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ON THE OPEN HEARTH PROCESS OF STEEL MANUFACTURE. 

AN INVESTIGATION OF THE RELATIVE MERITS OF AN 

INTERRUPTED AS DISTINGUISHED FROK A CONTINUOUS 

PROCESS. 

INTRODUCTORY. 

Sir Henr,r Bessemer's paper on "!he Manufacture of Malleable' 

Iron & Steel without Fuel",read before the British Associa

tion on August 11,1g56,and R. Mnshat's patent of September 22 

1S56,for the addition of Manganese to Bessemerized metal,in

troducad to the WQrld,Steal,as we know it today. Bessemer 

made steel by blowing air through molten iron and thereby 

burning out from the latter it's Silicon,Carbon and Manganese, 

the heat of combustion of these elaments sufficing to main

tain the metal in a suitably fluid condition. !he process was 

conducted in an acid lined vessel and no phosphorus was re

moved. It followed that the phosphorus content of Bessemer 

stsal was slightly sreatar than that of the iron from which 

it was mada,and that~sinoe not mora thanO.lO~ phosphorus is 

desirable in steel,only such ores of iron as contained .06~ 

phosphorus or less,were available for the manufacture of Bess

emer iron. In view of the dephoephorization accomplished in 

the Puddling proceas,etc.,it is not surprising that shortly 

after Bessemer 1s successful innovation metallurgists became 

keenly alive to the necessity for a pneumatic process whioh 

should also 4ephosphorize,and that as early as lg6o,Petar 

Ritter von Tunner~Wedding and others made various experi

ments to this endJexperimants which culminated about 1867 ,in 
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th~•--oessful deyalopment of the Thomas - Gilchrist Bessemer 

prooasa,which by maans of lime additions and a converter 

lined with calcined dolomite bonded with tar,aocomplished the 

r3maval of phosphorus trott the metallic charge. It was f ound 

however,that the phosphorus was not materially attaoke~ until 

silioon,carbon and w.angabese had been entirely removed,and 

that,to furnish the heat necessary to fluidity during the •af

ter blow" not much less than 2.00% of phosphorus should be 
,. 

present in the iron;that is,to make Basic Bessamer iron,an 

ore with at least about l.Oo% of phosphorus was necessary. 

These two processes then, the Acid Bassemer and the Basic 

Bessemer left absolutely untouched the problem of making the 

new Ingot st·3·3l from ores containing betwe.9n .06 and l.O% of 

phosphorus,aacept to such small extent as these ores could be 

mixed,in the Blast Furnace,with ores of very high or very low 

phosphorus contant,or as iroa made from such ores could be 

diluted with scrap in the Siemens Open Hearth Furnace. 

The Open Hearth process,first successfully operated by 

the Siemens broth3rs in Birmingham in 1867 - 1S6g,effected 

the oxidation of the carbon and silicon of the pig-iron,not, 

as did Bessemar,by means of atmospherin air,but bp melting 

the pig-iron with additions of oxides of:~ron,in a Siemens 

regan3rative furnace. About the same time the Martins,in 

France,developed a similar prooeas,but instead of oxides of 

iron thay used admixtures of steel scrap,thus proceeding 

upon the principle of dilution,and for the rest,relying up

on the oxidizing action of the furnace gases and slag. 
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Both the Siemens brothers and the MM. Kartin,like Baasemar, 

used an acid lining,or rather,haarth,in their furnaoa,and, 

also like him,were consequently unable to dephosphorize. The 

Acid Open Hearth process,as we know it, is a combination of 

tha Siemens and Martin proceases,and uses ore and scrap inter

obanlea~1J or togather,according to conditions. 

About lgSO,Kessrs Thomas and Gilohrist turned their at

t~ntion to the application of a basic lining,or bottom,to the 

Siemens furnaoe,and wit~in the two or three years following, 

dephosphorization was suucassfully accomplished in the basic 

lined Siemans furnace in the commercial way. The process of 

makina ste01 in a regenerative furnace on a basic bottom, 

from pig-iron,solid or molten,iron ora and lime,with or with

out sorap,conetitutes what is known as tha Basic Open Hearth 

process. 

Since 1gg5,·or thereabout, the gradual exhaustion of the 

world's supply of low phosphorus iron ores and the growing 

nece .. ity of dependina for steel upon the almost unlimited 

deposits of ores whose phosphorus content is above the acid 

Beasamer limit and balow the basic Bessemar limit,- these 

faotors,ooupled with the increasing severity of engineering 

specifications for structural and other steel - have been 

laz-gely responsible for the development of the Basic Open 

Hearth prooess into what is today THE ste3l makins process, 

pa• excellence. !he perf:3Ct adaptability of this process to 

the refining of any combination of pig-iron and iron and 

steel scrap of almost any composition,it's simplicity and 

parfdction of oontrol,are nothing short of marvellous. lt 
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has 1 nevartheless 1 as compared with the extremely rapid Bess

emer prooess,tha disadvantage of slowness,a fifty ton Open 

hearth heat requiring from eight to fourteen hours,depend

ing upon the raw materials used.whereas 1by the Bessemar pro

cass1ten tons of fluid pig iron can be converted in as man, 

minutes. It is true that the Open Hearth yields more steel 

par ton of metallic charge than does the Bessemer because 

the iron ora usually charged in the former contribut:3s more 

or less of it's metallic content to the bath,and because it 

avoids certain mechanical losses that are almost inevitably 

suffered in a pneumatic process. Naturally enough,however, 
time 

Ironmasters have set theirAstandard by the less elastic and 

more wasteful,but more expeditious Bessemer process,mora es~ 

peciallJ since the latter was first in the field. For this 

reason we find that ever since it's inception the Basic Open 

Hearth process has been the subject of innumerable experi

ments looking to a closer approximation to the Eessemer time 

standard. !he majority of such experiments have,of them

selves, been failures. Others,notably the Talbot,Surzyoki, 

Duplax,Bertrand-Thiel and Hoes•h processes,have attained to 

some measure of success. In some casee,at all events,that 

success has consisted merely in approximate parity,real or 

tanoied,with straight Basic Open Hearth performance. It 

can soarcaly be said that any of these reputed shorter meth

ods has bean universally recognized as in all cases defin

itely superior to the paeent process. 

The Bertrand-Thiel process consists essentially in car-



rying th3 refining operation to a certain point in a primary 

hearth and then transferring the metal to a second hearth, 

in Which fresh raagents,with or without scrap have been pre

viously charged and preheated,the primary slag being care

fully held baok and discarded. The refining is then oo~let

ed in tne secondary hearth. In the Hoesch process,which is 

really a modified Bertrand~Thiel,metal and slag are tapped 

from the primary BZ&I hearth into a ladle,fresh reagents are 

charged into the same hearth and the metal returned thereto, 

the primary slag being retained in the ladla. the Hoesch pro

cess tharefore,metallurgioally speaking,is merely the Ber

trand•Thiel carried out in one furnace instead of in two. 

Such processes as these may be called "interrupted process

es" as distinauished from the parent process whioh finishes 

the refining in one stage,and whioh,for this reason,I haTe 

raferred to in the title of this thesis as a continuous pro

cess. Inasmuch,however,as the use of this term also suggests 
' such processes as the Talbot,whioh is beyond the scope of 

the present inTestigation,I shall,in what follows,speak of 

the original Open Hearth process as the "straight basio pro

cess~,an expression whioh,though somewhat unaoadamic,is wide

ly used in the art. The inventors of the interrupted pro

cesses claim for them the follewin& advantages over the 

straight basic process;-

1. Greater daily output per furnaca,more especially 

when the iron to be refined is high in phosphorus. 

2. Higher yield of inaots par unit of metallic charge. 
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;. Lower ore and lime consumption per ton of ingots. 

4. !he production from a phosphoric pig-iron of a sale

able slag,due to the concentration of the bulk of the phos

ph•ric acid in tba smaller volume of primary slag. 

5. The ready production of low phosphorus steel from 

high phosphorus iron. 

6. Greater uniformity of product with variable raw mat-

e%1al. 

After a careful study of the published data,one appears 

to be forced to the conclusion that these olaims,howaver wall 

justified in faot.are far from being satisfactorily prov$n bf 

the printed evidence thus far adduced. It seems to be true,1n 

some oases at least,that by an interrupted prooeas more steel 

has been obtained from two open hearth furnaces than had pre

Tioualy been obtained from them by the straight basic pro

oess;but did the latter,as previously carried out,represent 

tha best possible practice under the oonditions,or were the 

conditions com,a~ble? In other words,given two furnaces of 

modern size and construotion,operated according to the most 

appzoved straight basic methods,can their output be increas

ed by the use of an interrupted prooess,without other change, 

i.e. by working them either in seriea,according to the Bert

ran~T.hiel,or in parallel~by the Hoesoh method? The question, 

metallurgioally and oommeroially,is of the highest importance. 

Harbord says, (Metallurgy of St·Jel,p.l9S et seq.) ;-"'!o en

surs this"(Bertrand-Thiel) 1 dephosphorization,ooabined with 

rapid work,zBBK a very shallow bath of metal,about six to 
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eight inches deep is necessary,and consequentlr,very large 

furnaces must be used,far larg~r than the ordinary basic fu~ 

naces for the same weight of metal. - - - So far no plant has 

bssn erected with large turnaoes capable of holding 50 tons of 

metal,so that it is difficult to for.m an estimate as to what 

will be the speed of working in a large furnace of 50 tons O&P

acitJ,or more. From the surface area of the Kladno furnaoe,it 

appears that an ordinary Siemens furnace of 50 tons capacitr 

will not hold more than 25 tons of metal when working the Ber

trand-!hiel prooess,so that although the speed of working is 

undoubtedlJ s~eatly increased,the quantity of metal turned 

ou.t fol' the same nwnber of charges will be only half that ob

tained from an ordinary Siemens furnace of the same surface 

area and hence the 50~ greater output claimed by the patent

ees,would necessitate very rapid working indeed:' 

Such a auarded opinion from so eminent an authority is 

sicn!fioant indeed,and has been here quoted at length as in 

itsslf oonstitutin& a strong plea for further light. 

EARLY WORK 
... -- -

In 1~4,the Pra&er Eisanindustrie Gesellsohaft at Xlad-a 

no,!ehsaia,oparatad besides their basic Bessamer plant,two 

basio Open Hearth furnaces,one of twelve,and the other of 

twenty-two tons capacity. By an accident of construction,tha 

level of the smaller -_furnace was fifteen feet above that of 

the larger,whioh,also,was thirty .... si.x rards distant from the 

other and in front of it. !he Kladno pig-iron aver.aged;-



Carbon 
Silicon 
Phosphorus 
Sulphur 

:·lfanaanese 

~. 

3.5 - 4.0 % 
.5 - 2.0 

1.5 
.05 - .10 
.; - • 6 (nl) 

For the dephosphorization of such metal relatiTaly 

high lime and ezide charges were neoessary 1 more particular-

ly if Tery low phosphorus were required in the finished steel. 

The greater the amount of reagen~s oharged,the longer is the 

time Gccupied by the refining. o. Thiel of the Prager works 

etates(n2) that in a 15 ton furnace with iron of approximat~ 

ly the above composition,only two 12 ton heats could be made 

in 24 heurs. fhis 1 of course 1 wae excessively slow 1 and demand-

a remeQ1. If two substances react on each other,chemioally, 

the dilution of these two substances by inert substances will 

retard their apeeci of reaction. If at the beginning of the re

fining operation tn the Open Heart• furnace there are added 

reaaents sufficient for the removal of only a portion ef the 

impurities present in the iron oharge,and if,when these reaa

ents a%e eshaustad the resulting slag is completely removea 

from the furnace ,and fresh lime and oxides are added, the spaed 

of reaction is greater than if the total amount of lime and 

oxides had been added in the first instance,those portions 

first ·eahat.sted remaining as a diluent for the balance. Such 

was the line of reasoning which,about lg94,led the late Ernst 

(nl) E. v.Maltitz. Iron Age Aug.l0.1905.p.;49. 

(n2) Stahl u. Eisan XVII p403. 



Bertrand and Otto Thiel of the Prague works to take advant

age of the peculiar juxtaposition of their two Op3n Hearth 

furnaces,using the upper one as a Primary furnace,and at a 

certain stage allowing the metal to run down into the lower 

furnace in which had been prSheated,meanwhile,oxides and 

lime,with or without vazaying p2oportions of scrap. The re

sults of this modus operandi have been widely published and 

disoussed(nl). Without any doubt they represe~t a sreat i~ 

provemant on previous Kladno practice;but as the data pub

lished seem to lack certain of the features necessary to a 

comparison with modern Open Hearth praotioe,they need not 

here be set forth. Suffice it to say that on a basis of these 

experiments,the interrupted process was perpetuated at Xlad

no,and was intr6duced at other works,-notably at the Oreusot 

works,at Brymbo,and at the Hoesch works in Dortmund,Germany. 

Possibly the best aomparative idea of the process may 

be gleaned tz.m information published concerning it's oper

ation at Dortmund. !he following figures summarize the re

sults there obtained.(n2). 

HOESCH WORKS.DORTMUND. 1905. 

First Run.- . ,. 
Date- - - - - - - Jan.9-l) incl. 
Total Hours - - - 120 

Seoond Run 
April 3-S incl. 
llt4. 

Heats made---- 47. 61. 
Furnaces used - - 2. 2. 
Hearth Area - 21 1 x 10 1 • 21 t X 10 t • 

(nl) 

(n2) 

Trans.Am.Inst.Min.Eng. J. Hartshorne.Sept.lg96. 
E~Bertrand.Jour.I.& S.Inst.1g97.1.115. 
A.Ledebur.Stahl u. Eisen XXIII. p.;6. 
Pottgiesser.Stahl u.Eisen XXIV p.619. 
Darby & Hatton.Jour.I.& S.Inst.l9Q5.I.ppl25 et seq. 
O.Petersen. Stahl u.Eisan.l910.No!s I & II. 
loc.cit. 
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First Run 
Rated F'oe Cap'ty. lS tons. 
MOlten Pig used 695t.l cwt. 
Broken Moulds bt. lOcwt. 
Light & plate scrap 157t.10 cwt. 
Ferro-Uanganese St. 1 cwt. 
Ferro-Sil.& Spiegel 6t. 4 cwt. 
Total Metallic Chg. S];t. 6 owt. 
Good Product 90~t.~ cwt. 
Yield 104.o~~ 
Av 1ge W1t of Heat 19t. 6 cwt. 
Heats pe~ t 1oe per 
day of 2~ hours. 4.7 
Product pex furnace 
per 24 hour~ 90.S tons. 

Non-Metallic Charge 
as follews;

Swedish Ore 
Mill Scale 
Lime 
Limestone 
Total Limestone 

equivalent 
Total Lime eaui~ 

valent · 
Producer Coal 

49g lbs. 
76 " 

165 " 
140 " 

44S " 

" " 

per 

Second Run. 
lS tons. 
~St. 15 cwt. 

;t. 12 cwt. 
lS9t. 16 owt. 
l5t. 3 cwt. 
12t. 7 cwt. 

l049t. 13 cwt. 
11 

4
t. b cwt. 

10 .51% 
lgt. 16 cwt. 

5.0 

95.S tons. 
ton of ingots was 

4o2 lbs. 
128 " 
2~~ " " 
433 " 
249 " 5 5 " 

Average time of 
secondary heat 2 hrs. 33 1 • 2 hrs. 22 1 • 

Dittt- Primary h't. approxin~tely the same,probably 
somewhat shorter. 

Molten Pig 
Primary Metal 
Finished Steel 

Primary Slag 
Secondarr Slag 

ANALYSES. 
Si. 

.J r .5 

Si02 FeO 

11.40 4.67 
12.40 17.03 

c. P. Mn. s. 
- l.g 1.5 .07 

l.0-2.0 .2 -
- .ol~.o4-

Kn0 Al20; P2o5 CaO KgO 

;.93 1.6o 22.-25. 4s.g6 4.o 
- 1.90 5.00 46.2g 5.9 

Summing up the combined results of the two runs,we find 

that steel of excellent quality was made in two fuxnaoes at 

the rate of 7.g tons per hour- that is~3·9 tons per furnace 

per hour. It is also readily calculated that the steel made 

in 24 hours per square foot of hearth area was .446 tons,-a 

remarkably good performance in view of the grade of pig-iron 
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charged. There was also produced1 calculated on the basis of 

phosphorus 1 slag,of commercial value to the amount of .11 tons 

per ton gf ingots. The statement is also made that a saving 

of 4 shillings per ton of steel directly resulted from the ~ 

substitution of the Bertrand-Thiel for the regular process ~ 

previously employed in those furnaces. Similarly definite 

data regarding previous regular practice,do not accompany the 

figures above quoted. It would at first glance seem rease~ 

able to ask,in view of the very CQnsiderable saving just re

corded,and whereas there\were in the Hoesch shop four Open 

Hearth furnaces of the same oapacity,why only two of them are 

described as operating according to the Bertrand-Thiel metho~ 

and why1 later 1 when two largar furnaces were added to the 

equipment 1 onlr the new furnaces made use of the interrupted 

process,all four of the older furnaces being relegated to the 

straight basic process. The reason for this apparent inco~ 

sistency is probably twofold. In the first place,the Hoesoh 

Company makes basi8 Bessemer steel as well 1 and it's policy 

with reference to the interrupted process,which requires mol

ten pig iron,would necessarily be regulated by the available 

supply of that comrr~dity over and above the requirements of 

the Bessemer Converters. In the second place,the interrupted 

processes use only a li~~ted amount of scrap,and the straight 

basic process would probably have to be employed in a certain 

number of their furnaces,to economically dispose of the con-

siderable amounts of scrap that are inevitablJ currently pro

duced in a works of that size. 
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THE HOESCH PROCESS. 

After an exten4ed trial,it was found ~t Dortmund,that there 

were certain practical difficulties in the way of the Bert

rand.-Thiel process. For one thing,by reason of the lower tem,

erature and heavy lime charge. -~:;therewith, tbe hearth of the 

primary furnace builds up badly,while the hearth of the fin

ishin& furnace was rapidly attacked. Also,on account of the 

unequal times ef primary and secondary heats respectively, 

one furnace was compelled to wait on the other. ror this re~ 

son,in the suum1er of 1905,they began to perform the whole op

eration in lne furnace,and in this way the growth of the 

hearth during the first period was very successfully utilized 

as a protection against the waste of the second period. The 

process was patented by the Hoesch works under D. R. P. lS9~1 

- 1905. £fter the completion of two new 30-ton furnaces,this 

Hoesoh Process,whioh,as already stated,is metallurgically a 

modification of the Bertrand-!hiel,was reeularly carried out 

in them from Jlay 1.1907,onward • 8 The prooess"(Petersen.Btahl 

u. Eisen.loo.cit.)•is substantiallyi~s follows;-the furnace 

is ehar1ed with lime and oxides(chiefly Swedish 1 Minette and 

Spathic Ores and Roll-soale).After a short interval molten 

iron is charged,and the reaction begins almost inlmediately. 

As soon as the heat boils clear and is hot enough,metal and 

sla& are tafped into a ladle and the slag skimmed off. Mean

while the furnace is freshly prepared with Lime ,Oxide and :" .· .. 

Scrap and the primary metal pour3d back in,the refinina pro

ceeding thereafter with sreat rapidity. !he following data 



' haTe been arranged and calculated from Dr Pet3rsens paper;-

!he figures,unless it is otherwise indicated,are in metric 

tons.The period coverzd is the year lgog- 1S09. 

Total hours 
Heats made 
Furnaces used 
Hearth area 
Rated furnace cap'ty. 
Molten pig-iron used 
Scrap iron 
Steel acrap 
Ferro-Uanca.nese 
Ferro-Silicon 
Spiegel 
Total Metallic Charge 
Good Jroduct 
Jield % 

HOES CH 
PROCESS, 

10,146 
1711 

l 
24.4• lt ll t 
30 tons. 
36218. g!74.I2%) g;. g .l7%) 
116:;1.7 24.oo%> 

404.~ • ~%) 
7 .og(. 02%> 

12l.O(G.25%) 
4S~2.6 . 
50606.0 

104.42 
Good product per heat 
Heats per flee per 24 
Good prQduct per f 1ce 

hrs. 
2~:64 

per 24 hours 

PIG & SCBAP 
PROCESS. 

The No~meta~lic charge per ton of ingots was;-

Ore & roll-ecale 
Lin1e 
Producer coal 
Coke 

47g lba. 
207_ " 
546 " 

6.6" 

Blaa produced per ton 
of inaots, Primary .126 metric tons. 

Ditt6 - Secondary .147 
Average time of heat'-

Primary (about) 4 hrs gt 
Secondary " 1 hr. 4gt 

Gross tons per square foot 
of bath surface per 24hrs •• 43S 

Molten pig-iron 
Prima:rJ metal 
Finished steel 

ANALYSES. 
Si. C. P. 

• 14-l ;.20 l.g2 
tr. 1.95 .15 
tr. .07 .015 

--
) 4 hrs 10' 

s . 
.034 
.0] 
.o4g 

.4So 
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Slags. Si02 Fe. Mn. cao. P205. }.{gO • Al2o
3

• 

Hoes eh ,Prirflary 11.00 4.63 ~.76 41.91 24.z_; 7.20 2.10 
" Second. 13.20 14.10 6.54 40.13 7· 7 7.50 2.99 

Straight o. H. 15.00 15.7 g 11.00 40.22 2.25 

It therefore appears that in the threa processes refew

red to in the foregoing,steel was produced at the Hoesch wor•s 

at the following rates per square foot of bath surface per 

day of 24 hours;-
gross. 

1. By the Bertrand-Thiel process in 2 - 1~. furnaces .446t. 
2. " " Hoesch " " l - ;ot. furnace .4;gt. 
3. " " Straight Open Hearth" " l - 1St. • .4~t. 

As will be seen,however from the nature of the metal

lic oharae,from. the small lime and ore additions,and from the 

low phosphoric acid in the slag.,tha regular Open Hearth heats 

were rather scrap melting heats,and partook of the nature of 

acid heats o~ basic bottom. On the other hand they were 

n1.ade chiefly from cold stock,whioh offsets to soxne small ex

tent,the fact that the Eertaand-Thiel and Hoesch processes, 

as there exemplified 1 had to do with a very hi&h phosphorus 

pig ircn. Under these oonditions,however,the strai.ght Open 

Hearth is seen to have a very heavy margin in it 1s favour. 

As to whether or not this margin would have assumed a minus 

value had Thomas iron,and high lime and oxide charges been 

substituted for the relatively small and pure charges that 

were used,we are so far,not enlightened. 

INVESTIGATION. 

I &ladly availed myself of an opportunijly which came 

to me in November 1913,at the works of the Dominion Iron & 

St3el Company at Sydney,loTa Scotia1 to conduct experiments 



looking to the establishment of the relative merits of th8 

Bertrand-Thiel,Hoesch and straight basic Open Hearth process• 

ee.Th3se experiments 1 the conditions surrounding them,and the 

deductions which they permit 1 will now be dealt with. 

The pig-iron1 which was supplied from a Mixer 1 in the mo•

ten condition1 was of the following composition,as regards non

ferrous elements, 
% 

Carbon 4. 25. 
Silicon 1.00. 
Pho spho ruGp.. 47_. 
Sulphur .06 
Manganese .20 

The Ores used were a Magnetite and a Hematite,both very 

suitable,physically,for Open Hearth work,and in the Bertrand~ 

Thiel and Hoesch heats,some Manganese ore,the latter being 

used to conform with conditions indicated by the slag analys

es given above,as obtaining in Dortmund practice. Analyses 

of the ores were as follows;-

Si02 Fe. P. s. Al20; CaO. 1fgO. Mn. 

Jlagnetite 6. g6 ~7.49 1.57 tr. 1.55 6.04 nil. tr. 
Hematite 16.10 9.51 ·741 .04 4.79 2.24 .40 .15 
Manganese Or~l0.25 l.l; .l ; .:;4 2.;o 1.og .66 41.77 

In the straight basic practice,only limestone is used 

as a rule;in the experiments with interrupted processes,n.w

ever,calcined lime was used,in order,as before,to duplicate 

Dortmund conditions. Analyses of these materials were;-

Si02 A12o3 
Limestone 3.09 .75 
Lime 4.12 1.14 

Fe2o3 CaOO; CaO MgCO; MgO S • 

• ~4 S9.60 (50.17)5.09 (2.42) .~5 
1. Go - s;. tfl. - 4. oo 

The Ferro-Manganese employed contained very unifor.mly 

SO.O~ Mn.,and the Ferro-Silicon,50.00% Si. 
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T.he furnace chosen for the work was a fifty-ton,tilt

ing basic Open Hearth furnace of the Campbell type,fired by 

Producer gas. The area of the heatth at the slag-line was 

25 1 x 11 t or 275 square feet. !he ma.ximuro depth,fron1 centre 

hearth to fore-plate level was thirty-aix inches. 

Of straight basic practice in this furnace,the follow

ing heat,made from the above raw materials,may be consider

ed as in all respects typical,and as constituting a fair bas

is for comparison with the interrupted processes. 

Heat No. 519. 

Began charging 4.45 A.M. 

Limestone 31 1450 lbs. 
Magnetite 5,500 " 
Hemati te 9, 700 '' 
Rail Crops 34,300 " 

7. 50 A. M. Mixer Iron 29.,000 " 
s.oo " • • 2S,700 " 
g.lO " " " 22,700 " 
2.10 P.M.Slag t3st,Si02 2).44.Fe 5.g5 CaO 45.32 P20.5 13.37 
4.05 P.M.lletal test,c •• ltl P. ·9?.0 s. .045 
4.30 " " " C •• ;4 P •• V*O 
4.4o " Slag test,Si02 l5.6S.Fe 5.56 CaO 51.41 P2o5 11.)6. 

4.55 Tapping. Used 1600 lbs. FerroManganese and 360 lbs.of 

coke in the ladle. Aluminium was adaed in the moulds in the 

proportion of lt ounces per ton of steel. 1500 lbs. of Fl~ 

or Spar was used in this heat. 

Ladle test 1 C. • 5g P. • 035 s. • 037 Mn. • 95 
Time of heat, 12 hrs.10 1 • 

Total Metallic Charge 
Ingots 
Yield .,percent, 

116,;oo lbs. 
ll0 1 JOO " 
94.~ 

On the basis of this heat,which as already stated is 

typical,allowing the necessary time for bottom repairs etc. 

between heats,and eliminating extraordinary delays on metal, 



charging machines~cranes etc. which are a function not of the 

prooees 1but of the gensral equipment~nunwer of furnaces etc., 

it may be calculated that from these raw materials,in the fuw

nace described~there are produced 12.5 heats of fifty tone 

each,in a week of 156 working hours; 96.1 tons in 24 hours; 

and .350 tons per square foot of hearth area in 24 hours. 

Since,in view of Dortmund practice~a bath depth of thi~~ 

ty-six inches appeared excessive~! raised the bottom of the 

furnace selected for the experiments~by means of Magnesite 

additions,suitably sintered on,until the maximum depth was 

reduced to about 30 inches. I also reduced the size of the 

heats to about 40 tons each,the bath surface being in this 

manner maintained as before,at 275 square feet. 

In this furnace I began charging the first Hoesch heat 

at 9.50 P.M. on November 5th.l9l3. The materials were dis

posed in the following manner;-

North door. :Middle door. South do oil. 

j box lime. 2 boxes ore. 1 box lime. 
i " ore. 3 1t lime. 1 " scale. 

l " lime. ii " ore. 
ft lime. 

The lime was put on the flat in the end doors 1 in order to 

fill slight depressions that existed at these points. !he66 

materials were all in the furnace at 10.35 P.M •• ~e Yixer 

metal was ordered for 11.05 P.M.jallowing just one half hour 

for the cold stock to heat. Owing to a ladle change it was 

delared 20 minutes,and was charged as follows;-

11. 25P. lf.lli.xer metal 
11.40 " " " 

4o,,oo lbs. 
;.1,700 • 



Reaction began shortly,and proceeded with considerable 

Yigour,but not violently,gradually subsiding towards 2.00 

A.M. when the bottom was found to be clear. Slag and metal 

testa ware taken at this point and showed;-

Uetal. 0.2.22 P.239 8.063. 
Slag. Si02 19.76 Fe 4.04 CaO 42.5g P20; 17.03. 
At 2. 30 A.. :1. metal and slag were tapped into a ladle 

suspended from a 75-ton craneJand the slag was drained off 

as completely as possible over the lip. The slag was very 

puffy,and even with heavy drenching was only with extreme 

diffiVUlty retained in the box into which it was poured. 

After tapping,the furnace was immediately rightedJand Jbe

ginning at 2. 3S A.K. fresh reagents were charged as follows, 

North door. lliddle door. South door. 

i box Hematite. l box Magnetite, -1- box Hematite. 
l box crop-ends. 2 boxes crop-ends.i box erop-ends. 
;/4" lime. li " ltme l " lime. 

1 box.Uanganase oxe divided between the three doors. 

At 2.50 A.lL this stcck was all charged and the aetal was 

immediately returned to the furnaoe,being poured over the 

lip of the ladle into a charging hole situated at the back 
• 

of the furnace. The pouring oo.oupied 17 minutes~being fin

ished at 3.07 .A..M. • Very noticeable during the tapping and . 
pouring of this primary metal were the dense clouds of red 

oxide fumes that arose from the metal in the runner,and in 

the ladleJ-so dense as to suggest the end of the after-blow 

of an over-blown basic Bessemer heat. The primary metal e

mitted these characteristic fumes during the pouring of ev

ery Hoeseh and Bertrand-~hiel heat that was made.It does not 



at first sight appear clear why the metal evolves these 

fumes in the presence of more than 2.00 % of Carbon,and 

does not evolve them to anything approaching the same 

axtent,at tapping time,and in the presence of less than 

half of one percent of carbon,and at a stage when one would 

naturally expect a more or less oxidized condition of bath. 

The explanation is probably to be found in the more acid 

nature of the slag of the priwary heat,it being well recog

nized in the art that a"lean" slag,and "wild" metal at tap

ping time,are frequently concomitant. 

After the metal was returned to the furnace,the bath 

lay sluggish for about three quarters of an hour,this being 

the natural consequence of the introduction of so much cold 

stock,without any interval for pre-heating. At the end of 

this time,as the metal gained temperature,rsaction began,and 

proceeded with moderate vigour,finally quieting down at about 

6. 30 A. M. .lt 7. OOA. M. the bottom was clear, and as the slag 

had a resinous lustre,indicating insufficient 11me,and as the 

fracture of the metal test suggested the presence of undue 

amounts of phosphorus,! added a box of lime to the slag. 

Metal tests taken at this point,and thereafter,showed;-

Time taken. c. P. s. 
6.55 A. M. .52 .065 .o~o 
7.20 " - .055 .o-; 
7.45 " .37 .055 

!he •sticking•of the phosphorus at this juncture showed 

that there was still a dearth of lime in the slag. A second 

extra box was therefore added at g.oo A.M •• It was quickly 
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•out up•,and a metal test taken at s.30 A.~ ehowe4,-C .29, 

P .045. The heat was tapped at 6.50 A.M. • 1100 lbs.Ferro

Kanganese,350 lbs. Ferro-Silicon and 360 lbs. Coke were ad~ 

ed in the ladle. 4 lbs. of Aluminium was distributed among 

the moulds. 
I , 

Resume. 

First period. Began charging,9.50 P.ll. Tapped. 2.30 A.lL. 
!ime of primary heat, 4 hrs. ~0 minutes. 

Primary charge;-
Lime 10, SOO l.-s. 
Magnetite 12,100 1 

Roll Scale 1,900 • 
Mixer Metal 72,000 • 

!appin& tests;-
•etal 0 2.22 P.2;9 s .063 
Slag. Si02 19.76 Fe 4.04 OaO 42.5g P2t5 17.53. 

Second period. !egan charging 2.35 A.M. Tapped S.50A.K. 
Time of secondary heat, 6 hrs. 20 minutes. 

Secondary oharge;-
lla&netite 
Hema.tite 
Manganese Ore 
Lime 
Crop Ends 

Metal tests. !ime. · c. 
6. 55 A. M. • 52 
7.20 " .. 
7.45 " .37 
5. 25 tl • 29 

2,700 
2,000 
1,700 
4, !bo & 2500. 

17,!00 
P. S • 

• 065 .oso 
.055 .o4; 
.055 
.045 

Slag. g.25A.Y. Si02 Fe .CaO P2~5 MnO. 

13.40 7.31 49.5; g.43 5.,0 
Total time of heat,ll hrs.OO minutes. 
Analysis of finished steel, 

a.54 P.037. s.o4o Kn.96. 

Total meta.llic charge 9.1,250 lbs. 
• Preduot 3g,ooo " 

Yield 96.~. . . -----------------
From this heat many lessons were learned. It was seen,for 

1nstanoe,that rather less lime might be used in the first 



rat Se 
Period.Pe 

No. ·hrs.min.hr 
64. 4 - 4o 6 

65 4- 45 6 

66 4 - 10 5 

67 lJ. 4o 7-
6S 5 

69 4 

70 ; 

71 2 - 50 4- -

72 2 - 55 4 -

73 2 - 20 4 -

74 3 - 25 6 -

75 4-406-

76 2 .... 20 5 -

77 :; .. 00 5 -
79 ; - 20 !1-

go 3 - 05 5 -
Sl 3 - 35 3 ... 
g2 3 - 05 5 ... 
g3 :; - 15 5 -
g1.J. 3 - 15 1+ 

ss 3 - 35 6 -
g6 3 - 10 5 -
g7 3-005-
gg 3 - 10 4-
g9 ; - 20 5 -

~ 

90 5-l+-07-

91 2 - 45 6 -
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period,and that mor3 was n~cessary in thd second. Then 

too 1 though the furnac.e crew was a pickad on3,tL,3 men 

ware not familiar with th3 Hoesch routin3,and required a 

ltttl~ time to become habituated. In the rr.ain,however, 

the general descrirtion just given,faithfully portrays 

the cours3 of each of the twenty-six Hoesch heats that 

iw~ediately followed this first ona. Throughout the ser

ies I ragularly took at suitable times,slag and metal 

testa,which were carefully analyzed. To render foOssible 

an accurate comparison with the straight basic process, 

I gi~e,in Tabl~ I. full details of the heats of this 

Hoesch series. This tabl3 1 SUirJJnarized in form correspond 

ing to that used above for th3 Dortmund data,is as fol

lows;-

Total time 243 hrs.34 1 

Heats made 27 
Furnac~s used 1 
Hearth araa 25' x 11 1 

Rat3d furnac3 capacity 40 tons 
Mix~r Iron used g79.~ tons-79.00% 
Steel Scrap 218.4 " 19.62 
Farro-Manganes~ 11.7 " 1.05 
Ferro-Silicon 3.6 " .33 
Total Metallic Charga 1113.0 " 100.00 
Ingots 1094.0 " 
Yie1d,percsnt, 9g.3 
Ingots psr heat 40.5 tons 
Ingots per f'cs p3r 24hr.l07.9 " 
Ingots per sq.ft. bath-
surface per 24 hrs. • )93 " 

Tha non-metallic charge 

Magneti t 3 & Scale I rrinlary. 
Magn3tite,Secondary, 
H ema tit ~ 1 " 

Manganes '3 o r-3 1 " 

Lime, primary, 
" S 9COndB ry 

was;-
'l'ota1 

gross tons. 
155.0 
3g. 9 
21.2 
16.7 
92.0 
73.f1 

lbs.p9r ton 
ingots. 

317.3 
79.6 
43 4 
34:1 

133.3 
151.0 



Slag produc9d was;-

Prirnary 1 
Secondary, 

22. 

Total 
gross tons. 

173.0 
112.5 

Tons par ton 
of ingots. 

.15~ 

.103 

Av3rage ti~e of primary heat 3hrs. 16 minutes. 
5 " 26 " " " " secondary " 
~ " 42 " " " " total " 

A.v3rags of 

Mixer Iron,typical, 
Primary Metal, 
Steal,typical, 

Primary Slag 
Secondary " 

the analyses. 
Si. C. P. Mn. 

1.00 4.25 1.47 .20 
tr. 2.~4 .239 tr. 
.og .55 .o;o .gg 

Si02 Fe YnO CaO 

19.24 5.27 41.45 
12.35 9.4~ 6. og 49.90 

s. 
.060 
.054 
.041 
P205 

17.00 
7.99 

It will ba saen that the first six heats of the ser

ies,No1s. 6~-69 inclusiv~,were distinctly slower than 

the majority of the remainder,and it is only fair to 

assume that th3 relativ3 slowness is due in large mea~. 

ure to lack of familiarity,on our part,with th3 rout-

ine of the process. In view of this,! have considered 

it advisable to el imina t .3 thase figures from th 3 cal

culation of th3 average time of heat,and to base the 

production rate of the process on th3 avaraga of the 

last twenty-one heats. 'lh.3 tima of the first period is 

reckoned from th3 baginning of charging to tapping of 

primary metal. The time of the second p3riod is from 

tapping of primary to tapping of finished steel. !'h.3 

returning of primary metal to th~ furnace,which in the 

first heat occupi3d 17 minutes,was subsequentlp manag-

3d in 7 - ~ minutes. This operation must be cautiously 

performad,as the metal is V3ry fluid,and witb tha sligh 1r 



est splash,corruscates in a most spectacular way. This 

would be expected from a relatively hot high carbon metal, 

practically free from Silicon. It will be found that the 

Primary slags as calculated from the charge,are lower in 

silica than the actual average analysis. ~his is chiefly 

account3d for by the fact that certain amounts of silic

eous :U:ixer slag not infrequently entered the furnace with 

th e iron. 

Following the Hoesch series,sevan heats were made ac

cording to the original Bertrand-Thial process,using the 

same furnace for a secondary hearth,and a similar one sit

uated next to it,for a primary hearth. !he bottom of the 

Hoesch furnace being by this time lowered a lmost to it 1s 

for.mer level,largely due to the charging of the Ore di

rectly upon it ,as above indicated,I was able in the Be~ 

trand-!hial series to use a somewhat heavier charge with

out altering the area of the bath-surface. 

!.he main features,proportions of charge,yield eto.of 

the Bertrand-!hiel heats were in all respects identival 

with those alrea4f recorded for the Boesch heats. Of the 

for.mer,therefore,only a short account will be given. 

SEVEN BERTRAND-THIEL HEATS • NOVEMBER 17 & lS. 113. 
Time of Wt. of Ingots. 

Heat No. Secondary Heat. lbs. 
93 4 h:r:s 55 1 102-1 700 
94· 5 I 05 t 10_ 5,500 
9J 5 • ;o: 103,400 
9~ 5 • 25 115,900 
9
9
L 6 • 15' 1o8,ooo 
o 6 • lO' 99,;oo 

99 5 " oo• 117,;oo 
Ave:raae time, 5 " 29 • 



Av, 
" 

24. 

Ingots produced 336 tons. 
Avaraga weight per heat 45 n 

analysis of primary metal, C 2.10 P .200 S .055 
n n slags. Si02 Fe CaO P205 

Primal'Y 19.44 4.44 42.02 18.05 
Secondary 12.32 S.4o 48.32 7.g~ 

Typical steel 0.54 P.020 8.035 1in.go 

The total time of the run ,allowing interval for bottom 

repairs~was forty hours twenty minutes;that is 1 production 

was at th3 rate of 5.331 tone per hour,or 199.944 tons in 

24 hours for two furnaces,or .364 tons per square foot of 

bath surface per 24 hours. This is slightly better than 

the regular Open Hearth rate,but inferior to that of the 

Hoesch heats in the same furnace. Ther~as noticeable, 

even in this short trial,a very distinct tendency to build~ 

ing up on the part of the primary furnace hearth,just as 

was observed at Dortmund. 

I observed the following characteristics in these 

heats;-

1. The secondary period being the longer,as al

ready observed for the Hoesch heats in this furnaca,the 

prirrary aesal. of the Bertran~Thiel was ready for trans

fer at least two hours before the secondary hearth was 

prepared to receive it. !he primary hearth therefore was 

to all intents and purposes idle for a great part of the 

time. The primary metal,for the same reason,was rather 

lower in carbon and phosphorus than in the Hoesoh process. 

2. The scrap,ore and lime charge of the secondary 

heat was pre-heated '" some extent before the prin1ary me

tal was poured upon it. Reaction,therefore began more 



promptly than in the Hoesch secondary. This,as will be ob

eerved,had it's effect on the time of the secondary heat 

which,with a 4~ton bath was only three minutes longer 

than the Hoesch 40 ton secondary. Taking everything into 

consideration,there s3emed no prospect of further advan

tage aleng these lines,and I decided to revert to the 

Hoesch process in the same furnace as before,in order to 

deter.mine what advantage,if any,would be ,ained by using 

heavier charges. With this in view I made a further series 

of twenty,50-tcn Hoesoh heats. !he charges were in the 

same proportion as the first series. The yields were of 

the same order. Primary metal also,and the slags,were the 

same as before,although I was unable in this oase,unfor-
I 

tunately,to obtain analyses of more than a few of the 

very complete series of metal and slag samples that I took· 

!he results,as to time and tonnage of the 50-ton 

Hoesoh ran,here follow;
TIME 

Heat 
No. 

100 
101 
102 

igl 
105 
105 
107 
lOS 
109 
llO 
111 
112 
113 

:Plrst Second 
Period. Period. Total. 

hrs.min.hrs.min.hrs.min. 
4 - 20 7 - 10 ll - 30 

i -00 7 - 40 10 - 40 
~ 00 z - 05 10 - 05 
- 35 6 - 55 11 - 30 

6 - 20 6 - 30 12 - 50 
3 - 25 6 - 40 10 - 05 
3 - 10 g - 05 11 - 15 
; - 4o 6 - ;o 10 - 10 
2 - 4o 6 - 35 9 - 15 
4 - oo 6 - ;o 10 - 30 
3 - 25 6 - 55 10 - 20 
4 - 15 6 - 05 10 - 20 
4 - 30 7 - 55 12 - 25 
4 - 35 g - 15 12 - 50 

Ingots. 
1bs. 

122,000 
12G,400 
107,900 
109,eoo 
115,500 
115,SOO 
127,900 
115,300 
120,400 
114 900 
11g:roo 
llg,4oo 
120,400 
120,000 



Heat 
No. 

114 
115 
llb 
117. 
llS 
119 

Average 

26. 

J'irst Second 
Per.iod. Period. Total. 

hrs .min.h rs .min.hrs ~min. 
2 - 45 5 - 30 g - 15 
3 - 55 b - 20 10 - 15 
; - 35 7 - 25 ll - 00 
3 - 50 7 - 05 10 - 55 
; - 25 6 - 35 10 - 00 
~ t - ~~ 11 - 15 --,--:::415- - ~-. --w-=-zr.-o 

Ingots 
1bs. 

117,600 
112,700 
114,200 
11g,ooo 
120,000 
l20.,4oO 

Inpts produced 
Avezaae weight per heat 

1043._9 tons. 
52.4 tt 

The total time of the run,allowing interval for bottom 

makina,was 221 hours 45 minutes;that is,produotion was at 
24 

the rate of 4.73 tons per hour,or 113.52 tons perAhours; 

or .413 tons per square foot of bath surface in twenty-

four hours. 

We are now in a position to discuss the points of a4-

vantage olaimed for the interrupted processes by their i~ 

venters. As an aid to the consideration of thase claims, I 

tabulate relevant deductions from the data adduced in the 

foregoing. 

Bath area,sq.ft. 
F'ces ttii.J>loyed 
Av'ga heat 1 tons. 

" time of 

Straight 
Open 

Hearth. 
275 

1 
50 

Bertrand 
!hiel. 

heat, Primary -
Secondary 5 hrs 29- 1 

Total 12 hrslO' 5 " 29' 
(2 hearths) 

Tons per f 1ce 
per 24 hours. 96.10 99.97 

Hoesch. 
4o-ton. 

Hoes oh. 
50.. ton. 

275 
1 

52.4 

3 hrs 16' 3 hrs 43' 
5 • 26• o " sg• 
~ " 42 110 " 46 1 

107.86 113.52 
Tons per sq.ft. 
of~ba~!;L in 2~ hrs •• 350 _._..·~2_64~ __ _...;.•Jt:-32~2~--,--.-~•4f2 
Ieta~l19 c.u.are;e. 

Mixer Iron 69.12% 79.00% 
Crop ends 29.49 19.62 
Ferro-~nganese 1.39 ) 1.35 
Ferro-Silicon ad lib.} 



27. 
Straight Bertrand 

Non-metallic O.H. fhiel. 
Hoes eh 
4o-ton. 

Hoes eh 
50-ton. 

chg.per ton ingots. ---------~v~------~ 
Limestone 1 lbs. 
Magnetite " 
Hematita " 
Total Fe in 

639.0 
112.0 
197.0 

ores, " 161.9 
Yield of ingots 
per ton met, chg. ~.~ 
Merchantable slag 
per ton ingots.lbs. none 
Tr.pical phosphorus 
in steel. .035-.050 

Lime 339
6
.3 (~67 Limestone) 

343:4 
249.7 
9g.;% 

354 

.020-.040 

DISCUSSION OF THE CLAIMS.IN THE LIGHT 
OF THESE EXPERIMENTS. 

l.Unmistakeably,in the case of a phQsphoric iron,the use 

of an interrupted process renders possible,from the same 

furnace and like raw matelials,a greater output than can 

be obtained by the Straight Open Hearth process. !he ex

planation is to be found largely $n two facts,-
~ 

(a) Much of the time of the straight Open Hearth 

heat is occupied in raising the lime charge from the bot

tom of the furnace. When the limestone charge amounts to 

31000 lbs. as in the typical Straight heat given abmve, 

the time so occupied becomes seriously long. For reasons 

obvious to those skilled in the art,half the amount of 

stone can be raised in less than half the time required 

by the undivided whole. It may be remarked also that if 

lime be entirely substituted for this amount of stone, 

the delay is almost equally serious,because lime in bulk 

is harder to raise than limestone,for physical reasons, 

and because of the absence of the agitation that results, 

in the oase of limestone,from the libexation of C02. 
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aleo,as will shortly be not3d,in the absence of lime

etone,a heavier ore charge is necessary,which increases 

the bulk of material to be raised from the hearth,and ,to 

a corresponding extent,makes for delay. 

(b). In the straight process,the entire volume of 

slag must be made su~ficiently basic to dephosphorize to 

the extent desired in the finished steel,and to ensure 

proper tapping conditions. In the interrupted process the 

primary slag need not be nearly so basic,and the second

ary slag also,containing less silica and phosphoric acid, 

gives a low phosphorus st~el,free from wildness,even when 

somewhat less basic than a similarly good slag in the 

straight basic process. From this it follows that the te• 

tal lime required by the interrupted process is less than 

for the straight basic process under the same conditions. 

Of the two interrupted prooesses,it has been seen 

that the Bertrand-Thiel has an advantage over the Hoesch, 

in tha t the second instalment of lime and ore is preheat 

ed before the metal from the primary hearth is charged up 

on it. This advantage,however would appear to be more 

than offset by the fact that the Bertrand-Thiel requires 

two furnaoes,and that in it the primazy hearth is idle 

for well nigh half of .. ts time. Also ,the primary hearth 

becomes built up with lime accretions. These objeetions 

t• the process were realized by the Hoesoh officials,and 

led to their deTelopment of the Hoesch modification. The 

investigation above dsscribed.,shows that their action was 



well adTised. 

It is interesting to compare the rate of production 

attain~d in the Sydney experiments,with that given in the 

foraaoing for the Bertrand-!hiel and Hoasch prQcesses,re

spectively,at Dortmund. 

Be%trand-Thiel,Dortmund,l7t.furnace 
Hoes eh, " )Ot. " 
Hoesch, Sydney, 50t. " 

Gross tons per 
sq.ft.per 24 hr 

.446 

.43$ 

.41:; 

Herein lies one great difference between possibly a 

majority of,at least,the older Continental works,and 

Ncrth American works. The Continental furnace is smaller, 

and even where mechanical oharaing machines are used, 

more of the lime and ore are shovelled into the fUrnace 

by hand. From the point of view of spaed,hand shovelling, 

within certain lim1ts,is better. A certain amount of the. 

lime and ore can be placed on the hearth-bottom without 

causing delay by the time necessary to raise them,and for 

rapid decarbonization,the ore must come from the bottom • 

DephosPhorization,however,or rather,fixing of the phos

phoric acid,takes place at the sla&-line. Under favour

able conditions dephosphorization occurs with extreme rap~ 

idity during the earlier stages of the heat,while the 

bat·h is still relatively cool. If ,during these earlier 

sta&es,the lime and ore that are necessary for oxidizing 

and fixin& the phosphorus are still buried in a heap on 

the hearth bottom,the phosphorus is little affected. If, 

on the other hand,an adequate supply of both is available 



30. 
at the slag-line,the phosphorus ~AY bs rapidly and per

manently removed. If it be attempted to supply th3 lime 

and ore to the slag in quantity,by means of the machine, 

the slag is at first chilled,and reaction delayed;when 

the chilling is finally overcome,the reaction proceeds 

with undue violence. It follows that,ideally,except for 

sufficient bottom charging to form an innitial· sla£ cov

ering for the bath,the lime and ore for dephosphorization . 
should be shovelled. 

It should be mentioned that the chilling just refer

red to is to a very large extent obviated in the Talbot 

process,where the amount of heat stored in the bath is 

very great. 

It is safe to assume that at Dortmund,in the Hoesch 

heats,though,as a rratter of fact a mechanical charger is 

th3re empleJed,there was a greatar amount of shovelling 

than at Sydney. !his,probably,would be sufficient to ac

count for the slightly greater production rate of the 

Dortmund Hoesch as against the Sydney Hoesch. 

The Sydney Bertrand-Thiel production rate was found 

as above shown to be lower than that for the Sydney Hoesclt, 

We find the reverse t':. be true at Dortmund, and wi tho~t 

doubt the explanation is this;- the 17-ton furnaces at 

Dortmund are hand-charged. !he lime and ore would there

fore be shovelled as required. Hand-charging a 17-ton tu•· 

nace is a severe task enough,and no one who has attempted 

to shovel iron ore into a 50-ton furnace at full heat,to 
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say nothing of distributing it across the bath surface, 

will be inclined to maintain that it is practicable to 

acquire the increased production rate in a larae furnace 

by hand-shovelling; although it must be admitted that 

there is a midway course which we,on this side of the At

lantio,are sometimes prone to overlook. It may be here 

stated that there is areat ne~d,in Open Hearth practice, 

of a charging machine which shall be capable of feeding 

to any desired portion of the bath surface,small amounts 

or ore and lime as required. 

2.fhe attainment of higher yield of ingots per ton 

of metallic oharge,in so fa2 as it is a legitimate claim 

to make,appears to be justified. It is doubtful,however, 

whether or not it is fair to consider yield as an intrin

sic function of any process. Open Hearth steel-making coa• 

sists in to a large extent eliminating from pig-iron.,con

stituents other than iron.,the elimination being accompli•h

ed in every case by a combination of oxidation and dilu

tion. If the Open Hearth charge consist entirGl)" of pig

iron., the oxidation is accompli-shed by means of additions 

of iron ozide,the reduced iron of the oxide,in so far as 

it is in excess of the amount constitutionally required 

by the sla&1 enter1ng the bath as a diluent. 

If the charge be part pig and part steel scrap,n~t 

only does the lat-ter aot as a diluent,but it is oxidized 

during meltin& down,to an extent depending upon whether 

the scrap is light or heayy,u~on the sharpneee of the 
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furnaoe,etc.,and the oxida so formed,at the expense of 

the oriainal metallic charge,acts upon tha iron as an 

eliminant. 

If the pig-iron be charged cold,it'e constituents 

also will under;o oxidation during melting. MQlten iron~ 

is charged as a rule,only after the slag-forming ingred

ients,scrap,etc.,have been thoroughly preheated in the 

hearth,so that it ie in this case very soon protected 

from the direct action of the furnace atmosphere. 

Lime is,of course,non-oxidizing,but limestone lib

erates C02 which is distinctly oxidizing. For this reas

on,as is well known in the art,when limest•ne is used, 

much less ore is needed for a given oharge,than when 

lime is employed. 

Now,of all the eliminants enumerated,viz;-Ore,Scrap, 

flame and furnace gases,and limestone,the only one that 

adds to the bath,is Ore. The cthers,by their action,dir

ectly diminish the weight of the metallic charge. It is 

obvious,therefore,oth3r thin&s bains equal,that when we 

speak of a process as givin& a _high yield,we simply mean 

that it employs rel~tively little,or no scrap,and that l.--~ 

the oxidation is accomplished wholly,or nearly so,by iron 

ore. Yields,be it taderstocd,are calculated on the basis 

of metallic charge only,and quite ignore the iron ore. 

Once iron,ia~any form whatsoever,has found it's way 

into the steel furnace,ther3 are only four directions open 

to it. (a) It mar appear as good prcduct.(b)It may be 



33. 

hsld,either chemically or mechanically in the slag.(c). 

It may,due to violent reaotion,careless handling,over

fillins,or ether cause,drip from furnacs,runner,ladle or 

moulds;or it may solidify prematurely as pa%t of the la~ 

le skull. In either of these cases it may,or may not,be 

recoverable as pit-scrap. (d).It may disappear with the 

out-&oina aases as fums. Kost of these several possible 

sources of loss,given equal care in handling,partake of 

the nature of fixtures for any one set of conditions. In 

the straight basic process,when all the limestone and 

ore are charged at once,there is apt to be,whan the ore 

is rising,a violent reaction,causing foaming over of 

slag with more or less of metal. !his tendency to foam 

is much less marked in the Hoesch heats,but is offset in 

the latter,by the extra ladle-skull,and by th3 danger of 

loss incidental to the transfer of the primary metal. 

In view of these considerations,it is not surprising 

that the intarrupted processes have be3n found in this 

investigation to give,as thtir inventors claim for them, 

a higher yield than the straight basic process. Tllat 

there is no material difference between the iron econ

omy of ths interrupted process and that of tha straight 

process appears :from the balance sheet shown on p.;3-a. 

From another point of view,to say that a certain 

Open Hearth process is characterised by high yield,is 

almaat tantamount to describing it as inelaetic;for al

though the Open Hearth process,in so far as it employs 

iron or9 1may well be considered a true direct process 
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IRON BALANCE SHEET - TYPICAL STRAIGHT BASIC HEAT. 

~0 ,GOO 
34,;oo 
l, bOO 

331,450 
5,500 
9,700 

Total -

lRON IN CHARGE. 

lbs.l:fixer Metal @ 93.00% 
" Cro~ Ends 95.00 
" Ferro-Man. 12.00 
" Limestone .73 
" Magnetite 57.49 
• Heaatite ~.51 

IRON RECOVERY. 

11o,;oo.o lbs. Ingots @ 93.50% 
27,S,S.o " Slag 5.56 

Shot in slag 5.00 
Pi t-Sora~, 2. 00 
Skulls,loss,eto. by difference 
Total - - - - - - - - - -

lbs. Fe. 
74,7_72.0 
33,614.0 

192.0 
229.6 

3,162.0 
4,502.5 

116,772.1 

IRON BALANCE SHEET - 4o TON HOESCH CAMPAIGN. 

IRON IN CHARGE. 

~9..3 tons Mixer Metal @ 93.00% 
216.~ " Crop Ends 9S.OO 
193.9 " Magnetite 57.49 

21.2 • Hematite 49.51 
16i7 " Mn. Ore 1.13 
165.~ " Lime 1.12 
11.7 " Ferro-Man. 12.00 
3.6 " Ferro-Sil. 50.00 

Total - - - - - - - - -

IRON RECOVEF.Y. 

1094.0 tons Ingots @ 9g.50 
17:;.o " Slag 5.27 
112.5 " ft 9.1+8 

Shot in total slag 5 .• 00 
Pit-Scrap 2.00 
Skulls,loss 1 stc. by differance 1 

Total 

tons Fe. 
&7.75 
214.03 
111.47 
10.50 

.19 
l.g5 
1.41 
1. go 

1159.00 

1077-59- 93.00% 
9.12) 

10.67) 2.94 
14.25 
2l.gg 1.39 
25.46 2.17 

1159.00 100.00 
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fer the production of steel from ore ,it is~nevertheless, 

frequentl7 desirable,comrr1ercially,to be in a position to 

vary the charges of ore or sorap,limestone or lime,absll

utelJ at will. In any steel-works a certain amount of 

scrap is produced,and unless it can ba promptly and eoon

omicallJ disposed of by remelting,there is rapid ace~ 

ulation and correspondin& financial loss in the shape of 

interest on investment. Any process,therefore,which li~ 

its or stipulates the percentage of scrap to be charged, 

in other words,which is not,in this respeet,wholly elas

tic,can not ba used to the exclusion of all other process• 

es. For this reason the Hoeech process would probably 

never entirely crowd out the straight basic process from 

any works. Along the same line of argument it is also to 

bs noted that the Hoesch process proper,makes no direct 

provision for the remelting of cold ~ig-iron~some quant

ity of which is usually made during tba week-end,and that 

the full~et realization of the a•vantages of the prooess 1 

postulates a plentiful supply of molten metal. 

3. We fin& that the lime consumption is lower,and the 

ore consumption higher in the Hoesoh process than in the 

strai&ht basic process. The ore,however is probably no 

higher,and probably is slightly lower than it would have 

bean in the latter,had l<tas scrap bden charged,and. had 

lime been substituted for limestone. !he interrupted 

process,however,stipulates lime,instead of the cheaper 

limestone,and in this way,aa well as by specifying a 



relatively low scrap charge,~Akes the higher ore con

sumption a necessity. !hese circumstances must not be 

lost sight of in computing the ralative cost of an inter

rupted process. 

4. We find that there is produced by the interrupted ·~·'.":--: 

processes,a phosphatic slag ot high solubility and in ev

ery way suitable for a fertilizer. Owing to the necess

ity for a high lime content in the entire body oi strai&bt 

basic slag,as already explained,the phosphoric acid con

tent is in that case too low. Also,it is necessary,in 

"cutting up" the lime in the straight preoess,to use fl~ 

or spar-,as a flux,and for reasons not distinctly under

etood,though well recognized,the presence of fluor spar 

throws the phosphoric acid into the insoluble condition, 

making it unsuitable for use as a fertilizer. No spar 

was used in the Hoesch beats. 

5. Since metal and slag,at the end of an Open Hearth 

heat may be rega~ded as a system in equilibrium,it fol

lows that,ceteris paribus,lower phosphorus in the slag 

connotes lower phosphorus in the metal. The bulk of the 

phosphorus being remeved in the primary slag of the 

Hoesch process,and the second slag being correspondingly 

low in phosphorus,we should expect th~ finished Hoesch 

steel to be lower in phosphorus than straight Open 

Hearth steel from the same r·aw materials,and with a sim

ilarly basic slag. The present investigation showed that 

the expectation is fulfilled in tact,the tendency of the 
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Hoesch h8ats being distinctly towards lower phosphorus. 

Adverse critics of the Hoesch process have observed 

that the sla& change necessary to a low phosphorus pro

duct,can be eff9cted by skimn1ing,and without removal of 

the matal from th3 furnace. This course is followed,for 

instanca,in electric furnace practice. It may safely be 

stated,howevsr,that while,with oare and t~e,slag can,by 

skimmin&,be fairly completely removed from a small sta

tionary furnace,and from a semewhat larger tilting fur

nace,possibly up to 15 or e•en 20 tons capacity,with 

larger sizes than this no complete removal of slag can be 

accomplished without undue metal loss,the difficulty in

creasing with the bath area. Uoreover,even with the small 

furnacs,one must depend,in one's absence,entirely upon 

th :3 fidelity of the workmen. Upon the Vlhole,it seems 

justifiable to consider that only some such complete and 

positive removal of slag as is involved by the metal 

transfer,can be relied upon in general,larg~-soale pract-

ice. 

6. Und3r the conditions obtaining when the Bertrand

!.hiel process was introduced,it is probable that this pr•· 

cess did much in the way of achieving a uniform product 

from variable raw materials,since all Silicon - the most 

troublesome of variables - and the greater part of the 

phosphorus are removed with the primary slag,and any such 
-

trifling irregularity as a tenth of one per cent or so of 
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carbon or phosphorus can be corrected with a little ad

ditional lime or ore,if necessary. At the pr·3S3nt day, 

however,naarly every steel plant using hot metal,draws 

it from a pig-iron mixer,which blends and equalizes the 

blast furnace iron,and may even matarially aesiliconize 

and desulphurize it. In view of this fact,tharefore, 

this last claim loses much of it's importance as an arg

ument in taTour of the interrupted process. 

TEMPERATURES. 

In the foregoing account of my investigation I have 

made no mention of bath temperatures. Ky failure to do 

so has been intentional,because no thoaoughly satisfact

ory method for regularly determining such temperatures 

has yet been worked out. Measurements of the temperatures 

of mol ten iron and steel have been made with the optical 

pyrometer, e. g. leChate-lier & Boudouard, ":Meas,urement of 

High !emJutratures" p.306. quote;-

!apDina the pig-iron, beginning 
'i " • " end. 

Flow of steel into ladle,beginning, 
" • " " end. 

1400 deg.C 
1500 " 
1530 • 
1420 " 

An optical pyrometer was not available for this invest

igation,and in any case,the metal as it runs from the fu•

nace is always $nvelopped in a mantle of burning gas,and 

clouded by fumes ~ more especiallJ was this the case with 

the primary metal - eo that pyrometer readings under the 

ciroumstanoes,may or may not represent temperatures. It 

was attempted to obtain readings with a Brown radiation 
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instrumant,but the fl~e and fume referred toJquite pre

cluded the possibility of consistent ••sults. Obviously, 

a readina obtained by si&hting the pyrometer upon the in

terior of the furnace ,may represent the tem~erature of 

the back-wall,of the flame,or of the slag,and to offer 

such reading as the temperatuxe of tha metal underl~ing 

th3 slag,1s most apt to be grossly misleading. 

By sighting into a blind tube, immersed in a steel 

bath,if a tube could be obtained large enough and strong 

eneuab for the purpose,and sufficiently resistive tG with

stand the extreme temperature of the bath,and the oorromwe 

action of the slag,until it 1s interior remained constant 

at the temperature of the bath surrounding i t,good indic

ations rdght be had by means of either the optical,or the 

radiation pyrometer,or even by the platin~rhodium thermo

couple. Such tubes,so far as I am aware,are not available. 

I had heped,1n connection with this investigation,to 

make a systematic record of bath temperatures,and to this 

end,I made extended preliminary experiments along two 

lines,which I shall briefly indicate. 

1. I attempted to use a pyrometer of the Siemens calor

imeter type,made especially large for this purpcse,stibst~ 

tuting for the Nickel ball of the Siemens instrument,a 

quantity of about 500 g. of moltem metal taken from the 

bath(by means of a test spoon carefully pre-heated and 

slagged so as to be as nearly as possible at the t3mper

ature of the bath) and quickly peured through a small 



a»erture in an asbestos and felt cover,into the calo~ 

imeter water. !he ther.mometers used were graduated in 

tenths of one degree • .A.fter the final th·ermometer read

ing,the chilled metal was lifted out in a little copper 

basin of known weight and that had besn placed at the 

bottom of tha calorimeter to receive it,and basin and me

tal were dried and weighed together. With molten pig

iron dipped from the Kixer,several remarkab~y concord

ant observations were made in this manner,though the in

dications were that published data on the specific heat 

of iron did not fit the case very closely. l'i th metal 

from the Open Hearth furnace,however,I found that if the 

test were poured from the spoon fast enough to· avoid 

loss of heat in transit,there was violent surface boil

ing and eject-ent of water from the Oalorimeter,and en

deavours to reme~y this def3ct 1 clearly indicated that a 

body of water sufficiently large to absorb the totality 

of the heat of the steel,would involvs the use of excess

ively unwieldy apparatus. 

2. Lacking the blin4 refractory tube above referred to 

as the desid~ratum,I endeavoured to utilize a four ineh 

stsel pipe,6l inches long,open at both snds,but fitted at 

one end with a sheet-iron cap. The draw-tube of the Brown 

pyrcmEtter measured 21 inches,extended,and to this lensth, 

the draw-tube was inserted in the unoapped snd ef the 

pipe,and ce~red in it by means of distance pieces. In 

this wa~,the end of the draw-tube farthest from the eye-
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piece was exactly ferty inches from the capped end of th:t 

pipe,that is,it was at a distance of ten times the intera

al diameter of the pipe, from the capped end. Before set.·. 

ting up in this manner,the pipe and cap had been thor

oughly heated to burn from them any oil or oarbonaceous 

matter,and then allcwed to cool. Af.er setting up,the 

pyrometer connections were made,the pipe was grasped in 

suitable grips,the Open Hearth furnace door was raised, 

and the capped end of the pipe was plunged through ·the 

slag and into the metai of the bath. As was intended, 

the sheet iron cap withstood the passage through the 

slaa,but burned through whan the steel was reached,ex

posina,for observation,the·metal surface,free from slaa. 

Unfortunately the pipe promptly became filled with 

dense brown fumes,probably due to the oxidation of the 

sheet-iron,and the galvanometer needle moved only feebly. 

Also,the pyrometer mirror was damaged by flying metal 

shot,and it was considerad inexpedient to continue exper

imenting with methods which,theoretioally attractive,w~re 

evidently unsuited to the conditions with which they had 

to cope. As to what the temperatures were at the various 

stages of the different processes investigated as above 

described,! do not feel justified in saying more than 

this,-that ifthe temperature of the Mixer metal charged 

was l~O dea.c. and that of the finished steel at tapping 

was 15g0 dea.c.,then,the temperature of the primary metal 

as tapped would be about 1490 deg.C. ,since,as far as 
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might be judged by the eye,it's temperature was about 

midway between those of the mixer-metal and of th9 finish

ed ste3l,respectively. 

GENEFAL CONSIDERATIONS. 

So far,I have confined the discussion of the inter

ruptad processes,to their effect upon the output of one 

furnace,and so far the findings,with the one exception 

of that regarding elasticity,have been distinctly in fa

vour of the Hoesoh prooess,which we have seen to be the 

more efficient of the two interrupted processes describ

ed. Let us consider now a shop of ten 50-ten Open 

Hearth furnaces operating by the Hoesch process. Will 

such a shop multiply by-ten,the advantage so far proven, 

tor the Roesch over the Rsgular process in the case of 

a single furnace? 

l. Consider the charging side of the furnace,assuming 

two cbarging machines for a row of ten furnaces. 

(a) In the straight prooess,when a furnace is wait

ing for a oharge,there is merely the case of lost time, 

which is serious enough,of course,but no material is 

spoiling meanwhile. 

(b) In the Hoesoh process,while the furnace is wait

ing for the secondary charge,the ladle full of primary 

metal is hanging on the crane on the casting sids,and 

cooling,all the while. Any serious charging machine de

lay therefore means heavy loss through ekulling,and pos

sibly the loss of the whole primary heat. It would there-
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tore appear that for Hoesch squipment,at least 50% more 

charging capacity is desirable. 

2. On the casting side of the turnaces~assume three over

head oranes,eaoh of 75 tons capacity. 

(a) By the straight process 1 ten furnaces would give 

eao:b. day of 240 furnace hours,about nineteen heats of l2 

hours 10 minutes each. !ha tap»ing and teeming of these 

nineteen keats,along with slag %emeval,ladle shiftin& and 

miscellaneous work,will keep the three cranes fairly well 

ocoupied,bearing in mind that crane capacity must be pro

vided not merely to do a fixed amount of work eaoh day, 

but such that,without letting slip any part of th. aar•• 
work,a crane will be availabl·e fQr any purpose at any mo

ment. 
(b) By the Hoesoh process,the ten furnaces would 

giverus nearly twenty-two heats in tbe 240 furnace hours 

per day,each &eat havin& to be tapped and poured twice. 

making the equivalent of fcurty-four heats daily,to be 

handled bf what we have with reasonable accuracy assumed 

to be crane capacity for nineteen heats. Slag handling 

would also be doubled,sinoe the primary slag,which is val• 

uable,must be kept separate from the secondary slag which 

is worthless. Crane equipment must therefore be substant

ially added to,and the crane runway and distance between 

furnaoes,and consequently the total length of the build

ing must be increased,if one Hoesch ~urnace is to be pre

Yented from interfer.lna with anether,and thus neutraliz-
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in& the advantage accruing from the process per se. 

Obviously,frem this point of view,the queat1Gn of 

continuous versus interrupted processes becomes one which 

cannot be answered by a metallurgical investigation,but 

which must be decided for each shop individually,after a 

careful study of all the conditions surrounding tha case. 
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