
168 METALLURGY OF STEEL. 

In America accordino to Campbell, * the scrap, instead of being 
charged cold with the pig-iron, is occasionally hea~ed in a separate furnace 
while the pig is melting, and is then cbarge~ hot 1~to .the molten ba.th of 
metal but so far as the iiuthor is a.ware th1s practica 1s not followed any• 
wher~ in this country, and is exceptiona.l in America; a.nd it is ~ore than 
doubtful if it presenta any advantages. In cases wbere very hght scrap 
has to be used, as it is often impossible to charge tbe wbole ~f the sc_ra.p 
before melting, it is best then to bundle it ~n~ charge from time, t? time 
into the molten bath, but with beavy scra.p 1t 1s nea.rly a.lwa.ys poss1ble to 
charge it with the pig. . 

Reactions in the Acid Siemens Process.-In the ac1d process 
neither the Sulphur nor Phosphorus is to the lea.st extent eliminated, a.nd 
both, therefore, increase relatively in the finished steel as co~pa.~ed w1th 
tbe percentages in the original charge, and hence the first essent1~l m select
ing pig and scra.p for the process is that. they shoul~ be low both m Sulphur 
and Phospborus; in no case should e1ther con_s~1tuent exceed. 0·050 ~er 
cent. for high-class steel. The percentage of Sihc~n a.llowa.ble m the p1g
iron will vary with tbe special conditions of wo:kmg, such as. ~he a~ount 
of scrap ava.ila.ble, as it is only necessary to ha.ve JUSt enough S1licon m the 
charge to form, together with the Silica. derivad f~om t?e ore, fuma.ce 
bottom &c. sufficient siao to cover the metal. It 1s obv10us, tberefore, 
that ir' 30 per cent. of sc;a.p is to be cha.'.ged, a hi~her Si_licon pig can be 
used than when only 10 per cent. ofscrap 1s charged; a.nd 1f no scra.p a.t all 
is availa.ble, a pig-iron very low in Silicon should be used. 

The following ma.y be ta.ken as typica.l pig-ir?ns, sui~~le for ma.nu~acture 
of high-class a.cid open hearth steel under Enghsh cond1t1ons of workmg :-

1 2 8 ' 
Carbon, . 3·500 3·210 3·640 3·600 
Silicon, . l ·890 2·350 2·520 2·100 
Sulphur,. 0·030 0·040 0·025 O·o30 
Phosphorus, 0·035 0·038 0·030 0·032 
Mangan ese, 0·700 0·680 0·900 0·880 . 

Both the Sulphur a.nd Phosphorus will frequently, in Hematite pig-iro?, 
run up to 0·050, or even.0·060, but in this case it should only be used to mtx 
in sma.11 proportions with better grade iro1:1, as oth_er.wise the Phosph~rus and 
the Sulphur will ex.caed 0·06 per cent. m the fimshed steel. lt 1~ ofte!1 
desira.ble to get pig-iron lower in Sili~on than l ·~ per c~nt., but 1~ th_1s 
country it is very difficult to do so, w1thout gettmg a.n u·on too h1gh 10 

Sulphur. Small qua.ntities of low Silic?n and Sulph:1r pig-~r?n m~y occasio1;t• 
a.lly be obtained, but not regular supphes, so that h1gher S1hcon 1ron than 1s 
necessary has generally to be used to a.void the production of hig~ Sulphur 
steel. t Low Sulphur and low Silicon iron might be obtained by usmg a h1gh 
manga.niferous pig-iron, but Manganesa is very objectionable, as it rapidly 
cuts away the Silica. lining of the furnace, and tends to make the slag roo 
thin. Many engineers now decline to accept for structura.l purposes steel 
in which either Phosphorus or Sulphur ex.ceeds ·06 per cent., a.nd conse
quently it is very important to start with pure ma.terials. In other ca.ses, 
wbere an exceptiona.lly high-cla.ss material is required, the Phospborus and 
Sulphur have to be below 0·0! per cent., a.nd in such cases it is impossible 

* TraM. Amer. ln8t. Miniflg Engineers, vol. xx., p. 399. 
t Several West of ,b;ngland iron works have recently altered their blast furnaces. to 

produce iron similar to that obtainable in America, and are now regularly supplywg 
low Silicon and low Sulphur pig. 
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to ful fil the conditions wit~out using .ª la.rge proportion of Swedish pig-iron, 
or very best selected ~nglish Hemat1te, exceptionally low botb in Sulphur 
a.nd Phosphorus .. It 1s, however, unusual to use Swedish pig-iron in this 
couutr~ for m.anufacture of dead soft steel, the high-class West of England 
Hematites Lemg eq~al to a.U ordinary requirements. Swedish is, neverthe
less1 us~d to ~ cons1der~ble extent for higher Carbon steel when special 
punty 1s reqmred, and m .such cases the Silicon in the pig is frequently 
l~ss th~~ 1 pe'. c~nt., sh~wmg that the process does not necessitate such 
h1gh_ ~1hcon p1~-1ron a~ 1~ usually employed in England. The difficulty of 
obtaming supplies of p1g-1ron low both in Silicon and Sulphur is the real 
reason why such silicious irons a.re used. 

In working cba~g~s w!th 20 to 25 per cent. of scrap, pig-iron with l ·75 
t? .2:5 per _cent. of S1hcon 1s found to g1ve very good results, although more 
s1hc~o~s p1g can be used without interfering with the quality of the product, 
but 1t 1s ~ery wa.steful, a.n~ requires great ca.re in working. 

~ne d1sadvan~ge ~f u_sm~ a very sili?ious pig-iron is that a very silicious 
slag 1~ formed, wb1ch 1s mclmed to be mfusible, and to interfere with the 
workmg of tbe furnace, and fiuidity has to be obta.ined by additions of Oxide 
of Iron to combine with this Silica, with the result that a laroer percanta.ge 
of iron is lost in the slag. 0 

On tbe otber hand, it is important not to go to the other extreme, as if 
a l~~ge ?xcess of scra.p with low Silicon pig is used, the ba.th will be 
des1h?omse~, and practically decarburised when melted, will be thick and 
slugg1sh, will rapidly oxidise, and besides scarifying the furnace bottom 
there will be a great tendency for the steel to be red short. ' 

The following may be taken as a typica.l cha.rge for soft steel :-

PLATE ÜHARGE SHOWING YIELD AND SLAG. 

Original Charge-

Pig-Iron, 
Scrap, . 

Tons. Cwts. Qrs. Lbs, 
16 5 O O 
4 O O O 

SO per cent. FE)rro, O 3 O 22 l added at end of 
______ heat in the ladle. 

Total charge, . . 20 8 O 22 
Yield of ingots at cogging mili, 19 tons l cwt. 3 qrs. = 94 ·07 per cent. 

Metal and Scrap Used. 

Finlshed Slag .Aualyses. Steel. 
Pig-Iron. Scrap. 

Carbon, 3·58 0·18 O·ISO Silica, Si02, • . 57·00 Silicon, . 2'42 0·038 0·028 Ferrous Oxide, FeO, . 25·12 Sulphur, . 0·028 0·047 0·051 Alumina, Al,08, • • 3·32 Phosphorus, 0·04 0·044 0·048 Oxide of l\Ianganese, MnO, 7·62 Manganese,. l ·22 0·51 0·48 Lime, CaO, . . 5·50 ... . .. ... ... Magnesia, MgO, . l ·08 .. . .. ... .. . Phosphoric Acid, P20~, ·063 ... . .. . .. ... Sulphuric Acid, S03, Trace . ... ... ... . .. Alkalies (not estímate), ... 
99·703 

Weight of slags, 2 tons 16 cwts. 2 qrs. 

a The yield o~ this charge is rather low. It should not l-e leRs thau 95 por cent. oo 
n average, and m some cases a yield of 97 per cent. is obtained. 
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Elimination of Impurities.-The elimina.tion of the impurities in the 

charge ta.ke~ place i1: two sta.ge:xidisina a.ction of the flame. 
(1) Durmg me;tmg, by h

th
e t· l' Oxides of Iron formed during the (2) After rueltmg, by t e ac ion o 

. • d dded to the melted charge. .d 
meltmg per10 or a f . rities oxidised during melting will v~1·y co~s1 er-

Th~ percenta.ge o . i~pu i -iron the relative proport1ons ot scra.p 
ably w1th the compos1t1on ;f ~hel p g d"tio~ of the scrap--whether light or 
and pig-iron, and the mee aruc~hc~~/ working condition of the furnace. 
hea"."y-and also, ~f course, w: ina order with a charge of 25 per cent. 
Takmg a furnace m gr~il:~~k o;idised during melting_ will usually vary 
scrap, the percentage o t d the Carbon removed w1ll be about 30 per 
from 33 to about 50 pe~ cen ., ~n tirel oxidised durina the melting. The 
cent.; the Manganese O 8:1;ºª -:: som! of the Oxide of Iron formed, unite 
Silica and Manganese x1 e, w~ and some of the forna.ce bottom to forro 
with the sand ~dhe_ring to ~he¡ p1f~ouble Silicate oflron and Manganese. 
a fluid slag, w~1ch is essent1a¡ ! ¡ from different char¡;es worked a.t the 

The followmg analyses O ~a~p ;:rnished b Mr J. P. Walton, illustrate 
Oonsett Steel Co~_pany, ªrt ki~~J durina meltkg, and other analyses in the 
the re~oval of Sillconhan nfi these r~sults, although in many cases the 
possess10n of the aut or co rm . . h" h 
percentage of Oarbon removed in a given time is ig er. 

TABLE XXVI.-OXIDATION OF ÜARBON ANO SILICON IN THE OPEN 

H RTH PROOESS DURING THR MELTING 0F THE ÜHARGE. EA 

Calculated Average 
Charge consisted Compositlon of 

Melted Charge of Composit!on Cbarge. 
before Number 

of Pig-lron as per 
Addition of Ore. of 

Pig-lron. Analysis. Charge. Steel Scrap averaged 
Plg-lron. Steel Scrap. C= ·20, SI= ·03. 

Tons. Cwts. c. SI. c. SI. c. SI. Tons. Cwts. 
15 4·19 l ·874 3-507 l ·558 2-70 ·750 B 173, 23 o 4 

}·300 2·75 l·OiO o 4 15 4·24 1·563 3·549 e 400, 23 
3·660 1·390 2·78 l ·134 A 274, 23 9 4 15 4·20 l ·740 

l ·380 2·91 ·957 4·20 1·740 3·620 B 171, 23 6 4 15 
l ·300 2·64 ·630 10 4·20 1·740 3·210 E 282, 21 9 6 
1·400 2·86 ·817 F 258, 23 o 4 15 4·20 1 ·740 3·569 

1 

.. 
The following analyses of sample~ ta.ken during t~e "'.orkmg of a boiler 

plata charge ha.ve kindly been supphed by Mr. Camp10n .-

Finisbed 
Original 

Bo!ling Boillng Platea, 
Boiler Charge, Charge l bour Boiling l hour 2 hours :Ready. Qualíty, Average Melted. later. 20 mins. 20 mins. 20 mios. for Com-

Flanging. po-ltion. 
1 -----
' ·170 ·170 3·24 2·69 2·150 l ·510 ·570 Total Carbon, 3-360 

·046 ·041 ·Q')..,S ·028 ·032 Silicon, 1·990 1·33 ·50 
·046 ·031 ... ... .. ... Sulphur,. • ... ... 
·048 ·044 ... ... ... . .. 
·490 

Phosphorus, ... ... 
·630 ... ... ... . .. Manganese, • ... . .. 

. . 
In America where iron containing much less S1hcon-frequ:-ntrr º~~ 

1 per cent.-a~d larger proportions of scrap are used, pre.e ica y 
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wbole of tbe Silicon and a large percentage of Carbon are removed during 
melting, as is shown by the following Table, given by Oampbell,* which 
embodies the average of nineteen consecutive heats under Group I., melted 
with producer gas, and the average of six heats under Group II., melted 
with oíl vapour :-

TABLE XXVII.-EL!MINATION OF hIPURITJES IN AN OPEN HEARTH 

ÜHARGE. 

Natnre of Sample. Group I. GronpII. 

Pig-iroo, pouods, H,700 20,700 Steel scrap, pounds 45,550 36,800 

{ Si 0·40 0·65 
Composition of original charge, per cent. (estimated), Mn 0·90 0·85 e 1 ·00 l ·50 

{ Si ·02 •Oi) 
Metal when melted, per cent., Mn ·09 ·06 e ·54 ·64 

{ Si02 50·24 49·46 
Slag &fter melting, per cent. , . MnO 21 ·67 13·16 

Feo 23·91 33·27 

In cases where very light readily oxidisable scrap is charged, a consider
able amount of Oxide of !ron may be formed and react locally on a part of 
the charge, a.nd practically decarburise it before the rest is melted, although 
such a slag, ta.ken as a whole, may not contain sufficient Oxide to make it an 
active working slag. 

The composition of the charge of the furnace should be regulated, as far 
as possible, when making mild steel, to ensure the removal of as much of the 
Silicon a.nd Manganese as possible during ruelting, and leave a.bout 2·0 to 
2·5 per cent. of Oarbon in the bath of metal, which will be sufficient to 
ensure a vigorous reaction between the ore additions a.nd the metal, and 
complete the removal of tbe Silicon. Much more Carbon than this unduly 
prolonga the process without any apparent compensating advantage, and 
with much less tban this the metal does not come vigorously on the boíl, 
and is wbat is terrued sluggish in the furnace, with the result tbat it will 
probably be over-oxidised before it is ready to tap. This applies only to 
~n%1ish pra.ctice, where we may assume that, as a rule, about 0·8 per cent. of 
S1hcon will rema.in in tbe metal after melting. In cases like those given 
by Campbell, where the whole of the Silicon is removed during melting, 
from ·5 to ·7 per cent. Carbon left in the molten metal will be sufficient to 
work the heat down with, although the higher limit is preferable, or even 
l ·O per cent. 

Composition of Slag.-The oxidation of the metal after melting 
depends upon the composition of the slag and the temperature of the 
furnace, a.nd both these factors are of the greatest importa.nce. 

In a most exhaustive paper by Campbell, t which has already been 
referred to, and which forros the most complete contribution to the metal
lnrgy of the Siemens process ever published, he traces the chemical history 
and ~ariations in cornposition of the slag in a large number of charges 
workmg both with producer and with oil gas; and from the results, given 

* Campbell, Structurul, Steel, p. 124. 
t Tran~. Amer, Imt. Mining Engineers, vol, xxii., 1893. 
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in the following table, it will be seen that the variation in Silica and Oxides 
of Iron in the slag, directly after rMlting, and just before tapping, is com
parati vely little. In the case of A, the figures are the average of nineteen 
heats, and in B, average of six heats :-

TABLE XXVIIL-VARIATIONS IN ÜOMPOSITION OF SLAGS, 

Silica. 
Oxide of 

Mangan ese, 
.MnO. 

Ox.ide of bon, Oxide of !ron and 
F O I Manqanese, 

e · FeO nnd AJ nO . 
1 

¡ 1 

After Before Alter Before Alter Before · Atter I Before 
Meltiug. Tapplng. Melting. Tapping. Meltlog . • ~· Meltiug~ Tapping. 

1-----------l---

A. 19 heats producer gas, 50·24 49•40 21·67 16"50 23·91 29·79 45·58 46·29 
B. 6 heats oil gas, 49·46 49·36 13·16 11·30 33·27 34·11 46·43 45·41 

The above results show that the Silica was pra.ctically the same in tho 
slacr just after melting as immediately before tapping, that the Oxide of Mn 
ar;dually decreased, that the FeO varied somewhat, but that the sum of the 
two Oxides, MnO and FeO, was practically constant. 

For a good working sla.g wha.t is required is sufficient Oxides of Iron and 
Manganese, to completely combine with the Silica present, so tha.t any ore 
added is free to oxirlise the remaining impurities in tbe metallic bath. 
When additions of ore are made from time to time to a slag in this condition, 
the percentage of iron in the slag i~ hardly affected at a.11, ali the Oxide of 
Iron added being almost immediately reduced by the impurities in the metal, 
the iron passing into the bath. 

Table xxix., taken from Campbell's paper, gives the analyses of the 
sla.g a.fter various additions of ore ha.ve been made, a.nd it is surprising 
how little the composition of this slag is altered. It is true that the a.mount 
of FeO is increased by nearly 2·5 per cent. after the addition of 1,500 lbs. of 
ore. But as Oampbell points out, the stable condition of the slag is not 
determined by the percentage of FeO alone, but by the sum of the Oxides, 
FeO and MnO, an<l provided they are present in sufficient qua.ntity to satisfy 
the Silica, a state of equilibrium is esta.blíshed, and no more Oxide passes 
into the slag, but it is free to act upon the bath of metal. From time to 
time sorne Silica is taken up from the hea.rtb of the forna.ce, and small 
quantities of Oxide will be required to combine with this, and also any 
silicious matter introduced with the ore; bnt with these exceptions the Iron 
Oxide added should be practically reduced, unless a large excess of ore is 
added towards the end of the operation. 

TABLE XXIX.-SaowING aow CoMPOSITION oF SLAG 1s AFFE<n'ED BY 

ADDITIONS OF D1F~'ERENT QUANTITIES OF ORE. 

Before Alter Alter Alter 
Addition 500 lbs. 1,000 lbs. 1,500 lbs, 
of Ore. of Ore of Ore of Ore 

Added. Added. Added. 

Silica, per cent., . . . , 51 ·90 51·98 62·77 52-75 
Oxide of Manganesa, MnO, per cent., 18·50 17'51 ]6·29 14·93 
Oxide of !ron, FeO, per cent., ' 26·04 26·53 26·92 28·45 
FeO and MnO, per cent., . 44·54 1 44·04 4;:1•21 43·38 

1 --
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fo ~ paper * read before the Iron and Steel Institnte by Messrs. A. 
McW1lham and W. H. Hatfield on the elimination of Silicon in the open 
he~rth furnaces, t~~ authors give the results of two experimental heats in 
wh1ch the compos1t1on of the slag in relation to Silica. an<l Oxides of Iron 
w~ v~ried during the working of the charge, so that the effect of such 
var1at10~ on the removal of impurities migbt be seen. In Tables xxx. 
and xu:1. are given analyses of tbe metal and slag from samples taken at 
frequent intervals. 

TABLE XXX.-DETAILS oF SPEcIAL CHARGE No. l. 

Composltlon of Bath. Addltions. Composltlon of Slag. 
Time. Conalstenc, of 

e.e. 
1 

SI, Mn. Materials. 
1 

Slag. 
Cwt. Feo. Fe20,, s10., 

Per Per Per Per Pcr Per Br.Mln. cent. cent. cent. cent. cent. cent. 11 10 l ·60 0·78 0·48 (Melted) ... Thin 
11 12 ... ... ... ... . .. ... Ore 10 
11 30 . .. ... ... ... ... ... ... 

" 
4 ... ... ... ... 11 45 l ·54 0·35 O 20 (Boil) Thin 30·8 7·1 45-0 12 15 l ·55 0·047 O·ll 

... 
12 20 

... .. JJ ... ... ... ... ... . .. Ore 2 12 45 l ·22 0·045 0·09 
... ... ... ... 

12 50 
... . .. Thin ... ... ... ... ... ... Ore 3 1 o ... ... ... ... ... ... . .. l½ l 15 0·94 0·028 O·~ " ... ... ... ... ... ... Very thin 24·1 2·5 52·8 

l 16 ... l Ore 1 } ... ... . .. .. . ... ... 
Lime i 1 30 0·86 

... ... ... .. . 0·02 0·04 Thin ... ... ... ... .. . 
2 o 0·73 0·022 Becoming ... ... . .. thicker ... ... . .. 
2 30 0·65 0·034 0·056 Fairly thick 3 o 0·55 0·061 

... . .. ... ... ... 0·068 Thick 3 30 0·40 

... ... .. . ... ... 0·078 0·08 
3 50 0·38 

... ... 
" ... ... . .. o·os8 0·095 ... ... Thickest 20·8 l'l 56·8 3 55 ... . .. . .. Ore l ... ... ... ... 

4 5 ... ... { .. i . .. . .. . .. .. . . .. 
Lime ½ ... ... ... ... 

4 25 0·26 0·031 0·072 { Becoming ... ... thinner ... ... .. . 
4 30 ... .. Ore l 4 35 

... ... ... ... ... ... ... Lime ¼ 4 45 

... ... ... ... ... ... . .. . .. Ore ½ 4 50 0·16 0·024 0·065 
... ... ... .. . 

4 55 ... .. Fairly thin ... ... ... 
5 

... ... ... Ore 1 ... 13 0·14 0·025 0·065 
... ... ... ... .. Fa.irly thin 21·9 0·57 53'4 

Fmi.ehed steel-Combined Cal'bon, 0·31; SI, 0·045; Mn, 0·58. 

l ~t wi.11. be seen that with a thin slag-that is to say a slaa relatively 
~wit Sihc~the ~xidati~n. ?f Silicon and Manganesa .;as co;paratively 

P , but w1th a th1ck or st!1c1ous slag aot only were Silicon and Manaanese 
?0

t re:oved, but they were actua.lly reduced from the slaa and passed back 
~to t. e metal. The authors maintain that the resulta ar: due to the va.ria
t~~ns 1 composition of the slag and not to its fluidity, as when it wa.s 
t' inne by other meaos tha.n the addition of oxidising aaents the impuri• 
1e1 were not removed to the same extent. 0 

• Iron and Steel Inat. J oum.. 1902, vol, i., p. 58, 
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These resu lts entirely support Mr. Campbell's conclu~ions_ that ::: 

activitr ~r t~e s:1i~t a:o ~~eºt~la~:gp;!:::t~!~~n:ª:_ftfs ti~:º~~~~º º!uess 
percen ªºe~ satisf the Silica in the slag wh1ch must be rehed upon 
of that requ1r~do}ºoxidatfon. It is probable that the temperature has some 
~fl~~e!~: :~he remova.l of the Silicon, although t his does not appear to ~e 
very great, at all events within the variations of temperature common 1n 
every<la.y practica. 

'1.'ABLE XXXI -DETAILS OF SPECIAL ÜHARGE No. 2. 

Composition o! Bath. Additious, Composition of Slag. 

Time. 
Consistency o! 

Slag. 
e.e. SI. Mn. M3terlnls. Cwt. Feo. Fe,o, . s10 •• 

-------- - -- ----
Per Per Per Per Per Per 

cent,. cent. cent. Hr. Mln. cent. cent. cent. 
(Melted) 

}6 0·S0 0·64 { ... ... ... ... 9 45 1·60 Ore 

{ " ¡ 4 Thín 22·1 2·5 48·6 10 25 l ·58 0·28 0·27 (Boil) 
l ·47 0·026 0·064 ... Fa.irly thín ... ... ... 10 52 ... 

Ore 2 ... ... ... ... 10 55 ... ... ... 
11 15 ... ... ... " 

2 ... ... ... . .. 
11 25 l ·08 0·017 0·054 ... ... Thín ... ... ... 
11 30 ... ... ... Ore 3 ... ... ... ... 

2 ... ... . .. ll 50 ... " 
... ... ... 

Thín ... .. . 11 55 0·82 0·016 0·051 ... ... ... 
12 15 ... ... ... Ore l ... ... ... ... 
12 20 0·64 0·017 0·053 ... ... Thinnest 20·5 2·1 53·0 

12 55 Q-47 0·035 0·059 ... ... { Becomíng 
thicker ... ... .. . 

· 0·39 0·066 0·065 ... Fa.irly thick ... ... ... l 25 ... 
Thickest 18·1 0·6 54·6 2 o 0·33 0·058 0·0il ... .. . 

Ore li 1 ... ... ... ... 2 5 ... ... ... I{ Becomíng 0·056 l ... ... ... 2 30 0·24 0·032 
" thinner 

½ ... ... ... 2 45 ... ... " 
1 Fa.irly thin 23·0 0·3 51 ·6 3 o 0·19 0·032 0·055 ... ... 

With ca.reful work there is little risk of get~mg too h1gh a t~mpe:ature, 
althouah this is possible with a silicious iron, a r1cb gas, and a hqmcf d0utht. 
W th:n aet the same result as in the Bessemer conv_erter-t at t _1e ar on 
is ~xidised preferentially to the Silicon, and we ob~m a decarbur1Sed mk~tal 
h · h · Silicon. The possibility of this is of course mcr1:ased when wor mg 

ig msilicious iron and hence it is important to regula.te the tempe_ratu_re 
a /tr! furnace according to the composition of the charge, and to obtam p~
? -as re u lar as ossible, so that the furnacemen may not ha.ve t o v~ry t 8 

::~ition! of worklng more tha.n is abs_olu t_ely nec~ssaryh ;he e:5~:~~I ~~:: 
dition is to have sufficient heat to mamtam a fluid bat o me a . be 
and to ena.ble the metal to be ta.pped at s_uch,,8: temperatura tha.t 1t can 
cast into the inaot moulds without "skulhng m the la.dile. f: t the 

1 h .;_ Producer Gas -In open hearth stee manu ac ure 
Sul:~u~ i~rtte finish e<l metal ¡¡ often found to be higher than would be 
expected from the composition of pig a_nhd scrapb usid.d from the gases or 

This may be due to Sulphur e1t er a sor e t , ee 
introduced in the ore, and cousequentl! cnre must ~e ta.ken do :n. 
that good coa!, low in Sulphur, is used m the gas pro ucers, a.n n 
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Bulphurous ore in the furnace. It is the practica in sorne works to mix 
a little lime with the coal slack before it is used in the prorlucers, and, 
prov1ded it can be done without causing trouble with clinkering, it un
doubtedly has a tendency to fix the Sulphur with the ash instead of 
r.llowing it to pass into the gases. The difficulty, however, is to add a 
sufficient quantity of lime to e:ffect this without interfering with the regular 
wo1kiog of the producer. In the opinion of man y practica! men, when, for 
any reason, the furnace is working sluggishly, and when the gas is said to be 
"cold,'' there is a much greater tendency for the bath to take up Sulphur 
than when working quickly, but the author is unable to o:ffer any opinion 
as to wbether this is due simply to a larger amount of gas being passed into 
the furnace to produce the required amount of heat, orto sorne other cause. 

So far we ha.ve considered only the manufacture of dead soft or mild 
steel in the Siemens forna.ce, but as la.rge quantities of steel are required of 
al! degrees of carburisation, from ·200 to l ·000 and even higher, it is neces
sary to discuss the manufacture of these di:fferent classes of steel. 

Axle, Tire, and Spring Steel, &c.-The principal purposes for which 
high Ca.rbon open hearth steel is used are for the manufacture of axles, tires, 
springs, guns, wire drawing, armour plates, steel castings, and to a small 
extent for tool steels . 

Steel for a.xles varíes in Oarbon content from 0·25 to 0·35 per cent., 
and has a stress varying from 30 to 40 tona per square inch. Tire steel 
varíes in Carbon coutent from 0·30 to 0·70 per cent., and has a stress 
varying from 35 to 58 tons per square inch. Spring steel, for ra.ilway 
purposes, varíes from 0·50 to l ·2 per cent. Carbon, according to the particular 
purpose for which it is required. The majority of steel castings contain 
from ·20 to ·40 per cent. Carbon, although for specia.l purposes they are 
made as high as l ·O per cent. Carbon . 

Broadly speaking, there are three important methods of making high 
Carbon steel in the Siemens furnace, viz. :-

1. To work the cha.rge of pig-iron, or pig-fron and scrap, in the usual 
manner, but to tap out the metal as soon as it has reached the desired 
point of decarburisation. 

2. To work the charge down dead soft, or nearly so, as for mild steel, 
a.nd then recarburise in the furnace by the addition of pig-iron or spiegel, or 
by a mixture of both . 

3. To work the charge dead soft, and recarburise outside the furnace by 
the Darby• or other method of recarburisation. 

In ma.king axle steel, the practica more generally adopted is to tap out 
whe~ the required degree of deca.rburisation has been reached, although for 
mak1ng the highest quality of material, ma.ny of the best makers prefor to 
work down and recarburise in the furnace, In the case of higher Carbon 
steel, such as tire steel, spring steel, and wire billets, with 0·50 per cent. of 
Carbon and over, it is usual to work down to about 0·20 to 0·30 per cent. of 
Carbon, and then bring back by charging pig-iron in the forna.ce. 
. In carrying out the manufacture by the second method, the charge of pig
iron and scrap is carefully worked down, so that when the bath contains 
about O 3 per cent. Carbon the slag is thick and clean-i.e., practically 
exhausted, or free from active oxide. Samples of metal are then taken, and 
are generally tested for Carbon by colour, which only takes a few minutes. 
Tiie metal samples should be solid, and free from blow-holes or honeycomb 
structure, and if either the slag or the metal is not right, pig-iron milst be 
added, a few pigs a.ta time, until both are satisfactory. Too much emphasis 
C&llDot be laid upon the importance of getting both slag and metal in the 

• See cha.p. vüi., Basic Siemens, p. 18{). 
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right condition before adding the metal for recarburising, as if any appreciable 
amount of Oxide of !ron remains in the slag the pig-iron added will react 
vigorously with the slag, considerable decarburisation will result, and the 
Carbon in the .finished steel will be far lower tha.n required. When the 
melter is satis.fied both with bis metal and his slag, he charges the pig 
required to give the necessary Car bon on the banks of the forna.ce, and allowa 
it to melt down into the bath. It is then well rahbled or "rubbed np," the 
necessary additions of Silico-spiegel and Ferro-Manganese made, and the 
metal tapped. The Ferro-Manganesa may be added either in the fuma.ce 
immediate\y before tapping, orto the metal as it rnns into the la.die. lf 
steel with more than about 0·6 per cent. Mn is required, it is found that 
this becomes more evenly distributP.d if the Ferro is added in thEI furnace, in 
which case it is added in rather larga lumps to guard against excessive 
oxidation. If added in the Jadie, i t should be in sma.11 pieces, not largar 
than hazel nuts. 

The amount of pig-iron added for recarburising is calculated, so that whf'n 
it has quite meitad, the Carbon content of the bath shall be rather abo ve that 
which is required, and it is then carefully worked down to the desired poiut. 
During the melting of the pig on the furnace banks, a certain 11.muunt of 
oxidation is of course taking place, and an allowance must, therelore, be 
made for this. 

The amount of Carbon oxidised during th:e melting will vary with the 
percentage of Silicon in the pig-iron, the h1gher the 8ibcon the less the Car
bon is oxidised, so that when using a Swedish pig with 1 per cent. of Silicon 
for recarburising (for steels where low Silicon is required) rather more must 
be added than when hematite pig containing 2·5 per cens. Silicon is use<l. In 
making ·50 per cent. Carbon steel, it is usual to work the bath down to 0·20 
per cent., and a charge of about 7 tons 2 cwts. of pig and scráp would require 
about 14 cwts. of Swedish pig, with 4·0 per cent. Carbon and ! ·O per cent. 
Silicon, charged on the banks, to give ·49 to ·51 per cent. Carbon in the 
ingot, provided the slag was right before tbe Swedish pig-iron was chargPd 
into the forna.ce. Theoretically this should give ·54 per cent. Carbon, thua 
showing a loss of about ·03 to ·05 per cent. For ·60 Car bon stPel, work ing 
under the same conditions, about ·3 cwt. more of pig-iron would be re'}uired, 
If grey hematite instead of Swedish pig is usad to obtain the siime resnl~ 
rather less pig would be requíred. For ·70 Carbon stePl, the bath may be 
safely worked down to ·30 before charging the recarburising pig-1ron. A 
certain amount of Carbon will always be added by the Ferro-Manganest 
additions, and also by the Silico-spiegel, or Ferro-Silicon, when these are 
usetl, and allowance must be roa.de for this. 

Although it is the practice at sorne works to make tire steel from ·50 to 
·70 per cent. Carbon by working down to the required point and tapping a, 
once, this method of working for such high Ca.rbon steels is not regar<led 11 
satisfactory by many steel makers. 

It is extremely difficult to get a. thick, quiet, inactiva slag, wüh Carboa 
in the steel, at or a.hove ·50 per cent., and unless the slag is practicallJ 
exhausted as regards free Oxide at the time of tapping, it w1ll be iruposs1ble 
to insure steel of the required Carbon content. 

In cases of high Carbon steel, where low Silicon is reqnired, excellen 
re!!ults may be obtained by running finely-gronnd anthra.cite on to the strPa 
of metal as it fl.ows into the ladle; this should be ali in when the ladle is ab,,u 
three-quartel's ful! of metal, and then sufficient Aluruinium should t,e adctt-d 
give a good solid ingot. If no Aluminium is added, or too httle, the ingot• a 
liable to be honeycombed, and if too much is added, althouah the 11Jgot1> w 
be solid, they will "pipe" badly. If anthracite were pura Carbuu, and ~h 
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were no loss, 2 ·24 lbs would give . 100 Ca b h 
but in actualpractice·about3·12 !bs are r ~n ~ en added to 1 ton ofstee~ 
·01 in a 10-ton oharge 3·12 lbs a . requ1re 'so that to raise the Oarbon , • re necessary 

In the case of tire steel, when great ha~d -
tread ia required combinad with so d ness to res1st wear on the 
certain amount ~f Silicon in the ste~f . nebs a~d .ªtsence of_ a!l brittleness, a 
bath just before tapping in the for~B o:ne c1a , ~~d th1s lS added to the 
About ½ or ¼ of the 8ilicon present in the F;err;~~hco~ or . ~ilico-spiegel, 
to obtain ·15 to ·18 in the steel sufficie t S'liro- _1con is ox1d1sed, so that 
be added to give ·22 per cent. of Silicon~ I con p1g or Si!ico-spiegel must 

In all cases, whether hard or soft steel is b . . 
perature has an important influe t emg made, the castmg tem-
and is~ question which has not r~i:i::a he quality of t~e stee! produced, 
The pomt to aim at is to have . ,n:_s_o much attent1on as 1t deserves. 
from the ladle, so that when the J::i:t"!""ient heat ~ teem the metal clear 
set as rapidly as possible The l 18 once ~ast into the moulds it will 
bability the better the ste~l. ower the castmg temperature, in ali pro-

The following may be taken as a fairl t . 1 
of tire steels ;- Y Jplca charge for the manufacture 

Best selected pig-iron, Tons. Cwt,, 
Scrap (selected), . . · • , , 5 13 
rst grey pig-iron on banks.after' bath worked d. . . . 5 o 

erro (80 per cent ) 226 lbs . Al • . own, • . l O 
Silico-spiegel 45 lb; adde<i' to tmlllJul!1, s ·g lbs., added in ladle. 
Analysis of fi~ished ~teel-Carbo~:~: ?u8s; efore. tapping. 

• , 11con, O 224; Manganese, 0·65. 

. When it is intended to catch the Oarbo 
w1thout "piggina back ,, a much t n ?n the way down, and ta.p 
to give a higherº initi~l Carbon ::::e:~ ~roport1on of pig-iron is used, so as 
!onger period of boilinO' . not more th 1;5 the bath, and, consequently, a 
lf steel with 0·60 per ºce' nt O b . an . per cent. scrap should be ttsed 
f • ar on 1s requ1red W'th h 

o scrap very excellent results can be obta· d . d 1 suc a proportion 
method to recarburising in the f me ' an sorne malrers prefer thia 

Th f¡ 11 . urna.ce. 6 0 owmg is a typical charge :-

Best seleoted pig-iron 
Scrap, . _ ' 
80 por cent Ferro • l to · · • · • 

added ¡; the ladli.ua 1 per cent. of charge; 

Th' 

Toca. Owt,. 

9 10 
· , 2 10 

70 ozs. Aluminium, 

18 charge gave steel containina C b O 
per cent.; .Manganese 0·60 t º ar on, ·63 per cent.; Silicon ·170 

I th , per cen . , 
n 6 manufacture of t· th · 

the usual shapp is cast i 1res,_ 1 e _metal, mstead of being castina mould of 
ahown in fig. lfi6. n spec1a circular moulds known as cheese moulds 

These are al ways cast . , 
bein~ set on one bottom pfat!rou¡; ¡rom l;~e bottom, about four moulds 
moThs an? of bottom plata, with sectio!ª~f l ti:-nd dl57_ are shown plan of 

ese mgots are flatte d a r an g1t. 
and \then finisbed in a spec:1 ti:c:ru~he hammer, the centre punchad out, 

ashed metal* is no b . 1 
the hmanufacture of high~claes1sngtearlgelfy used to replace Swedish pig-iron in 
mue a 70 s es or making xi d . 
art s to 90 per cent. is char ed wi . a E;s, an somet1mes as 

p scrap, although usually it doe g t th dp1g or w1fü part pig-iron and 
s no excee 30 per cent. 

*Seech ··· B ap. Vlll,, asic Siemens, pp.195-196, 
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Fig, }56.-Cheese Ingot Moulds for Casting Ingot.a for TireE. 
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The íollowing charges are from actual works' practica :-

-·----------I--Pe-r-:-0-1;;1 Pff :, , •~ :,, 

Best eelected pig, G 5 1 15 6 
Washed metal, . 20 1 5 5 20 
Best axle or tyre ecrap, 74 90 80 70 

When using such a large proportion of scra.p as above, a. portion of the 
pig-iron or wasbed meta.! would be reservad for cha.rging on the banks to 
recarburise, as it would be difficult under these conditions to catch the ba.th 
at the right point. 

(l!iAr 9' -,~~ 

---.c;,..::¡:._::::Ji!i;;;::::..:¡:_:::::¡..j •• T 

t .L...----:::::...----u -~-· ¡ 1· 
~ - IP-- ..J------u• ~ 

Fig. 167, -Bottom Plate for Caeting Cheese Ingots for Tires. A group of 4 ingota ia . 
ca.et from one centre git. 

Some engineers specify that a certain percentllae of Swedish iron sha.ll 
be uaed in the charge, a.nd as the Sulphur a.nd Phosphorus ha.ve generally 
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to be under 0·04, per cent., it is absolutely necessary to use e~the_r Swedish 
iron washed metal or one or two very special brands of Enghsh 1ron. 

Ma.ny steel makers prefer in the case of axle steel,s, w hich usually con ta.in 
from •25 to ·35 per cent. of Carbon, to catch tbe metal when the re4uired 
point of decarburisa.tion has been reached, ra.tber tban work clown to nearly 
soft steel and then recarburise by charging pig-iron on the banks .. When 
ma.king steel belo10 0·4 Ca.rbon, mo~t exc?llent res~lts can be obta.me~ by 
this method of working, and the d1fficult1es o_f gettmg s~ag and metal mto 
the riaht condition are considerably less than m case of h1gher Carbon steel; 
but e~en for these lower Carbon steels it is necessary to use a. larger 
percentage of pig-iron to ensure a fairly long boil than if it is intended to 
recarburise in the forna.ce, and not more than 50 per cent. of scrap should be 
used in the charge. 

In the manufacture of special steels or alloys for a.rmour ~la.tes ~nd 
other purposes the cha.rae is worked in the se.me wa.y as for ordmary h1gh 
Ca.rbon cha.rg~, and the°n the specia.l alloy of Ferro-9hrome, Nickel, ~c., 
added, special care being taken to see that the sla.g 1s as free as poss1ble 
from oxides. The ingots of these steels are usually ca.st from the bottom, 
to ensure greater soundness and a better surface or skin on the ingot. 

OHAPTER VIII. 

BASIC SIEMENS PROCBSS. 

TBE basic Siemens process, like the ha.sic Bessemer procesa, depends, for the 
removal of Phosphorus, entirely on the formation of stable Phos~hates, a.nd 
this is effected by lining the furnace with a ha.sic or neutral material, and _by 
lime additions during the working of the cba.rge. The furnace employed, wij,h 
the exception of sorne minor deta.ils, is identical with tbat used in the a.cid 
process, and the metbo~ of ~orking is t~e same, the impurities ~e~ng 
oxidised partly by the a.ir durmg the meltmg, and partly. by the add1t1011 
of solid Oxides of Iron to the molten bath a.fter the charge 1s melted. 

Ear ly Practice.-In the ear~y days of the baaic ~iemen~ proc~• 
several furnaces were specia.lly des1gned to meet the particular difficulties 
encountered, to facilita.te repairs, &c., and to reduce the cost of construc
tion; but after ma.ny trials it has been found that a furnace constructed 011 

modern linea similar to tha.t used for acid work gives the best a.11-round 
resulta in actual practica. 

The Batho Furnace.-Amongst the earliest forma of modified furnacea 
used for ha.sic work wa.s the Batho furnace, which was greatly improved in 
various ways by Messrs. Riley, Dick, W ailes, a.nd ~il~n. I~ its ea.rlier 
form it was a round furnace, and th& t·oof was built m an 1ron fra.me, 
formina a lid a.nd was suspended independently of the wa.11s of the 
furnac; from ;irders above, arra.ngements being made for raising the rool 
bodily when the furnace required re-lining or rapa.ir~. A sketch_ showin_g 
the aenera.l a.rrano-ement of a modified form of the furnace of th1s type 11 

give~ in figs. 158 a.nd 159. The chief points urged in favour of these 
furnaces were, tha.t the regenera.tora, being on each si~e of ~he body of_ th• 
furnace, were quite independent of the la.tter and contamed. m separa.te 1ron 
casings so tha.t iu the event of a breakout there was no mk of the metal 
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getting into t he regenera.tors; tha.t it wa.s impoasible for a leakage of gas to 
take place bf.twPen the gas a.nd air regenerators, leadina to the destruct1on of 
the urickwork; a.nd tha.t, the regenera.tora not being underneatb the staging, 
the lat ter wa.s much cooler for the men to work on. One modifica.tion of the 
furnace w11s to m·,ke the body elliptical (as shown in the sketch) instead of 
cylindrical, but with all these furnaces the dil:liculty of getting the gas a.nd 
air ports to withstand contraction and expansion was so great that it has 
been found better to return to the rectangular furnace, with a aolid squa.re 
~lock for the ~orts, which is. capable of resisting the grea.t stra.in put u pon 
Jt by coutracuon a.nd expans1on. The modern type of furnace (as shown in 

Fig. 15S. 

-J.• ig. 169. -Sketches illustrating venera! arrangement of a Batho Furnace. 
Sectional plan and elevation. 

figs. 127-130) practically has a.ll the adva.ntages claimed for the Batho 
furnace. The body of the furnace is independent of the regenera.tor arches; 
the regen~ra.tors ~re a.wa.y from the bottom of the furnace, and there is pract-i
cally no nsk of a.u and gas burning, due to leaka.ge of gas a.nd sir between 
the regenerators. It roa.y be, therefore, taken as established by experience 
t~a.t t he best form of furnace for basic Siemens work is that of the ordinary 
~ieme~s type, as far as general design is concerned, and it will differ only 
!D t he mterna.l lining of the hearth or crucible, a.nd the method of support
lllg th_e r~of_ and other details. Owing to the very friable na.ture of be.sic 
matenal, 1t 18 not possible to build the entire working body of thia; it would, 


