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ON THE 


MANUFACTURE OF CAST STEEL." 


On the 13th of August, 1856, the author had the honor of reading 
a paper before the Mechanical Section of the British Association a t  
Cheltenham. This paper, entitled "The Manufacture of Malleable 
Iron and Steel without Fuel," was the first account that appeared 
shadowing forth the important manufacture now generally known as 
the  Bessemer process. 

I t  was only through the earnest solicitation of Mr. Geo. Rennie, the 
then President 9f  the Mechanical Section of this Association, that the 
invention was, a t  that early stage of its development, thus prominently 
brought forward ; and when the author reflects on the amount of labor 
and the expenditure of time and money that were found to be still 
necessary before any commercial results from the working of the pro- 
cess were obtained, he has no doubt whatever but that, if the paper at  
Cheltenham had not then been read, the important system of manu- 
facture to which i t  gave rise would to this hour have been wholly un- 
known. 

The diagram A shows in section the original fixed converting vessel, 
as patented and erected i n  London for experimental purposes in 1856. 
It will be observed that the tuyeres were passed through the sides of 
the vessel in a horizontal direction ; the result was that the blast of air 
entered only a short distance into the fluid mass, and much of it  escaped 
upwards between the sides of the vessel and the metal. The effect of 
this was the rapid destruction of the brick lining, caused by the exces- 
sive temperature generated in the process and the solvent property of 
the resulting silicate of protoxide of iron, which sometimes destroyed 
a lining of half a bqick in thickness during the blowing of two charges 
of metal for about twenty minutes each. Another difficulty arose from 

* Read before the British hsociation. 



the impossibility of &topping t l ~ c  1 roccss without running out t11c 
~ncta l ,  for if tlrc blowing ccascd for onc instxnt tlic fluid metal would 
run into tho tuyei,es ancl stop thcm up. 

A firc:~t inconvrriicncc of the iixccl rcssel also arose from the  danger 
and difficulty in tappi~tg  out thc  fluid ii~a1lc:~blc iron with s bar, afier  
thc  rnar~rrcr of' tapping an ordinary cupola furnacc, for the  blast had to 
be conti l~ucd during t l ~ c  wl~olc tiiuc tllc chnrgc was running out of the  
vcssel iri order to prevent tho icn~:~irl ing portions frorn cntering tllc 
tuycres. A siii~ilar dificulty nrow wllile running in the  crudc metal 
from the melting furnacc, sincc i t  was nccessary to turn out t he  blast 
bcforc any rnctal was run into thc  vessel, t he  first portions so run in 
were, in conscrlucnce, partit~lly dccarbonizcd bcforc t he  whole of the  
crude metal had left t l ~ c  melting furnace. 

These were anlorlg the  rliorc prominent difficulties tha t  had to be  rem- 
edied. It is, howcvcr, satisfactory to know that  even in  this, i ts  in-
fhnt statc, tlic proccss and apparatus were practically successful, in 
proof of which there is placed upon the  tablc part of a malleable iron 
railway bar madc from pig iron, a t  D a ~ t c rIIouse, by blowing air through 
i t  in t hc  apparatus just  dcscribcd, the  fluid ~nallcable iron har ing been 
run into a 10 inch q u a r e  ingot mould and thc  bloom so made rollcd 
direct into t he  bar shown. Thc  sinall 111a1leablc iron forged gun will 
scrve as an cxan~plc  of thc clcarncss and frecdoiii froni cracks or flaws 
in  mallcablo iron so m:Lde and h r g e d  undcr the  steam hammer. I t  is 
onc of tho carly productions of tllc proccss, and likc thc  malleable iron 
rail, was madc wholly without any re-carbonizing of thc metal or tlic 
en~ploymcnt of spicgclciscn or nlarrgancse in  any form whatever -
i\lallcable iron so made from licmatite pig iron is red short, like all 
othcr wrought iron rnadc wholly from he~na t i t c ;  but tha t  i t  is pcrfcctly 
n~allcablc and cxtrcii~cly tough when cold mny be  seen on examination 
of tho iron ropc cxhibitod, which consists of'fbur rods of 1 4  inch round 
iroii twisted cold into a closc coil. Tlicse bars cxtendcd 13 inches in 
lcngth in  4 f'cct, and wcre rcduecd ncarly Q inch in d ia~ncter  in the  
operation of twistirlg, thus s l~owing that  mallcablc iron 50 made possesscs 
an extraordinary dcgrco of ductility. 

I t  may be rcu~cuibcrcd that  an in~por tant  parc of the  proccss, as des- 
cribed a t  Chcltenht~in, in 1856, convistcd in tapping the fluid crude 
iron froill tlic blast furnacc, and allowing it to flow direct into t he  con- 
vcrting vesscl, and be tlicrc blown to thc  extent only of decarbonizing 
i t  so far as to produce cast stcel. This  port of tlie original progranimo 
has bccn inost succcsufully carricd out in Swcdcn, whcrc an cxtcnsive 
cs t i ib l i s l~u~cr~tfor i ts  rnanufr~cturc has bccn ercctcd by M. Goraneon of 



Geffle. The large steel circular saw plate exhibitcd is an exanlple of 
the conversion of crude cast iron run direct from the blast furnace into 
the converting vessel, and there blown for nine minutes, in which pe- 
riod it  had been converted into cast steel of the desired quality, and 
was then poured into an ignot mould without being recarbonized, and 
wholly without tho ernployment of spiegeleisen or manganese in any 
form whatever. 

With these few illustrations of the capabilities of the process as 
originally described at Cheltenham, the author will proceed to show 
how the disadvantages of the old fixed converting vessel were remedied 
and other improvements introduced. Many forms of converting ves- 
sels were tried on the large scale before this desirable object was at- 
tained. I n  some of them the lining was too casily broken down by 
the violent motion of so heavy a fluid as iron ; in some of the forms 
tried the angles allowed the metal to solidify in them, and so clog up 
the vessel ; in others the mouth of the vessel being too small, caused 
the metal to be thrown out by thc force of the escaping blast. I t  was 
also found that if the mouth was too large the heat escaped, so as to 
cause part of the converted metal to solidify in the vessel; the relative 
height and diameter of the vessel was also found to produce important 
differences in the working of the process ; finally, and after many long 
and expensive trials, the form of vessel shown at B and C was adopted. 
This vessel is made in two parts, so as to admit easily of its being lined 
up with a pulverized silicious stone known as "ganistcr," which so re- 
sists the action of the heat and slags as to last for fully 100 consecu-
tive charges of steel before it  is worn out. I t s  form is that of the 
arch in every position which prevents the lining from falling down by 
its own weight. There are no angles in which the splashcs of metal 
can solidify and accumulate. I ts  mouth directs the flame and sparks 
away from the worltman, arid from the moulds and other apparatus ; 
while the throat of the vessel, and the position of the mouth, almost 
entirely prevents the throwing out of the metal. Thc vessel is mount- 
ed on trunnions supported on stout pedestals, so that a semi-rotary mo- 
tion may be communioatcd to it  at pleasure. The tuyeres are placed at  
the bottom of the vessel, so afl to force the air vertically upward through 
the metal, as shown, without coming in contact with the sides of the 
vessel. When the crude metal is to bc run into the vessel i t  is turned 
on its axis nearly into the position shown at C, the mouth bcing a little 
higher up ; a gutter will then conduct the crude cast iron from the 
melting furnacc into it. I t  is not necessary to turn on the blast until 
the whole of the metal is run in, because the tuyeres occupy a position 



thc irnposiibility of stoppin< thc  I roccss without lunning out tllc 
inetal, for if t l ~ c  blowing cc:~scd for o r ~ c  instxnt the  fluid metal mould 
run into tho tuycres and stop thcrn up. 

A grc:tt incouvcnicncc oS tlic fixccl rcssel also arose from the  danger 
and difficulty In tupping ont tlic fluid ~nallcablc iron with a bar, afier 
the  znanncr oi' tnpping an ordinary cupola furnace, for the  blast had to 
be contit~ued during t l ~ c  wholc time the chargc was running out  of the  
vessel in ordrr to pre tcnt  the  rem:iining portions from entering thc  
toycrcs. A si111ilar difficulty nrow wllile running in the  crudc metal 
fro111 the mclting furnaco, sincc i t  was necessary to turn out the  blast 
before any nlctal was run into thc vcsscl, t he  first portions so run in 
wcrc, in consccluctlce, parti:llly drcarbonixcd bcforc t he  wholc of the  
crude mctal had left tllc nlclting t'urnaco. 

Thrse  were anlong tbc  u ~ o r c  prornincnt difficulties tha t  had to be  rem- 
edied. I t  is, however, satisf'actory to know that  even in  this, its in- 
fhnt statc, the process and apparatus wcre practically successful, in 
proof of which there is placed upon the  table part of a malleable iron 
railway bar rnadc frorn pig iron, a t  Baxter IIouse, by blowing air through 
i t  in thc  apparatus just  described, the  fluid malleable iron having been 
run into a 10 inch square ingot mould and thc  bloom so made rolled 
direct into the  bar shown. The  s~na11 malleable iron forged gun will 
scrve as an cxan~plc  of thc clcarncss and frecdorn from cracks or flaws 
in  malleable iron so made and forged under the  steam hammer. I t  is  
one of thc  carly productior~r of the  proccss, and lilic tllc malleable iron 
rail, was made wholly without any rc-carbonizing of the mctal or t hc  
employment of spiegelciscn or nlnngancse in any form whatevcr -
i\lallcable iron so n ~ a d e  from hematite pig iron is red short, like all 
other wrought iron made wholly frorn l ic~nati tc ; but  tha t  i t  is perfectly 
n~allcablc and cxt rc~nely  tough when cold may be seen on cxaniinatiori 
of thc  iron rope exhil i tcd,  which consists of fbur rods of 1+ inch round 
iron twisted cold into a closo coil. T l ~ c s c  bars extended 13 inches in 
length in 4 f'cct, and wcre rccluccd nearly Q inch in diameter in the 
operation of twisting, thus showing tlr:lt r~~allcablo iron so irlndc posscsscs 
an extraordinary degrcc of ductility. 

I t  may be r c n ~ c ~ l i b e r ~ d  that  an important parc of the  process, as des- 
cribed a t  Cllcltcnl~am, ill 185G, consisted in tapping the fluid crude 
iron from tlic blast furnacc, and allowing it to flow direct into the  con- 
verting vcssel, and bc there blo~vn to tho cxtcnt only of dccarbonixing 
i t  so ihr as to produco cast steel. This part of the  original programme 
has bccn most succcs~Sully carriod out i n  Swcdcn, wl~cro  an cxtcnsivc 
cstablishnlcnt for its munufi~cturo has been crcctcd by M. Goraueon of 



Geffle. The large steel circular saw plate exhibited is an exanlple of 
the conversion of crude cast iron run direct from the blast furnace into 
the converting vessel, and there blown for nine minutes, in which pc- 
riod it  had been converted into cast steel of the desired quality, and 
was then poured into an ignot mould without being rccarbonized, and 
wholly without thc employment of spiegeleisen or manganese in any 
form whatever. 

With these few illustratio~s of the capabilities of the process as 
originally described at Cheltenham, the author will proceed to show 
how the disadvantages of the old fixed converting vessel were remedied 
and other improvements introduced. Many forms of converting ves- 
sels were tried on the large scale before this desirable object was at- 
tained. I n  some of them the lining was too easily broken down by 
the violent motion of so heavy a fluid as iron ; in some of the foru~s 
tried the angles alloffed the mctal to solidify in them, and so clog up 
the vessel ; in others the mouth of the vessel being too small, caused 
the metal to be thrown out by the force of the escaping blast. It was 
also found that if tho mouth was too large the heat escaped, so as to 
cause part of the converted metal to solidify in the vessel; the relative 
height and diameter of the vessel was also found to produce important 
differences in the working of the process ; finally, and after many long 
and expensive trials, the form of vessel shown at B and C was adopted. 
This vessel is made in two parts, so as to admit easily of its being lined 
up with a pulverized silicious stone known as '(ganister," which so re- 
sists the action of the heat and slags as to last for fully 100 consecu-
tive charges of steel before it  is worn out. I ts  form is that of the 
arch in every position which prevents the lining from falling down by 
its own weight. There are no angles in which the splashcs of nletal 
can solidify and accumulate. Its mouth directs the flame and sparks 
away from the workman, and from the moulds and othcr apparatus ; 
while the throat of the vessel, and the position of the mouth, almost 
entirely prevcnts the throwing out of the mctal. The vessel is mount- 
ed on trunnions supported on stout pedestals, so that a scmi-rotary mo- 
tion may be communicatcd to it  at pleasure. Tho tuyercs are placed at  
the bottom of the vessel, so as to force the air vertically upward through 
the metal, as shown, without coming in contact with the sides of the 
vessel. When tho crude metal is to be run into the vessel it  is turned 
on its axis nearly into the position shown at C, the mouth being a little 
higher up;  a gutter will then conduct the crude cast iron from the 
melting furnaco into it. I t  is not necessary to turn on the blast until 
the whole of the metal is run in, because the tuyercs occupy a position 



nbove the level of it. As soon as the air is admitted through the 
tuyeres the vessel is turned into tllc position shown at 13, when its de- 
r*arbonization iinmcdiately commcnces. As soon as this is effected as 
much molten pig iron niadc from spathoso iron ore is added to it as will 
restore the quantity of carbon necessary to produce the desired quality 
of stecl, which is tlicn run into the casting ladle in the manner shown, 
and frorn whence it  is trctnsferrcd to a serics of iron ruoulds ranged in 
a semi-circular pit, each ~nould being placed within the sweep of tho 
casting crane ; the filling of these moulds is regulated by z cone valve 
made of fire-clay and Iitted in the bottom of the casting ladle, so as to be 
opened or shut at pleasure by means of a handle on the outside of the 
ladle. 

('I t  will be readily understood that in thc fixed vessel first described 
any giving way of a Grc-clay tuyere would stop the process and cause 
much inconvcniencc ; but with the nlovable vesscl it  is not so, for a t  
any moment of tinie during the process the vessel may be turned on 
its axis and the tuycres raised above thc level of the tnctal ; the blast 
may then be turned off, the tuyerc box opened, and the fhulty tuyere 
stopped up or renlovcd, after which tho process way be again resumed. 
The movcmerit of the voa~el on its axis, the rise and fall of the casting 
crane, and tho other crarics employed for removing ingots from the 
casting pit, are all effected by a simple hydraulic apparatus, so that the 
whole process is undcr tho pcrfect control of a single operator, placed 
far away from tlie hcat and showers of splashes that accompany the 
proccss.

('Up to this period the manufiacture of cast steel by the old as well 
as tlie new procevs is still so far imperfect that stcel of the highcst 
cluality cannot be made from infcrior iron. In  thc old Sheffield proccss 
tho original quality of the Swedish chnrcoal iron employed governs the 
quality of the cast steel made ; consecjuently, 236 per ton is freely 
$iven for the high clam Danamora iron, while other brands of Swedish 
charcoal iron may be bought for 615. I n  either case thcse are expen- 
sive raw rnatcrials for the cast stccl makcr. 

( 'In 1830 t l ~ c  trade of Shcffield reccived an enormous impulsc froni 
the invention of Josiah M:~rshall Hcath, who patented in this country 
the employment of nlctallic manganese, or, as he called it, (carburet of 
manganese,' The addition of a small quantity of this metal, say from 
one-half to one pcr cent., rondered the inferior coke-made irons of this 
country available for making cast stcel ; i t  rcmovcd from these inferior 
qualities of iron their red-shortness, and confcrred on the cast ateel so 
mado thc proporty of welding and working soundly under the hammer. 



This invention was of immcnse importance to the town of Sheffield, 
where its vdue  mas at once appreciated. Mr. Heath, supposing him- 
self socure in his patent, told his licensees that if they put oxide of 
manganese and coal tar or other carbonaceous mattor into their crucibles 
along with the blister steel, that i t  would do as well, and be much 
cheapcr than the carburet of mangancsc he was selling them ; in effect 
i t  was tho same thing, for before the steel was melted the carbon pre- 
sent reduced the oxide of manganese to the metallic state, so that his 
patent carburet of manganese was formed in the crucible in readiness 
to unite witb the steel as soon as it  became perfectly fused. But the 
law decided that this was not Heath's patent, and so the good people 
of Sheffield after many years of litigation were allowed to use it without 
renumeration to the inventor. 

Manganese has now been used for many years in every cast steel 
works in Europe. I t  matters not how cast steel is made, since man- 
ganese added to i t  necessarily produces the samc bcncficial changes ;no 
one better appreciated this fact than the unfortunate Mr. Heath, as 
evidenced by his patent of 1539, in which he declares that his inven- 
tion consists in 'the use of carburet of manganese in any process where- 
by iron is converted into cast steel.' Had Heath seen in his own day 
the Bessemer process in operation, he could not have said more ; he 
well knew the effect produced by manganese on steel, and, therefore, 
claimed its employment in any process whereby iron is converted into 
cast steel. 

"With this patent of Heath's expired and become public property, 
coupled with the universal addition of manganese and carbon to east 
steel, i t  would naturally be supposed that the author, in common with 
the rest of mankind, would have becn allowed to share the benefits 
which Heath's invention had conferred on tbc whole community, but 
it  was not so. 

"The reading of thc author's paper at Cheltenham in 1856, was by 
the powerful agency of the press communicated in a few days to the 
whole country. Great expectations of the value of the new process 
were formed, both by scientifio and practical men, in proof of which 
i t  may be stated that licenses to manufacture mallcable iron under the 
patent were purchased'by iron masters to the extcnt of £25,000 in less 
than twenty-five days frorn the reading of the Cheltenham paper.- 
Great cxcitement existed at  that moment in  the iron trade, and many 
persons seemed to covet a share in an invention that promised so much ; 
there was, consequently, a general rush to the patent office, each one 
intent on securing his supposed improvement. I t  was thought scarcely 



possible that tho original inventor should at  the very outset have se- 
cured,in his patcnts all that was neccssary to the success of so entirely 
novel r system, 11s must surcly havo overlooked or forgotten something ; 
perhaps even lcft out all mcntion of some ordinary appliance too well 
understood to really need mentioning; so in thc jostle and hurry to se- 
cure ~omcthing, any point on which a futurc claim could be rearcd was 
at once patentod. Somo of thcso gentlemen evcn repatented portions 
of the writer's own patents, while others patcnted things in daily use, 
In tho hope t l ~ a t  thcy might be considercd new when added to the pro- 
ducts of tho new process. 

'' Within six wceks of the date of the Cheltenhau~ paper, Mr. Robert 
Mushct had taken out three patents, which form part of that long series of 
patents by which he hoped to secure to himsclf the sole right to employ 
manganese in combination with iron or steel uladc from pig iron by 
forcing atmosphcrio air through it. I n  this lo~rg series of patents al- 
111o~tevery conceivable mode of introducing manganese into the metal 
is sought to be secured. I t  was clairncd if uscd in combination with 
pitch, or othcr carbonaceous matter; it was claimed if sin~ply used in 
the metallic form, or, as Mr. Heath calls it, a carburct of manganese ; 
i t  WAS also claimed if corrlbincd with iron and carbon-as in spiegel-
eiscn. Manganese, in any of thcse stt~tes of combination, was claimed 
if put in with thc ~nctal prior to the commcncc~uent of the process ; it 
was claimcd if' put in during the continuation of the process, and 
claimed if added to thc stcol aftcr the proccss had bcen conlplcted ; i t  
was also claimcd if' puL into any furnacc, oruciblc, or vcsscl, that the 
convcrtcd lnctnl might be run or poured into ; in fi~ct,manganese and 
its cornpounds mere so claimcd under all imaginable conditions that if  
this series of patents conld have becn sustained in law i t  would hare  
bcen uttcrly i~upossiblc for the author to havc employed manganese with 
stcel made by his proccss, tlltllough i t  was considcrcd by thc trade to 
be impossible to make stcel from coke-made iron without it. 

I n  thc I$fL~~i~~!/ of Scptcmbcr Zith, 1853, just four years ,Jour~ic~l 
bcfore the first of Mr. hlushct's scries of patents, a letter was published 
on the subject of' I-Icath'~ invcntion. Tho writcr of that letter says : 
I am a stcel makcr, and dcny that stcel was cvcr rnndc with thc addi- 

tion of carbon and manganese or carburet of mjngancsc previoutlly to 
IJeath's invention, and I confidently asscrt that no cast stccl maker can 
now carry on his busincss to profit wilhout tho aid of carburct of man- 
pnose.' ( Thore aro,' he says, ' a  hundrcd methods of improving steel 
with ruanganocle, but they all involve tho same ~rinciplc. P u t  carbon 
and manganese into tho atcel pot in any form you please and at any 



time you like, and if the steel b e  thoroughly melted the carburet of 
manganese melts also and is alloyed, and the improvement is unerringly 
effected, and by the uee in every instance of carburet of manganese." 

6 1  This letter clearly shows how well the subject was understood in 
the steel trade thirteen years ago. 

L'Very soon after the reading of the Cheltenham papers, several 
rough trials of the Bessemcr process were mndc privately by pcrsons in 
the iron tradc, and dofccts discovered which were supposed by practi- 
cal men to be perfectly fatal to the invention. Once more the press 
teemed with accounts of the process, but this time i t  spoke only of its 
utter impracticability, and of regrets that the high expectations origin- 
ally formed were so fallacious. The storm, however, gradually sub- 
sided, and the process and its author wcre soon entirely forgotten. Im-
perfections in the process there certainly were, but the author had had 
the most irrefragable proofs of the correctness of the theory on which 
his invention was based, and also that the reasoning on which i t  was so 
utterly condemned by the tradc was in itself wholly fjllwcious; he, 
therefore, decided not to argue the rlucstion against a hundred pens, 
but to energetically prosccute his experiments and to remain silent 
until he could bring the process to a commercial success. When, a t  
the expiration of about three years' incessaut labor on the part of him- 
self and his partner, Mr. Longsdon, and an cspenditure of morc than 
.£10,000, the proccss was again brought beforc thc public, not the 
slightest intorcst was ~nanifcsted by thc trade ; it had been for years 
agreed on all sides that it  was a total failure, and mas loolred upon simply 
as a brilliant ~neteor that had suddenly flitted across the scientific ho- 
rizon, leaving the subject in morc palpable darkness than befbre. This 
cntirc want of confidcncc on thc part of the trade was more discourag- 
ing ; one of two things became irripcrative, cither the invention must 
he abandoned or the writcr rnust becove a stccl manufacturer ; the 
latter alternative was unhesitatingly accepted, and Messrs. Henry Bes- 
senler & Co., dctermincd to erect a steel-works at Sheffield, in the very 
heart of that stronghold of stccl making. A t  these works the process 
has cver since bcen successfully carried on ; i t  has become a school 
where dozens of practical stccl makers received their first lessons in 
the new art, and is t h 8  gcrnl from which the process has spread into 
every state in Europc, as well as to India and America. 

'(By the time the new works at Sheflicld had got into practical opcra- 
tion the invention had sunk so low in public estimation that it was not 
thought worth paying the £50 stamp due at  thc expiration of three 



c a r s  oh Mr. Musliet's largo batch of lnangnnesc patents ; they were, 
consequcntly, allowed to lapse and become public property. 

"The author Ilas, therefbrc, used without ~cruple any of' these nu- 
merous patents for mangarlesc without fceling an overwhelming sense 
of obligation to tho patcntcc. 

L L A t  the suggestion of the author a works for the production of 
manganese alloys was crected bg Mr. EIcndcrson, at Glaegow, who now 
makcs a very pure alloy of iron and manganese, containing from twen- 
ty-fivc to thirty per cent of the lattcr nletal, and possessing many ad. 
vantages over spiegelciscn, which it  will doubtless replace. Two 
bright rods of 1: inch diameter will be found on the table, they were 
folded up cold under the hammer. This extremely tough metal is  
made by using Mr. IIendcrson's alloy in lieu of spicgeleisen, which 
is incapable of making steel of such a quality. 

' 'A Prussian gentleman, M. Preiger, has been also successful in 
manufacturing a new alloy, which he calls ferro-n~angancse, consisting 
of sixty t,o eighty per cent. of metallic manganese. I t  is extremely use- 
ful in making malleable iron by the Bessemer process, in which spie- 
gcleiseu cannot be employed on account of the large proportion of car-
bon it  contains. 

i L I t  is gratifying to turn from a review of the troubles and impedi- 
ments of the past, and briefly notice so111c of the more important appli- 
cations of stcel as a substitute fbr wrought iron. 

111 no case is this change of material more important than in the 
construction of ships, for in no instance are strength and lightness more 
essential. 

Tho I~cssc~ncr  cast stccl mado fbr ships' plates by thc several cmi- 
ncnt firms now cnRnged in that manufacture is of extremely tough and 
ductile qualily, whilc it  possesses a degree of strength about double 
that of the inferior kind of iron plates usually enlployed in ship build- 
ing, llencc it  is found that :& much less weight of rnatcrial may be em- 
played, and at  thc same time a grentcr degrce of strength 111ay be ='0'1ven 
to all parts sub-jectcd to hcavy strains. 

Most prominent among the builders of stcel ships is tho firm of 
Jones, Quiggin B Co., of Livcrpool, who have now constructed no less 
than 31,510 tons of shipping, wholly or p r t i 8 I y  built of stcel. Of 
thesc, thirty-cight vcsscls arc propelled by steam with an aggregate of 
6,010-horse powcr, besidcs this the ~rincipal  masts and spars of cightcen 
flailing ships havc been mado by them wholly of stecl. 

i~Vcsscls of a largo size, constructed to clase AA twelve years at  



Lloyd's weigh, when built of iron, about 1 2  cwt, pcr ton measurement; 
whereas similar vessels built of stcel weigh only about 7 cwt. pcr ton 
rueasuremcnt ; thus an iron ship, to take first class at  JJoyd's for 
1,000 tons measurement, would weigh 250 tons more thnn a steel one of 
the same class. Such a vessel could, therefore, take 250 tons, or 2 5  
per cent., moro freight a t  the same cost, or could avail herself of the 
difference of immersion to leave or enter port when the tide would not 
permit an iron vcssel to do so." As a steamer she would carry 250 
tons more of coal, and thus be enabled to lengthen her voyage or take 
her coal for the return trip. The two steel paddle-wheel st,eamers 
launched at Livcrpool by Messrs. Jones & Co., on the 13th ult., for 
Dublin and Liverpool service, will draw from 3 feet to 4 feet less water 
than iron steamers built on tho same lines, and being thus enabled to 
leave port at all states of the tide, will not require a tidal train in con- 
nection with them. I f  the employment of steel for the coristruction 
of merchaut vessels is found to be so important, how much more so is 
i t  for ships of war. Some of the larger class of armor plated vessels 
require G,000 tons of' iron for their construction, and an addition of 
1,600 tons in the shape of 41 inch armor platcs. Now, if the frames 
and inner skin of such a vessel were constructcd of steel it would be 
much stronger even if reduced to 4,000 tons in wcight ; this would 
admit of 9 inch armor plates being uscd in lieu of 4; inch, and would 
still leave the vesscl 200 tons lightcr than the prcscnt ones, and hence, 
as the resistance of thn armor to impact is as the sqnarc of the thick- 
ness of the plate, we should havc rt vessel capable of resisting four 
times the forcc of tliusc at  present constructed, while it would bc 200 
tons less in weight. 

[‘These important facts havc not cscapcd the attention of Mr. Reid, 
our present talented constructor of the navy, and we shall, doubtless, 
soon hnvo substantial proof of what may bc effected by the employ. 
ment of steel in the construction of ships of war. 

"The application of steel for projcctilcs has now become a necessity 
since the introduction of armor platcs. Wc havc boforc us a 110 pound 
shot, that has passed with vcry slight injury through a 5 inch armor 
plate, and also some seecimc~ls of bent anglc iron, made of Bessemer 

* Tho well-kl~own blockndc runnera, the Colnncl Land) nnd IIope, each 2S1 fcct l o n ~ ,with 
engiiica of 350-horao power. thc Corn Ucll, Wasp und IIonlct, cncl~250 fcct lol~g. and thc 
Lynx, Fox, I h t  and Owl, vniying from 632 to 771 tons. were built of Bessrmcr rrtccl For thc 
reason nbovc-menlioncd 110 other malerial woulcl havc enabled thc construction of n vesael 
combilling l i ~ b t  clmnght with Errat cnrryin~ cnpacily, and hcncc so cmlncntly fitted for thc 
aervlcc for which thcy wcre dcntlned. Nu buildcr would havc crnploycd a matcrinl in thc 
strcngtli nnd nniforrnity of which he hnd not thc utmost conlldence. to  build a v r ~ a e l  to  hc 
pro cllrd by such hrnvy machincry, and to bc cngnged iu ~ o c hu. precnrious nnd dangcroue 
traie.-CNotc: by Bfd'ddlorof Xcgistcr. 



iron, and rolled at the Millwall Ironworks, in London, and from tllc 
same works a portion of one of Hughes' patent hollow steel beams for 
aupporting tho armor plating in course of construction for the forts a t  
Cronstadt ; both these are intereating examples of what the rolling 
nlilla of tho present day can effect, and of the facility with whicll cast 
malleable iron and east steel admit of being worked in the most diffi- 
cult forms. 

Thcre is no departrnenf of cnginccring in which the peculiar tough- 
ness of steel and its strength and power of resisting wear and abrasion 
are of such vital importance as in its application to railway purposcs. 
This fact had long since impressed itself strongly on the mind of Mr. 
Ramsbottom, of the London and Nortl~wcstcru liailway, who commenced 
oxperiments with this matcrial in 1861, carefully, though trustingly, he 
tried i t  step by step, not even at  first venturing to elnplog i t  for pas- 
senger trains, but as proofs of its safety and economy crowded upon 
him, he c:~refully applied i t  to bhe most important parts of passenger 
engines, and even to the manufacture of the formidable engine cranks 
(at the time cetrusted only to the nlost cn~inent iron making firms in 
thc kingdom), thcse iron cranks are now bcing replaced by steel ones 
forged from a single mess. Oue of these stcel emnbs, manufactured at 
tlic new steel works at Crcwe, has bcen obligingly lent by Mr. Rams- 
bottom as an illustration of the use of stcel for this purpose ; that 
gcntlen~an has also taken out of use a plain stcel axle that has run a 
distance of llY,Sl(i miles, and now exhibits very alight signs of wear. 

l6Tho tires of wheels, on which so much of the public safety de- 
pends, were then tried, but the exact amount of diffcrcnce betwcen the 
endurance of wrought iron and Uessemer steel for this purposc is not 
yet asccrtaincd, as none of t l~csc stccl tires are yet worn ou t ;  but 
enough has been shown to prove the advantage of entirely replaeir~g 
iron by stecl for this purpose. 

( ( I n  order to show how a steel tire will resist thc most violcnt at- 
tempts to produec frqcturc, an example is given of a steel tire manu- 
Saclured by Mcssrs. Scssemer & Co., of Sheffield; it was placed on 
cdgo undcr a six ton stcarn hammer, and subjected to a series of powcr- 
ful blows until it assumcd its present form, that of a figure'of eight, a 
degree of' violence iu~meriacly more than it ceula cver be subjected to 
in practice. Thcse tires are made without weld or joint, by forging 
the111 from a square ingot partly undcr the improvcd p l a ~ ~  invcntcd by 
Mr. liamsbottom, and partly by an irriproved mode of flanging and rol- 
ling, invcntcd by Mr. Allen, of the Bcsscmcr Stccl Works, Shefficld. 

4~ So important were found to bc the advantages of employing cast 



steel as a substitute for wrought iron at the works of the London and 
Northwestern Railway Company, that thc dircctors, acting under the 
advicc of their able engineer, detcrrnined on building a large steel 
works at  Crcme, which is now iu  active and sucecssful operation. I n  
the design and arrangetncnt of their plans fbr working up the steel sev- 
eral important improvc~nents have bcen introduced by Mr. Ramsbottom, 
among others his duplcs hammer, which strikes a bloom on both sides 
of thc ingot at oncc, in a horizontal direction, and thus renders unne- 
cessary the cnorlnous foundations required for ordinary hammers. Here, 
also, he has put up his improved rolling mill for rolling blooms of large 
qizc, the enormous macliinc being reversed with the greatest rapidity 
and ease by the attendant, without any shock or concussion whatever. 

While matters were thus steadily progressing in tho enginc de- 
partmcnt of the company, the engineer of the pernlanent way, Mr. 
Woodhouse, took in hand a thorough investigation of a no less im- 
portant problem, vie : the substitution of cast steel for wrought iron 
railway bars. For this purpose some 500 tons of rails were made, and 
put down at various stations wherc the traffic was considerablc, so as to 
arrive, a t  the earliest period, at a true co~nparison of thc respective en- 
durance of wrought iron and cast steel rails. I t  will be unnecessary 
here to enter into the nurncrous details of the extensive series of ex- 
perimcnts systematic~lly carried out by Mr. Woodhouse; the trials 
made at  Ciimden will suffice to show thc extraordinary endurance of 
stecl rails. J t  is supposed that thcrc is not onc spot on any railway in 
Europe wherc the arnourlt of traffic ccluals that at the Chalk-farm 
bridge at Cd~ildcn Town. At this spot thcre is a, narrow throat in the 
linc, frolii wl~ich convcrgcs the whole systcltl of rails employed in the 
London tcrniini of tliis grout railwi~y. IIcrc all passenger, goods, and 
coal traffic Iiavc to pass; licrc, also, tlie making-up of trains arid shunt- 
ing of carriages is continually going on. A t  this particular spot two 
stecl rails wcre fixed. on May Zd, 1863, on one side of the line, and two 
new iron rails wcre on thc same day placed precisely opposite to them, 
so that no cngine or carliagc could p ~ s sover thc iron rails without pass- 
ing ovcr tho stecl oncs alro. When the iron rails becamc too much 
worn to be any longer safe for the passage of trains, they were turned 
the othcr way upwards, and when the second sidc of the iron rails werc 
worn as far as the safety of the traffic would allow, the morn out rzil 
was replaced by a new iron one-tllc tlarne process being rcpeatcd as 
often as was found ncccssary. Thus we find, a t  thc date of' $he last 
report on March lst,  1865, that seven rails had bcen entirely worn out 
on both faocs. Sincc then another rail hss been worn out up to July, 



making sixteen faces worn out, the seventeenth face being in use on 
August 23d, when thc stecl rail that had bcen placed opposite to them 
was taken up in the presence of the writcr, and, by the kind permission 
of Mr. Woodl~ous~ ,  now lies on the table before the meeting. The 
first face of the rail only has been used, and this is now become much 
thinner than i t  was originally, but, in the opinion of the platelayers, is 
still capable of wearing out another half dozen faces. Taking its re- 
sisting powers at  three more faces only, i t  will show an endurance of 
twenty to one in favor of stecl. 

('Mr. Woodhouse has asccrtained, by careful and continued testing 
for twenty-four hours at  a time, that an average of 8,083 engine ten- 
ders or carriages pass over the steel rails every twenty-four hours, 
equal to 16,164 wheels every day for 1,207 days, making a total of 
9,754,974 wheels passed over the rail. Subject to this excessive wear 
the rail appears to have been reduced 7; pounds per yard, hence, for 
cvery grain in weight of steel lost by abrasion, no less than 371 wheels 
had to pass over it. Another stqrl rail, put down also in ilfay, 1862, 
a t  a place much lcss subject to wear, has had four faces of iron rails 
worn out opposite to it, and still appears as if very little used ; this rail 
is also placed on the table. An iron rail wcars out by the giving way 
at  various parts of the i~upcrfectly welded mass, and not by the gradual 
loss of particles of metal, as in the easc of the steel rail, which no 
amount of wear and tear scerns capablc of di~jointing. It must bc 
borne in mind that this enornious endurance of cast stecl is not owing 
to its hardness or brittlcness, as some have supposed, for, in fact, Bes-
selner stecl posscsscs an extreme degree of toughness. There is bc- 
fore the meeting an example of this fact : one of thc same quality of 
stccl rails having been attached at onc cnd to the main driving shaft 
of a steam cngine so as to twist i t  while cold into a long spiral, meas- 
uring 9 feet in length at top and bottom, and only 6 feet if mcasnred 
along the centre of the web. A 3ingle glance at  this spiral rail, will, 
it is presumed, dispel any idea of brittlcness that may have been en -
tertaincd. 

('I n  conclusion, it  mag be rcmarkcd that cast steel is now being used 
as a substitute for iron to a great and rapidly increasing cxtent. 

''The jury reports of the International Exhibition of IF51 show 
that the entire production of stccl of a11 kinds in Sheffield was, a t  that 
period, 35,000 tons annually, of which about 18,000 tons were cast 
steel, equal to 34G tons per wcelc ; tho few other small cast steel works 
in the country would probably bring up this quantity to 400 tons per 
week as the entire production of cast steel in Great Britain. The jury 



report also states that an ingot of steel, called the 'monster ingot,' 
weighing 24 ewt., was exhibited by Messrs. Turton, and was supposed 
to bc the largest n~ass of steel manufhcturcd in England. Since that 
date n. great change has been rnadc, for the largcst Bessemer apparatus 
at present crccted at  Sheffield, a t  the worlrs of Messrs. John Brown & 
Co., is capable of producing with case every four hours a mass of cast 
steel weighing 21 tons, being twenty times larger than the 'monster 
ingot' of 1861. 

"There are now seventeen extensive Bessemer steel worlis in Great 
Britain. A t  thc works of the Barrow Steel Company 1,200 tons per 
wcek of finished steel can easily be turncd out, and when their new 
converting house, containing twelve more five ton converters, is com- 
pleted, these magnificent works will be capable of producing weekly 
from 2,000 to 2,400 tons of cast steel. There are at  present erected 
and in course of erection in England no less than sixty converting ves- 
sels, each capable of producing from three to ten tons at  a single 
charge. When in regular operation these vessels arc capable of pro-
ducing fully 6,000 tons of steel weekly, or equal to fifteen times the 
entire production of cast steel in Great Britain before the introduction 
of the Bessemer process. The average selling price of this steel is a t  
least £20 per ton below the average price at  which cast stcel was sold 
at  the period mentioned. With the present means of production, 
therefore, a saving of no less than £6,240,000 per annum may be cffect- 
cd in Great Ihitain alone even in this infant state of the Eessemer 
stccl manufacture."-lou(?on Enngineer, Srplcmber 15. 

The cost of iiiaintenancc of perinanent way on railroads has become 
such a serious item of expense that the managers of our inlportant 
routes have been looking with great solicitude for some means of re- 
ducing it. Rails of iron arc found under our present gigantic niachi- 
nery to last scarcely~four y3ar.9, and during that period to be far fro111 
secure against fracture uuder tho blows of tlic rapidly passing wheels. 
Grave thoughts have been cxprcsscd by our best engineers of lowering 
the average weight of engines from 28 and 30 tons, to a standard more 
nearly that in vogue 30 ycars ago, when it  was believed that an iron 
rail would last 25 to 30 ycars, accompanying such reduction with a rc- 
duction of' the sixo of trains and a diminution of speed, solely for the 
purpose of diminishing the sum necessary to be paid each year, for re- 
laying worn out rails ; a surn which tells most seriously upon the re- 



ceipts of stockholders, upon dividend day. But reduction in size of 
trains and diminution of speed is not in accordance with t l ~ e  rtquire- 
mcnts of tradc, and they would entail other sourccs of cxpense, suall 
as an increase in the numbcr of cars and locouiotivcs, which i t  is im- 
portant to avoid. The railway managers, hcnce, turn wit11 interest, 
heightcncd by that continually increasing traffic which so often aston- 
ishes evcn the projectors of the roads themselves, to the succcesful ef- 
forts of tho English engineers to overcomc the difficulty, by substitut- 
ing a new and more durable matcrial in plaec of the iron bars which 
now cost them so many hundreds of thousands of dollars annually. The 
account given above (which emanating fro~n n body including many of 
the most honorable, scientific and practical mcn of Grcat Britain, scorcs 
of whom are personally cognizant of the fact.s stated, cannot be but 
correct,) shows that the season of csperimcnts is over, and that of suc- 
cessful prosecution of a settled manufacture has arrived. And at  this 
present time not only are the Icading railway men and mechanicians of 
England alivc to tho fact that the era of steel has dawned upon the 
world, but metallurgists, business n ~ r n  and government officcrs through- 
out Europe havc, during thc last t l~ rec  or four years, turned their at- 
tention to the introduction and perfection of sys te~ i~s  of producing 
cheap steel, among which tlie Bessemer process is the most important, 
and we now hare accounts of its regular use in the production of rail- 
way material, cto., in Germany, Russia, Sweden, France, Austria and 
India. I n  Russia works were erected in 1863, by the chicf mctal- 
lurgist of the empire, on the banks of the  I<ama, about 1,000 miles 
cast of St. Pctersburg ; they grew from a onc ton vcsscl to a thrcc ton 
vesscl, and then to one of a capacity of five tons, in a littlc ovcr two 
years, and are now in rcgular operation. The vast works of F. Krupp, 
in Essen, Prussia, cuiploy 8,000 nlcn in their various departrncnts, and 
turn out 50,000 tons of cast stccl annually. Thc founder of tho works, 
Mr. Krupp, who still livcs, slcpt by tho firc of his single furnace when 
making his earliest cfforts in the manufhcture. I n  1562 he sexit a 
single block of steel, weighing 21 tons, to London ; it was nine fect 
long and thrce feet eight inches in diameter, and the closest scrutiny 
with a lenso did not detect any flaw. Thcrc arc at lcast two cstablish- 
ments innking I)csscnicr stccl in Francc. The Italian Govcrnment has 
recommcndcd through its Commissioners, and aftcr cx~ended investiga- 
tion in England, t l ~ c  introduction of the process into Italy ; an appnra- 
tus has been scnt to India to cstablisli works for making this sort of 
cast stccl, whilo tllc rnost tllorough description we posscss of the BCB- 
semer proccss was publislicd by an cnginccr who practiced it in Sweden, 



and  wrote his hook ill Stuckl~olm. As  yet t l ~ c  proccss has cxcrtcd but 
little practical cff'cct upon ~\tiiorican industry, bu t  its rcign is  just 
cornn~cncing. While t l ~ o u s ~ l i d s  in various forms are of tons of n)ct:l 
now ordered of E:ng,.lish I~ouses,  and onr gold iu  going abroad to 
for i t ,  our ore is laying in boundless profusion in alriiost every State in 
t he  [Inion-ores of a purity unknown in the  cxperiencc of t hc  Englibh 
ironntastcr. Our  u~~adu l t c r a t ed  coals arc awaiting the  miner in a thous-
and hills, ou r  charcoal wavcs in t hc  form of trees on millions of acres 
o f  cheap land. \ITill our railroad men and machinists remain patient 
much longcr, and be content to cross the  Atlantic for what they should 
have c l~eapcr  and better at  liolne ? Will our skillful workers in metals 
allow us to be the  latcst nation in the  civilized world in bringing to 
perfection a set  of processes which must regenerate the whole iron 
a n d  steel business ? 

THE HESSEMER OR PNF:'IJMAT[C METHOD OF PRODUCING 
STEEL DIRECT FROM I'lG IRON. 

I n  view of t he  increasing appreciation with which all c,lasscs of 
manufacturers and consumers of iron and steel are coming to  regard 
the  nlethod of producing steel by what is ltnown as w c m e r  or t he  Bc.. 
Pneumatic Process, the  following escellcnt dcscription and discussion 
hns bcen taken from t l ~ e  AilnaJcs tJes JfLnes (5 th  Livraison, 1SG3), 
where i t  appears as t he  product,ion of 31,dc Ci~uncout ,  inyerzieur des 
nzi~tcn,and is er~ti t lcd ' l  Studics upon Stccl." 

T'ruf'. Leslcy. while Sccrotary of tlrc Iron Association, forcsccing t l ~ c  
ulti~lintc value of' thc  ncw rncthod of nlaliirlg stccl, devoted much of 
the  spacc of thc Bullctin of' tha t  Society pu1)lished in Octubcr, 1856, 
to its discussion, and the  lapsc of c i g l ~ t  ycal:j hrlu provcn that  tlic hopes 
thcn cntert i~incd werc in ninny rcspccts well founded. 

Tha t  t he  ~lrlcst~ion of priority of' invcntion and the  r ight  to usc va- 
rions proccsacs gcncrally dccrnetl csscrrtial in producing p o d  stccl by  
the  rlcw mctllod, arc cl;~imccl by diff'ercnt partics i n  this country, is 
well Iinown, but  this dcscription avoids sl l  mootccl points, and confines 
itself to t l ~ c  purcly tcchr~ical  view of the  qucetion. I n  Er~rope,  where 
c:lpital t l iro~lgh tlic courso of ccnturics has concentrated in the hands 
of successful tr~anuf:tcturcr~l, expcr in~cnts  such as those required fur 
dcvcloping the Bcsscntcr or Pneumatic Proccss, are undcrtalrcn wit11 
Inorc :~l:lcrity than in this country ; this in part accounts for thc  niorc 
rapid progrcss of t he  invention tllere than here. T h e  manufacture of 
stccl by the  old mcthod further has bccn fostered by wise protcctivc laws 
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until, :cs a t  SheEelcl, highly skilled stocl-producing communities have 
como into esistence, and they furnish expcricnccd r i ~ e r ~prepared to  
conduct cxpcrirl~cnts in untricd departnlerrts of' tlicir business.-
T h e  attention of the rulcrs of great statinus, too, has been drawn 
by thc vast promisc of t he  process, t,o give i t  thorough trial, for 
the  purpose of securing its successful introduction into their own 
t l on~ in~ons; choosing, with a sagacity t hc  rcsult of long sud  pain- 
fu l  experience, to  practice, even a t  some preliminary expense, t he  bu- 
siness of making a n  article of primc necessity in national advance- 
ment, at home, ra ther  than obey the  perauasive reasoning of the  
British f iee  traders, and buy in t he  u ~ s r k e t  which for t he  Inonlent 
seemed to be  capable of supplying tha t  article a t  the lowcst rake. T h e  
new Italian nation, vigorous wit11 youth, and anxious to introduce 
among its  people every industry tha t  would tend to  strengthen i t  
atnong European powers, sent out  a Commission, for tlie purposc of in- 
vestigating the  subjcot of proilucing stccl by the  I~esscmcr  &lethod.- 
T h e  Cornnlission proceeded to Shefficlcl, wliere they were afforded every 
facility for dc tern~ining,  firstly, t he  prnctienl vnluc of the process itself, 
and, secondly, t he  applicability of various sorts of Italian pig iron to 
t he  purpose of tnaking stcel by the  new ulethod. T h e  result of this 
investigation is  given in t he  following report, which I translate with 
aolile condensation, as follows : 

R E P O R T .  
T h c  Commission, conlposcd of' A. l'onenrcl, Engineer and Director 

of the Royal Porgcu of' Tuscany, Cl~cvalicr U. I'ernxzi, 5;. Graban, 
Eng-inccr of the  l toyi~l  Mining Corps, ancl hI. ilerinccnxi, Gcncral 
Comrnissioncr to tho London Intcrnational Expohition, pursuant of tlie 
instruction pivcn by tho Royal Com~nittcc,  to make certain cspcrinlcnts -
for the  transformation of Italian pig iron into steel by thc  Bessemcr 
l ' roccs~, procecdcd to 8hcflicld on the  6 th  of October, 1862, and re- 
mained there six days, and.thcy present to dny to the  sanle Royal Com- 
~ n i t t c c  the following dcscriptiou of thcir  operation, and the  results ob- 
tained. 

T h e  Ttnliatl pig iron sclrt cknsistcd of' 

;3000 l i i logr :~n~mcs*of g r n y  i ron ( ~ n a n g ; ~ ~ ~ i f c r o r ~ n ) 
1'1.ilni r l ~ c  Roynl Tuscnn 

i ~ ~ l . n n c c s .  
8000 l t i l o g r r ~ ~ ~ ~ r r ~ c $  ' L  6 'of mottled i ron  

nu. of g r l ~ y  irl~11 ( n o n - ~ ~ l n n ~ i t n i f c ~ ~ u p ) .  
1)o. of g rny  inrn  1Pon1 Ilio V : ~ l l c - ( ~ r ~ ~ ~ l o n i c n  furnace .  
Do. of ~~lo t t l c c li ron fro111 lllo l ' i sogl~c  l ' l~i-~:LCC. 
I)o. of grny i ron l'roni tllc f l unncc  of Blunginnn. 
110. of rrlottlod i ron " 

4 I 1110. of wl~it,o iron " 
'The liilograrumc if! ctl111~lto ~&bout 2 I-G Ellgli~hpouud13. 



blr. Uessc~ncr's apparatus at  Shcffield will hold about 1500 kilo-
pramlnes of cast iron. The air is thrown into *it with a pressure of 
13 lbu. pcr square inch, and tlic quantity of air is about 51 cubic 
~uctres* per minute. The iron is fused in a comrnon rcverlseratory 
fqrnacc, and thc fuel used is conlmon stone coal. I n  all the experi- 
mcnts the tjallle nmethod was followetl, vis : The metal was fused in the 
reverberatory furnace, run into the convertcr, air blown through it for 
the proper pcriod, and then, bcforc pouring it  from the converter into 
the moulds, about 7 per cent. of spicgclcisen from Fiegen,? or iron 
holding manganese from Tuscany, was melted in a littlc conirartnlent 
of the reverberatory furnace, and poured into thc converter. The fol- 
lowing table slioas the char:icteristics of thp operations, and the re- 
sults obtained 1 

The metre is equal to about 39% E~iglisliinches. 

t The Yiegen iron iu very similar to our Brn~~klinite 
iron. 

1 A l l  the iron prodoced in Ilnly is made with charcoal. 






Tlic st,ccls obtaincd from t l ~ c  pig i r ~ n  brought froni Fellonica are all 
of thc  si i~nc rlu:ilitg, and cspcrinicntii in teinpering, drawing under a 
large and stnall i~arnrncr, and by rolling, liavc shown thcrn to be of an  
csccllcnt rju;rlity. Thc  s;~inc 111:ly bc said of t he  steels produced from 
thc  gray pig scnt frour Ilor~ibardy. Tliat produccd by thc  mottled pig 
from Loiitbardy, i~ but  little inferior to the first inentioncd. T h e  
mottled pig from Mongiana produccs an infcrior stcel. 

It was even iinpossiblo to obtain stccl f'rorn the  gray pig from the  
last namcd locality, and no attcmpt was rnade to convert the  white pig, 
on account of' the  bad result of the  operations with t he  other sorts. 
111 order that I t i~ l ian  manuftlcturcrs may themsclvcs examine the  re- 
sults obtaincd by the  process, the  Cotnmissiou have directed four can- 
non to be tilade by the  ncw process, and a number of' ingots will be  
scnt to the  Royal Committee. 

Aftcr this bricf' description of tlie results obtained, t he  Commission 
bclievcs tha t  i t  is its duty to cxprcss the  opinion i t  has fbrmcd upon 
the  very important question of introducing tlie Bessenicr Process into 
Italy. T h e  nurncrous experiments xrladc prove tha t  t he  irons of Tus- 
cany and Lombardy, and cspccially those tha t  contain rnanpanesc, will 
produce excellent stcel by nleans of the  Besscmcr process. 

W h e n  wc consider tllat by rficans of' this process, by tho single 
operation of submitting tlie fused cast iron during a few minutes to t h e  
action of a strong current of air, i t  is possible to obtain from Italian 
pig iron a casc stecl of an cxccllcnt ciuality in ingots of all dimcnsions, 
and without thc consumptjon of any fuel, i t  is  easy to  believe tha t  an  
in~mcnse  advantngc will result fro111 its introduction. 

I t  is incontcstable tha t  t hc  iron business of Italy, which is  now 
litnitcd by the  want of abundant fuel, will find in this process a ncw 
life, sincc i t  will cnablc us  to make cast stcel in l ta ly  a t  a cost not 
greater, and with a s r ~ ~ a l l c rconsumption of' fucl, than is n o d  ncccssory 
for the  production of wrought iron. 

European iron and steel-nialiers, a t  first restrained by the  thought of 
tlte revolution in their  dcpartrncnt of tllc a r b ,  which thc  Bcssemer 
I'roccss ri~uvt producc, have a t  lcngth clearly dccidcd to adopt it. I t  i s  
:ilrcady in opcration in sevcril English cstablishnicnts, antong which 
the  Conitnission visited the  very irnportant one owned by J o h n  Brown 
& Co., a t  Shefield.  I n  I'russia, i t  is  in use a t  the  great steelworks of 
Frederick l i rupp.  I n  Pratrce, in the  worlrs of M.Jackson, a t  Scurin- 
sur-llIslc, i t  was intro~luccd three years ego; whilc a t  the  establish- 
ments of Schneider and Pctin Uaudet a t  Rive-de-Gicr, licenses have 
alrcady becn talccn out for i ts  usc. The  process is also introduced into 



Swcden, and upplied with cxccllent results. The nlethod there adopted 
is to run tllc fuscd iron directly from thc blast furnace into the con- 
verter, t l ~ u s  saving thc cxpensc of a second fusion. The constantly 
increasing application of stccl for making ordnancc and s~nallcr guns, 
and thc great tendcncy in thc arts to sulostitrlte stcel for iron in thc 
cor~:truction of vesscls, of stcam-bo*rs, of driving wheels nnd i m -
portant aslcs, in the materials used for railways, and for agricultural 
tools, assurcs for this industry tho most brilliant future. 

Tllc commission, convinccd that this process can bc made a branch 
of industry of national importauce, cannot rrfrain from expressing the 
wish that Italian nlanuF~cturers will give it their most serious consid- 
eration, and they hope that thc Government will undertake a series of 
experiments upon the products sent to i t  frolu Shcffield, and publish 
the results. 

I n  conclusion, they must return to Messrs. Bessemer and Longsdoo 
thcir thanks for the frankness with wbich they put  their establishn~rnt 
n t  the disposal of the Committee, sl~owing that they have nothing to 
fear froni a close and practical investigation. 

(Signcd) G. DEVINCENZI,President. 
A. PONSARD, 0.PERAZZI, E. GRABAN. 


SJiefield, Octobcr 17, 18G2. 


THE l\lhCHINEItE' KEQUIREI) Pa THE IIESSEMER 
1'liOCESS. 

The Bcsscmcr I'roccss is cxcecdingly sin~plc. The whole process 
rests upon tho action which a strong current of air everts upon tho 
e l e m e ~ ~ t s  forccd through mass of mclted with which i t  meets when a 
pig iron. Thc stirring and cornbustinn which it products, transforms 
certain qu:~litics of cast iron into a malleable n~etal that may bc 
wrought like cast stccl. Thc Ecsserner I'roccss is, thercfore, a nlethod 
of refining. The operation is pcrforu~ed in a large egg-shaped vesscl ; 
the  cast iron is poured in in a liquid condition, and then thc air is 
forccd bcncath it at a high pressure. Tho metallic mass rcnlains fluid 
while the air acts upon it. Thc resulting mnllcablc product is obtained 
in certain cnscs by stopping tile air while the proces? is yet incomplete, or, 
Inore by prolonging its action until the iron is convertcd into 
n sort of burned or ovcr-rcfincd mass ; and tlicn transforming this pro- 
duct immediately into a nlallcable mctal by means of thc simple nd-



dition of a crystalline and steely iron. Thc proccss was at  first carried 
on in a sort of fixed cupola furnace, into which air was driven by 
tuyeres passing through the bottom ; but on nccount of the trouble 
caused by the tuyeres clogging, another arrangerncmt was substituted, 
where the vessel in which tlie proccas is uvecutcd is called the Coti-
vr3rter,and is a moveablc eggshaped pot, with a short ncck. I t  is 
made of plates of iron rivetcd together, and protected inside with a 
shecting of refractory clay, 20 to 30 c. in thickncss. At  about the 
hcight of its centre of gravity, this vessel is suspended upon two 
trunnions, to which are p a r e d  whccls that enable the apparatus to be 
turned by hand or by machincry on a horizontal axis. An air-box, 
which occupies the lower part of this converter, comluunicates with 
the interior by means of a number of small holes passing through the 
fire-brick bottom. The air passes from the blowing engines through a 
hollow trunnion, thence into the bottom of tlie converter, and may be 
thrown in small jets into its interior, no matter in what position tlie 
vessel may bc turned. The capacity of the converter is usually from 
five to six times the amount of the cast iron to be treated. The throat 
should be large enough to let out the gases when the process is in  
operation, and to cnablc tlie fluid metal to be poured in and out with- 
out danger of obstruction. During the operation of couvcrting, the 
mouth of the converter passes under :L hood of sheef iron, which car- 
ries the fumes to a chimney. When the operation is terminated, tho 
convcrtcr is turned over, and all thc metal it contains is poured into a 
ladle, at thc bottom of which is a hole, out of which the fluid mass 
can be tapped. Thc metal has a tendency to cool rapidly, and must be 
poured into tho moulds soon, and with care that it  shall not touch the 
walls of the mould. In  order to accomplish this, an hydraulic crane 
is used, of which the pivot is a piston playing in a cylinder, and at  
the end of a horizontal arm extending from this pivot is fixed the 
ladle ; the moulds arc placed in a circle around .the pivot a t  such 
distance, that a hole in the bottorn of the ladle can be brought directly 
over the centre of each of then1 by revolving the crane, while the 
l~cight  of the ladle above the 111ould may be fixed by raising or lower- 
ing its piston-pivot by hydraulic power. 

The blowing engines are of various pattcrns. They should furnish 
about 25 cubic metres of air (reckoned at the tcnsion of thc atmos- 
phere) pcr minute and per ton of pig iron used. The avcragc press- 
ure of this air should be 7G c. mercury, and it  should be thrown into 
the convcrtcr through thirt,y.five tuyeres each, 1 c in diameter. 



I t  is, howcver, always best to have a considerable surplus of lrowcr 
in the  blowing apparatus. R h r n  the cast iron is not talicn directly 
froin t he  blast furnace in liquid state, i t  is necessary to have a rc- 
vcrbcratory furnacc for r c ~ n e l t i ~ ~ g ;  this should be  placed a t  such a 
height above the  level of tllc converter, that  the  liquid iron will flow 
rcadily from the  fo r~ue r  into t he  latter. Thc  iron should be introduced 
into the  convcrtcr as hot  and fluid as possible. 

THE METIIOL) 	 OF OPERATING THE M.\CHINERY 
JlJST I~ESCItInEI~, 

To produce Bessem,e).or P~teumatic:Steel. 

During the  treatment of cast iron in the  Bessemer apparatus, the  
operator concentrates his attention upon the  Sollowing points : T h e  
charactcr of the  flanlcs acd  s p a ~ k s  that  flow from tlie mouth of tlre 
converter ; t he  charactcr of the smoke tha t  ribcs from the  top of t he  
chimney, which by rcason of thc abundant sparks generated in t he  
operation, cannot bc studied bclow; the  noisc of the  cast iron in the  
converter, the  height of' t hc  air gauge, which ir~dicatcs t he  pressure 
necessary to force the  air iron1 t h e  tuycrcs; and, finally, upon the  du- 
ration of each of the  phenonicna of thc  proccss, and the  total duration 
of the  blowinz. 

Le t  us  watch, for an cxc~n~plc,the  convcrtinc of a chargc of 122fi 
kilogrammcs of red-he~nal i tc  charco:~l iron, from t l ~ e  Isl:lrrd of I31bn, 
through the  proccss o r  conversion into stccl. Thc air is blown at  n 
pressure of 0-76 c. of mercury, and 27 cubic u~ct rcs  arc tlrrowrl in per 
n ~ i n u t c  per ton of iron. 

The  convcrtcr is first llcntcd white hot before tlic tnetnl is poorcd in, 
by filling i t  with coko, and blowing into it gently with the  blast cnginc. 
T h e  colco is pourcd out, and tlic vcc;scl rctrlrncd to its crect position ; 
tllc mctill from a rcvcrbcr:~tory furnacc is thcn run by a trough into 
tho convcrter, and tllc blast turncd on. T h e  blowing is continueil 
twcnty-two n~inutcti, until ovcr rcfiricd iron is produced. T l ~ cvcssel 
is thcn turncd to ir. hor i zo~~ ta lposition, tllc blast stoppcd, and an addi- 
tion of 73 pcr ccnt. Sicgcn ~ p i c ~ c l c i s c n ,in a fusctl condition, is 
m a d e ;  this is mixed ;lr~tl thc poured into the  t l ~ o r ~ ~ u g h l y ,  mi l tu re  
ladlc above described, and thcncc iuto tho ~noulds.  I n  1ooki11q more 
closcly into t he  proccss, wo ]nay divide thc  twcnty-two minutes during 
which tlic blast is being drivcn into the fuscd ~nc ta l  into four pcriods. 



First. Lasting seven to eight minutes, being thc period of sparks, 
and until flames commence. 

Seco,~tE. Period of eight minutcs, during which flames augment and 
the "dart-like" flame is formed. 

Thirtl. Period of two minutes, of detonations and eruptions. 
Fourth. Period of four or five minutes, increase of amount and 

brilliancy of flame until thc flame falls. 

FIRST PERIOD. 

Upon the air reaching the fused metal, large numbers of sparks are 
projected through the neck of the vessel and into the chimney by the 
violent blast. These are combustible particles, that burn brilliantly in  
the oxidizing currents. The chimney as yet produces no smoke. The 
noise formed in the converter is dry and crackling, and indicates that 
the metal raised by the blast falls back upon itself. The noise grows 
gradually into a regular and dull clapping. The iron, during this 
period, becomes morc and more hot and liquid. The combustion, 
however, is accompanied by no visible flame. 

During this period the combustion, which causes the metal to grow 
hotter and hotter, does not appear to produce any combustible gas. 
The current flowing from the converter appears to be still oxidizing, 
since the sparks continue to burn in the midst of the current. I f  the 
iron is poured now, it  has the appearance of pig partly refined, and 
having lost but little in weight. These facts lead us to believe that 
a part of the oxygen passes through the iron uncombined, and that 
the conlbustion is caused by the oxidation of a body more oxidizable 
than iron, without attacking sensibly as yet the carbon or the iron. 
The sparks are, indeed, as characteristic of the combustion of silicum 
and metallic mnnganese, as of iron. 

We may, then, conclude that the heat a t  the beginning of the 
operation is furnished by the oxidation of a body morc combustible 
than iron ; that the carbon, if i t  burns at  all, produces carbonic acid 
gas ; and that the temperature of thc mass is not high enough to ab- 
sorb all thc oxygen. 

SECOND PERIOD. 

The sparks diminish, and are masked and replaced by flame. A t  
six or seven minutes a, red, dull, short flame begins to show itself; a t  
eight minutcs it  is more distinct, and begins to be yellowish and 
bright. At first only a Sew inches long, it  gradually grows to be three 
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feet in length. About tho middle of the period a dart-like flamo shows 
itself a t  tho throat of tlic converter, resembling the flame of a candle, 
and continuos during tlie remainder of this and a part of the following 
pcriod. Tho noisc in tlic converter becomes drier and drier, and less 
perceptible, and is replaced by a sound likc tho formation of in- 
numerable bubbles of gas. No smolre yet issues from the chimney. 
Tho back pressure of thc air diminishes. 

During the second pcriod, the presence of a flame, like that of a 
candle, provcs that tho combustion of carbon is followed by tho pro- 
duction of carbonic oxido, and the oxygen is now entirely absorbed by 
the combustible matter in thc fluid mass, since the jet of gas at the 
lnouth of the converter burns only on tho surface when i t  comes in 
contact with the air. 

THIRD PERIOD. 

The flamcs remain ; strong dctonations take place in the apparatus; 
they are accompanied by the projection of viscid portions of the in- 
terior mass, mixed with metallic grains, against the wall of the chim- 
ney. The flames appear more clear during several seconds after each 
explosion. These explosions do not seem to be essential to the pro- 
cess, and a skillful operator will at length succeed with most irons in 
working without them. The noise produced at this time is similar to 
that of a fluid mass in a state of violent ebullition. Much smoke now 
issues from the chimney. At  this period the iron burns directly, and 
its combustion is very livcly. The oxide of iron is carried off as 
smoke, and the loss in wcight is considerable. 

The iron has now reached a pcriod when it  is somewhat viscid, hav- 
ing been refined till it has reached acondition of malleability. Bubbles 
are formed, and when they receivc oxygen and carbonic oxide in proper 
proportions, they become explosive. 

BOURTH PERIOD. 

A calm now succcods. A long white flame cxtends from the mouth 
of tho converter. Soon this flame experiences an cntire change. I t  

becomes torn on the edgcs, tremblcs, and suddenly fdls, as though the 
blowing engine had, in a moment, lost nine-tenths of its power. After 
this Fall the flamcs are not bright, and much smolre issues from tlie 
converter. The operation is now stopped. I f  i t  be continued, thcre 
will bo a rapid formation of silicate by the fused lining of tho con- 
verter combining with the oxidized metal, and ultimately an oily fluid 
silicate of iron will fill thc convcrter. 



Practice toachcs how to scixe the oxact monient to stop, that the re. 
cluired rlegrce of hardness may be produced. I t  is always a delicate 
point to dctcrlninc the csact lnoment when the operation shall be dis- 
continued. 

\\Then tlic flame f~tlls, tlic convertcr 11as within it  a very fluid met:tl 
lloldirlg mucli gas in solution, which, if allowcd to cool, is not malle- 
able, and rescnlbles in its fracture what is known as ((burned iron." 
The action of the blust is tertninatcd by reversing the apparatus and 
shutting the air valve. 

During thc fourth period, the continuance of the flame proves th3t 
the combustible gas is produced in abundance ; but the cessation of 
detonations shows that the iron has acquired a temperature sufficiently 
high to absorb all the oxygen thrown into it. The combustion of the 
last portions of carbon (probably the graphite) appears to take place 
indirectly by the dccornposition of the oxide of iron, free or combined. 
The iron has become almost exclusivcly the combustible substance. 
I ts  affinity for oxygen increuses with its temperature, and the action of 
the mass is in favor of ite combustion, in  preference to the sulphur, 
the phosphorus, and other bodics that have escaped burning at former 
pcriods. The refining, therefore, can be carried no further. The 
flame produced at this period is whitc and bxilliant : i t  falls generally 
when the last particles of carbon have disappeared. 

The final product is alwaytgs very liquid. Tho slags formed toward 
the last of tho operation run easily, are glassy black without, and yel- 
lowish green within. 

Seven and one-third per cent. of fused spiegeleisen, from Siegen, 
melted in a special compartment of the reverberatory furnace, is then 
introduced by means of a small crane and ladle. The addition of this 
metal always produces a tumultuous action, which is more or lcas violent 
in proportion to the amount of air that has been driven in, and varying 
with the differcnt irons trcated. 

After allowing the metal to mix thoroughly, i t  may be poured into 
the ladle on thc crane without turning up thc convcrter; but if i t  is 
desired to niakc the n~ixture still more complete, i t  may be done by 
bringing the convcrter agl~in to a vcrtical position, and blowing air into 
i t  for a few scconds. The motal is then poured into the distributing 
ladlo. During thirj last blast, thc flame passes froni red to yellow, and 
the same phenomena are sccn to occur in rapid succession, as have 
becn dcscribcd above. 

Prom the distributing Iadlc the fused metal must be run, before it  
cools, into the ingot mould. 



COMPARATIVE ECONOMY OF THE BESSEMER OR PNEU-
MATIC PROCESS. 

By this method of making stcel, a great saving of fuel is secured. 
Thc product is in a cast condition, and hence, in comparing it  with the 
cementing process, wo will considcr the expenditure in producing 
ingots by each plan. 

I t  requires for 1unit of steel 24 units of coal to produce from the 
pig the cementcd or blister steel; and for 1 unit of steel, 21 units of 
coke to fuse this cement steel, and form thcrcfrom ingot cast stecl. 
Supposing the colrc to represent GO per cent. of the original coal, we 
liave, upon addition, 7 units of coal necessary to produce 1 unit of 
common cast steel. 

I n  the Pneumatic process, using iron directly from the blast furnace, 
no fuel is absolutely required except what may be necessary to heat the 
interior of the converter; the power to drive the blowing machine may 
be water. To heat the converter, requires 2-10th of a unit of fuel to 
a unit of steel. 

If, however, we suppose i t  necessary to remelt the cast iron in a re- 
vcrberatory furnace, it  requires GO pcr cent. of the weight of iron in 
coal to perform this office. Hencc we may conclude, that 1 part of 
fuel in the Bessemer Proccss will produce as much steel as G or 7 parts 
in thc old mcthod by ccrnentation ; and that hencc thcrc is a saving of 
5-Gths to G-7ths in the amount of frtel necessary. 

The labor, the keeping up of t h ~  machinery, the consunlption of firc- 
clay, are items small in amount whcn surllmed up and compared with 
the samc in other proccsscs, A t  Woolwich, Besscmer estimatcd that 
steel could be sold at $34 per ton, when pig iron was costing $18 per 
ton. Of course, this proportion will vary with different countries. 
The chief econonly is in the fuel, which is an important fLct to be 
considcrcd by the inhabitants o r  thosc rcgions where fuel is dear, or of 
infcrior quality; and the proccas may lead to some most important re- 
volutions in the iron industry of the world, by transfcrring the busi- 
ness to regions hithcrto unfrcrlucntcd by iron manufacturers. 

The discovery of this mctllod of making stcel was pcculinrly oppor- 
tune. No process cvcr was invented at  a moment more favorable for 
its development. Tho mctallurgic era in which we live dcmands vast 
quantitics of stccl in largo masscs. W c  liave left behind us the day 
whcn quality alono was considered,-quantity is now our uppcrlnost 



idca. Wc are clnntorous for processes to cconomize time. This furn- 
ishes the most sanguine with all he can desire. I n  less than an hour 
the liquid cast iron can be convertedhnd drawn into a mcrchantablc 
steel ; the process of cement,ation requires, to produce the same results, 
the tedious lapsc of scvcrnl weeks. 

The usual method supplies ingots of &om 40 to SO pounds wcight, 
which only by great efforts may be increased to several thousand 
pounds. With this plan we may cast, with ease, an ingot of 10,000 
pounds, and by using several convcrters a t  the same time, masses may 
be obtained of a size the limits of which we cannot assign. Finally, 
nearly all the movements of the apparatus may be accomplished by 
steam ; the labor of the puddler has no counterpart; muscle is every- 
where supplanted by skill ; man ceases to be the beast of burden, and 
assuming his truer sphere, observes, judges, and directs. 

CASTING STEEL IN FRANCE. 

Those familiar with the interior arrangement of the stccl works of 
Krupp at  Essen, in Westpbalia, say that one of the reasons for his 
great success in pruducing the i~nmcncle masses of cast steel for which 
his works are celebrated, is the excellent discipline of the regiment 
of men that pour the n~etal from crucible to crucible at the moment of 
casting. Tlie following paragraph from an account of thc casting of 
the ram or eperolt of the new armor plated French ship, the Cl~eq,s, 
at  the Assailly Works, near St. Chamond, shows how necessary this 
intelligent discipline must be. This great ship's dagger weighs 7 j  
tons. I n  order to cist it, 36 furnaces were brought into requisition, 
each furnace containing 9 crucibles, and each crucible contilining 34 
kilogrammes of stcel. They were all hcated at once, and when ready, 
200 men were simultaneously employed in pouring out the contents of 
the crucibles into the great ladle which had bcen lined with refractory 
clay, and brought to a cliorry-red. All this had to be done in ten 
minutes. A s  soon as t,he ladle was full, a stopper mas drawn, and the 
fluid metal flowcd into tho mould. 

Two Bessemer convertors are constantly in operation at these works. 
They malie two castings per day of six tons each. 



The stool works of Assailly, where stccl was first cast on the con-
tir~cnt, about Gxty yc:w ago, arc but part of the in~mensc establiall~ucnt 
of I'otin, Gandct 8Co. This &myany produces annually 23,000 tons 
of cllnroosl cart irou, 27,000 tons of coke cdst iron, 58,000 tons of 
wrought iron fur nrmor-plt~te, tires, boiler-platcs and bars, 16,000 tons 
of cast stcol, 4000 tons of wrouglit iron “shapes," and 5500 tons 
m i l w ~ ysprings ; GOO0 I~ICII ~ P Ccn~ployod; 150,000 tons of coal, and 
30,000 tons of ookc arc burned, and an annual prodnct, worth 10,000,- 
000 of dollars, is turned out. 
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