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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 dccar­
burise completely, and to produce the required grade of steel by addition of 
Ferro-)langanese, Spiegel, Ferro-Silicon, &c. Converters to blow only 10 
cwts. of metal can be used successfully, and generally speaking the proce~s 
lends itself to the production of small castings. With a 2-ton com·erter 
large castings can, bowever, 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 
2-ton converter, 3 to 4 tons casting can be produced. The waste is said not 
to exceed 14 per cent., which is exceptionally little for such small heats, and 
is certainly surprising comidering the Jarge 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, a,nd many difficulties would 
&rise in regard to linings and in dealing with the slag. The process is at 
work at Woolwich Arsenal, where there are three converters which are said 
to give extremely satisfactory results. 

The Stock Con verter. *-This is a combina.tion of an oil-melting furnace 
and small side-blown converter. Materials are cbarged cold into the pre- · 
viously heated con verter; oil fuel under a pressure of about 40 lbs. to tbe 
_square incb is supplied througb flexible tubing to small tubes about l-,., of an 
inch in diameter, let into the main blast twyers, which are about 2 inches in 
diameter, and air for combustion, ata pressure of about l½ lbs., is admitted. 
When the charge is melted, which takes about l½ hours for a 3-ton charge, 
the converter is rotated to the blowing position, the oil shut off, and the batb 
of metal subjected to a blast of air on the surface for about 16 to 19 minute,:, 
when tbe vessel is rotated into the teeming position and finishing metal 
added in the usual way. The waste gases formed during the meltiug of the 
charge pass tbrough an economiser containing iron pipes tbrough whicb the 
blast passes on its way to the converter, and in passing through which it is 
heated up to a temperature of 700º F. During the actual blow the waste · 
gases are allowed to escape, as tbey contain so mueb solid matter that they 
would be injurious to the regenerative apparatus. Owing to the intense beat 
deYeloped during melting and blowiug with heated blast, the con verter 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 tbat 
no impurities are taken up by the pig-iron during meltiug, as in case of coke 
melting in cupolas, and owing to the hot blast being used a very bigh 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 tbat 
it can be rotated into the different positions for charging, blowing,and teeming. 

Small Converters Considered generally.-Although tbese small 
converters still have sorne enthusiastic supporters, with the few exeeptions 
where manufacturers find it necessary to make tbeir steel in comparatively 
small quantities under their own supervision, 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 giv~ 
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 eonverter can be 
used as a ladle to distribute the steel in small ladles for di.fferent castings, 
and thus tbe metal be kept very hot until the whole hea.t has been cal1t, 
Frequent charges can be made during the day, instead of one cbarge as in the 

* for further details, see pa.per by P. P. Dowden on "The Manufacture of Steel," 
.read before the Institute of Marine Engineers, Feb, 17, 1913. 
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open hearth fumace. Less space is r . d . 
as soon as one set of castin s is set t~qmre lll the moulding shop, for 
reeommeneed, whereas for a giemens furney ca~b~ removed _and moulding 
be available to take an entire charrr ace su cient mouldmg space must 
~t. all events, whatever may be t:' ~ro:a~ly ff not less thau 5 or 6 tons. 
is m tbe direction of steel foundin: tha~~t o ~mall con:verte1· plant~, it 
as they cannot bold their own arrainst th 1y aie most hkely to develop, 
Bessemer plants for ordinary steel . f ~ arge outpnts of Siemens or 
by the la1·ge waste wbich occu1·s dur~nanu ac ur~, and are also handicapped 

1 g con vei·s10n. 

OH.APTER IV. 

CHEMISTRY OF THE ACID BESSEMER PROCESS. 

General Considerations.-The reactions t k' " . 
.Uess_emer converter, under various workin a d~'? place m the acid-lined 
atudied by Snelus in tbis country by K g et· 1t1ons, ha.ve been carefully 
Oontinent, aitd by F. J ulian in A . upe "'.iesser and Ledebur on the 
the subject has received special atte ~:r1caf wh11 the tbermo-chemistry of 
and, later, from Professor Hartle n ion rom ordan, Akerman, Pourcel, 

T . ~ 
o amve at the cbemical histor f th .B examine the bath of t I t y o e essemer blow it is necessary to 

produced ; also to exai::: t:e r?eated inter:'als,. and note tbe chauges 
thermal conditions existing at et ~uct~ t or1dat1on, and to consider the 
products of combustion are ei e per10 w en_sa':°ples are taken. The 
away with the Nitro"en at t{her gaseous or hqu1d, tbe former passing 
flll!!ng at the intense ºheat dev:l mo;tt ºÍ, the converter, a.nd the latter 
wh1cb, being lighter than tbe molt°pe ::a.1 ofim a more_ or less fluid slag, 

Three Stages Involved.-Te;e mr:acti oats u~on its surf~ce. . 
Bessemer blow are usuall d' "d d . ons takmg place m the ac1d 
slag-forn_1ing period; 2nd, [he b:h ~ a::t;hr{e st~g:s or p_eriods-lst, the 
first penod the greater portion of th M 't e fimsbrng p_e:10d. During the 
and unite with sorne Oxide f I. . e l anganese and Sihcon are oxidised, 
Silicate of Iron and Ma o ion s1mu taneously produced to forro a double 

S
i~g: the Car bon is not ap;r~:r:~?/~~fa:c:nl U~?t nor~al conditions of work-

1hcon has been remov d I e . un l a considerable portion of the 
tl 

e , suc 1 proport1ons as . 'd• d . 
~os y as Carbon Dioxide (CO) Th. . ~1e ox1 ise passrng away 
violet-coloured flameatthe mouh~oftb 1s per10d is m~rked by an irregular 
more steady in character and h : converter, wb1ch gradnally becomes 
of the bath increases. .A.fter cb anf:s o a y_ello~ colonr as the temperature 
ment of the blow tbe C a o~ ve or .s~ mm u tes from the comm1mce­
very fluid owing to tbe ~t~nt begms to ox1d1se rapidly, and, the bath beinrr 
relatively large proportiol of s~_perat~e produced ~y the combustion of ~ 
com':°ences. During this period ~~on, . J :?concl per10_d? known as the boil, 
contmues, and the reate e ox1 a ion of the Siheon and Manrranese 

_form of Carbon Mo!oxid; (cªó)t of ~te Carbon is also removed, mostly in the 
part of the blow ra id! ' as e ~ercentage of C02 formed in the earl 
from tbe curves in lcr f9 de~;e~s:~ ~hile t~e CO increases, as will be see; 
cafl 118es_ th: violent agitation o/8the \ ºS:at1~n. and escape o~ this gas w hich 

_ame lSsuma from th a ' an is attended with a very lar e 
s1derable qu~ntities o; =~uib ºi t~e con verter, and with the ejection of co!. 

• ;,ure, ª;Ud consequently ~nª t~: ti8u:3itnd t further increase in the tempera­
ound m the gases issuin f y o the metal. Sorne Hydro"en ie 

blow, derived from the ar r~mt;1IlOUtfh of converter during this part ~f the 
ssocia ion o water vapour in tbe blast . 
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During the last period the small amount of Silicon le~t and the remainder 
of the Carbon are oxidised, the latter ~o Carbon Mono~1d_e, t?e temp~rature 
being too high to admit of the producbon o~ Carbon D1ox1de m the presence 
of iron. Sorne fron is also oxidised, ~s w11l be. seen from the ~nal~se~ of 
slacr in Tables viii. and xii., where it w1ll be not1c_~ that th~ oxide 1ap1dlh 
inc~eases between the end of the boil and the add1t10n of Spiegel; alth?~g 
· here low Silicon picr-iron is used, and consequently a comparatnely 
m cases w o . • th' · t , •ked low temperature prevails, as in .A.menean practice, 1s 1s no ve_1y mar , 
and is in fact hardly perceptible at times. At the end of tbe b?il the ~ame 
a.t tbe mouth of the converter rapidly contracts, and the final d1sappeaiance 
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Fig. 78. -Curves sbowing removal of Carbon, Silicon, and 1\-Ianganese 
in Acid Bessemer Procesa. (From analysis by Snelus.) 
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Fig. 79. -Cur\'es showing composition of gases evolved from 
Bessemer Converter at different stages of the Blow. 
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of the Carbon is marked by tbe "drop of the flame," which indicates thr.t-. 
the conversion is complete ; the blast is then shut off, and the Yesstl 
immediately turned down. 

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

1'ARLE VIL-ANALYsEs BY SN&Lus oF GASES FROM B&ssEMER CoNVERTER. 

Minutes from commencemeut ot operatiQo. 

L_ 
1 

2 6 

1 

10 12 1 14 
-

Carbon Dioxide, . 10·71 8·59 8·20 3·58 2·30 l ·34 Oxygen, . . 0·92 ... o ¡ o o o Carbon Monoxide, o 3·!'6 4·52 19·59 29·30 3l·ll. Hydrogen, . . . 
{ 88·37* { o·8s 2·00 2·00 2·16 2·00 Nitrogen, . . . 86·57 85·28 74·83 66·24 65·55 Carburcts of Hydrogen, ... ... ... ... o .. . 

---·- - - --
- 100·00 1 100·00 

1 

100·00 100·00 100·00 I00·00 
1 

A certain amount of both iron and Manganese is volatised during the 
second 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 
?ifonoxide they are burnt. 

Production of Fume.-The following analysis of fume is by Schoffel, 
nnd Prof. Hartley t considers that its composition suggests the volatilisation 
of Silica, or sorne Silicate or Silicon :-

FeO, 16·29; MnO, 48·23; Si02, 34·86. 

The percenmge of iron in the fume increases towards the end of the blow. 
since, for the complete removal of metalloids, a certain amount of over­
blowing or oxidation of the iron is necessary; and it seems probable that. 
some 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 
blowing is continued so that the brown fumes become extremely dense, 
there is no corresponding increase in temperatu1·e to account for increa..'led 
volatilisation. That Manganese is comparatively volatile has been distinctly 
proved, and there seems considerable probability that this element is 
volatilised to a small extent. 

The Carbon, although responsible for the development of a certain. 
am?unt of heat, plays a comparatively unimportant part in this respect. 
ow1~g to the greater amount of the Carbon being oxidised only to CO­
or, 1f oxidised to CO2, being again reduced to CO-and also to the fact. 
t~at ali the products of its combustion, being gaseous, escape with the 
a1r, carrying away a considerable amount of heat. Silicon is the great. 
heat producer; it 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 limits, is a very 
useful constituent, especially when the Silicon is low, as it raises the 
temperature of the bath, forms a fluid slag, protects the metal from 

* Hydrogen not determinad separately. 
t" Cantor Lecture," March, 1898, by Prof. Hartley. 

6 
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o\'Cr-oxidation, and, lastly. tends to remove th~ ~ulphur f!·om ~h~ molten 
metal. Sulphur and Phosphorus are not ox~d~sed, or, 1f ox1d1sed, are 
immediately reduced again in the presence of a s1hceous slag, and pass baclt 
into the metal. During the Bessemer blow of a. ~O-ton charge of metal 
havina the followina composition-Oarb, n, 3·50; S1hcon, 2·00; iJanganese, 
l ·00~7 cwts. of O,~·bon, 4 cwts. of Silicon, and 2 cwts. of Manganese are 
burnt, and as Silicon is a much greater heat producer than C_arbon t_he 
intense temperature developed in the Bessemer converter 1s 1·eadily 
accounted for. ¡ · ¡ 

Mass Action in the Converter.-The influence of mass on c 1~1mca 
action has a most important bearing on the reactions which ta~e pla~e. m the 
Bessemer converter. It cannot be supposed that traces of .1~pur1t~es are 
seized by the Oxygen out of the large mass of_ me~l and _oxi_d1sed dll'ec_tly, 
but it is generally admitted that the oxidation 1s an md1rect react10n, 
Magnetic Oxide being first formed near the twyers, and reduced by ~he 
impurities in the bath to FeO and Fe as it passes upwar_ds. ~~e ~xide 
formed at the twyers thus acts as a carrier of Oxygen to ~e 1IDpunti~s.m the 
bath, and the oxidation and reduction of iron go~s on until all 1mpunbes are 
practically removed, when, ü the blow is not at o_nce s~pped, the bath of 
metal rapidly becomes "burnt "-i.e., sur~~arged with Oxide of Iro~. • 

Thus the great affinity of Car bon, Silicon, and. Manganese f~1 Ox) gen 
enables them to act as reducing agents to the Oxide of Iron fmmed, aud, 
while being themselves oxidised an~ re~oved, th~y prevent, as long as they 
are present in the bath, any over-<?xidat~o~ of the uon. . . 

Silicon beinu the rnost readily oxid1sable element _m the metal, 1ts 
reducing action 

1
'\s so great that, until it _has been ~3:rgely removed, the 

oxidation of the Oarbon <loes not, under ordinary conditions of temperature, 
eoriunence as will be seen from the curves and analyses on pp. 87, 88, et seq. 
So great i~ the affinity of Silicon for Oxyg~n, that it is c~p~ble ~f decoro~ 
posing to a large extent any Carbon Monox1de pr?duced, g1~ng_ r1se to th 
formation of Carbide of Iron, and so preventmg the ox1dat10n of the 
Carbon durina the early stages of the blow. 

The Function of the Slag.-The action of the slag i_n the Bessemer 
-converter is a somewhat disputed question-.A.kerman holdmg st:ongl~ ~he 
view that it plays a most important part i_n tl~e oxidation_of th~ 1mpur1t1ej 
as it does in other refinery processes. Th1s view, he cons1ders, 1s supporte 
by the changes in the slag during the operation, as in_ nearly al! cases ~he 
percentage of l!'errous Oxide is considerably reduccd dur10~ the b_o~l, sl~owmg 
that it must have acted as an oxidising agent to the ~mp~r1ties_ m t~e 
metal. As, however, was pointed out. by Campbell,* m d1sc~ssmg th18 
point the amount of available Oxygen calculated on the we1ght of the 
Ferr¿us Oxide present is too small to have very much infl.uence, unless we 
assume that it acts as a cal'rier of Oxygen to the b~th. That _the slag has 
some oxidisinrr effect there can be little doubt, as m the Bas1c Bessemer 
process it is p;ssible t~ add _from 1~ to 15 cwts. of Oxide_ of l:on to a !-toed 
-charge without apprec1ably mcreasmg the percentage ~f 1r~n m t~e fimsh 
slag; but it is certain that the slag does not play anythrng hke the 1mport~t 
part it does in the Siemens furnace. In the latter ali the Oxygen of tho a~r 
ha~ to pass through the slag first, when once the bath is melted, befor~ 
reaches the metal whereas in tbe Bessemer procesa, the Oxygen has to P 
through the metaÍ before it rea.ches the slag. The probability i~ that wh~n 
a very oxidisinrr slaa is formed in the early part of the blow durmg t~e boil, 
the me'.al and slag being more or les3 intim_ately mix~~• t_he L~tter g1v~s up 
part of its Oxygen until a state ~f .ªPP;º:1mate eqm~~bnum 1s estabhshed. 

• Trcm8. American lnst. Minrng Eng1neers, vol. xxn., PP· 668-9. 
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That is to say, for a particular set of conditions depending upon the 
composition of the slag, the composition of the metal bath, the tem:eel'8.ture 
of the metal, &c., 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 flhe sla~, M 
the conditions vary during the blow. " 

Composition of Pig-iron.-The pig-iron used for acid Bessemer steel 
manufacture may va1·y within very considerable limits-

1. Low Silicon (under l ·0 per cent.) and hiah Manganesa (from 2·4 per 
cent.), as in most Swedish works. 

0 

2. Low Silicon (under l ·00 per cent.) and low Manganesa (under 0·5 per 
eent.), as in many American works. 

3 High Silicon (from 2 to 2·6 per cent.) and low Manganese ('76 per cent. 
and less), as in most English works. 

4. Occasionally high Silicon (2 per cent. and over) aud hiah Manaanese 
(2percent.). 0 0 

. · Under suitable conditions good steel can be made from al! these classes of 
1ron, but whatever the percentage of Silicon or Manganese, the Phosphorus 
and Sulphur must both be below ·06 per cent., as neither of these con­
stituents is removed during the blow. 

Low_ Sili~on and High_ Manganese Pig-Iron.-The use of this 
elass of 1ron 1s almost exclus1vely confinad to Sweden, as the native ores 
conta~ning M:anganese produce a pig-iron which is low in Silicon, often 
<:ontams 3·6 to 4·6 per cent. of Manganese, and is exceptionally free 
!rom Sulphur and Phosphorus. To the low Silicon and high Manganese 
1s largel~ due the fine quality of the finished product, as they jointly 
develop JUst enough heat to enable the metal to be cast. The Manganese 
also plays an important pa.rt in preventing oxidation of the metallic 
bath, for even_ if blown quite down, the Manganese is rarely completely 
r~mo~ed, as w1ll be seen from the analyses and cun·es given. The prac­
t1ce m Sweden is not to blow until the Carbon is completely removed, 
and then to recarburise by additions of Ferro-Manganesa, Spiegel, &c., 
b_nt to stop the blow at the point when the required degree of decarburisa­
hon has been reached. The Manganese in the pig-iron not only protecta 
the bath of metal from direct oxida.tion, but has a distinct tendency to 
remove S~lphur from the metal, and has the most iroportant indirect effect 
-0f producmg a very fluid slag which is at the same time far less oxidisina 
than a rich iron slag. Akerman * is of opinion that the areat fluidity 
-0f the_ slag i~ SweJish Be.,semer practice plays a most impo~tant part in 
removmg Oxide of Iron from the metal, as the more liquid the slag, the 
more completely it is brought into intima.te contact with the metal and the 
m?re rea.dily <loes it remove and absorb Oxide of Iron, which wodld other­
wise remain _i~ the bath of metal. On the other hand, Manganesa rapidly 
-l!-ttacks t~e lmmg of the converters, and in creases the waste. The Carbon is 
gcner~lly somewhat higher in these Manganiferous irons than in ordinary 
hematites, but this is no disadvantage, except that it slightly increases the 
waste, and prolongs the operation. The large amount of Carbon and 
~anganese present suppleruents the heat given out by the Silicon and 
~ithout t~e h!gh percentage of these elements it would probably be i:npos­
Blble, c~n.s1derrng the small charges worked, to cast the metal satisfactorily, 
as con<l1t1ons do not lend themselves to the rapid work which is so essential 
~ feature of American practice when workiug low Silicon pig The follow­
Jng 9:re analyses of samples taken with slags corresponding, during a 
Swedish Bessemer blow, and figs. 80 and 81 show grapbically the rate of 
removal of impurities :-

• Tmn8. American but. Mining Engineere, vol. xxii., p. 282, 
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TABLE VIII. 

' 

1 

No. l. No. 2. 
)1EDICM )IAliGA..'iESE, VERY Hmn )IANGA.'iESE. 

- -
1 

1 Sm.,~-Fumnce 3m. 4 m. 6m. Furnnce 4m. 
Metal. 45 s. 45 s. Metal. 15 s. 35s. 20s. 

r 

4·30 -:;~l 422 4·20,~ 
--

Carbon, 4·00 ·55 
Silicon, l ·02 ·03 ·03 ·03 1 ·06 ·43 · 12 ·Oi 
Manganese, 1 ·83 ·22 ·12 ·09 5·12 3·26, ·85 ·43 

Suo. 

Oxide of Iron, . ... 114'20 18·52 31 ·l9 .. . 1 4·20 6·24 9·45 
Oxide of Maaganese, ... 26·31 31 ·01 25'43 ... 46 as 52·26 48·9'2 
)Iagnesia, - - ... 

1 

·22 ·14 ·11 ... ·5-l ·29 ·46 
Lime, - . . ... 62 ·38 ·32 .. . l ·26 ·70 l ·00 
Alumina, ... 2·86 2·70 2·24 ... 3·08 2'49 2·94 
Silica, . . ... 55·26 47'20 40·5 O .. . 45·87 ¡ 39·07 37'63 

In blowing metal with 2·5 per cent. and upwards of M:anganese, sufficient 
is usually left in the bath at the end of the blow to make further addition of 
this metal quite unnecessary; and n,any thousands of tons of steel ha.ve been 
made in Sweden without either any Ferro-Manganese or other finishing 
metal being added, the finished product being entirely free from red short­
ness. Probably the low percenta.ge 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 tu that in ordinary English hematite, the same free­
dom from red shortness could be insured without Mnngnnese additions. 

The percentage of Sulphur originally present in Swedish pig-iron is so 
low that the influence of l\Ianganese in further reducing this is not easily 
noticed; but both in acid and in basic practica, whether Bessemer or Open 

• Hearth, a Manganifor'ous slag always tends to reduce the Sulphur in the 
finished metal. 

1 
TABLE IX.-ANALYSES OF GASES BY 1\1. TAMM FROM Two BLOws AT 

w ESTANFORS \VoRKS, SwEDES'. 

1 
Minutes !rom Commencement of Operation. 

First Scl'ies. 

3 lo 4. 9 to 10. 
1 

21 to 24. 26 to 27. 

·--
Carbon Dioxide, - 9·127 5·998 4'856 1 853 
Oxygen, - - . 4·762 1 699 0·967 0·550 
Carboo .Monoxide, . o 17-555 19·322 14·311 
B;drogen, . . . 

1 

o 0·908 l ·)20 l ·699 
N1trogen, . 86·111 78·840 73·735 81 ·587 

S..cond Series. 2 to s. 
1 

8 to 10. 12 to 16. l'i to 10. 

Ca.rhoo Dioxide . 6·608 
1 

6·608 4·144 2·995 Oxygen, . ' • . . 7 256 l ·206 0·989 l ·318 
Carbon ~lonoxide, o 15·570 25·580 25·606 
}!ydrogen, • . . . o l ·112 l ·040 1'120 
N1trogen, • . . 86·136 76·4ú0 68·256 62·061 

' r 
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The foregoing ta.ble 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, althougb gradually decreasing towards the enu 
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 
lirst few minutes. This difference in the composition of the gases may ha,·e 
been due to the depth of metal blown being very small comparad to the 
press11re of the blast. In other respccts, the analyaes coufirm results 
obtained under <lissimilar conditions, Carbon Monoxide increasing, and the 
Carbon Dioxide decreasing as the blow proceeds, the percenta.ge of Hydrogen 
depending upon the amount of water vapour in the a.ir. 

Low Silicon and Low Manganesa Pig-Iron.-That the temperature 
of the Bessemer charge principally depends u pon the Silicon in the pig-iron, 
was first pointed out by Prof. J ordan, * of the Ecole Centra.le in Paris, in 
1869, and then by Prof. R. Akerman in 1872; t and for man y yea.rs the 
pig-iron for Bessemer work has been selectecl by its content of Silicon, 
either higb or low, to rueet the special conditions of work, whetber a bot 
or cold metal is required. The larger the quantity of metal blown, and the 
greater tbe rapidity with which the blows follow one afler the other, the 
less Silicon will be required to keep up the heat of tbe bath; consistent 
with maintaining the metal fluid, the lower the Silicon the better, as there 
will be less waste, and quite as good, if nota better product. 

In America, the practice in many works is to use metal very low in 
Silicon, from ·8 to l ·2, wbich enables very rapid work to be done, the entire 
blow not lasting more than eigbt or nine minute3; the heat developed by 
such pig-iron is barely sufficient to keep tbe steel fluid for casting, and it is 
only by most ra.pid working-one heat following a.nother practically without 
any interval, so that converters, ladles, &c., &c., are ali kept extremely hot­
that it is possible to avoid "skulling" in the Jadle. 

The advantages of low Silicon a.re :-(1) That a better yield is obtained, 
due, not only to the smaller amount of Silicon actually removed, but abo 
to the smaller quantity of iron fl.uxed away in the forro of Ferrous Silicate, 
as, especially in the absence of Manganese, iron is the most readily available 
base, and combines with the Silicato forro a Silicate with consequent loss of 
metal. 

(2) The larger tbe amount of Silicon in the metal, the largar obviously will 
be the amount of Oxygen required, and, consequently, the duration of the 
blow will be longer, and the wear and tear on the converter lining, especially 
on the bottoms, will be greater. On tbe other hand, with metal very low in 
Silicon, there is always considerable risk of not developing sufficient heat, 
and of the metal setting either in the con verter or in the ladle. The general 
effect of Manganese in the Bessemer con verter has already been 1·eferred 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 a very important factor in Bessemer work, especially when low SiliCGn 
pig is us.ed, as low Manganesa and low Silicon in the pig genera.lly indica.to 
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 le~s, 
0·5 per cent. of Manganesa, and under 0·10 per cent.of Sulphur, although in 
America a pig-iron low bc,th in Silicon and in Sulphur is made regularly iu 

• Bulletin de la Société des lngénieurs Civils. 
t Iron a11d Steel ln8t. Journ., 1872, vol. ii. 
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oe~tain di~tricts-a result probably due largely to a very low Snii1hur cohe 
being ava1lable. 

-

TABLE X.-AMERICAN PRACTICE. 

i lNITI.AL CHARGE, 
1 TI.ME 011 ACTUAL IlLOWINO. ¡ 1 

Steel A ver'gei • 
Molteu Scrap Compo- 2 u· M. S. M. S. ¡ M. S. M. S Spei(!el- Artcr 1 
Metal. esti- sitionof 10

• 3. 20 6. 3 8. 6 9 10 elsen Atlil:i,g 
mated. 1Charge. • Added. SJ>!li:;etl ____ , ___ ' __ e1sen. 

-- ---------
Carbon, o·:;6 ~·9S 2·94 2·71 1 ·72 0·53 0·04 4·64 0·4,3 Silicon, - . · 0·9S 0·08 0·94 0·63 0·33 0·03 0·03 0·02 0·035 0·038. Manganese, - · 0·40 0·97 0·43 0·09 0·04 0·03 0·01 O·Ol 14·90 1 ·15 

-¡ 3·10 

Phosphorus, - O·JOl 0·10 ... 0·104 0·106 0·106 0·107 0·108 0·139 0·109 Sulphur, . . 0·06 0·08 0·06 0·06 0·06 

',LAG, 

Silica, 
Alumina, . . 
Ferrons Oxide, . 
Ferric Oxide, . 
Mangan. Oxide, 
Lime, ... 
Magnesia, . 
Phosphorus, . 
Sulphnr, . . 

Aw::;::rance of 
ame, - .. 

Cubic fcet of air 
Cubic feet of ai; 

per minute, 

liem.ova,/, 
¡,ercem 

1 . 
1 ... . .. ... 

... . .. . .. 

... . .. ... 

... ... . .. 

... ... . .. 

... ... ... ... ... ... 

... ... . .. 

... .. . . .. 

1 { r· ... 

}::: ... . .. 
... . .. 

0·06 0·06 0·06 ... 

1 

42·20 50·26 62·54 63·56 ... ... 
5·63 5·13 4·06 3·01 . .. ... 

40·29 34·24 21·26 21 39 . .. ... 
4·31 0·96 l ·93 2·63 . .. . .. 
6·5! 7'90 8·79 8·88 . .. . .. 
1·22 0·91 0·88 0·90 ... ... 
0·36. O·:J4 0·34 0·36 . .. .. . 
0·008 0·008 0·010 G·OJ4 . .. . .. 
0·009 0·009 0·014 0·008 . .. ... 

.; 
t,j¡ 

.; 
Cl ai ai 

6 Cll 8 o . 
Cl ..8 l'.l. ., p. 

a! ·¡; ~~ o ., o 
~ ;; 4> ... 

º'"' Cl $ Cll Cl 06 'C --c 
o ..e '8 .8 ;::Ji Cll Cl '-' 
~ bl) E ~~ 
00 

·¡:: ~ ... ~ a! º""' ~ 
a! ~ ~a! o 

34,502 30,628153,481 45,365 26,430 1,868 

17,251 22,97119,69121,81025,685 11,2081 

<i f'~:,,-T11~-;;E;::::::::-,--,--,---.---.---,r--"""T,"-~ 
10 \ ', 

\ ', 

ui h1~~-+...:...:....p..~--+-~~f:.--.'.:'.1L_J 
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'°º oo -~1~_-'=~z~---;!3:=:.::~4:.:=:=~=~;¡;;:;~E=::,:=a~.J1~~~-~9t:i__J 
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Fig. b2.-Elimination of Carbon, Silicon, and Manganese in A cid Bessemer. 
and Low Ma.nganese (American Practice). 

Low Silicon, 
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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 graphica.lly the 
rate of removal of the impurities. It will be noticed tbat neither Phos­
phorus nor Sulphur decreases; in fact tbere is a sligbt increase, and that 
the slag, after the addition of Spiegel, contains less Oxide of Iron and more 
Oxide of Manganesa, whicb seems to point to tbe conclusion that sorne iron 
has been reduce<l from the slag by the Manganesa of the Spiegel. 

The increase of botb Sulpbur and Phosphorus is generally somewhat 
-greater than that shown by these analyses, and it mny generally be taken 
that such increase will be directly proportional to the waste or loss during 
blowing, and tbat tbese impurities will be concentrated in the steel to tne 
extent of such loss. 

High Silicon and Low Manganese Pig-lron.-Pig-iron with 
about 2 per cent. of Silicon may be considerad to represent fairly the 
iron used, and is found to give the best results, in English and Con­
tinental Bessemer practica. Pig-iron of this composition can be regularly 
and easily macle low in Sulphur, a.nd 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, &c., &c. Sometimes the Silicon is as high as 2·5 to 3 00 
per cent., but if so, it is generally necessary to cool tbe blow by scrapping, 
and 2·0 to 2·25 per cent. of Silicon is what is preferred. The Manganesa 
rarely exceeds 0·75 per cent., and Sulphur and Phosphorus sbould 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 a 
Bessemer blow, and the curves (fig. 83) are clednced from these, and may be 
taken as fairly representative of the English practica, except th:i.t tlie 
Manoanese in the pig-iron is exceptionally low. Temperature has a very 
marked inl:Iuence on the removal of impurities, and as this temperature 
depends principally upon the Silicon prcsent, the question of Silicon is very 
important. Provided the metal can b.l obtained bot enough to cast readily 
into ingot moulds, and free from Sulphnr, 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. U nder ordinary conditions, the Silicon is 
oxidised from the commencement, and passes out rapidly at first before 
the Carbon is largely attacked, and then more gradually with tl1e Carbon 
during tbe remainder of tbe blow, being almost completely removed before 

TABLE XI.-ENGLISH PaACTICE-ANALYSES AT THE Dowu1s WonKs. 

Time of Blowing. 

Molten Att.er 
Metal. 

1 
additlon of 

6min. 9 min. 13 mlu. Spiegel. 

i 

Graphite, • - 2·09 1 - ! ... ... 
Coml,ined Carbon, . 1·20 2·127 J ·55 0·097 0·566 
Silicon, . l ·952 o-;95 0·635 o.o~o 0·030 
Sulphur, 0·014 Trace. ... Trace. ... 
Phosphonis, 0·048 0·051 0·064 0·067 0·055 
Manganese, - 0·086 Trace. ... Trace. 0·309 
Copper, . ... ... ... .. . 0·039 

1 --
* Howe, Iron and Steel Inst. Journ., 1890, vol. ii., p. 102. 
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the drop of the fl.ame. If, however, from any cause-either a very high 
percentage of Silicon or a very high initial temperature of the metal-the 
temperatura of tbe 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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in finished low Carbon steel. One case carne under tbe author's notice 
sorne years ago, in which a low Oa.rbon steel with about · 12 per cent. Ca.rbon 
conta.ined 0·90 per cent. of Silicon. According to Mr. Ca.mpbell, it was the 
pra.ctice in Germany at sorne works to make high Silicon steel for special 
purposes by blowing a silicious pig. This removal of Carbon before the 
::-ii licon is shown in diagram (6g. U). 

High Silicon and High Manganesa Pig-Ir~n.-Pig-iron of this 
composition is not often employed, at all events m England, as sucb 
iron is not produced commercia.lly in a.ny large quantity; but below 
(Table xii.) are given ana.lyses of samples by Kessler and l\foller, a.nd 
the curve (fig. 85) a.nd Tables xiii. a.nd xiv. give pa.rticula.rs of other 
similar charges. i'he high temperature developed by the Silicon ~ould 
produce a very fluid slag of Silicate of lfanganese, which would m ali 
probability be very destructive to the linings of the converters. 

TABLE XII.-KEssLER AND MuLLirn's RESULTS. 

r Col!i\'ERTER SAllPLES.- Times ol Blowing. 

1 
1 2 8 ' PigMetl\l, 

15 mio. After 
6 min. IOmin. End ol Addltlon of 

Blow. Splegel. 

Carbon, graphitic, 3·180 ... ... ... ¡ ... 
,. combined, 0·750 2·465 0 ·949 O 087 1 0·234 

Silicon, l ·960 0·443 O 112 0·028 0·033 
Phosphorus, . 0·0-10 0·040 0·045 0·045 0·044 
Sulphur, . . 0·018 Trace. Trace. Trace. Trace. 
~fanganese, • . 3-460 l ·645 0 ·429 0 ·113 0·139 
Copper, . . 0·0S5 0 ·091 0·095 0·l~0 0·105 

CoRRE,i ONDINO 8LAGS FROll CoNVERTER. 

Silica, . . 46·78 51·7.5 

1 

46·75 47·27 
Alumina, 4·65 2·98 2 ·80 3-45 
Ferrous Oxide, . . . 6·78 5·58 16·86 15·43 
Manganese Protoxirle, . . 37·00 37·!l0 32·23 3l•Sfl 
Lime, . . . . . 2·98 1'76 1·19 l ·23 
Magnesia, . . l ·5:l 0·45 0·52 0·61 
Alkalie-s, . . . Traces . Traces. Traces. Traces. 
Sulphur, . . . 0·0l Traces. Trace. ... 
Phosphorus, . O 03 0·02 0ill 0·0l 

TABLE XIII. if. 

Time ol Actual Blowiug- Mlnutes. After the 
Initlal Additlon of 

Charge. 

~ 
10 16 20 

Spiegeleisen. 

- -----
Carbon, . 3·03 3·19 l ·61 0·l9 O 21 
Silicoo, 2-41 l '26 0·27 0·03 0 ·0l 0·16 
Manganese, 2-45 0·70 0·19 0·12 1 0·06 0·22 

1 

• Dingler', Polyl. Joum., Band ccv., p. 456. 
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TABLE XIV. 

Time of Actual Blowlng-Mlnutea. 
Initlal 

Charge. 

1 
6 10 1 18 

1 

3'460 2'710 l 630 0·092 
1·930 I ·0i0 0·790 0·532 

fil 

. -
After Additlon 

ot 
Spiegeleiaen. 

0·104 
1 0·346 1 Silicon, . 

Manganese, 2·990 l ·920 l ·368 0·53S 
r 

0·621 
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Fig. 85. --Elimination of C'arbon, Silicon, aod Manganese in Acid Bcssemer. lligli 
Silicon and High Manganese. (Kessler. ) 

b carefully e, amining the various diagra.ms, it will be noticed that 
althoug_h_ the removal of the impurities is similar in many cases, yet the 
oomposit1on of the metal and conditions of working ha.ve very considerable 
~il'ect on such removal, the Carbon being a.t tacked much ea.rlier in th blow, 
in sorne. ~ases, thau in others. Such diífel'ences may be due in part to 
enors nr1SJng- from the diffi.culty of obtaining representa.ti ve samples of the 
bath of metal during the different periods of the blow, and consequently 
the_ results mu~t not be regarded as in any sense absolute, but simply as 
givmg a general indication of the oxidising reactions which ta.ke place in the 
converter under a certain set of comlitions. 


