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4o of a part of the furnace, take through one of 
ope of any petroleum-burner's with its supply 
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To aid wivot, it 7alf concer'7. 
Be it, known that , FREDERiCK C. WEBER, 

a citizen of the United States, residing at 
Chicago, in the county of Cook and State of 
Illinois, haye invented a certain new and use 
fil Process for Smelting Ores by Means of 
Petroieum, of which the following is a "speci 
fication. n 

The ciject of nay invention is to reduce iron, 
lead, copper, and other Gres by gases and heat 
produced from the combustion of a mixture 
of petroleum or hydrocarbon, and coise, char'- 
ceai, or coal, as described in tiny application 
of June 23, 1884. In doing tiis I feed the 
petroleum with the hot blast in such manner 
and in such proportion as to join the 'equired 
reduction. faine, Yith excess of air stificient 
to secure the combustion of aid fully to util 
'ize the frei fed with the ore-charges. 

is the acconiganying drawings i have 
shown one form (if apparatus with which my 
process can be carried into effect, and such 
progess will be described in connection with 
said apparatus as applied to the smelting of 
iron ore; but it must be understood that alary 
variations of the form of appa'attis for intro 
diacing the petroleum or carbohydrates may 
be made without affecting the process proper 
or departing from the spirit of ny iii vention. 
The apparatus herein shown coinsists of sui) dry 
additions to the rechanism now in use in 
blast furilaces, and such apparattas inay ine 
readily applied to such furnaces. 

a tie accompanying drawings, Figure i is 
a central verticai section of a blast-furnace 
and of my apparatus for applying petroleum 
thereio, this figure being designed to show 
the reiative positions of any apparatts to the 
furnace. Fig. 2 is a central vertical section 

: 

the trayeres with its blast-pipe and through 

pipe. Fig. 3 is a rear elevation of one of these : 
petroleum-Supply pipes, with its stop-cock, and 
mechanism for operating the latter. Fig. 4 
is an enlarged view in vertical section, taken 
through one of the tuyeres and through the 
petroleum-burner and its supply-pipe. Fig. 5 
is a rear elevation, partly in section, of one of 

; and Fig. 8 is 
section taken or ine 6 6 of Fig. 2. 
In carrying my process into effect it is ee 

essary that the petroleuil or hydrocarbons be 
introduced with the blast in certain deiled 
relative proportions, and for this purpose i 
provide the mechanist shown in the as:coii:- 
panying drawings. This mechanisin consists, 
essentially, of a reservoir or other suitaile 
provisions for containing the geirolet in-sti 
py, service-pipes having devices whereby the 
flow of petroleum may be regulated, and de 
vices for properly c{1}:1ecting the stipply-pies 
with the blast-pipe or tayere. 
A represents a section of the smelting-fu." 

nace, this furnace being stipplied with a train. 
water-pipe, B, having branches i , a blast 
pipe, C, haviris traic pipes (; c, and it:yeres 

. The tuyere may have an Egizing in its 
rear wall through which the end ei the buries' 
is inserted. . 
The burner consists of a pipe, E, starrot inded 

by a water-jacket, F, and may be held either 
upon said burner or upon the tuyere. The 
burner E is provided at its end with suitabie 
orifices through which the petroleuil is admit 
ted to the blast-furnace. 

my burner's aid its supply-pip s 

A. 

ments, which may be formed by casting a divid 
ing-rib, f, so as to bridge the space between the 
inner wall of the water-jacket, if and the ot:ter 
wall of the burner. 
founds the burier tg the point where the lat 
ter is connected witi, the feed-pipe {... I pre 
fer to connect this feed-pipe with a circular 
underground inain, , also underground. The 
main E ieads from a feed-tank, J, the level of 
the petroieu in in which is inaintained by a 
float, j. The supply-tank J is connected with 
a storage-tank, K, which latter contains the 
petroleum-supply. 

I have contemplated locating the storage 
and feed tanks at such distance from the fur 
nace that all danger of explosion of the petro 
lieu in is avoided. The service and staphy 
pipes should also be surrounded with water 
jackets where there is danger from fire. The 
petroieum is held at a lievel above the point 
where the burner enters the tuyere, and is 

This water-jacket. F star. 
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prefer to make the . 

water jacket F in two horizontal coni partis' 
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caused to flow through the orifices of the burn 
er by its own weight or by the suction induced 
by the blast. This level is maintained by the 
use of a float, j, which is so arranged as to op 
erate a valve in the pipe leading from the 
storage to the feed tank, and is such that the 
head of the liquid shall overcome the press 
ture in the furnace. The operation of this float 
will be readily understood frem an inspection of the drawings. 
The supply-pipe G and burner E are eon 

nected by a coupling, 7. Below this coupling, 
pipe G is provided with a stop-cock, I, which 
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may be an ordinary plug-valve with an aper 
ture of any suitable form. The plug of this 
stop-cock is provided with a lever, M, which 
is made to swing in front of an arc-dial, O, 
the latter being marked with a graduated 
Scale. By means of this lever and a re-dial the 
amount of hydrocarbons admitted through the 
burner may be accurately regulated or deter. 
mined. A ball-valve, P, is placed within the 
pipe just above the stop-cock, and as the head 
of oil allows the petroleum to flow up to a 
stated pressure in the furnace, this lali-valve 
automatically checks all flow in excess of this 
pressure. - 

The part which inave denominated the 
“burner' (marked Ein the drawings) consists 
of a pipe which is cylindrical in form u to 
the point where it enters the tuyere. At this 
point the form of pipe changes from the cylin drical to the oval. 
a mouth or orifice, N. The castings which 
form the walls of the mouth or orifices of the 
burner may be cored out, and through these 
chambers thus formed the water flows from 
the lower to the upper compartment, thus 
cooling - - 

fices. . It is evident that the shale or form of 
the burner and its orifices inay be consider 
ably varied without affecting the results sought 
to be accomplished by then. All that is nec 
essary to be observed in the construction of 
these burners, as well as of the surrounding 
water-jackets, is that the construction be such 
as to permit a regular flow and avoid the pos sibility of melting. . 

I have described but one burier; ut it will 
of course be understood that each tuyere las 
its burner, and each burner receives its petro 
leum-supply from the circular maiH II through pipes similar to pipes G. 
By means of the above apparatus a prede termined quantity of petroleum may be ap 

plied to the hot blast in each of the tuyeres. 
The petroleum thus admitted to mingle with 
the blast is converted into a gaseous for n as 
Soon as it enters the tuyere, and its comitas tibn is simultaneous with its volatilization. 
The amount of solid carbon necessary to be 
used in the practical operation of a furnace 
Where petroleum is used as the principal fuel 
will vary with the character of the ores oper 
ated upon and the petroleum used; but in all 
cases such an amount of solid carbon should 
be retained as will carburize the reduced iron, 

The burne terminates in : 

the burner and the wails of the ori 

t 

maintain the permeability of the descending 
charge to the ascending gases, and reduce the 
carbonic acid in the reduction-flame to car 
honous oxide. The sum of the carbonous oxide 
in the ascending furnace-gases constitutes the 
principal reducing element in the smelting operations. 

in operation the furnace is prepared and 
charged with the ore, the fluxes, and a limited 
{quantity of solid carbon in the usual way. 
An important point to consider while biowing 
in is, that at the point of substitution of one 
half of petroleum, in using a hot blast of usual 
temperature, the heat of the hearth is too 
high unless regulated. This can be readily 
obviated by gradually lowering the tempera 
ture of the blast, and again increasing it as 
the substitution of more than half progresses, 
thus maintaining a fairly uniforin degree of 
heat throughout the hearth during the blow 
ing in. When the furnace is prepared and 
the charges are being put in, the quantity of 
solid fuel hay be gradually reduced and pe 
troleum admitted to take its place. The pe 
troleum is admitted as before stated, in regul 
lated quantities, and is forced by its own 
weight or drawn by the hot blast into the 
tuyere, in which it is converted into gas, in 
which for in it, enters the furnace. The Sub 
stitution of petrolegm or hydrocarbon for Solid 
carbon Bay be carried forward until only Stich 
quantity of solid carbon is l'etailed as will 
carliarize the reduced iron and maintain the 
perheability of the descending mass, &c. 
In order to maintain a uniforn, flow of pe. 

iroleum through the stop. cock L, the retarda 
tion of the flow of the liquid, caused by the 
friction in the service-pipes, shorld be coin 
pensated foi' isy making the service-pipes of 
increased diameter according to their length. 
The fuel and reducing agents now in com 

noi use to perfor the usual operations of 
blast furnaces are coke, coal, and charcoal. 
these are burn’d and utilized in such a way 
that caronic acid is princially formed be. 
fore the tuyeres. This carbonic acid is prompt 
iy reduced to cariyonous oxide by coming in 
gontact with incandescent carbon, and then, while ascendiing through the charges, per 
fins the required operations of reductions, 
forming slags, &c., by decompositions, recon 
pillations, heating, &c., as desirei. About 
one half the carbon of the coke furnace passes 
through the hearth, principally as carbonic 
acid. The other half is utilized for adding 
the molecule of free carbon required to reduce 
carbonic acid to carbonous oxide, and the heat 
produced by the combustion of the solid fuel 
plus the artificial temperature of the blast 
performs the operations within the hearth. 
The intensity and quantity of the heat in the 
body of the furnace, and which performs the 
operations there, is that of the temperature of 
the carbonous oxide plus that of the blast not 
previously consumed in the hearth, and also 
of the chemical reactions which obtain between the materials of the charges. 
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in Sibstituting petroleam or hydrocarisons will soon destroy the furnace inig in he 
i for 33lid fire; if biasi-fi:Frace operations it iearii. Frota these factors the cheinist in 

givist be done in such a was as to similiate tie charge will readily deteriaine the proportions 7o 
rofig of ase of Soisi so as to conniy 

ing ccr:ii?icias a 
. 

i afie various materials required in the blast 
5 & for: furnace operations for any required mixture. 

operations in lieselt, rainier 33 re3:'y as a GS- The practical utilization of crude petroleum 
Si3. will be nearer the first-mentioned liait of not 
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5 

Crade petrolegin is a corpoid body of va 
xying composition, seig a mixi: Te of hydro 
£rboys in varying rtions of airisixture, 
E. : Sring a liai is: ig prayer?t expiogi 

flig faly it 38 
J. 

4:33 in 32: es he : 
products froia tailg 
w:ici are intiis; ensaile to Sae 

is is - : of it a lig: 

2, 33.338 fisiiig it, ri:icipals as it. 
33 in siliousld ie is ::::: S.C. S, tc. 

S. ii's a 
goi:ic acid is fine iialaes as it 

"will 38:24) is a teta inea (Si, ; ; ; 3.2iareous vith: 
Éire: Gre and citie retrate, 0. {iroc:21'- 

bog ?ixttire. The aaouat of petroleum fed 
iaig tile firinace witi, iise last, singiiti is silort, 

337,2's. The ixit, 
gable to slipsii: te' efoieir for slid 

fizei is als0 si;(3rt of th:33, 3} {i}} {, , i.e.'s fire pro 
portions of 28 being us axide, carbonie :::ici, 
3.2d 372.Éer' in tie retiricii. 2-fi:32:3s are 3 ci. 
th2, fying £G Éhe greater afiinity of 33.3'geri 
f} as dregen over that fo: carb{i}, tie an oilni. 

3xygei; it: tie blast is isgficiel: for co 
e3e Coimbustiola of the petroieana to gases, 
then free earboi is deposited 3s 8aai, This 

2.É.3ies; gy of blast wouid also ca: ii) 'ga 
is I'ge as, wiici are un 

signs. }} }r::c- 
tige :Biete will be a sight excess filast o'er 
the inait of the production of the cartoois 
oxide point, and this slight (xcess is conner 
Saied for isy sujid fiel. 

Solic or free carioi, 2:13:32, i.e. fed witi tie 
icinages is: 3 tigii reiative rightio is to tie 
carbonig acid forted before the tiyeres that 

i this calib{}ric acid sh{i} i e sectaced to carian 
ois oxiie by tie addition of one : rois-cade of 
free carbor, aii eious is a fiti.iiiga: coke or 
free barbon shot it be fed in trith the charges 
as will cariurize the reduced iron. The limit 
of retaining solid faei in the blast - furnace 
28ing petioletara pringipak iy as file 
terred by two factors: First, if all tie. 
33 ge: "oie: in is jersed &o carbonic acid tiere 
i: List i3 eraggi frea carbon to 'ediac; it a 
62.23 ERetia oxide isy tie addition of oad in oie 
cgie of free carbón arid ea otgia to garbarize 
lie "ediaced iron; and, secoid, if aii the car 
hor of the petroiet:37) is buried to carcie 
acid, the tempezatire is so inigk, Ariess con 
irgiied is a the way abaya siggested, that it, 

sooting for making pig-iron, for then all waste 75 
gases can be rised in heating the blast. 

slight 2x 

is gov 
garbon of 

he 
perimea iility of tile tiescending charges in tast 

3i (; ;aintained by volatilizing and 
; iiie solid fuel fed with the charges of 

assi fi : xes. it, is not necessars of desira- 8o 
ble i3 pigs: ice th::t these proportions be thco 
retically serfect, so ong as there is a slight ex 
cass of cario fei with the charges, for the 

cass of air over that required to form 
perfe: reduction fianes works well, for the S5 

es aid fitaxes and free carbón being 
fed it alternate laye's tile required chemica 
!eacti{}}}s a 'e lefect. . 

a lear containing eighty - four p(1 
thai), {ei per gent. of hydrogen, and go 
i. is pricities can be so iuried in a 

age that, seventy-five per cent. of tie 
iii) a iii':ed to caliboinois oxide atti 
five per ceili. to carbonic acii, the 

en being burned to water. The garbon 95 
g the princia: reducing element, the 

hydrogen is considered as a heating element . 
in:}sin 3ch as iid two peti'oeilms are 

alike, the relative is - it rimed proportions of 
caribe:holas oxide aid cabolic acid wiit vary ico 
it each Case. By ini 5.iing a hitla, or other 
light, ydrocarbons and leavier petrolet is 
togetie; a petroieti i gain be foiraiect of con 
stat, coil positici), aid the rely, with give tres 
and it ixes, cuista it resuits can le oitained. los 
''}}e varying composition of the petroleum is 
provided for, by adding free carbon, as de 
scribed : ove. The cheinist, aid iai)ore's in 
clarge will readily adapt themselves to the 
File:Eliotis 'e; tiri: , liticist aiding the princi. 
ples involvesti. . 
The fir::ce-gases of a petroleum blast-fir. 
age sing pet 'gie in alti coke or charcoal in 

combination, as above, will be: almost, the 
same above the losiles as those of an ordinary 
furnace, joci g slightly increased in volume. 
In the hearth, however, there is more of a dif. 
ference, fol', as in the goke-furnace one liaif of 
the carbor is tarieti or used in converting the 
cario gig a?id to carbonous oxide, that nuch 
never gets selow tille isoshes, while in using 
g?ide peti'oie: 1)), a sout, three-?ouths of the 
carian will pass through the hearth, and the 
difference in equivalence between the carbon 
and hydroger will necessitate an increased 
wgli fine of blast. The ratios of the volumes of 

O 

I I5 

25 

gases it different parts of the two classes of 
faria?es will differ as above. The volune or 
a}} catat, of blast necessary to carry on the far 
race sperations of a petroleum blast-furnace 
will be figured about as follows: Take, for ex 
a tale, one indirei poli inds of the last-men 
iiped get rolet), and 5.805 pounds of air to 
buria one pound of carbon to carbonous oxide, 
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4 325,293 

and 11.61 pounds of air to burn one pound of 
earbon to carbonic acid, and 34.7S pounds of 
air to buin one pound of hydrogen to water. 
The result is, in athematically stated, 63 x 
5.805-s365. 715; 2 X 11. (31-277.03; 10 x 34.7S arc.347.0S-equals $193.5-5, making a total of 
990.5 pounds of air to burn the petroleum to the 
above - indicated mixture of gases. These 
gases are increased in volume above the boshes 

Io by just so much as the carbon fed with the 
ore-charges willi increase the volume of the 
carbonic acid by reducing it to carbonous ox 
ide, and this reaction doubles the volume of 
the carbonic acid so reduced. Allowance 

15 must of course be made for varying conditions 
of the air in making the calculations. 

a calculating the relative diameters re 
quired of the hearth and body of a petroleum 
blast-furnace, the volume of the gases passing 

2o from one to the other and the changes in their 
composition as affecting their volumes must 
be a governing factor. In a coke-furnace the 
earbonic acid of the hearth is promptly con 
verted to carbonous oxicle at and above the 

25 boshes, this reaction doubling the volume of. 
the carbonic acid, as above stated, and about 
one-half of the carbon goes through the hearth. 
For this reason the furnace is enlarged at the 
belly above the hearth; otherwise the tension 

3o of the gases would prevent the descent of the 
charges and choke up the ?urnace. In a pe 
troleum-furnace using petroleum principally, 
about three - fourths of all the ?uel passes 
through the hearth, and three-fourths of the 

35 carbon is carbonous oxide, so that the increase 
in volume is sc much less. This will necessi 
tate an increased diamet c1 for the hearth and 
a more obtuse angle: for the boshes. The bene. 
fits arising fron'this, will be that the wear of 
the lining of the ?uinace walls will be far less, 
and it will also afford a larger space within 
the hearth for the reduction - James. The 
furnace-lining can be further preserved by 

5 

O 

reducing the temperature of the last, for, 
inasmuch as a coke-furnace works best with a 
hot-blast, and consequently a lot, hearth, it 
does so because that determines a hot body, and so hot ore, upon whicl: the reducing-gases 
act most promptly; but usin a petroleum-?ur 

5o nace the heat, rendered lett is far less, the body is still hotter, even though the tempera 
ture of the blast is lowered, which in turn low ers the temperature of the hearth. 

i he but 'ning of (; carijon within the coke. 
55 furnace hearth to carbonic acid determines 

and performs the operatios of the hearth, and 
the degree all ili tensity of the heat in this 
space is that of burning carbon to carbonic 
acid plus the tenerature of the last nodi 

6o tied by the pressure, losses by 'adiation, &c. 
As a comparison of the heat produced by the 
different methods of using solid and liquid 
fuels in combination or solid fuel alone, that degree of heat produced by burning carbon 

65 to carbonic acid in air will furnish a fair 
unit, as almost all the callbon of a coke-fur 
nace burned before the tuyeres is burned to 

the nitrogen of the blast. 

ter; but this will be immaterial when taking 

arbonic acid before its reduction to-carbonous oxide, that degree of heat being, according to 
Scheerer, 2,45S° centigrade. 
When using petroleum, as described above, 

the degree of heat before the tuyeres will be 
about that of the sum of the various gases or 
compounds formed by the burning of the ele 
ments forming these compounds. These com 
pounds will be the gases (carbonous oxide, car 
bonic acid, and water) formed by burning the 
hydrocarbons to a reduction-flame. Having a petroleum containing eighty-four per cent. 
carbon, ten percent, hydrogen, and six percent, 8o 
impurities, which, burning seventy-five per 
cent. of the carbon to carbonous oxide, twenty 
five per cent. to carbonic acid, and the hydro- . . 
gen to water, the sum or degree of heat pro 
duced will be that of these elements so burn 
ing. Taking, for example, one hundred pounds 
of such a petroleum, we would have for so 
burning, twenty-one bounds of carbon for car 
bonic acid, sixty-three pounds for carbonous 

75 

oxide, and ten pounds of hydrogen for water, 9 
and the impurities modifying the result in a 
measure. Accepting that hydrogen is capa-. 
ble of producing an even four times as much 
heat as an equal weight of carbon, and accept 
ing that carbon burning to carbonous oxide 
is capable of producing a heat of 1,310 centi 
grade, we would have the following result, 
mathematically: 2,45SX21=51,618; 1,310X63. 
i-S2,530; 2,45SX4x10-98,320, making a to 
tal of 232,46S units, which, being divided by 
94, gives 2,558 centigrade. This calculation 

95 

IOC 

gives 100 centigrade more for the petroleum 
furnace, resulting from the combustion of the 
fuel in the hearth. This is modified, how 
ever, loting lower, because hydrogen requires 
more air for combustion than carbon, and So . 
imparts more heat, to the increased volume of 

It is plain that as 
the heat as here calculated is only an approxi 
nation, every advantage can be taken of rais 
ing and lowering the temperature and press 
ure of fhe blast to attain the required results 
in the ?urnace operations. 
The blast will be heated with the waste 

gases of the petroleum - furnace just in the II 5 
same nanner as from a coke or charcoal fur 
nace. The same plant as now used for a fur 
nace using coke or charcoal may be used to 
utilize petroleum with simply the addition of 
proper tanks and attachments as required by 
the altered conditions. The furnace-gases of 
a petroleum blast-furnace will vary in compo 
sition and in Volume from a coke-furnace in 
that they will contain more nitrogen and wa 

Io5 

2 
into consideration that but a fraction of the 5 
sum of the fuel can be replaced, and that coke 
and charcoal also contain hydrogen and wa 
ter, while petroleum contains practically no 
water as such. The hydrogen products of 13o 
combustion being water are practically neu 
tral in the chemical reactions of reduction of . 
the furnace, (acting as desulphurizers and de 
phosphorizers,) and consequently are consid 
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ing the required capacity of the furnace and 
size of the tuyeres, bairners, and blow-pipes. 
The temperature of the petroleua-farnace 

aggs'92,328 learer to that of a coke-far 

aiove the bearihili be higher than in a coke 
firnace, because the aimount of heaf, rendered 

'' 

3:23, because the ascending gases are contiu 
aily parti their heat to the descending 

iaient by converting the full annount of car 
Cric acid to carbonous oxide of the solid fuel 

of the 60ke-furnage is greater, the amount ren 
fierei latent cigg just the difference between 

sing cabon to carbonic acid pr carbonous 

gii.5, ages, and of 2.98Ses by radiatio:). The pe 
troleiaza-fia":36e (iii have the advantage of 3. 
Yao'e even gradation of heat, from the botton 
so tie top of the fariace, and will be in 
3:eased especially with benefit, in the zones of 
carbonizatio; anti reduction. The ultimate 
Saori its of heat, citained from iike aaouints 
of carbon are predigely alike, whether obtained 
froii coke, charcoal, {}r peti'oleum. The heat, 

e2igislated and iiiized froi in these yarious 
es as 23raenous oxide at ai) { above the 

ered 203'e as 3, heating element, and as affect 

g 

bill; 
83:33. maried difference in the tenaper 

Sya giasses of furnaces, which ob 
' v. £9; as where the reduction to 3 : 

2 s 

30 

The carion is airaost completely 
garagaas oxide ii. 3th classes 
aidst the S2 he paints within 
Bering only in the rainier. 

The siag: i. $3rined Yi have to be al 
ei'ed to Sai: e changed conditions. The 
ge:2erattire of giae isody of the furnace being 
higher, the slags must be 'endered more basic 
and difficit of fisic.I. en the fact that the 

31 gentiaias no as will have to enter, 
e; no, eates, into the calculation for 

gaaixing the Laixture to produce the desired slags, The petroleian-biasi-furnace grocess 
iyi) proceed more regularly and rapidly, be 
ear:38 here will be less slag and slag-form 
ing raterial to mechanically interfere with 
the action of the reducing-gases on the ore, 
and she iguid fuel being fully under control 
£e aiiagiiit of faei Fegliised per ten of iron 
profitaged will nacre nearly correspond with 
that, galled for theoretically. The ten per 
cent. (o; more) of hydrogen of the petroletlin 
progricing algut four times as much heat, as 

weigh5 of carbor, will do about four times rix of heating by in eating the Gre-charges, 
ng siags and reduced lifeg, keeping cr 

6c gible hot, &c., and leave the carbonous oxide forgned from the carbon of the petroleum and 
tie free carbon fed with the charges to per 
fora tieir proger work of reducing iron oxide 
ÉS (8:3). - 

s. In comparing the relative value of coke of 
charcoal and petroleum for blast-furnace op 
erations, their relative compositions goveri. 

3. 

4. 5 

5 

. In making the various grades of pig-iron 

2 93 5 

the proposition. Solid fuel contains from five 
to fifteen per cent. of ash, six to ten per cent. 
of hygroscopic water and moisture, and one 7o 
to twelve per cent of combined hydrogen and 
Oxygen. Then the ash of the solid fuel must 
be fluxed and melted and the moisture wola 
tilized, so that from ten to twenty per cent. of 
the value of the solid fuel is consumed in get- 75 
ting rid of the contained impurities. Conse 
quently only from sixty to eighty per cent., by 
weight, of the solid fuel is utilized in the fur 
inace economy. Petroleum contains as im 
purities only a little dirt and water, with some 
sulphur. The water and dirt, settling to the 
bottom of the storage-tanks, are mostly re 
moved, and do not go through the furnace at 
al, so that petroleum may be coilsidered as 
being practically a pure fuel. As a very lib 
eral general estimate, a coke-furnace now re 
quiring one and one-halfton of coke to make 
one ton of pig-iron would require about one 
third ton of coke and about three-fourths ton 
of petroleum. 90 . 

similar methods as now employed will apply 
The quality of the iron from a petroleum-fur 
nace will be most excellent, as the higher ten 
perattle of the zone of carbonization will fa. 
vo fill carbonization. The the reduced 
iron, because of failing through a mixture of 
gases in which there is a larger quantity of 
the reducing-gas, carbonous oxide, it will not 
lose its carbon; aid, further, as the slags will be Ioo 
imore basic with the iron more fully carburized, 
a smaller amount of silica, will be reduced to 
coataminate the iron with silicon. As petro 
leum contaiis scarcely a trace of phosphorus, 
this element will be present in less quantity in Io5 
the iron. The sulphur will be far less because 
of the large quantity of hydrogen present in 
the furnace-gases. This will tend to form sul 
phareted hydrogen, which will go off with 
the waste gases, as will also the phosphorus. 
The data contained in the above will furnish the fortal:e for determining the relative di 
mensions of a furnace and its parts, the size 
of the tiyeres required and their burners, the 
amount of blast-power and blast, and the re- II5 
quired mixtures for conducting snelting op- - 
erations. in blowing in a petroleum blast-furnace the 
saiae precautions of properly preparing the 
furnace must be taken as with a coke-furnace. I2O 
The charging can begin either wholly with 
solid fuel, the petroleum flow not being turned 
on intil the frnace is fully under way, and 
the petroleum gradually substituted until the 
practical limit is reached; or the petroleum I 25 
may beased in part at once and the limit of 
its most advantageous substitution gradually 
reached. That this can be done is seen froin 
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the fact that in either case all the carbon from 
the petroleum is burned to carbonic acid until 13C 
about one-half issubstituted, and goes through 
the furnace the same as that from the Ordi 
nary combustion so long as there is oxygen in 
excess in the blast. After that it goes through 
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carbons, and burning the hydrocarbon to car 

2 

45 

50 

to carbonic acid and water. 
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and other special circumstances, as explained 

petroleuil, forty parts coke, and fifty parts 

... fractional portion of the furnace-gases, and 

I decomposition, by incandescent carbon. 
when substituting crude peta'oleillain any pro 

5 tially substituting hydrocarbons for solid fuel 

6. 3. 25, w 

in part as caliboinous oxide, and the solid car 
bon is of course diminished in proportion. 

in thus using hydrocarbons the proportions 
of the charge will vary according to the char 
acter of the petroleutn, the kind of ore used, 

above; but as an example for an iron ore charge 
having a fifty-five per cent. Oire with silicious 
galgue I give the followiug: two hundred 
parts of iron ore, one hundred and twenty parts 
limestone. A fraction of the solid fuel is also 
replaced in smelting by crude peta'oleuna or 
other hydrocarbons for the purpose of desil 
phurizing and dephosphorizing the ores. This 
does not apply to smelting pure sulphurets, 
like iron pyrites, but only to such ores as a 
charged for smelting in blast-furnaces, in which 
sulphur and phosphorus are present as iim 
pirities up to a few per cent. This is accola. 
plished by using one-half or less of lydro 

r 

bonic acid and water, these gases being formed 
and introduced with the blast, and forming a 
the smelting, desulphurizing, and dephosphor 
izing being performed during this one opera 
tion of smelting. The effective agent per 
forming the desulphurizizg and dephospho 
izing is the water of the barned hydrocarbons, 
this water acting either as superheated steam 
or as nascent hydrogen formed, owing to its 

This 
desulburizing and dephosphorizing obtains 

portion whatever for solid fuel. 
The reasons for these reactions is the vary 

ing chemical affinities of the elements, the ex 
planation being about, as follows: Pure hy 
drogen gas will promptly reduce iron oxides, 
the oxides being heated; but it will not do so 
if there is present in the hydrogen gas any of 
the carbon oxides. Carbonous oxide will re 
(lice oxides of iron promptly in, presence of 
hydrogen gas or water-vapor, the oxides bc 
ing heated. Carbonous oxide will also reduce 
il’on oxide in presence of carbolic acid if 
the carboinous oxide is in excess. Water-wa 
or as superheated steam, or decomposed, lay 

ing formed nascent hydrogen, will deco impose 
compounds of sulphur or phosphorus, form 
ing sulphu reted aid phosphoreted hydrogens, 
respectively, in the presence of carbon oxides. 
Now, these conditions are present while par 
with the last and burning the hydrocarbons 

All hydrocarbons 
can be so burned, whether solid, liquid, or gase 
ous. They can be burned to carbonic acid, wa 
ter, and carbonous oxide, or to carbonic acid 
al)d water, but call in no case whatever be 
in turned to carbono as oxiie and water, because 
of the lifference in theatlinity between the ear 
bon and oxygen, and the carbon and hydrogen, 
and the hydrogen and oxygen. For this 'ea 
son, complete substitution of petroleum or hy 
drocarbons for solid fuel is a practical impos 
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sibility, and this because the ever-present 
carbonic acid is an oxidizing agent, and so 
retards all reduction. 
When smelting with the object of making 

better iron, less than half of liquid-fuel should 
be used and enough free carbon additional be 
fed with the ore-charges to utilize the carbonic 
acid as carbonous oxide, the carbonic acid 
taking part in these operations the same as if 
fornied from solid fuel within the hearth of 
the furnace. The temperature of the blast 
must also be regulated to suit the require 
ments of each individual case, according to 
the amount of hydrocarbon substituted, so as 
to avoid wasting the furnace-lining. In thus 
using hydrocarbons the proportions of the 
charge will vary according to the character 
of the petroleum, the kind of ore used, and 
other special circumstances, as explained 
above; but as an example for an iron-ore 
charge, having a fifty-five per cent. ore with 
silicious gangue, I give the following: Two 
irundred parts of iron ore, one hundred and 
twenty parts coke, twenty-five parts petro 
leum, fifty parts linestone. 

It has long been known that, superheated 
stean would desulphurize and dephosphorize 
iron ores, and also dephosphorize molten iron 
in the Bessener converter, but owing to diffi 
culties experienced in introducing the stealm 
into the converter, or with the blast, it has 
been only a partial success. Introducing steam 
directly into an iron blast-furnace in this way 
causes large losses of heat, and so seriously 
interferes by retarding operations that it has 
been abandoned. Recently, also, I am in 
formed, iron ores have been subjected to the 
action of superheated steam in reverberatory. 
furnaces, and then smelting the so-treated 
ores. This necessitates two operations, and 
has the further disadvantage of again intro 
ducing the same impurities by means of the 
solid fuel and fluxes now used in smelting, 
which, during the one operation, while fornia 
ing steam from the crude pretroleum or hy. 

- not only from the ores but from both the 
fluxes and solid fuel. in utilizing crude pe 
troleum as last above described, it is burned 
to a mixture of water and carbonic acid with 
such excess of blast as will utilize the solid 
fuel led with the ore. The water formed dur 
ing this combustion does not cause a loss of 
heat, but, on the contrary, is a source of heat 
and aids the furnace operations by So much. 
Tire proportion of hydrocarbons and solid 
fuel to be used, while using principally solid 
fuel, will vary with the character of the ores, 
tluxes, and solid fuel of each case. . . . . 

I do not consider that ten per cent. or less 
of solid fuel can be uscd practically in my 
process, because of the affinities of the dif 
ferent elements: hence the proportions will 
always be more than ten per cent of solid to 
less than ninety per cent, of liquid fuel. Pig 
iron contains from five to eight per cent. of 
carbon, which is calculated as coming from 
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drocarbons by their burning, are expelled 
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solid fuel, and this aione calls for over ten per 
cent, of solid fuel. 
As above shown, an aware that experiments 

have been inade to reditace iron and other ores 
by means of a flame of petroleum orihydrocarbon 
vapor; also that a small percentage of carbon has 
been mixed with iron ore and the charge reduced 
by means of petroleum; but in these instances 
the amount of solid fiel has not been sufficient 
to perfor in the redicing operations of the 
blast - filiace process; nor do i claim the 
mere use of petroleum as a fuel for the sanelt 
ing of ore, hit 3ily when used in connection 
with soiid or free carboi and in such relative 
proportions fiat, the burning of the two will 
farrish the retired reducing-gases. I also dis 
giai in tie use {}f steai as all aid in the combus 
Fial of the petroieism, and my process is also 
lit::ited to the coal piete harning of the petro 
liesii, So as to gig face a, iaiti ire of carbonic 
a sad carbonous oxides, vapor of water, and 
other gases, and so as to utilize these gases by 
the addition or use of the proper amount of 
siid or free carbon to finish. iiie true reduc 
ing-gases required in the sinciting of ores; 
and now disclaim all processes operating 
is ificient ways or Cra different principles 

those 4:1'e 3:33e3. 
easio () is: i, do not, con 

... -- cover the use of gas 
S. i, but only petroleuin or liquid 
hydrocarbons when naixed with solid fiel in 
such a say that the igid fuel will be yolati 
ized and barned silatilitaneously, and not first 

35 converted into a gas to be afterward used as 
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a fiel; and I also disclaim the use of wood as 
a Solid fue. 

do not now claim the apparatus shown for 
carrying oit my process, the same being the 
subject-matter of an application filed by line 
January 19, SS5. 

claia 
1. The process of smelting ore, which coil 

sists in charging the furnace with one hundred 
parts of ore, proper fluxes, and from sixteen . 
to forty parts of free carion, and injecting from 
sixty-five to forty parts of crude petroleum 
with air, and regulating the amount of air to 
produce a non-oxidizing flame, the proportions 
of free carbon and petroleum varying rela 
tively within said limits as required by the 
varying compositions of the petroleum or oth 
er circumstances, substantially as described. 

2. The process of smelting iron ore, which 
consists in charging the furnace with one 
hundred parts of ore, proper fluxes, and from 
fifteen to sixty parts of free carbon, and re 
ducing the mass by a flane produced by the 
burning of crude petroleum or liquid hydro 
carbons injected with sufficient air to produce 
a non-oxidizing flame, the amount of the liq 
airfielbeing determined and regulated by the 
varying composition of the ore, solid and lig 
aid fuel, or other circuistances, substantially 
as described. 

FREDERICK C. WEBER. 
Witnesses: 

EPHRAIM BANNING, 
THOMAS A. BANNING. 

  


