bessemer. Low Silicon,
and Low Manganese (American Practice).
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B4 METALLURGY OF STEEL.

In Table x. are given the analyses of a series of samples of metal and
slag * taken during a low Silicon blow, and fig. 82 expresses graphically the
rate of removal of the impurities. It will be noticed that neither Phos-
phorus nor Sulphur decreases; in fact there is a slight increase, and that
the slag, after the addition of Spiegel, contains less Oxide of Iron and more
Oxide of Manganese, which seems to point to the conclusion that some iron
has been reduced from the slag by the Manganese of the Spiegel.

The increase of both Sulphur and Phosphorus is generally somewhat
greater than that shown by these analyses, and it may generally be taken
that sueh increase will be directly proportional to the waste or loss during
blowing, and that these impurities will be concentrated in the steel to tie
extent of such loss.

High Siliecon and Low Manganese Pig-Iron.—Pig-iron with
about 2 per cent. of Silicon may be considered to represent fairly the
iron used, and is found to give the best results, in English and Con-
tinental Bessemer practice. Pig-iron of this composition can be regularly
and easily made low in Sulphur, and the heat developed is sufficient to
avoid any risk of serious skulling. English plants are not adapted for the
very rapid work customary in America, and consequently the metal used
must be capable of developing more heat to allow for the loss by radiation
from the vessels, &e., &c. Sometimes the Silicon is as high as 25 to 3 00
per cent., but if so, it is generally necessary to cool the blow by secrapping,
and 2:0 to 2:25 per cent. of Silicon is what is preferred. The Manganese
rarely exceeds 0:7T5 per cent., and Sulphur and Phosphorus shonld not be
above ‘05 per cent., and frequently are as low as ‘035 per cent. Below are
given analyses (Table xi.), by Snelus, of samples of metal taken from &
Bessemer blow, and the curves (fig. £3) are deduced from these, and may be
taken as fairly representative of the English practice, except that tle
Manganese in the pig-iron is exceptionally low. Temperature has a very
marked influence on the removal of impurities, and as this temperature
depends principally upon the Silicon present, the question of Silicon is very
important. Provided the metal can b obtained hot enough to cast readily
into ingot moulds, and free from Sulphur, the lower the Silicon in the pig-
iron the better, as not only is the yield better, but the ingots will probably

" be sounder ; if the Silicon is very high, there is'considerable risk of its
not being completely removed. Under ordinary eonditions, the Silicon i8
oxidised from the commencement, and passes out rapidly at first before
the Carbon is largely attacked, and then more gradually with the Carbon
during the remainder of the blow, being almost completely removed before

TABLE XI.—ExcrisaE PRACTICE—ANALYSES AT THE DowLais Worxgs.

Time of Blowing.

Molten After
Metal. ‘ | addition of
| 9 min 13 miu. Spiegel.

209 | L s _
1:20 155 0097

Graphite, ;
‘ 1952 0635 0:020

Combined Carbon,
Silicon, .
Sulphur,
Phosphorus,
Manganese, -
Copper,

0014 Trace.

0048 0-064 0067
0086

Trace.

*Howe, Iron and Steel Inst. Journ., 1890, vol. ii., p. 102,

HIGH SILICON AND LOW MANGANESE PIG-IRON. 89

the drop of the flame. If, however, from any cause—either a very high
percentage of Silicon or a very high initial temperature of the metal—the
temperature of the bath exceeds a certain point, the Carbon is attacked in
preference to the Silicon, with the result that the Carbon is removed before
the Silicon. This was pointed out by Snelus as long ago as 1871, when
he gave various instances of a considerable percentage of Silicon being found
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Fig. 34-—E]iplination of erbon, Silicon, and Manganese in Acid Bessemer, with fairly
*ugh Silicon, and high Manganese pig, showing practically complete removal of
Carbon before Silicon and Manganese.




METALLURGY OF STEEL,

in finished low Carbon steel. One case came under the author’s notice
some years ago, in which a low Carbon steel with about *12 per cent. Carbon
contained 0°90 per cent. of Silicon. According to Mr. Campbell, it was the
practice in Germany at some works to make high Silicon steel for special
purposes by blowing a silicious pig. This removal of Carbon before the
Silicon is shown in diagram (fig. #4),

High Silicon and High Manganese Pig-Iron,—Pig-iron of this
composition is not often employed, at all events in England, as such
iron is not produced commercially in any large quantity; but below
(Table xii.) are given analyses of samples by Kessler and Muller, and
the curve (fig. 85), and Tables xiii. and xiv. give particulars of other
similar charges. The high temperature developed by the Silicon would
produce a very fluid slag of Silicate of Manganese, which would in all
probability be very destructive to the linings of the converters,

TABLE XII.—KgessLEr AND MurLrr's RESULTS.

COXVERTER SAMPLES.—Times of Blowing

‘ 3 4

Pig Metad, |
15min. | After
5 min 10 min. End of Addition of
‘ | Blow. Spiegel.

Carbon, graphitic, - 14 ‘
,»  combined, - | 075 2-465 0949 | 0087 | 0234
Silicon, - - . 06 0443 0112 | 0028 0033
Phosphorus, - = fo @ 0:040 0045 0045 0044
Sulphur, - - - L Trace. Trace. Trace. Trace.
Manganese, - . - 46 1'645 0429 0113 0139
Copper, Wik g 4 08 0-091 0095 0-120 0°105

CoRRE3I'0NDING SLAGS FrRoM CONVERTER.

5 1695 | 47"
Alumina, . ¥ - - - 465 98 2:80 34
Ferrous Uxide, - . . . 678 558 1686 15°4:
Manganese Protoxide, - 3700 3790 32923 | 31 '8¢
Lime, e - 298 | 176 119 :
Magnesia, - - - . - A8 ot 2 0-61
Alkalies, - - . - - Traces. | Traces. | Traces. Traces.
Sulphur, - - - - - 004 | Traces. Trace. |
Phosphorus, - - - - - 003 | 002 . 040! 0-01

Silica, = - - - . o 46°78 ‘ 517

0«

TABLE XTII *

Time of Actual Blowing—Minutes. 1 After the

SEENLS—— T V' 7T

]
| Initial ;
! Charge. | |

15 % | Spiegeleisen:
5 20 |

16 [ 019 021
0°0: 001 0°16
01

Silicon, - | 3
12 I 006 0-22

Carbon, -| 303
DD ]
Manganese, 5

* Dingler's Polyt. Journ., Band cev., p. 436,

HIGH SILICON AND HIGH MANGANESE PIG-IRON

TABLE XIV,

Time of Actual Blowing—Minutes.
Initial
Charge.

! After Addition
of

I
b )
Spiegelei

‘ : | 10 18 i Spiegeleisen. |

Lo | \
|
|
[

Cgl:bon, . - 3-460 | 2 1630 0104
Silicon, - - 1-930 | 0 | 0790 0-346
Manganese, - 2990 92 1368 | 0621

Bemoval,
wow

8 9 w0 M 12 13 14 15 76 17 18 189 20 Minufles

9. —llimination of Carbon, Silicon, and Manganese in Acid Bessemer. High
Silicon and High Manganese. (Kessler.)

In carefully examining the various diagrams, it will be noticed that
ﬂ]thoughl the removal of the impurities is similar in many cases, yet the
gomposition of the metal and conditions of working have \’:}1’)‘ considerable
eliect on such removal, the Carbon being attacked much earlier in th blow
il some cases, than in others. Such “differences may be due in part t(;
€rrors arising from the difficulty of obtaining representative samples of the
:I;th of metal during the different periods of the blow, and consequently

i:i;esults mlfl\t’.m"F be regarded as m any sense absolute, but simply as
Bl¥ing a general indication of the oxidising reactions which take place in the
fonverter under a certain set of conditions. '




