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ON THE OPEN HEARTH PROCESS OF STEEL MANUFACTURE,

AN INVESTIGATION OF THE RELATIVE MERITS OF AN

INTERRUPTED AS DISTINGUISHED FROM A CONTINUOUS
PROCESS.

INTRODUCTORY.

ey e e

Sir Henry Bessemer's paper on "The Manufacture of Malleable'
Iron & Steecl without Fuel®,read before the British Associa-
tion on August 11,1856,and R, Mushet's patent of September 22
1856,for the addition of Manganese to Bessemerized metal,in-
troduced to the world,Stesl,as we know it today. Besssmer
made steel by blewing air through molten iron and thereby
burning out from the latter it's Silicon,cafbon and Manganese,
the heat of combustion of these slements sufficing to main-
tain the metal in a suitably fluid cendition, The process was
conducted in an acid lined vessel and no phosphorus was re-
moved, It followed that the phosphorus content of Bessemer
ste3l was slightly greater than that of the iron from which
it was made,and that,since net more than0,10% phosphorus is
desirable in steel,only such ores of iron as contained ,06%
phosphorus or less,were available for the manufacture of Bess-
smer iron, In view of the dephosphorization accomplished in
the Puddling process,etc.,it is not surprising that shortly
after Bessemer'!s successful innovation metallurgists became
keanly alive to the necessity for a pneumatic process which
should also dephosphorize,and that as sarly as 1860,Peter
Ritter von Tunner,Wedding and othsrs made various experi-

ments to this endjexperimsnts which culminated about 1867,in
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thesuscessful development of the Thomas - Gilchrist Bessemer
procass,which by m2ans of lims additions and a converter
lined with calcined dolomite bonded with tar,accomplished the
r2meval of phosphorus frof the metallic charge, It was f ound
however,that the phosphorus was not materially attacked until
silicon,carbon and mangahese 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 Besssmer iron,an
ore with at least about 1.00% of phosphorus was necessary,

These two processes then, the Acid Bessemsr and the Basilc
Bessemar left absolutely untouched the problem of making the
new Ingot stesl from ores containing betwsen ,06 and 1.0% of
phosphorus, smcept to such small extent as these ores could be
mixed,in the Blast Furnace,with ores of very high or vsry low
phosphorus content,or as irop made from such ores could be
diluted with scrap in the Siemens Open Hearth Furnace,

The Open Hearth process,first successfully operated by
th2 Siemens brothers in Birmingham in 1867 - 1868,effected
the oxidation of the carbon add silicon of the pig-iron,net,
as did Bessemsar,by means of atmospherio air,but by melting
the pig~iron with additions of oxides of iron,in a Siemens
regencrative furnace., About the same time the Martins,in
France,developed a similar process,but instead of oxides of
iron they used admixtures of stzel scrap,thus proceeding
upcen 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, Martin,like Besssamer,
used an acid lining,or rather,hearth,in their furnacs,and,
also like him,were consequently unable to dephosphorizs. Ths
Acid Open Hearth process,as we know it, is a cembination of
the Siemens and Martin processes,and us2s ore and scrap inter-
chanfeably or together,according te conditions,

About 18830,Messrs Thomas and Gilchrist turned their at-
tantion to the application of a basic lining,or bottom,%to the
8ismens furnace,and within the two or three years following,
dephesphorization was suncessfully accomplished in the basic
lined Siemmns furnace in the commercial way. The process of
making stecl in a regensrative furnace on a basic bottom,
from pig-iron,solid or molten,iron ore and lime,with or with~-
out scrap,constitutes what is known as the Basic Open Hearth
proceass,

Since 1885,or thereabout,the gradual exhaustion of the
world's supply of low phesphorus iron ores and the growing
necessity of depending for steel upon the almost unlimited
deposits of ores whose phosphorus content is above the acid
Bessemer limit and below the basic Bessemer limit,- these
factors,coupled with the increasing severity of snginsering
specifications for struectural and other steel - have been

largely responsible for the development of the Basic Open
Hearth process into what is teday THE stezl making process,
pa® excellence. The perfzct adaptability of this process to
the refining of any combination of pig-iron and iron and
stesl scrap of almost any composition,it!s simplicity and

parfection of control,are nothing short of marvellous. L1t
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has,nevertheless,as compared with the extremely rapid Bess-
emer procass,the disadvantage of slowness,a fifty ton Open
hearth heat requiring from eight to fourteen hours,dspend-
ing upon the raw materials used,whercas,by the Bessemar pro-
cass,ten tons of fluid pig iron can be converted in as many
minutes, It is true that the Open Hearth yields more stesl
per ton of metaklic charge than does the Bessemsr because
the iron orz usually charged in the former contributces more
or less of it's metallic content to the bath,and because it
avoids certain mechanical losses that are almost inevitably
suffersd in a pneumatic process, Naturally enough,however,
Ironmastsrs have sat thei;iggandard by the iess clastic and
mores wasteful,but more expeditious Bessemsr process,more es=
pecially 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 subjzect of innumerable experi-
ments looking to a closer approximation to the Bessemer time
standard. The majority of such experiments have,of them-
selves, been failures. Others,netably the Talbot,Surzycki,
Duplex,Bertrand-Thiel and Hoessh processes,have attained to
some me2asures of success, In some cases,at all events,that
success has consisted merely in approximate parity,rsal or
fancied,with straight Basic Open Hearth performance., It
can scarczly be said that any of these reputed shorter meth-
ods has bzen univsrsally recognized as in all cases defin-
itely supzrior to the paesnt process,

The Bertrand-Thiel process consists essentially in car-
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rying ths refining opsration to a certain point in a primary
hearth and then transferring the metal to a second hearth,
in which fresh reagents,with or without scrap havs been pre-
viously charged and prcheatsd,the primary slag being care-
fully held back and discarded, The refining is then complet-
ed in the secondary hearth., In the Hoesch process,which is
really a modifisd Bertrand-Thiel,metal and slag are tapped
from the primary xxax hearth into a ladle,fresh reagents are
charged into the same hearth and the metal returned thereto,
the primary slag being retained in the ladle. The Hoesch pro-
¢ass therefors,metallurgically speaking,is merely the Ber-
trand=Thiel carried out in one furnace instead of in two.
Buch processes as these may be called "interrupted process-
es" as distinguished from the parent process which finishes
the refining in one stage,and which,for this reason,l have
roferred to in the title of this thesks as a continuous pro-~
cess. Inasmuch,howsver,as the use of this term also suggesis
such processaes as the Talbot,wﬁich is beyond the scope of
the pressnt investigation,I shall,in what follows,speak of
the original Open Hearth process as the "straight basic pro-
cess®,an expression which,though somewhat unacademic,is wide-
ly used in the art, The inventors of the interrupted pro-
cesses claim for them the follewing advantages over the
straight basic process;-
l. Greater daily output per furnace,more especially
when the iron to be refined is high in phosphorus.
2, Higher yield of ingots per unit of metallic charge,



6.

3, Lower ore and lime consumption per ton of ingots.

4, The production from a phosphoric pig-iron of a salew
able slag,due to the concentration of the bulk of the phos-
pheric acid in the smaller volume of primary slag.

5. The ready production of low phosphorus steel from
high phespherus iron,

6. Greater uniformity of product with variable raw mat-
erial,

After a carsful study of the published data,one appears
to be forcsd to the conclusion that these claims,however well
justified in fact,are far from bzing satisfactorily provsn by
the printed evidence thus far adduced, It seems to be trus,in
some cases at least,that by an interrupted process morxe steel
has been obtained from two open hearth furnaces than had pre-
viously been obtained from them by the straight basic pro-
cessybut did the latter,as previously carried out,represent
the best possible practice under the conditions,or werz the
conditions comparable? In other words,given two furnaces of
modern size and construction,operatsd according to the most
appreved straight basic methods,can their ocutput be increas-
ed by the use of an interrupted process,without othar change,
i.e., by working them either in series,according to the Bert-
rand-Thiel,or in parallel,by the Hoesch methed? The question,
metallurgically and commercially,is of the highest importance.

Harbord says,(Metallurgy of St22l,p.198 et seq.);-"To en-
surs this"(Bertrand-Thiel) "dephosphorization,combined with

rapid work,zimam a very shallow bath of metal,about six to
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eight inches decsp is necsssary,and consequently,very large
furnaces must be used,far larger than the ordinary basic fur-
naces for the same weight of metal, - - - So far no plant has
be2n erscted with large furnaces capable of holding 50 tons of
metal,so that it is difficult to form an estimate as to what
will be the spesed of working in a large furnace of 50 tons ecap-
acity,or mors., From the surface area of the Kladno furnace,it
appears that an ordinary Siemens furnace of 50 tons capacity
will not hold more than 25 tens of metal when working the Ber-
trand~Thiel process,so that although the speed of werking is
undoubtedly greatly increased,the quantity of metal turned
out for the same number 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 nscessitate very rapid working indeed.'

Such a guarded opinion from so eminent an authority is
significant indeed,and has been here quoted at length as in
itsslf constituting a strong plea for further light.

EARLY WORK

- e e

In 1894%,the Prager Eisenindustriec Gesellschaft at Klade
no,Behemia,operated besides their basic Besssmer plant,two
basic Opsn Hearth furnaces,one of twelve,and the other of
twenty-two tons capacity. By an accident of construction,the
level of the smaller furnace was fifteen fo3t above that of
the larger,which,alse,was thirty-six yards distant from the

other and in front of it. The Kladno pig-iron averaged;-
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Silicon Hh=2,0
Phosphorus 1.5
Sulphur 05 - ,10

‘Manganese .3 -« .6 (nl)
For the dephosphorization of such metal relatively
high lime and exide charges were necessary,more particular-
ly if very lew phosphorus were required in the finished steel.
The gre8ter the amount of reagsnts charged,the longer is the
time occupied by the refining. O, Thiel of the Prager works
states(n2) that in a 15 ton furnace with iron of approximate-
ly the above compesition,only two 12 ton heats could be made
in 24 heurs. This,of course,was excessively slow,and demand-
a remedy. If two substances react on each other,chemically,
the dilution of these two substances by inert substances will
retard their epeed of reaction., If at the beginning of the re-
fining eperation in the Open HeartE furnace there are added
reagents sufficient for the removal of only a portion ef the
impurities present in the iron charge,and if,when these reag-
ente are exhausted the resulting slag is completely removed
from the furnace,and fresh lime and oxides are added,the spceed
of reaction is greater than if the total amount of lime and
oxides had been added in the first instance,those portions
first ezhafisted remaining as a diluent for the balance, Such
was the line of reasoning which,about 1894,led the late Ernst
(nl) E, v.Maltits. Iron Age Aug.10.1905.p.349.
(n2) Stahl u, Eisen XVII p403,
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Bertrand and Otto Thiel of ths Pragus works to take advant-
age of the peculiar juxtaposition of their two Opecn Hearth
furnaces,using the upper ons as a Primary furnace,and at a
certain stage allowing the metal to run dewn into the lower
furnace in which had been prehsated,meanwhile,oxides and
lime,with or without varying peoportions of scrap., The re-
sults of this modus operandl have been widely published and
discussed(nl). Without any doubt they represent a great im~
provement on previous Kladno practicejbut as the data pub-
lished seem to lack certain of the features necessary to a
comparison with modern Open Hearth practice,they need not
here be set forth, Suffice it to say that on a basis of these
experiments,the interrupted process wase perpetuated at Klad-
no,and was intrdduced at other works,-notably at the Creusot
works,at Brymbo,and at the Hoesch works in Dortmund,Germany.

Possibly the best comparative idea of the process may
be gleaned frem information published concerning it!s oper-
ation at Dortmund. The following figures summarize the re-
sulte thers obtained.(n2).

HOESCH WORKS. DORIMUND, 1905,

First Ran, .3 S8econd Run
Dats = = - - - - - Jan,9-1% incl. April 3-8 incl,
Total Hours - - = 120 E
Heats made - - - - 47 61
Furnaces used - -
Hearth Area - - 21' x 10!, 21' x 10',

(nl1) Trans Am,Inst.Min.Eng. J. Hartshorne.Sept.1896.
E, Bertrand.Jour.I.& S.Inst.1897,.1.115.
A.Ledebur Stahl u.EBisen XXIII.p 36
Pottgiesser.Stahl u.Eisen XXIV .619.
Darby & Hatton,Jour.I.& S.Inst. 1905 I.ppl25 et seq.
O0.Petersen. S8tahl u.Eisen,1910.Wols I & II.
(n2) 1loc.cit.
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First Run Second Run,
Rated F'ce Cap'ty. 18 tons. 18 tons.
Molten Pig used 695t.1 cwt. S78t 15 cwt.
Broken Moulds 6t. 1lOcwt. 12 cwt.
Light & plate scrap 157t.10 cwt, lS9t 16 cwt.
Ferro-Manganese &. 1 cwt. 15t., 3 cwt,
Ferro-Sil.& Spiegel 6%, 4 cwt. 12t, 7 cwt.
Total Metallic Chg. 873t. cwt. 10 9%. 13 cwt.
Good Product 908t 8 cwt. Zt 6 cwt.
Tield 104 oe% 51ﬁ
Av'ige W't of Heat 19t 6 cwt. 18t 16 cwt.
Heats per f'ce per
day of 24 hours. N7 5.0
Product per furnace
per 24 hours 90.8 tons, 95.8 tons.

Non-Metallic Charge per ton of ingots was

as follews;-

Swedish Ore 498 1bs. 4oz 1bs.,
Mill Scale 76 " 28
Lime 185 207 "
Limestone 0 9 "
Total Limestone
equivalent g yz3 o
Total Lime equiw-
valent 296 " 229 "
Producer Coal K& A5 ¢
Average time of
secondary heat 2 hrs, 33 !. 2 hrs, 22!,
Ditté - Primary htt, approximately the same,prcbably
somewhat shoxter.
ANALYSES.
Si. C. P. Mn. S.
Molten Pig 5 .5 - 1.8 1.5 .07
Primary Metal - 1.0-2,0 ,2 - -
Finished Steel - - Ol5w, 04 - -
810, FeO MnO Al 03 P205 Ca0l MgO
Primary Sla% 11,40 UW,67 3.93 1.60 22.-25. 48,86 4,0
Secondary Slag 12, 1o 17.03 - 1.90 5,00 46,28 5,9

Summing up the combined results of the two runs,we find
that steel of excellent quality was made in two furnaces at
the rate of 7.8 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-iren
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charged, There was also produced,calculated on the basis of
phosphorus,slag,of commercial value to the amount of .1l tons
per ton of 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 -
rreviously employed in those furnaces., Similarly definite
data regarding previous regular practice,do not accompany the
figures above quoted, It would at first glance seem reasen~
able to ask,in view of the very considerable saving just re-
corded,and whereas therewere in the Hoesch shop four Open
Hearth furnaces of the same capacity,why only two cf them are
deseribed as operating according to the Bertrand-Thiel method
and why,later,when two largsr furnaces were added to the
equipment,only the new furnaces made use of the interrupted
process,all four of the older furnaces being relegated to the
stréight basic process, The reason for this apparent incon-
sistency is probably twofold, In the first place,the Hoesch
Company makes basig Bessemer steel as well,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 commodity over and above the requirementc of
the Bessemer Converters, In ths second place,the interrﬁpted
processes use only a limited 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 inevitably currently pro-

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

After an extended trial,it was found at Dortmund,that there
were certain practical difficulties in the way of the Bert-
rand-Thiel process., For one thing,by reason of the lower temp-~
erature and heavy lime charge -therewith, the hearth of the
primary furnace builds up badly,while the hearth of the fin-
ishing furnace was rapidly attacked. Also,on account of the
unequal times ©f primary and secondary heats respectively,
one furnace was compelled to wait on the other, For this rea-
son,in the summer of 1905,they began to perform the whole ope
eration in &ne 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. 189871
- 1905, After the completion of two new 30-ton furnaces,this
Hoesch Process,which,as already stated,is metallurgically a
modification of the Bertrand-Thiel,was regularly carried out
in them from May 1.1907,onward . “"The process"(Petersen.Stahl
u, Eisen,loc,cit,.)"is substantisally as follows;-the furnace
is charged with lime and oxides(chiefly Swedish,Minette and
Spathic Ores and Roll-scale).After a short interval molten
iron is charged,and the reaction begins almost immediately.
As soon as the heat boils clear and is hot enough,metel and
slag are tapped into a ladle and the slag skimmed off, Meanw-
while the furnace is freshly prepared with Lime,Oxide and . .
Scrap and the primary metal pourzd back in,the rafining pro-
ceeding thereafter with great rapidity. The fellowing data
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have been arranged and calculated from Dr Petersens paper;-

The figures,unless it is otherwise indicated,are in metric

tons.Ths pericd covered is the year 1808 - 1809.

HOESCH PIG & SCERAP
PROCESS, PROCESS.
Total hours 10,146 16,494
Heats made 1711 3962
Furnaces used 1 1
Hearth area 44 x 11 21! x 10!
Rated furnace cap'ty. 30 tons, 18 tons, ,
Molten pig-iron used 26218, 8(74.72%) 11254.9 16,11%
Scrap iron «8(.1 5605,1 7.65%3
Steel scrap 11631.7(24%,00%) 51906.9(71,15%
Ferro-Manganese Lol &(, 84%) 398.1 . 54%
Ferro-Silicon 7.08(.02%3 116.4(,16%
Splegel 121,0(@.25% 3170.9 (%, 36%)
Total Metallic Charge Lglh62,6 72952.9
Good preduct 50606,0 70465.6
yleld % 104,42 6.60
Good product per heat eg.sl 17.81
Heats per flce per 24 hrs, .0 5e76
Good preduct per flce
per 24 hours 119.5 102,6
The Non-metallic charge per ton of ingote was;-
Ore & roll-gcale » 478 1os. 19.8 "1bs.
Lime 207 " 8.0 "
Preducer coal 5he 546 "
Coke 6.6" eh,2 "
8lag produced per ton
of ingots, Primary ,126 metric tons. - -
Ditté - Secondary <147 .118 m.t,

Average timepgf heati y 1 1
imary (about hrs
Secondary " 1 hr. 48t ) 4 hrs 10!

Gross tons per square foot

of bath surface psr 24hrs, U438 480
ANALYSES.
gi. cC. P, Mn, S.
Molten pig-iron B4l 3,20 1.8 1.05 ,084
Primary metal tre  1.9%5 L15 .Rﬁ .07
Finished stcel tr, 07 015 JOU 8



14,
Hocsch,Prirary 11.00 4,672 4,76 41,91 2ok, Zs 7.20 2,10
Second, 13. 20 lh 10 8&.54 Lo, 13 7.47 7.50 2.99
Straight 0.H. 15,8 15,78 11,00 40,22 2.25
It therefore appears that in the thress processes refez-
red to in the foregoing,stecl was produced at the Hoesch works
at the following rates per square foot of bath surface per

day of 24 hours;-

gross.
1. By t%e Bertrand-Thiel process in 2 ~ 18t, §urnaces 4%62
2. Hoesch " 1 — 30%, furnace .438t.
3. " " Straight Open Hearth" " 1 - gt L 80t,

As will be sesn,however from the nature of the metal-
lic charge,from the small lime and ore additions,and from the
low phosphoric acid in the slag,the regular Open Hearth heats
were rather scrap melting heats,and partook of the nature of
acid heats ona basic bottom, On the other hand they were
nmade chiefly from cold stock,which offsets to some srall ex-
tent,the fact that the Bertzand-Thiel and Hoesch processes,
as thsre exemplified,had to do with a very high phosphorus
plg iren, Under these conditions,however,the straight Open
Hearth is scen to have a very heavy margin in it's 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 gladly availed myself of an opportuniyy which came

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

Stzel Company at Sydney,Neva Scotia,to conduct experiments
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looking to the establishment of the relative merits of the
Bertrand-Thiel,Hoesch and straight basic Open Hearth processe
es.Th2se experiments,the conditions surrounding them,and the
deductions which they permit,will now be dealt with,

Ths pig-iron,which was supplied from a Mixer,in the mod=
ten condition,was of the following composition,as regards non-
ferrous elements,

Carbon ¥,
S8ilicon 1.
Phosphorus

Sulphur
Manganese ,20

25
00
47,
.0

The Ores used were a Magnetite and a Hematite,both very
suitable,physically,for Open Hearth work,and in the Bertrand-
Thiel and Hossch heats,some Manganese ore,the latter being
used to conform with conditions indicated by the slag analys-
ee given above,as obtaining in Dortmund practice. Analyses
of the oree were as follows;-

3102 Fe, P. B&. Al 0, Ca0. M¥gO, Mn,

2’3
Magnstite 49 1,57 tr, 1.55 6,04 nil. trx,

Hematite 16 10 27.51 711 ob 479 228 ko 15
Manganese 0rdl0.25 1.13 .143 .34 2.30 1.08 .66 Ui, 17
In the straight basic practice,only limestone is used
as a rulejin the experiments with interrupted procesees,hew-
ever,calcined lime was used,in order,as before,to duplicate
Dortmund conditions. Analyses of thess materials werej-
810, A1203 F3203 0a003 Ca0 MgCO3 Mg0O 8 .

Limesto .0 . LU 89,60 (50.17)5.09 (2.42) o4
Lime ne Z.lg 1.1 1, Zo 9— (%5.85)5 -9 (u.oo) 2

The Ferro-Hanganese employed contained very uniformly
80.00% Mn,,and the Ferro-Silicon,50,00% 8i.
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The 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 hearth at the slag-line was
25' x 11! or 275 square fset, The maximuwn depth,from centre
hearth to fore-plate level was thirty-six inches,

0f 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 falir bas-
is for comparison with the interrupted processes.

Heat No. 519,

Began charging U4.45 A L.

Limestone 31,450 lbs.
Magnetits 5,500

Hematite ,700 "
Rail Crops 3 , 500 "
7.50 A H, Mixer Iron 9 oo "
g,00 " " o&.700 "
8,10 " " " 22,700 "
2,10 P, M.8lag t2st,8105 23, 44 Fe 5.85 Ca0 42832 Pga 13,37
4,05 P, ), ¥etal test ¢. =1 . .050 8.
u.Zg " C. .3k .oko
b, " Slag t~s »8i0o 15, 68 Fe 5.56 Ca0 51,41 P05 11, 36.

4,55 Tapping. Used 1600 lbs. Ferrolianganese and 360 1lbs.of
coke in the ladle, Aluminium was added in the moulds in the
proportion of 1} ounces per ton of steel. 1500 lbs., of Flu-
cr Spar was used in this heat.

Ladle test, C. .58 P, 035 S. .037 Mn, .95
Time of heat, 12 hrs,10t,

Total Metallic Charge 116,300 lbs,
Ingots 110,300 "
Yield ,percent, 9.8
On the basis of this heat,which as already stated is
typical,allowing the necessary time for bottom repairs ctc,

between heats,and eliminating extraordinary delays on metal,
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charging machines,cranes etc. which are a function not of the
process,but of the genzral equipment,number 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 tons
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.

S8ince,in view of Dortmund practice,a bath depth of thix-
ty-s8ix inches appeared excessive,I raised the bottom of the
furnace selected for the sxperiments,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 maintainéd as before,at 275 square feet,

In thie furnace I began charging the first Hoesch heat
at 9.50 P,M, on November 5th,.1913, The matcrials were dis-

posed in the following manner;-

North door. Middle door. South doos,
box lime, 2 boxer ore, 1 box lime,
" ore, 3 " lime, 1 " scale,
1 " lime, ¥ ore,
£ " lime.

The lime was put on the flat in the end doors,in order teo

i1l slight deprecsions that existed at these points, Thegg

materiale were all in the furnace at 10,35 P.l.. The Mixer
metal was ordered for 11,05 P.M. ,allowing just one half hour
Tor the cold stock to heat, Owing to a ladle change 1t was
delayed 20 minutes,end was charged as follows;-

11,25P, M, Mixer metal 40,300 1bs.
11,450 v " 31,700 °®
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Reaction bsgan shortly,and proceeded with considerable
vigour,but not violently,gradually subsiding towards 2.00
A.M, when the bottom was found to be clear. Slag and metal
testa were taken at this point and showed;-

Metal, C.2.22 P.239 8, 062
Slag., 8i0p 19.76 Fe Ca0 42.58 P05 17.03.

At 2,30 A M, nmetal and slag were tapped into a ladle
suspended from a 7H=-ton crane,and 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
diffigulty retained in the box into which it was poured.

Aftzr tapping,the furnace was immediately righted,and ,bew
ginning at 2,38 A. M, fresh reagents were charged as follows,

North door. Middle door. South door.
%+ box Hematite. 1 box Magnetite, box Hematite.
1l box crop-ends. 2 boxes crep-ends.d box crop-ends,
3/4*  lime, 1} " 1lime 1 " lime,

1 box Manganese ore divided between the three doors.
At 2,50 A M, this stock was all charged and the hetal was
nmediatsly returned to the furnace,being poured over the
lip of the ladle into a charging hole situated at the back
of the furnace, The pouring occupied 17 minutes,being éin-
ished at 3.07 A M, . Very noticegple during the tapming and
pouring of this primary metal were the dense clouds of red
oxide fumes that arcse from the metal in the runner,and in
the ladle,-so dense as to suggest the end of the after-blow
of an over-blewn basic Bessemer heat. The primary metal e-
mitted these characteristic fumes during the pouring of ev-

ery Hoesch and Bertrand-Thiel heat that was made.It does not
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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
extent,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 primary 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 conseguence of the introduction of so much cold
stock,without any intesrval for pre-heating, At the end of
this time,as the metal gained temperature,rsaction began,and
proceceded with moderate vigour,finally quieting down at about
6.30 AM, At 7.00A,}M. the bottom was clear,and as the slag
had a resinous lustre,indicating insufficient lime,and as the
fracture of the metal test suggested the presence of undue
amounts of phosphorus,l added a box of lime to the slag.

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

Tim=s taken, C. P. S.
6.55 A M, He .065 .039
7.20 * - .055 . 043
7.4 " %14 .055 -

The "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 &,00 A M., It was quickly



20.
"cut up",and a metal test taken at &,30 A.M, showed,-C .29,
P .045, The heat was tapped at 8,50 A.M, ., 1100 lbs.Ferro-
Manganese,350 lbs. Ferro-Silicon and 360 lbs. Coke were add
ed in the ladle, 4 1bs, of Aluminium was distributed among
the moulds,
Resume,

First period. FRegan charg1n§,9.50 P,M, Tapped 2.30 A M,
Time of primary heat, 4 hre, 40 minutes,

Primary charge;-

Lime 10 800 l‘bs .
Magnetite 12 100
Roll Scale 1, ,900 *
Mizer Metal 72,000 "

Tappin% tests;-
etal C 2,22 P.ZSZ
8lag. Si0p 19.76 Fe o4 cao 42,58 Polg 17.53.

Second period. Began charging 2,35 A.M, Tapped 8.504,M,
Time of secondary heat, 6 hrs, 20 minutes,

Secondary charge;-—

Magnetite 2,700
Hematite 2,000
Menganese Ore 1 700

Lime 4 0 & 2500,
Crop Ends 17,800

Metal tests, Time, C. P.

6,55 A M. .52 ogo
7.20 - .055

.45 " 37

g.25 " .29 025 -
Slag.8,25A.M, 810 Fe Ca0  Pplg 1no,

Total time of heat,1l hrs,00 minutes,
Analysis of flnished steel

C. 54 037 S.040 Mn,96.

Total metallic charge 91 250 lbs,
*  Product S,O "
Yield 96.5%.,

From this heat many lessons were learned, It was seen,for

instance,that rather less lime might be used in the first
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rariod,and that mor:s was ns2cessary in thz second. Then
too,though the furnacz crew was a pickad onsz,tlhz men
ware not familiar with th: Hoesch routinz,and rsquirsd a
1littles time to become habituated. In ths main,however,
the gensral description just given,faithfully portrays
ths coursz of each of ths twenty-six Hoesch heats that
immediatsly followad this first ons, Throughout the ser-
iss I rzgularly tock at suitable times,slag and metal
tests,which ware carsfully analyzed, To render roscsibls
an accurate comparison with ths straight basic process,
I give,in Tabls I, full details of the heats of this
Hoesch series, This tabl:,summarized in form correspond

ing to that used above for th: Dortrund data,is as fol-

lews ;-

Total time 2432 hrs.34!

Heats made 27

Furnacas used 1

Hearth area 25' x 11!

Rat2d furnacz capacity 40 tons

Mixsr Iron used 79.3 tons-79.00%

Stsel Scrap 2184 19,62

Farro-Manganzes 11.7 " 1,05

Ferro-Silicon 3.6 " .33

Totsel Mstallic Chargs  1113,0 " 100,00

Ingots 1094.0 "

Yield,pzrcant, 98,3

Ingots per heat 40.5 tons

Ingots per f'ce par 24hr,107.9

Ingots pzr sq.ft. bath-

surface par 24 hrs, .393

Th: non-metzllic charg: wasj;-

otal lbs.p23r ton
gross tons, ingots.

Magnetits & Scale,rrinary. 155.0 317.3
Magnztitz,Secondary, 38.9 £9.6
Hematit:, " 21.2 2.4
Manganesz orz, " 16,7 34,1
Lims,primary, 92.0 188.3

" sscondsrv 73.6 151,0
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S8lag produczd was;-

Tctal Tons par ton
gross tons. of ingots.
Primary, 173.0 158
Seccndary, 112.5 . 103
Av:erage time of primary heat 3hrs. 16 minutes.
" " " secondary " 5" 26 "
" " " total " gn 42 "
Avzrage of the analyses.
Si. cC. P. Mn, S.
Mixer Iron,typical, 1.00 4 2 .20 .060
Primary Metad, tr. g9 tr. 024
Ste21,typical, .08 .030 .88
8i0 Fe MnO Cal P 0
2 2%5
Primary Slag 19.24% 5.27 - h1.45 17.00
Secondary " 12,35 9,48 6.08 49.90 7.99

It will be sze2n that thz first six heats of the ser-
ies,No's, 64-69 inclusiv:,were distinctly slower than
the majority of the remaindsr,and it is only fair to
assume that th: relativz slowness is due in larg: mease
ure to lack of familiarity,on our part,with th: rout-
ine of ths process., In view of this,I have considsred
it advisable to eliminatz thase figures from th: cal-
culation of th: average time of heat,and to bass the
production rate of ths process on th: averagas of th:
last twenty-one heats. Thz time of thes first period is
reckoned from thz beginning of charging to tapping of
primary metal, The time of the second pariod is from
tapping of primary to tapping of finished st2sl. The
returning of primary metal to th: furnace,which in the
first heat occupisd 17 minutes,was subsequently manag-
2d in 7 - & minutes, This opsration must be cautiously

performaed,as the metal is vary fluid,and with the sligh +
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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. This is chiefly
account2d for by the fact that certain amounts of silic-
eous Mixer slag not infrequently entered the furnace with
th e diren,

Following the Hoesch series,seven heats were made ac-
cording to the original Bertrand~Thiel process,using the
same furnace for a secondary hearth,and a similar one sit-
uated next to it,for a primary hearth, The bottem of the
Hoesch furnace being by this time lowered a lmost to it's
former level,largely due to the charging of the Ore di-
rectly upon it ,as above indicated,I was able in the Ber-
trand-Thiel series to use a somewhat heavier charge with-
out altering the area of the bath-surface,

The mein features,proportions of charge,yield etc.of
the Bertrand-Thiel heats were in all respects identival
with those already rccorded for the Hoesch heats. Of the
former,therefore,only a short account will be given,

SEVEN BERTRAND-THIEL HEATS , NOVEMBER 17 & 18, '13.

Time of Wt. of Ingots.
Heat No, Secondary Heat. lbs,
gz, % hys 55! 102,700
9 A
9 51 B! 115,900
! Ev B 195735
99 5* 00! 117,300
Average time, 5" 29!
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‘Ingote producad 3%6 tons,
Average weight per heat ug "
Av, analysis of primary metal, C 2,10 P ,200 S .055
" " " slags. 3102 Fa Cal P205

Primary 19,44 4,44 LU2,02 18,05
Secondary 12.,%2 8,40 48,32 7.88

Typical steel C.54% P.020 8,035 Mn,80

The total time of the run ,allowing interval for bottonm
repairs,was forty hours twenty minutesjthat is,production
was at the rate of 8,331 toms per hour,or 199.94l4 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 Bheats in the same furnace. Therégas noticeable,
even in this short trial,a very distinct tendency to builde
ing up on the part of the primary furnace hearth,just as
wase observed at Doritmund.

I ebserved the following characteristics in these

heats;-

l. The secondary period being the longer,as al-
ready observed for the Eoesch'heats in this furnace,the
primary metal c¢f the Bertrand=Thiel was ready for trans-
fer at least two hours before the secondary hearth was
prepared to receive it. The 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 Hoesch process,

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

heat was pre-heated te some extent before the primary me-

tal was poured upon it. Reaction,therefore began more
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promptly than in the Hoesch secondary. This,as will be ob-
gerved,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 %0 ton secondary, Taking everything into
consideration,there szemed no prospect of further advan-
tage along these lines,and I decided to revsrt to the
Hoesch process in the same furnace as before,in order to
determine what advantage,if any,would be gained by using
heavier charges, With this in view I made a further series
of twenty,50-ton Hoesch heats, The 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 case,unfor-
tunately, to oﬁtain analyses of more than a few of the
very complete series of metal and slag samples that I took.

The results,as to time and tomnage of the 50-ton

Hoesch run,here follow;-

TIME

First Sscond
Heat Period, Period., Total, Ingots.

No.  Thrs,min,hrs.,min,hrs.min, 1bs,

100 4y -207-10 11 - Zg 122,000
101 -007 -4 10 -1 120, 400
102 - 007 ~-05 10 - 05 107,900
10 } - 35 6 - 55 11 - 30 109,%00
10 6 -20 6 - 30 12 - 50 115,500
105 3-2p 6 - 40 10 - 05 115,800
106 3«10 8-« 05 11 - 15 127,900
10; 3-4 6 -3 10 - 10 115,300
10 2 -4 6-35 915 120,400
109 4 - 00 6 - 30 10 - 30 114,900
110 z - 256 - 55 10 - 20 118,700
111 - 15 6 - 05 10 - 20 118,400
112 L - 307 ~-55 12 - 25 120,400
11% 4 - 35 8- 15 12 - 50 120,000
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Frst Second

Heat Period. Period. Total. Ingots
No. hrs min,hrs.min,hrs,min, 1lbs,
114 - 45 530 8 -« 15 117,600
115 55 6 - 20 10 - 15 112,700
116 % -~ 357 «25 11 - 11# 200
117 g - 507 -05 10 - )5 116 000
118 - 25 6 - 35 10 ~ 120 000
119 < 40 11_:, 120,400
Average - b
Ingots produced 1048,9 tons.
Average weight per heat 52 "

The total time of the run,allowing interval for bottom
making,was 221 hours 45 minutes;that is,productiqﬁ was at
the rate of 4,73 tons per hour,or 113,52 tons peikheurs;
or 413 tons per square foot of bath surface in twenty-
feur hours,

We are now in a position to discuss the points of ad-
vantage claimed for the interrupted processes by their in-
ventors. As an aid to the consideration of thzse claims,I

tabulate relevant deductions from the data adduced in the

foregoing. Straight Bertrand Hoesch, Hoesch,
Open Thiel. ko-ton.,  50=ton,
Hearth. :

Bath area, sq.ft 275 275 2{5 275

Flces emp ¥ 1 2 1

Av'ge heat,tons. 50 Lg 40,5 52,4

" time of

heat, Primary - - 3 hrs 16' 3 hrs 48!
Secondary - 5 hrs 29! 5 * 26t " gg'
Total 12 hrsl0' 5 " 29! * Y2110 !

(2 hearths)
Tons per flce

g°r 24 hours. 96,10 99,97 107. 86 113,52

ons per sq.ft. ,

of bath in 2# hrs,.350 <364 2393 U413
Wetallic charge.

MixXer Iron 69,12% 79, 007

Crop ends 29.&9 19.

Ferro-Manganese 1.39 ; 1.38
Ferro-Silicon ad lib.
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Straight Bertrand Hoesch Hoesch

Non-metallic 0. H. Thiel, 40-ton. 5HC-ton,
chg.per ton ingots. — — I
Limestone,lbs, 63%9.0 Lims 339.3 (=567 Limestone)
Magnetite " 112.0 326.
Hematits " 197.0 3.

Total Fe in
gres, " 161.9 249,7

isld of ingots

per ton met, chg. Ol. &% 98.3%
Merchantable slag

per ton ingots.lbs. none 354

Typical phosphorus

in stesl, .035-.050 .020-,040

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

1.Unmistakeably,in the case of a phosphoric iron,the use
of an interrupted process renders possible,from the same
furnace and like raw materials,a greater output than can
be obtained by the Straight Open Hearth process, The ex-
planatipn is to be found largely in two facts,-

(a) Much ef 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 abeve,
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 case of limestone,from the liberation of COp,
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also,as will shortly be notzd,in the absence of lime-
stone,a heavicer ors charge is necessary,which increases
the bulk of matzrial 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 sufificiently basic to dephosphorize to
the extent dssired in the finished stesl,and to ensure
proper tapping conditions. In the interrupted process the
primary slag nzed not be nearly so basic,and the second-
ary slag also,containing less silica and phosphoric acid,
gives a low phosphorus stzel,free from wildness,sven when
somewhat less basic than a similarly good slag in the
straight basic process, From this it follews that the toe=
tal lime required by the interrupted process is less than
for the straight basic process undsr the same ceonditiens,

0f the two interrupted processes,it has been seen
that ths 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 morse
than offset by the fact that the Bertrand-Thiel requires
two furnaces,and that in it the primary hearth is idle
for well nigh half of d#'s time, Also ,the primary hearth
becomes built up with lime accretions. These objections
té the process were realized by the Hoesch officials,and
led to their development of the Hoesch modification. The

investigation above described,shows that their action was
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well advised.
It is interesting to compare the rate of production
attained in the Bydney experiments,with that given in the
foregoing for the Bertrand-Thiel and Hoesch processes,rs-

spectively,at Dortmund.

Gross tons per
sq.ft.per 24 hr
4he

Bertrand-Thiel,Dortmund,l7t, furnace .
Heesch, " 30t, " U438
Hoesch, Sydney, 50t. " JH13

Herein lies one great difference between possibly a
majority of,at least,the older Continental works,and
North American works., The Continental furnace is smaller,
and even whers mechanical charging machines are used,
more ¢of the lime and ore are shovelled into the furnace
by hand. From the point of view of sps=d,hand shovelling,
within certain limits,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 bottem .

Dephosphorization,however,or rather,fixing of the phos-
phoric acid,takes place at the slag-line, Under favour-
able conditions dephosphorization occurs with extreme raps
idity during the carlier stages of the heat,while the
bath is still relatively cocol., If ,during these earlier
stages,the lime and ore that are necessary for oxidizing
and fixing 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
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at the slag-line,the phosphcrus may bz rapidly and per-
manently removed., If it be attempted to supply thz lime
and ore to the slag in quantity,by means ¢f the machine,
the slag is at first chilled,and reaction delayed;when
the chilling is finally overcome,the resaction proceeds
with undue violsnce, It follows that,ideally,except for
sufficient bottom charging to form an innitial slag cov-
ering for the bath,the lime and ore for dephosphorization
should be shovelled, |

It should be msantioned that the chilling just refer-
red to is to a very large extent obviated in the Talbot
rrocess,where the amouﬁt of heat stored in the bath ie
very great.

It is safe to assume that at Dortmund,in the Hoesch
heaﬁs,though,as a matter of fact a mechanical charger is
there empleyed,there was a greater amount of shovelling
than at Sydney. This,probably,would be sufficient to ac-
count for the slightly greater production rate of the
Dortrund Hoesch as against the Sydney Hoesch,

The 8ydney Bertrand-Thiel producticn rate was found
as above shown to be lower than that for the 8ydney Hoesoh,
We find the reverse t- be true at Dortmund,and without

doubt the explanation is thisj;- the 17-ton furnaces at
Dortmund are hand-chargsd, The lime and ors would there-
fore be shovelled as required., Hand-charging a 17-ton fuse
nace is a severe task enough,and no one who has attempted

to shovel iron ore into a 50-ten 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 large furnace
by hand-shovelling; although it must be admitted that
there is a midway course which we,on this side of thzs At-
lantic,are sometimes prones to overlook, It may bs here
stated that there is great ne2d,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.,Ths attainment of higher yield of ingots per ton
of metallic charge,in sc far 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-
gic function of any process., Op=n Hearth steel-making cone
sists in to a large extent =liminating from pig-iron,con-
stituents other than iron,the elimination being accomplih-~
ed in every case by a combination of oxidation and dilu-
tion, If the Open Hearth chargs consist entircly of pig-
iron,the oxidation is accomplished by means of additions
of iron oxide,the reduced iron of the oxide,in so far as
it is in excess of the amount constitutionally required
by the slag,entering the bath as a diluent,

If the charge be part pig and part steel scrap,net
only dees the latter act as a diluent,but it is oxidized
during melting down,to an extent depending upon whether

the scrap is light or heavy,upon the sharrness of the
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furnace,etc,,and the oxide so formed,at the expense of
the original metallic charge,acts upon the iron as an
eliminant.

If the pig-iron be charged cold,it's constituents
also will undergo 6xidatien during melting. Molten iron,
is charged as a rule,only after the slag-forming ingred-
ients,scrap,stc. ,have been thoroughly preheated in the
hearth,so that it is in this case very soon protected
from the direct action of the furnace atmosphere,

Lime is,of course,non-oxidizing,but limestone lib-
erates COp 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 charge,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 others,by their action,dir-
ectly diminish the weight of the metallic charge., It is
obvicus,therefore,othzr things being equal,that when we
speak of a process as giving a high yield,we simply mean
that it employs reletively little,or no scrap,and that .-
the oxidation is accomplished wholly,or nearly so,by iron
ore, Yields,be it mmderstocd,are calculated on the basis
of metallic charge only,and quite ignore the iron ore.

Once iron,is. any form whatsoever,has found it's way
into the steel furnace,ther: ars only four directions open

to it. (a) It may appear as good product.(b)It may be
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held,either chemically or mechanically in the slag.(c).
It may,due ‘to violant reaction,careless handling,over-
£i1ling,or cther cause,drip from furnace,runner,ladls or
moulds;or it may eolidify prematurely as part of the lad
le skull, In either of thess cases it may,or may not,be
recoverahle as pit—scrap; (d).It may disappsar with the
out-going gases as fume, Most 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,whsn the ore
is rising,a violent resaction,causing foaming over of
slag with more or less of mstal. This tendency tc foam
is much less marked in the Hoesch heats,but is offset in
the latter,by the extra ladle-skull,and by th: danger of
loss incidental to tha transfer of the primary mstal,

In view of these considerations,it is not surprising
that the intzrruptsd processes have beszn found in this
investigation to give,as th#ir inventors claim for them,
a higher yield than the straight basic process., That
thsre is ne material difference between the iron econ-
cmy of the interrupted process and that of the straight
rrocess appears from the balance shest shown on p.33%-a.

From ancothar point of view,to say that a certain
Open Hearth process is charactsrized by high yield,is
almest tantamount to describing it as inelasticjfor al-

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

1ron ors,may well be considered a true direct process
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IRON BALANCE SHEET - TYPICAL STRAIGHT BASIC HEAT,

IRON IN CHARGE,

80,500 lbs Mixer l2tal @ 93.00%

34 300 Crop Ends 98.00
1,600 " Ferro-Man, 12.00
331,&50 " Limestone .KB
5,500 " Magnetite g;. 9
9,700 " Hematite .5l
Total = = - « « « « - =

IRON RECOVERY,
110 300 o lbs, Ingote @ 98, 50%

27,836.0 " Slag 5456
Shot in slag 5.00
Pit-Scrayp 2.00

Skulls,loss, etc. by dlffuranca

Total - - - -

lﬁs. Fe,
,772.0
%3 Eiu 0
192.0
229.6
2 ,162.0
goe, 5

- 116,772.3

108,64
1,54

1,39
2,20

2,9

- 116,772

93.

. I

'8
9
0
?
1

)

L ]

b
2
1,
2
0

-
8§0u4~4u1
I 11

« o

O\ 0o\ O

O JFm o\

-10

IRON BALANCE SHEET -~ 40 TON HOESCH CAMPAIGN,

IRON IN CHARGE,

-

379.2 tons Mixer Metal @ 93,00%
218, Crop Ends 98&. OO
193.9 " Magnetite 7.49
2l.,2 " Hematite 9.51
16{7 " Mn, Ore 1.13
165,8 " Lime 1,12
117 " Ferro-Man, 12.00
3.6 " TFerro-Sil, 50,00
Total =« = = = - = = =

IRON RECOVERY,

1094,0 tons Ingots @ 98,50
173.0 " S8Slag 5.27
112,5 " " 9.48
Shot in tetal slag 5.00
Pit-Scrap 2.00

Skulls,loss,etc., by diffsrencs,
Total

tons Fe,
815-75
214,03
111,47
10, 53
1.8
L85

1. 80
1159.00

1077. 59 - 93.00%

9.12)
10.6 2.94%
I 24)
21,88 1,89
25.46 2.17

1159.00 100,00
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for the production of stzel from ore ,it is,nevertheless,
frequently desirable,commercially,to be in a position to
vary the charges of ors or scrap,limestone or lime,absbl-
utely at will, In any steel-works a certain amount of
scrap is produced,and unless it can be promptly and econ-
omically disposed of by remelting,there ie rapid accum~
ulation and corresponding financial loss in the shape of
interest on investment. Any process,thersfore,which lim-
ite or stipulates the percentags of scrap to be charged,
in other words,which is not,in this respect,wholly elas-
tic,can not b2 used to the exclusion cf all other processe
es, For this reason the Hoesch precess would probably
never antirely crowd out the straight basic process from
any works. Along the same line of argument it is alsoc to
bs noted that the Hoesch process propsr,makes no direct
provision for the remelting of cold pig-iron,some quant-
ity of which is usually made during the week-snd,and that
the fullest rsalization of the advantages of the process,
postulates a plentiful supply of molten metal.

3. VWe fin# that the lime consumption is lower,and the
ore consumption higher in the Hoesch process than in the
straight basic process. The ore,however is probably no
highsr,and probably is slightly lower than it would have
bezn in the latter,had less scrap been charged,and had
lime been substituted for limestone. The interrupted
process,however,stipulatss lime,instead of the cheaper

limestone,and in this way,as well as by specifying a
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relatively low scrap chargs,makes the higher ore con-
sumption a necessity. These circumstances must not be
lost sight of in computing the relative cost of an inter-
rupted process.

%, We find that there is produced by the interrupted +=
processes,a phosphatic slag of high solubility and in ev-
ary way suitable for a fertilizer. Owing to the necess-
ity for a high lime content in the entire body od straight
basic slag,as already explained,the phosphoric acid con-
tent is in that case too low., Alsc,it is necsessary,in
"cutting up" the lime in the straight process,to use flu-
or spar-as a flux,and for reasons not distinctly under-
etood, though well recognized,the presence of fluor spar
throws the rhosphoric acid inte the insoluble conditien,
making it unsuitabls for use as a fsrtilizer, No spar
was used in the Hoesch heats,

5. 8ince metal and slag,al ths end of an Open Hearth
heat may be regarded as a system in equilibrium,it fol-
lows that,ceteris paribus,lower phospherus in the slag
connotes lower phosphorus in the metal., The bulk of the
phosphorus being removed in the primary slag of the
Hoesch procsess,and the second slag being correspondingly
low in phosphorus,we should expect thz finished Heesch
steel to be lewer in phosphorus than straight Open
Hearth steel from the same raw matsrials,and with a sim-
ilarly basic slag. The present investigation showed that
the expectation is fulfilled in fact,ths tendency of the
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Hoesch heats besing distinctly towards lower phosphorus.

Adverse critics of the Hoesch process have observed
that the slag change necessary tc a low phosphorus pro-
duct,can bz effscted by skimming,and without removal of
the metal from th: furnace., This course is followed,for
instance,in electric furnace practice, It may safely be
stated,however,that while,with care and time,slag can,by
skimming,be fairly completely removed from a small sta-
tionary furnace,and from a semewhat largsr tilting fur~
nace,poscibly up to 15 or even 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., Morsover,even with the small
furnace,one must depend,in one's absence,entirely upon
th 2 fidelity of the workmen, Upon the whels,it ssams
justifiable to consider that only some such complete and
positive removal of slag as is involved by the metal
transfer,can be r=lied upon in general,largs-scale pract-
ice,

6. Undar the conditions obtaining when the Bertrand-
Thiel process was introduced,it is probable that this pre-
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 8o of
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carbon or phosphorus can be corrected with a little ad-
ditional lime or ore,if necessary. At the precscnt day,
however,nearly every stezl plant using hot metal,draws
it from a pig-iron mixer,which blends and equalizes the
blast furnace iron,and may even materially desiliconize
and desulphurize it, In view of this fact,thersfore,
this last claim loses much of it's importance as an arg-
ument in favour of the interrupted process,
TEMPERATURES,

In the foregoing account of my investigation I have
made no mention of bath temperatures, My failure to do
so has besn intentional,because no thomoughly satisfact-
ory method for resgularly determining such tsmperatures
has yet besn worked out. Measurements of the temperatures
of molten iron and steel have been made with the optical
pyrometer,e.g. leChatelier & Beudouard, "Measurement of

High Temperatures®™ p.306, quote;-

Tapping the pig-iron,bsginning 1400 deg.C
end. 1500
Flow of steel 1nto ladle,beginning, 380 "
" end. "

An optical pyrometer was not available for this invest-
igation,and in any case,ths metal as it runs from th: fuzr-
nace ie always envelopped in a mantle of burning gas,and
clouded by fumes ~ more especlally was this the case with
the primary metal - sc that pyrometer readings under the
circumstances,may or may not represent temperatures, It

was attempted to obtain readings with a Brown radiation
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instrument,but the flame and fume referred to,quite pre-
cluded the possibility of consistent eesults. Obviously,
a reading obtained by sighting the pyrometer upen the in-
terlor of the furnace ,may represent the temperature of
the back-wall,of the flame,or of the slag,and to offer
such reading as the temperature of the metal underlying
th2 slag,is moet apt to be grossly misleading.

By sighting into a blind tube,immersed in a stesl
bath,if a tube could be obtained large enough and streng
eneugh for the purpose,and sufficiently resistive to with~
stand the extreme temperature of the bath,and the corrosie
acticn of the slag,until it's interior remained constant
at the temperature of the bath surrounding it,good indic-
ations might be had by means of either the eptical,or the
radlation pyrometer,or even by the platinum~-rhodium thermo-
couple, Such tubes,so far as I am aware,are not available.

I had heped,in 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,substi=
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 tzmper-

ature of the bath) and quickly poured through a small
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aperture in an asbestos and felt cover,into the calor
imeter water. The thermometers used were graduated in
tenths of one degree, After the final thermometer read-
ing,the chilled metal was lifted out in a little copper
basin of known weight and that had been placed at the
bottom of tha calorimeter to rz=ceive it,and basin and me-
tal were dried and weighed together. With molten pig-
iren dipped from the Mixer,several remarkably concord-
ant observations were'made in this manner,though the in-
dications wers that published data on the specific heat
of iron did not fit the case very closely. With metal
from the Open Hearth furnace,however,I found that if the
test were poursd from the spoon fast enough to avoid seriovs
loss of heat in transit,there was violent surface boil-
ing and ejectpent of watsr from the Calorimeter,and en-
deavours to remedy this defzct,clearly indicated that a
body of water sufficiently large to absorb the totality
of the heat of the stecl,would involve the use of excsess-
ively unwieldy apparatus.

2. Lacking the blind refractory tube above referred to
as the desideratum,I endeavoured to utilize a four inch
steel pipe,61 inches long,open at both ends,but fitted at
one end with a sheet-iron cap. The draw-tube of the Brown
pyrometer measured 21 inches,extsnded,and to this length,
the draw-tube was inserted in the uncapped end of the
pripe,and cewtred in it by means of distance pieces, In
this wag,the end of the draw-tube farthest from the eye-
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riece was exactly ferty inches from the capped end of the
pipe,that is,it was at a distance of ten times the interm=-
al diameter of the pipe,from the capped end. Before sets
ting up in this manner,the pipe and cap had been thor-
cughly heated to burn from them any cil or carbonaceous
madter,and then allowed to cool, After setting up,the
pyrometer connections were made,the pipe was grasped in
suitable grips,ths Open Hearth furnace door was raised,
and the capped end of the pipe was plunged through the
slag and into the metad of the bath, As was intended,
the shezt iron cap withstood the passage through the
slag,but burned through when the steecl was reached,ex-
posing,for observation,the -metal surface,free from slag.

Unfortunately the pipe promptly became filled with
dense brown fumes,probably due to the oxidation of ths
sheet-iron,and ths galvanometer needle moved only feebly,

Also,the pyrometer mirror was damaged by flying metal
shot,and it was considsrzd inexpedient to continue exper-
imenting with methods which,theoretically attractive,were
evidently unsuited to the conditions with which they had
tc cope. As to what the temperatures were at the various
gtages of the different processes investigated as above
described,I do not feel justified in saying more than
this,-that ifthe temperature of the Mixer metal charged
was 1H00 deg.C, and that of the finished steel at tapping
was 1580 deg.C. ,then,the temperature of thz primary metal
as tapped would be about 1490 deg.C.,since,as far as
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might be judged by ths eye,it's temperaturs was about
midway between those of the mixer-metal and of ths finish-
2d ste:l,respectivaly,
GENERAL CONSIDERATIONS.

So far,I have confined the discussion of the inter-
rupted 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 Hoesch process,which we have seen to be the
more efficient of the two interrupted processes describ-
ed, Lat 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,
for the Hoesch over the Regular process in the case of
a single furnace?

1, Consider the charging side of the furnace,assuming
‘two charging machines for a row of tsn furnaces,

(a) In the straight process,when a furnacs is wait-
ing for a charge,there is merely the case of lost time,
which is serious snough,of course,but no material is
spoiling meanwhile,

(b) In the Hoesch 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 side,and
cooling,all the while. Any sericus charging machine de-
lay therefore means heavy loss through skulling,and pos-
eibly the loss of the whole primary heat. It would thers-
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fors appear that for Hoesch equipment,at least 50% more
charging capacity is desirable,
2. On the casting side of the furnaces,assums three over-~
head cranes,each of 75 tons capacity.
(a) By the straight precess,ten furnaces would give

each day of 240 furnace hours,about nineteen heats of 12

hours 10 minutes each, The tapping and teceming of these
nineteen heats,along with slag remeval,ladle shifting and
miscellaneous work,will keep the thres cranes fairly well
occupied,bearing in mind that crane capacity must be pro-
vided not merely to do a fixed amount of work each day,
but such that,without letting slip any part of thé day's
work,a crane will be availables for any purpose at any mo-

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

give us nearly twenty-two heats in the 240 furnace hours
per day,each heat having to be tappred and poured twice,
making the equivalent of fourty-four heats daily,tc be
handled by what we have with reasonable accuracy assumed
to be crane capacity for nineteen heats. Slag handling
would also be doubled,since the primaxy slag,which is vale
uable,must be kept separate from the secondary slag which
is worthless, Crane esquipment must therefors be substant-
ially added to,and the crane runway and distance between
furnaces,and consequently the total length of the build-
ing must be increased,if ons Hoesch furnace is to be pre-

vented from interfering with another,and thus neutraliz-
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ing the advantage accruing from the process per ss,
Obviously,frem this point of view,the question of
continuous versus interrupted processes bscomes one which
cannot be answeraed by a metallurgical investigation,but
which must be dscided for each shop individually,after a

careful study of all the conditions surrounding the case.

é/ud 4 194
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