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To all whom it may concern:
Re it known that I, FREDERICK O. WEBER,
a oitizen of the United States, residing at

Chicago, in the county of Cook a‘nd Btate of
Tllinois, have invented a certain new and use-
ful I"roc:\sg for Smelting Ores b Meam of

Petroleum, of which {he foll pwing is asspeei-
fication. .

‘The ¢hject of my invention istoreduceiron,
lead, eopper, and other ores by gases and heab
f.rodvcec' from the comuumor of a mwim*
of petrolenm or hydrocarbou, and colte, eha
eoal, or coal, as ?Lscm;ad in my "pphca‘uw
of June 283, 1884, In doing this T feed the
pei;n'oiemn'with the hot blash in sue.h manner
and in such preportion as to form the required
réduction-flame, with excess of aiv sufficient
to securs the combushion of and fully to ntil-
with the ore-charges.

In the accompanying drawings I have
shown one form ¢f apparatus with which my
process can be carried into effect, and snch
process will be described in cennection with
said apparatus as applied to the smelting of
iron ore; but it must be nnderstood that many
variations of the form of apparatus for intro
duacing the petroleum or carbo-hydrates may
be made without affecting the process proper
or departing from the sy yivit of my iuvention.

The apparatus herein shm\ n consists of sundry

additions te the inechanism now
blast furnaces, and sach apparatus
readily applicd to such furngces.

In Lhe accompanying drawings, ¥ muw 1is
a central vertical section of a blast-furnace
and of my a3 )pfwauaa for app}.,mg) petmlwm
thereto, this figure being designed to show
the relative positious of my apparatos to the
furnaes. ¥ig. 2-is a central vertical section
of 3 par of the furnace, taken thr ouub one of
‘hmugh

in uke
may

in
he

© one of my petroleum-burners with its supply-

45

pipe. Fig. 3 is a rear elevation of cne of these
petrolenm-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 fuyeres and through the
petrolenm-burner and its suppiy-pipe. Fig. 5
is a rear elevation, parily in section, of one of

Mo, 325,293, dated September 1, 3835,

2, 1885, (No model.}

s

m;; burners and its supply p:pe: and Fig. 6 is

5 section taken on line 6 6 of Fig. 2.

In carrying my process inte aﬁeeb it is nee-
essary thab the pwra’ew or hyarocaibom be
introduced with the blast in ceriain defined
relative proporbicns, and for this purpose I
provide the mechanism shown in the ascom-
panying drawings. This medhanism consists,
esseutinlly, of a reservoir or other sultable
pj.unsim s for containing the petrolenm-atp-
ply, service-pipes having devices wherebh vy the
flow of petrolenm may be reguisted, and de-
vices for properly connecting the snpply-pipes
with the blast-pipe or tuyere.

A represents a seetion ‘of the a,xhelmwfu“
naee, this fornace being supplied with a ma
water-pipe, B, having brauches & &, 2 blas
pipe, C, havigg Hranch \pipes ¢ ¢, & it UE“%’&"‘@‘
. The tuyere may have an wp.. xng in ibs
rear wall through which the end of the burner
is inserted.

The burner consists o

{a pipe, 1, surronaded
by a water-jacket, F, and may be held either
upon said burner or upon the tuyere. The
burner ¥ is provided at its end with suitabie
orifices through which the petroleum igadmit-
ted to the blastwﬁu‘nacb.
water - jacket ¥ in two hoerizontal
ments, which may be formed by castingadivid-
ing-rvib, f, scasto bridge the space hetween the
inner wall of the water- jacket I and ihe cuter
w‘m of the burner. This water- 3&0715 Hear-

ounds the burner to the point w .191‘ s the lat-
t“‘ is connected with the 166(1 pipe G Ipre-
fer to connect this feed-pipe with a cirenlar
underground main,I,also under ground. The
main T ieads from a feed- tank, J the level of
the ﬂehoxeum in whieh is maintained by &
fleat, 7. The supply-tank J is connected with
a storage:tank, K, which latfer contains the
petrolenm-supply.

I have contemplated locating the storage
and feed tanks at such distance from the for-
nace that all danger of explosion of the petro-
leum is avo‘ded The service and sapply
pipes should also be surrounded with water-
jackets where there is danger from fire. The
petroleum iis held at a 10\'01 above the point
where the barner enfers the tuvgre, and is
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caused tofiow through the orifices of the burn-
er by itsown weight or by the snction ind uced
by the blast. This level is maintained by the
use of a float, §, which iy Soarranged 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 liguid shall overcome the press-
ureinthe furnace. The operation of this fleat
will be readily understood frem an inspection
of-the drawings. .

The supply-pipe G and burner I3 are eon-
nected by a coupling, 9. Below this coupling,
provided with stop-cock, 1, which
may be an ordinary plug-valve with an aper-
ture of any suitgble form. The plug of this
stop-cock Is provideg with a lever, M, which
is made to swing in front of an are-dial, G,
the latter being marked with a graduated
scale. By means of this lever and are-diul the
amountof hydroecarbons admitred through the
burner may be aceurately regulased or deter.
mined. A ball-valve, P, is placed within the
Pipe just abovethe stop-eock, and as the head
of oil allows the petrolenm to flow ap to a
stated pressure in the furnnce, this bali-valve
automatically checks gll flos in excess of this
pressure,

The part which I hav
“burner” (marked Eip th
of a pipe which is cyling
the point where it enters the tuyere. A{ this
point the form of pipe changes from't he cylin-
drical to the oval, ‘Ihe burner terminates in
a mouth or orifice, N, The casbings which
form'the walls of the mouth or orifices of {he

e denominated the
e drawings) consists
rieal in form up to

‘barner may be .cored out, and through these

chambers thus formed the water flows from
the lower to the upper compartment, thus
cooling the burner and the walls of the ori-
fices. It is evident that the shape or form of
the burner and its orifices may be consider-
ably varied without affecting theresultssought
to be accomplished by them. Al that is nee-
essary to be observed in the
these burners, as well as of the surronnding
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 buraer; but it wiil
of course be uinderstood that each tuyere ling
its burner, and each barner receives its petro-
leum-supply from the cirenlar main 11 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 hlass in each of the tuyeres.
The petroleum thus admitted to mingle with
the blast ig converted into a gaseons form as
8001 as it enters the tuyere, and its combus-
tibn is simultaneous with its volatilization.
The amount of solid -carbon necessary to be
used in the practical operation of a furnace
waere petrolenm is used as the prineipal fuc}
will vary with the character of the ores opep-
ated upon and the petroleum used; but in 41
cases such an amount of golid carbon should
be retained as will carburize the reduced iron,
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maintain the permeability of the deseending
charge to the ascending gases, and redace the
carbonic aecld in the reduction-flame to eap-
bonousoxide., Thesum of the carbonous oxide
in the ascending {urnace-gases constitutes the
principal reducing clement 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 usn
Animportant point to consider while
in js, that at the peint of substitution
half of petroleam, in u

biowing

of one-
sing a hot blast of usual
temperature, the heat of the hearth is too
high unless regunlatéd. Thig 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 waintaining a fairly unif
heat thronghout the hearth during the blow-
ing in.” When the furnace is prepared and
the charges are-being pus in, the quantity of
solid fuel may be graduoally reduced and pe-
trolenmn admitted (o take its place.  The pe-
troleum is admitted, as before stated, in regn-
Iated quantifies, and is forced by its own
weight or drawn by the hot blast into the
tnyvere, in which it is converted into gas, in
which form it enters the furnaee. - The sub-
stitution of petroleam or hydrocarbon for solid
carbon may be carried forward until only such
quantity of solil earbon Is votuived as will
carburize the reduced iron and maintain the
permeability of the descending mass, &e.

In order to maintain a unifori flow of pe-
troleum through the stop-cock L, the retarda-
tion’ of the flow of the lignid, eavnsed by the
friction in the service-pipes, shonld be com-
pensated for by making the service-pipes of
incrensed diameter according to their length.

The fuel and reducing agents now in com.
mon use v perform the usnal operations of
blast furnaces are coke, eoal, and charcoal.
These are burned and utilized insuch'a way
that earbonie acid is principally formed be-
fore the tuyeres. This carbonicacid is prompt-
Iy reduced to carbonous oxide by coming in
contact with incandeseent carbon, and then,
¢ charges, per-
forms the required operations of reduetions,
forming slags, &e., by decompositions, recon,.
binations, heating, &e., as desired. About
one half the carbon of the coke furnace passes
through the hearth, prinecipally as ecarhonje
acld.  The other hall is utilized for adding
the molecule of free carbon required to reduce
carbonicdcid to earbonous oxide, aud the heat
produced by the combustion of the solid fuel
plus the artificial temperature of the bLlast
performs the operationg within the hearth,
dhe intensity and quantity of the heat in the
body of the farnace, and which performs the
operatious there, is th
the carbonons oxide plas that of the blast not
previously consumed in the hearth, and alse
of the chemieal reactions which obtain between
the materials of the charges.
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325,293 A
will scon destroy the furnace-iining in ihe
heat From these factors the ehewmist in

inbe the 7ill readily determine the proportions 7o

oty »mm *‘ons materials required in the blast-

5 i r any required mixture,
K : ilization of erude petroleum
e pearer the first-mentioned limit of not
socting for making pig-iron, fort then all waste ;4
gasss can be used in heating the blast. The
1mb-.n" of the descending charges must
intained by volatilizing and
ol fed with the charges of
8 not necesgary or desira- 8o
: 1(*~‘=px0p0'lwhsb theo-
SO Isn;ﬂ g thereis a slight ex-
1 i 'the charges, for the
& sver that required to form
D ames works well, for the gz
and {ree C’Ib(}n Being
evs the required chemiea 5
& De vleet. -
wn containing eighty - four per
pon, tee per cenb, of hydrogen, and 90
t. impurities can be so .Juzmzi ina
-five per cent. of the
1o carbonous oxide aud
i’e mrhozxiu acid, the
shy . The carbon g3
and orude prineipal mduung element, the
. FThe considered 'm a heatmg duncnt
naee withi i
where soot
Lo suha bﬂm' “t‘ld m]! \'my ico
is alzo shiort of tha By wizing naphtha or other
3 ; C carbenous wydrecarbons and leavier petrolenms
the redu er, a 1;61 rolenm can bo formed of con-
ng i tho grealer 'Oxuposnmn. and thereby, with givenores
zover thab ‘md fiuxes, constant resuits ean be ()‘x}u.llhf}(l, 108
1 the blagt is The varying composition of the petrolewmn is .~
tion of the provided for by adding free earbon, as de-
; seribed above. The chemist and laborers in
clarge will readily adapt themselves to the
i are un- metliods uired, unaerstanding the prind- ‘110

In pz.;cv ples involved,

i The race-gases of a petrelenny blast-fur-
nace using petrelenm and eoke or chareoalin
egombination, as sbove, will be almost the

0 . same above the boshes as those of an ordinary ris
ior ﬁet earbon wust be fod with the | furnace, being slightly inereased in volume.
3e) chm&@" in puch rel: atd ve, )_\.ropm'tiofré‘ to the | In the Je:uth nowever, there is more of a dif-
carbonic acid for w*{i eres that .ww:m*u, for, (Ls in the e:()ke furnace one:half of
this carbenie acid shal o car bon- | the earbon is hurned orused in converting the

nf oxide by the lecale of | carbonie acid Lo earbonouns oxide, thab 1auch 120
free carbon x;oke or | mever gels Lelow the Loshes, while in nsing
sz free sarbot ! erade pebyolenm, aboud three-fourths of the
a8 will ecarburize arbon will pass through the hearth, und the
of retaining solid difference in equivilence between the ecarbon

i and hydrogen will neecessitate an inereased 23
volame of blagt, Theratios of the volumes of
50 > | gases in -diﬁ'@rent parts of the two classes of
Té furnaces will differ agabove. The volume or
of amount of hlo.":" nocessary to carry on the fur-

419@ WJ m?w and P m gi; to 0 _24 naee ¢perations of 2 petroleum blast-furnaee 30
. the rced ivon; and, g%@(\x:d, if 'JU Lhe car- | will be figured about as follows: Take, for ex-
&3 bon @f the pefrolsum I8 burne s ampie, one bundred poum}ﬂ of the last-men-
acid, the temperature iggo ki tioned petroleum, and B.805 pounds of air to
trolied in the way ahove burn one pound of carbon to carbonous oxide,




and 11.61 pounds of air to-buin one pound of
carbon to carbonic acid, and 34.78 Dounds of
“air to burn one pound of hydrogen fo water.
The result is, mathemat ically” stated, 63

5 8.805--8653.715; 21 11.61:=:277.03 5 10:(34.78
==347.08—cquals 993.545, making a tetal of

N
A

990.5 pounds of air to burn the petrolenm to the -

above-indicated mixture of gases.. These
gases areinerensed in volume above the boshes
10' by just 'so ‘much as, the earbon fed with the
ore-charges wili increase the volume of the
carbonie acid by reduci ng it to earbonous 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 ealculations.

In caleulating the relative diameters’ re-
quired of the hearth and body of a petroleum
blast-furnace, the volumeof the gases passing
20 from one to the other and the changes in their
composition as affecting their volnmes musf
be a governing factor, In a coke-furnace the
earbonie acid of the hearth is
verted to carbonous oxide at and above the
25 boshes, tis reaction doubling ‘the volum
the earbonic acid, as above stated, and about
one-halfof the carbon goes through the hearth,
For this reasen the farnace is enlarged at the
belly above the hearth; oth
30 of the gases would prevent the descent of the
charges and choke up the furngce, Ty a pe-
troleam-furnace using petrolenm prineipally,
about three- fourths of all the fuel passes
through the hearth, and three-four bs of the
35 carbon is earbonous oxide, so thattheinerease
in volume is s¢ much less.. Thiswiil neeessi-
tate an inereaséd diamecter for the hearth and
o more obtuse angle for the boshes, The hene
fits arising fromthis, will he that the welr of
10 the lining of the futnace-walls wil! be far Tess,
and it will alse aflford a Targer space within
the hearth for the veduetion - Hames. The
furnace-lining can be further preserved by
reducing the temperature of {he blast, for,.
45 inasmuch as a eoke-furnace works best with a
. hot-blast, and consequently a hot heavtl, if

toes 0 beeanse that detérinines a hot body,
and so hot ore, upon whicli the J'G‘dlming-gases’
act most promptly; bnt_ﬂsf'n a petroleum-fur-
50 nace the heat rendeved latent is far less, the
body is still hotter, even tglough the temipera-
ture of the blist islowered, which intar
ers the temperature of the liearth,

The burning of the carbon within the coke-
55 furnace hearth to carbonic acid determines
and performs the operations of the hearth, and
the degree and intensity of the heat in this
space is that of burning carbon to carbonic
- acid plus the temperature of {he hlast modi-
6o {ied by the pressare, losses by radiation, &e.

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
G5.t0 carbonic acid in aij
unit, as almost all the carbon of a coke-fur-
nace burned before the tuyeres is burned to

nlow-

promptly con--

e of,

erwise the tension !

r will furnish a faip-

325,293

| carbonic acid before its reduction tocarborious
oxide, that degree of heat being, according to
Scheerer, 2,458° centigrade.

When using petroleum, as described above,
the degree of heat before the tuyeres will be
about that of -tlre sum of the various gases or
compounds formed by the burning of the ele-
ments forming these compounds..
pounds will be the gases (carbonous oxide, car-
bonie acid, and water) formed by burning the
hydrocarbons to a reduction-flame,
a petrolenm coutaining eighty-four per cent.
carbon, ten per cent. hydrogen,andsix percent.
impurities, which, burning seventy-five per

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 & petroleam, we would have for -so
barning, twenty-one pounds of carbon for car-

oxide, and tén pounds of hydrogen for water,
and the impurities modifying the result in-a
measure. Aeeepting that h
i ble of produecing an even four times as much
heat as an equal weightof earbon, and accept-
ing that carbon burning to

is capable of producing a heat of 1,316° centi-

mathematically: 2,458 21-=51,618; 1,310 X 63

==82,530 ; 2,458 < 4(10==98,320, making a to-
tal of 252,165 units, which, bejnge divided by
b ) M fo]

94, gives 2,558° centigrade. This caleulation

- These com-

carbonous oxide’

70

Having -

8o

cent. of the carbon'to carbonous oxide, twenty-
five per cent. to carbonic acid, and the hydro- -

bonie acid, sixty-three pounds for carbonous -

go

ydrogen is capa-.

95

I

gives 100° centigrade more for the ‘petroleum- -

furnace, resulting
fuel-in the hearth. This is modified, how-

i
l grade, we would have the following result,
’ ever, biting lower, because hydrogen requiresg

‘the nitrogen of the blast: It is plain that as
the heat as here calculated is onl Yy an approxi-
mation, 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 furnace operations.

The blast will be heated with the -waste
gases of the petroleum - furnace Jjust in the
sane manner
nace. ‘fhe same plant as now used for 2 fur-
nace using coke or charcoal may be used te
utilize petrolewm with simply the addition of
proper tanks and attachments as required by
the altered conditions. The furndee-gases of
a petroleam blast-furnace will vary in compo-
sition and in volume from a colke-furnace in
that they will contain more nitrogen and wa-
ters but this will be imniaterial when taking
{ into consideration that but a fraction of the
swm of the fuel can e replaced, and that coke
and charceal also contain. hydrogen and wa-
ter, while petroleum containg practically ne
water as such. The hydrogen produefs of
combustion being water are practically nen-
tral in the' chemical reacti
the furnace, (acting
phosphorizers,

as desulphurizers and de-
) and consequently are consid-

from the combustion‘of the .

ot

105

moreair-for combustion than carbon, and so .
imparts more heat to the increased volume of’

as from a coke or echarcoal fur- -

I

I

Pt

ons of reduction of

20

25

30



325,203 5

2, heating element and as affect-
ing the required capacity of the furnace and
ize of the tuyeres, burners, and blow-pipes.

The temperature of the petroleum-furnace
abovethe bearth will be bigher thanina coke-
frrnace, beeause the amouns of heat rendered
fatent by converding the fuil amount of ear-
- Hond o carbonous oxide of the solid fael
ace is greater, the amount ren-
sing just the difference between
carbonie acid or carbonous

wn

lifference in the temper-
wenen of furnaces, which ob-

where the reduction to
riace, being highestin

Above these zones it

g gases are eontinu-
eat to the descending
asses by radiagion. The pe-
%111 have the advantage of &
tion of heat from the bottom
» furnace, and will be in-
4 egpecially with benefib in the zones of
‘honization and redustion. The ultimate
ta of heab obtained from like amounts

re presisely adike, whether obtained

shareoal, or petrolennl The heat
‘ed and ublized from these various
carbenous oxide at and above the

iNg

N
L4

reduosicn to carbonous oxide within
oo, ‘Thecarbon isalmost compleiely
s carbonous oxide in both classes
e some points within

v in the manner.

T ill have to be al-
changed econditions. The
ae hody of the furnace being
1a6 be rendersd more basie
vep the fact thab the
. eonbging no ash will have to enber,
iher not eater, into the calculation for
ng the mixture to produce the desired
om, LRe petroleurn-blasi-farnace process
srocesd more regularly and rgpidly, be-
will be less slag and slag-form-
1 to mechanically interfere with
£ the reducing-gases on the ore,
wid fuel being fully under control

el required per ton of iren
1 more nearly correspond with
odl for sheorepicaily. The ten per
(o move) of hydrogen 6f the petroleum

cing ahoub four times a8 much heat as

o

R
[#11

bofe 1 do about four times
vork of heating by heating thecre-charges,

melting slage and reduced iren, keeping cru-

1 hot, &e., and leave the carbonous oxide
sormaed from the earbon of the petroloum and
the free carpon fed with the chargss to per-
form their proper work of reducing iron oxide

6c

¥
o

in comparing the relative vailue of coke or
‘ 4 pebroleum for blast-furnace op-

slative compositions govern

-0xXygen.

_of petroleum.
« Tn makiog the various grades of pig-ironm,

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 70
0 twelve per eent of combined hydrogen and
Then the ash of the solid fuel must

be Auxed and melted and the moisture vola-
tilized, so that from ten to twenty per cent. of
the value of the solid fuel is eonsumed in get- 75
ting rid of the contained impurities. Conse-
quently cnly from sixty to ei ghty per cenb., by
weight, of the solid fuel is utilized in the fur-
nace cconomy. Petroleum contains as im-
purities only a little dirt and water, with some 8o
salphur. The water and dirt, settling to the
bottom of the storage-tanks, are mostly re-
meved, and do not go through the furnace ab
all, so that petroleam may be considered as
being practically a pure fuel. ~Asavery 1ib- 35
eral general estimate, a coke-furnace now re-
quiring one and one-half ton of coke to make
one ton of pig-iron wounld require about one-
third ton of coke and aboub three-fourths ton

90 .

similar metheds as now employed will apply.
The guality of the iron from a petroleum-fur-
nace will be most excellent, as the higher tem-
perature of the zone of carbonization will fa- 95
vor fnll carbonization. Then the reduced

iron, beeause of falling through a mixture of
gases in which there is a Jarger quantity of

the redacing-gas, carbonous oxide, it will not

lose its carbon; and, farther, agthe slagswill be 1oo

mere basic with the iron more fully carburized,

2 smaller amount of silica will be reduced to

contaminaie the iron with silicon. Ag petro-

leum contains searcely a frace of phosphorus,

this element will be present in less quantiby in roj

the jron. 'The sulphur will be far less because

of the large quantity of hydrogen present in

the furnace-gases. This will tend to formsul-

phureted hydrogen, which will go off with

the waste gases, as will also the phosphorus. 110

The datgicontaised in the above will furpish

the fornrlm for determining the relative di-

mengiony of a furnace and its parts, the size

of the tuyeres reguired and their burners, the

amonnt of blast-power and blast, and the re- 115

quired miztures for conducting smelting op- i

erations. - ’ . .
In blowingina petroleum blast-furnace the

same precautiops of properly preparing the

furnace must be taken as with a coke-furnace. 120

The charging ean begin gither wholly with-

solid fuel, the petrolewm flow not being turned

on nntil the fornace is fully under way, and

the petralenm gradnally substituted until the

practicgl limib is reached; or - the petroleum 125

may be ssed in part at ounce and the Hmit of

its most-advantageous substitution gradually

renched. That this can be done is seel from

_the fget that ineither case all the earbon from -

the petroleum is burned to carbonic acid nntil 136
about one-half issubstituted, and goes through
the furnace the same as that from the ordi-
pary combustion so long as there is oxygen in
excess inthe blast,  Afterthat it goes threugh
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in part as carbonous oxide, and the solid car-
bon is of course diminished in propoztion.

In thus usinghydroearbons the proportions
of the charge will vary according to, the char-
acter of the petrolenwm, the kind of ore used,
‘and other special circumstances, us explained
above; butasanexample loraniron ore charge
having a fifty-five per cent. ore with silicious
gangue I give the following: two hundred
parts of ivon ore, one hundred and tweaty parts
petrolenn, forty parts coke, and fifty parts
limestonie. A fraction of the solid fael is also
replaced in smelting by erude petroleum or
other hydroearbons for ihe purpose of desul-
phurizing and dephosphorizing the ores. This
does not apply to smelting pure sulphurets,
like iron pyrites, but ouly to such orves as are
charged forsmelting in blast-furnaces, in.which
sulphur and phosphorus are present as im-
purities up to a few percent. This isaccom.
plished by using one-half or less of hydro-

. carbons, and burning the hydroearben to car-

(98]
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' ‘toearbonicacid and water.,
can beso burned, whether solid, Hquid, orgase--
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65

fractional

bonicacid and water, theseé gases being formed
and introduced with the blast, and ferming a
portion of the furnace-gases, and
thesmelting, desulphurizing, and dephosphor-
izing being performed during this one opera-
tion of smelting, The effective agent per-
forming the desulphurizizg and dephosphor-
izing is the waterof the barned hydrecarbons,
this water acting either as su perheated steam
or as masceut hydrogen formed, owing to its
deecomposition, by ineandescent earbon. . This
desulpharizing and dephosphorizing obtains
when sabstituting crude petrolenm in any pre-
portion whatever for solid fuel. :

The reasons for these reactions is the vary-
ing chemieal affinities of the elements, the ex-
planation being about as follows: Purc hy-
drogen gas will prompily reduee 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 ovide will re-
duce oxides-of iron promptly in. presence of
hydrogen gas or water-vapor, the oxides be-
ing heated.  Carbonousoxide will also reduce
iron oxide in sprescinee of. carbonie acid if
the carbonous oxide is in excess.. Water-va.
porassuperheated stean, or decomposed, hiay-
ing formed nascent hydrogen, will deeompose

compotnds of suiphur or ‘phosphorus, form--

ing sulphureted and phosphoreted hydrogens,
respectively, in the presence of earbon oxides,
Now, these conditions are present while puar-
tally substituting hydroearbons for solid fuel
with the Dlast and burning the hydrocarbons
Al hydrocarbons

ous. They can be burned to carbonie acid, wa-
ter, and carbonous oxide, or to carbonic acid
apd water, bub can in ne case whatever Lo
burned to carbonoeus oxide and water, because
of the difference in theatflinity between the ear-
bonand exygen, and the carbon and hydrogen,
and the hydrogen and oxygen,  Tor this rea-
son, complete substitution of petroleum or hy-

droearbons for solid fuel is a praetical impos-.
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sibility, and this because the ever- preseut
carbonie acid is an oxidizing agent, and so_
retards all reduction. .

When smelting with the object of making
betier iron, less than half of liquid tuel should
be used and enough free carbou additional be
fed with the ore-charges fo ut1lize the carbonic
acid as carbonous oxide, the varbonic aeid
taking part in'these operations the same as if
forpied from solid fuel within the hearth of
The temperature of the Dblast
must also be regulated to suib the reguire-
ments of each individual ease, according to

the amonnt of hydrocarbon substituted, so ag

to avold wasting the furnace-lining. In thus
using hydroeirbons the proportions of the
charge will vary according to the character
of the petreleam, the kind of ore used, and
other speeial cireumstances, as explained
above; but as an example for an iron-ore
charge, having a fifty-five per cent. ore with

_silicicus gangue, T give the following: Two

Irandred parts of iron ote, one hundred and
twenty parts coke; twenty-five parts petro-

Tleam, fifty parts limestone.

It has long been known thai superheated
steam wonld desulphurize and dephosphorize
ivon ores, and also dephosphorizé inolten iron
in the Bessemer converter, but owing to diffi-
culties experienced 'in introdueing the steam
into the couverter, or with the blast, it has
been only a partial sucecess. Introducing steam
directly into an iron blast-furnace in this way
catses large losses of heat, and so seriously
interferes Dy retarding operations that it has
been abandoned. Recently, also, I.am in-

‘formed, iron ores have beén subjected to the

action of superheated steam in reverberatory
{urnaces, and then smelting the so-treated
ores. This necessitates two operations, and
has the further disadvantage of again intro-

Quciug the same ‘impurities by means of the

solid fuel and fluxes now used in smelting,
whieh, during the one operation; while form-
ing steam from the crude pretrolenm or hy-

~drocarbons by their burning, are expelled
‘ot only from the ores but from Hoth the

flixes and solid fuel. In atiliziag crude pe-
troleum as last above deseribed, it is burned
toa mixtuie of water and carbonic acid with
such excess of blast as will uatilize the solid
fuel led with the ore. The water formed dur-
iig this combustion does not cause g loss of
heat, but, on the contrary, is a source of. heat
and aids the farnace operations by so much.
The proportion of hydrocarbons “and - solid
fuel to be used, while using ‘principally solid
fuel, will vary-with the charaecter of the ores,
tluxes, and solid fuel of each ease.- .- -

I do not consider that ten per cenb. or less
of solid fuel can be ‘used practically in my
process, because of the:affinities of the dif-
ferent eiements: hence the proportions will
always be more than ten per cent. of solid to
less than ninety per cent. of liquid fuel,
iron containg from five to cight per cent. of.
carbon, which iscaleulated as coming from
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solid fuel, and this aione ealls for over Lenper
cent. of solid fuel.

Asaboveshown,Tamaware that experiments
have heen made to reduce iron and other ores
by means ofa flameof petroleumorhy droearbon
vaporalso thatasmall percentage of carbon has
been mixed with ironoresnd thechargeredusced
by means of pefrolenm; bub inthese instances
the amonnt of solid fuel has not been sufficient
to perform the redneing operations of the
blagh - farnace process; ner do I elaim the
mere use of pebrolenm as a fuel for the smelt-
ing of ore, ! ouly when used in connection
with soligd or free carbon and in such relative
proportions thab the burning of the two will
farsish the reqnired reducing-gases. lalso dis-
claimthe use of steawm ps an ald in the cornbus-
£ he petroienm, and my process is also
1o the complete burning of the petro-
1, 80 a3 to produce & mixgure of carbonie
and carbonous, oxides, vapor of water, and
other gases, and so as toutilize these gases by
the addition or use of the proper amount of
solid or free carbon fo furpish the frue redue-
ing-gases reguired in the 8 ling of oves;
T now disclaim ail processes

operating
5 or on Gifferent principles
fad

£

& 0%
1y as afael, bat-only petroleuin or lquid
cdrooarbons when mized with solld fuel in

b a way thatthelignid inel will be volatil-
and birned simultaneonsly, and nob firs
converted into a gas o be afterward nsed as

a fuel; and I also disclaim the use of wood as
2 solid fuel.

T do nob now claim the apparatusshown for
carrying onb my proeess, the same being the
subject-matter of an application filed by me
January 19, 1885. .

T elaim— :

1. The process of smelting ore, which con-
gists in charging the furnace with one I undred
parts of ore, proper fluxes, and from sixteen
to forty parts of free carion, and injecting from
sixty-five to forty parts of crude petrolenm
with air, and regulating the amount of air to
produce anon-oxidizing flame, the proportians
of {ree carbon and petroleam varying rela-
tively within said limits as required by the
varying compositions of the petroleum or oth-
er sircnmstances, substantially as deseribed.

a, The process of smelfing iron ore, which
consists in eharging the furnace with one-
hundred parts of ore, proper fluxes, and from
fiffeen to sixty parts of free carbon, and - re-
ducing the mass by a flane produced by the
burning of crude petrolenm or liguid hydro-
carbons injected with gufficient air to produce
4 non-oxidizing flame, the amount of the lig-
wid fael being determined and regulated by the
varying composition of the ore, golid and liq-
rid fuel,or other circuristances, substantially
as described.

FREDERICK C. WEBER.
YWitnesses:
EpHRATM BARKING,
ProMas A. BANNING,
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