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PATENT OFFICE.

ELFEGO RIVEROLL, OF LOS ANGELES,

CALIFORNIA.

SMELTING-FURNACE.

SPECIFICATION forming part of Letters Patent No. 737 487, dated August 25, 1903,

Application filed March 9, 1903, Serial No, 146,993,

(No model.)

To all whom it may concerm:
Be it known that I, ELFEGO RIVEROLL a

“¢itizen of Mexico, resuhnn' at Los A_ngeles, in

the county of Los Angeles and State of Cali-
fornia, have invented a new and useful Smelt-
ing-Furnace, of which the follow ng is a speci-
ﬁcatwn
My invention relates to a smelting-furnace
in which a smelting heat is produced by means

of liquid fuel, such as c¢rude petroleum, and
the furnace while especially constructed with

the object in view of smelting iron ore may
be used also in the smelting of other ores.
Numerous attempts have been made here-
tofore to smelt iron ore by using liquid fuel,
such as crude oil; but such attempts have

been failures in a eommermal way, as in no
case more than one hundred and fifty pounds.
of the charge has been reduced at any one.
time, and, moreover, coke or charcoal has had.

to be introduced to the extent of ten per cent.,
or thereabout, in order to bring about the
necessary chemlcal reaction.

Chiefamongthe dif
ore by using liguid fuel was the difficulty of
getting rid of the oxygen in the iron ores and

the dlfﬁculty of securing proper application |

of the heat to the entire charge of the ore be-

‘ing reduced.

One objeet of the present mvent.lon is to
provide a furnace in which iron ore may be

successfully smelted by means of liquid-fuel
burners using crude oil and w1thout using

coke or ch&reoal
Another object is to eonstruct a furnace

through which the ore is fed by gravity past

a number of liquid-fuel burners and the liq-
nid product is finally disecharged into a re-
celver. |

Another object is to snbject the ore to a

gradually-increasing temperature in 1ts pas-

sage through the furnace, so that the ore is

or adually redueed to the demred liquid state,
the purer metal sinking to the bottom and

the slag floating to the top.

Another object is to so construct a farnace

that the ore will not pack up inside the fur--

nace or clog around the buarners, but in which

the ore will be well spread out and the entire

surface of the ore-body be exposed to the heat
from the burners. The flames from the burn-

ers impinge directly against the ore, and a.

iculties of smelt,mg iron

Whlte heat is produced wherever the flame
from the burners strike the ore, and carbon
dioxid is formed throughout the entlre conm-
bustion-chamber.

By constructing the furnace on inclined

| gronnd the cost of heavy foundations is

avmded and by introducing the heat from
the burners at various points along the body
of the furnace a perfect control of the heat is
secured, and the amount at various points
along the furnace can be regulated as desired
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to suit the character of ore and the various

stages through which the ore must pass in its
travel through the furnace.

- Referring “to the drawings, Figure I is a

side elevatwu of the furnace. F1g Il 1s a
front elevation of the furnace. Fig. Ill 1s a
plan view of the crucible with its surround-—

ing adjacent walls, the upper part of the
lower end of the furnace being removed.

7¢

Fig. IV is a longitudinal vertical section

t,hrouﬂ'h the turnace Fig. V i8 a sectional
view on line V V, Fig. IV. Fig. VIis an
enlarged lontrltudmal vertical sectional view

of a portion of the furnace at a curve in the

botltom.

"The furnace compmses essentially, an in-

clined chamber, in this embodiment consist-

‘ing of three contiguous sections 1, 2, and

3 of varying inclinations. The section 1
has the greatest inclination, the section 2 has
a less inclination, while the section 3 has the
leastinelination. The chamber 1is the largest
and longest section and the rcof is high-

est, mhﬂe the chamber 2 is shorter and has a

lower roof, the section 3 being the shortest of
the three sections. The junctions of the
three sections are gradually curved as at 4
and 5. -

The upper end of the furnace is prowded
with a chimney 6, the lower part of which is
provided with a chargmn' -door 7, through
which the ore is fed to the upper chamber
The floor of the furnace is provided with a

water-jacket 3, which extends through the

three sections.

The roof of the Sebtlﬂﬂ 11is prowded with
one or more combustion-chambers.
embodiment two are provided, 9 and 10,
which are arranged at an 1n011ne from the

horizontal and ‘1,1%0 at an mwle to the am of

the section 1.

In this
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11 and 12 designate oil-burners for the re-

8pective combustion-chambers 9 and 10.
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- heat.

18 and 14 are combustion-chambers for the

sections 2 and 3, respectively, which are both

arranged at an ineline to the horizontal and
also at an angle to the respective sections
with which they connect. |

15 and 16 are oil-burners for the respec-
tive combustion-chambers 13 and 14.

17 1s a water-jacketed erucible in a well 18,

arranged at the lower end of the furnace.
The erucible may rest upon the rails 19. The
crucible is provided with a slag-spout 20.

21 1s a spout through which the metal may
be drawn from the bottom of the crucible.

22 designates water-pipes communicating
with the water-jacket 17. |

25 18 a water-pipe which conveys water to
the water-jacket 18. |

24 18 a pipe with which the burners are

connected. -

25 18 a steam-pipe which supplies steam to
the burners. | o |

The outside of the furnace is preferably
provided with a steel jacket 26. |

The fioor of the lower end of section 3 pref-
erably extends over the edge of the crucible
17, as shown in Fig. I1I.

As shown in Fig. I, the side of the furnace
is arched, as at 27, and the brickwork 28
below the arches 27 may be removed when it
18 desired to run the crucible out of the fur-
nace. | -

“I'he ore is fed to the upper end of the fur-
nace and slides down gradually throngh the
sections, and the flames from the oil-burn-
ors strike directly against the oncoming ore,
the direction of the flame being opposed to
the direction of the ore travel, which secures
the economical and efficient application of
The direction of the produects of com-

- bustion is toward the upper end of the fur-
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ore-to collect and

nace, and the monoxid in traveling toward
the chimney through the furnace passes

through the entire body of the ore and frees

the ore of oxygen, and that part of the ore

which is liquefied flows down the inclined

floor of the furnace into the erucible 17. - The

first section of the furnace is larger than the

other two sections and will contain more ore.
As the burners are located above the ore, a
free space is formed between the ore and the
burners, which makes it impossible for the
pack around the burners
and clog the action of the same, asin the case

- with a cupola or upright style smelter. As

b0

the smelting proceeds the metal continues to
flow into the erucible, the purer metal sink-
ing to the bottom and being periodically
drawn from the spout 21, while the slag floats
to the top of the crucible and passes there-

from through the spout 20.

- The floor of the first section may have an

- incline, preferably, of aboutsix inches to the

foot, while the second section may have an
inclination about four inches to the foot, and

the third and last section has an ineclination

Inches, respectively.
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of about twoinches to the foot. _The object-

of providing the different inclinations along
the bottom is to insure that the ore will be
steadily fed from thesection 1 to the lower sec-
tions 2 and 3. The inclination of the lower
sections is less in order to hold the charge, as
the entire charge, or nearly so, when in those

sections is in a liquid state and passes there-
‘through more readily than when in solid
form.

I1f the inelination of the bottom were
constant throughout, the lower end of the

furnace would be exhausted as fast as the ore
18 reduced and the metal would flow off

faster than the ore could befed from the top.
The ore readily travels by gravity down the
six-inch grade, and by the time it has reached
thesecond section it hasbeen roasted. During
1ts travel throngh thesecond section with four-
inch grade the roasted ore comes within the
smelting zone and all or nearly all of the ore
18 reduced to a liquid state, the reduced ore
flowing through the second and third sec-
tions into the crucible. The third section
with the two-inch grade serves to stop any
chunks of ore which might pass through the
second section without becoming fully smelt-
ed, and the two-inch grade is such that the
ore will not travel down it by gravity, but
must be reduced before flowing down into
the erucible.

I regard this invention as new in that the

chamber is inclined and that combustion-
chambers are disposed along the ineclined
chamber and commnnicating therewith and
that the burnersin the combustion-chambers
are directed downwardly.

Furnaces for roasting ores have been in-
vented showing inclined chambers into which
hot air is fanned from a fireplace; but they
were not smelters, being unprovided with
means for producing carbon dioxid through-
out the inclined chamber and changing the
carbon dioxid. Such a furnace is shown in
the patent granted to Thompson November
22,1331, No. 250,015. Furnaces have also
been invented with an inclined chamber for
feeding ore to a level melting-chamber, as
shown inthe patent granted to Siemens March
19, 1892, No. 470,712; but the smelting is not

{ performed in the inclined chamber, the latter

being merely a feeding and roasting chamber.
No furnace, to my knowledge, has ever been
invented or constructed with means for sue-
cessfully smelting iron ore in an inclined
chamber by using liguid fuel heretofore. -
One furnace which I have built was forty
feet in length, two feet in the clear inside,
and with floor-pitches of six, four, and two
In a test run the iron
ore showed by analysis metallic iron 56.7,
silicaand alumina 13.3, sulfur1.4. Theanaly-
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sis of the limestone flux was lime 52.5, silica

6.3 The specific gravity of the oil used in
the burners was20.5. Two barrels of oil were
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used on an average in reducing each ton of

thecharge. Aftersmeltingthe resultant slag
consisted of forty-five per cent. silica and
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alumina, fifty per cent. lime, and twe per

cent. iron and other elements. -

While I have shown and deseribed the fur-
nace as an iron-smelter, 1t should be under-
stood that it may be used in the smelting of
other ores.

It should be understood that I do not limit
myself to the particular construction herein

- shown and described, as many changes might
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be made therein without departing from the

spiritof theinvention. -Korinstance, the sec-
tions might be more or less and of diﬁerent
pitehes than specified, the burners might be
more or less, and liquid fuels other than crude
petrolenm might be used.

The inclined chamber is provided along
each side wall with a series of poke-holes 29,
which are plugged and are capped by remov-
able plates 30. If by any possibility the
charge becomes frozen or clogged, the poke-
holes provide a means of access to the inte-
rior.

What I elaim, and desire to secure by Let-

ters Patent of the United States, ig—

1. Inasmelting-furnace, an inclined cham-
ber, combustion-chambers disposed along the
inelined chambers and communicating there-

with, and burners in the combustion-cham-

bers and directed downwardly.

2. Inasmelting-furnace, aninclined cham-
ber having a floor of varying pitch, combus-
tion-chambers disposed along the inclined

- ¢chamber communicating Wlth the inclined
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chamber, and liquid-fuel burners discharging
through the combustion -chambers, toward
the floor of the inclined chamber.

3. Ina smelting-furnace, aninclined cham-

ber having a floor of varying pitch, liquid-

tuel burners disposed along the chamber and
directed toward the floor of said chamber, one
section of the chamber being relativelylarger
In eross-section than another section.

4, In asmelting-furnace, an inclined cham-
ber having a floor of varying piteh, liquid-

fuel burners disposed along the chamber and
directed toward the floor, the upper section

of the chamber having a hlgher roof than the
other.

9. In asmelting-furnace, an inclined eha,m-

'ber having a floor of varylng pitch, one sec-

tion of the chamber being larger in cross-
section than another seetion, a eombustion-
chamber communicating with the larger sec-
tion, and a combustion-chamber communi-
cating with a smaller section, and lignid-fuel
burnersin the combustion-chambers directed
toward the floor.

6. Inasmelting-furnace, anineclined cham-
ber, a plurality of combustion-chambers in
the roof of the inclined chamber, and liguid-
fuel burners therein.

7. Inasmelting-furnace, an mclmed cham-
ber the upper seetlon of Wthh has a pitch
steeper than a lower section and liguid-fuel
burners near the roof of the chamber and di-

toward the floor and towmd the upper end
of the chamber.

8. Inasmelting-furnace, an mclmed cham-
ber the upper section of whlch is larger and
has a steeper pitch than a lower section, and
liquid - fuel burners near the roof of the
chamber and directed toward the floor.

9. In asmelting-furnace, aninclined cham-

ber the upper section of which is larger and

has a steeper pitch than a lower section, a

plurality of combustion-chambers on the roof
communicating with the inclined chamber

and distributed along the same, and oil-burn-
ers in the respective combustion-chambers.
10. Inasmelting-furnace,an inclined cham-
ber the uppersection of which is larger, longer
and of steeper piteh than a lower section, a
plurality of combustion-chambers on the roof
communicating with the inclined chamber
and distributed along the same, and oil-burn-
ers in the respective combustion-chambers.
11. Ina smelting-furnace, an inclined cham-
ber the upper section of which is larger and

3
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has a steeper pitech than a lower sectmn a 9o

plurality of combustion-chambers on the roof
communicating with the inclined chamber
and distributed along the same, and oil-burn-
ers in the respective combustion-chambers,

said combustion-chambers being inclined to
the respective sections of the inclined cham-
ber with which they ecommunicate.

12. In a smelting-furnace,aninclined cham-
ber the uppersection of which is larger, longer
and has a steeper pitech than a lower sectlon
a plurality of ecombustion-chambers on Lhe
roof ecommunicating with the inclined cham-

ber and distributed along the same, and oil-
burners in the 1espectwe combustlon cham-

bers, said combustion-chambers being in-
clined to the respective sections of the in-
clined chamberwith which they communicate.

13. In asmelting-furnace,an inclined cham-
ber having a floor-of varying pitch, liguid-
fuel burners disposed along the ineclined
chamber and directed toward the floor, a
well at the lower end of the inclined chamber,

and ecommunicating therewith, and a crucible

in the well.

- 14. Inasmelting-furnace,aninclined cham-
ber, combustion - chambers disposed along
the inclined chamber communicating thele-
with, and burners in the eombustwn cham-
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bers, a well at the lower end of the inelined

chamber, and communicating therewmh and
a cruclble in the well.

15. Inasmelting-furnace,an inclined eham-
ber having a floor of varying piteh and liquid-
fuel burners disposed along the chamber and
directed downwardly, a well at the lower end

of the inclined chamber, and communicating
therewith, and a c¢rucible in the well. |

120
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16. Inasmelting-furnace,aninelined cham-

ber havinga floor of varying pitch, and liquid-

fuel burners disposed along the chamber con-
siderably above the floor and directed down-

rected in a general direction the 1esultcmt of 1| wardly, a well at the lower end of the 1110111:1@(1
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chamber, and communicating therewith, and

a crucible in the well.

17. Inasmelting-furnace,an inclined cham-
berhavingafloorofvarying pitch,combustion-

chambersdisposed alongtheinclined chamber
communicating with the inclined chamber,
and liquid-fuel burners discharging through
the combustion-chambers, a well at the lower

~ end of the inclined chamber, and communi-

10
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cating therewith, and a crucible in the well.

13. In a smelting-furnace,anineclined cham-
ber having a floor of varying piteh, liguid-
fuel burners disposed along the chamber and
directed toward the floor of the chamber, one

section of the chamber being relatively larger

in cross-section, a well at the lower end of

‘the inclined chamber, and communicating

therewith, and a crucible in the well.
19. Inasmelting-furnace,aninclined cham-
ber having a floor of varying pitch, liguid-

. fuel burners disposed along the chamber and

directed toward the floor of the chamber, the
upper section of the chamber having a higher

 roof than the other, a well at the lower end

25
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- ber communicating with the larger section,
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- directed toward the floor, a well at the lower

of the inclined chamber, and communicating
therewith, and a crucible in the well.
20. Inasmelting-furnace,aninclined cham-
ber having a floor of varying piteh, one sec-
tion of the chamber being larger in cross-sec-
tion than anothersection, a combustion-cham-

and a combustion - chamber communicating
with a smaller section, and liquid-fuel burn-
ers 1n the combustion-chambers directed to-
ward the floor, a well in the lower end of the
inclined chamber, and communicating there-

“with, and a crucible in the well.

21. Inasmelting-furnace,aninclined cham-
ber, a plurality of combustion-chambers in
the roof of the inclined chamber, and liquid-
fuel burners therein, a well at the lower end
of theinclined chamber, and communicating
therewith, and a crucible in the well.

22. Inasmelting-furnace,aninclined cham-
_ piteh
steeper than a lower section and liguid-fuel

ber the upper section of which has a

burners.near the roof of the chamber and dis-
posed along the chamber and directed in a
goneral direction the resultant of toward the
floor and toward the upper end of the cham-
ber, a well at the lower end of the inclined
chamber, and communicating therewith, and
a crucible in the well, -
23. Inasmelting-furnace,aninclined cham-
ber the upper section of which is larger and
has a steeper pitch than a lower section, and
liquid-fuel burners near the roof of the cham-
ber and disposed along the chamber and di-
rected toward the floor, a well at the lower
end of the inclined chamber, and communi-
cating therewith, and a crucible in the well.
24. In asmelting-furnace,aninclined cham-
ber the upper section of which islarger, longer
and of a steeper pitch than a lower section,

5 and liquid-fuel burners near the roof of the

chamber and disposed along the chamber and

737,487

end of the inclined chamber, and commuini-
cating therewith, and a crucible in the well.

26. Inasmelting-furnace,aninclined cham-
ber the upper section of which is larger and

70

has a steeper pitch than a lower section, a plu-

rality of combustion-chambers on the roof
communicating with the inclined chamber
and distributed along the same, and oil-burn-
ers in the respective combustion-chambers, a
well at the lower end of the inclined cham-
ber, and communicating therewith, and a cru-
cible in the well.

26. Inasmelting-furnace,an inclined cham-
ber the uppersection of which islarger, longer
and has a steeper pitch than a lower section,
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a plurality of combustion-chambers on the

roof communicating with the inclined cham-
ber and distributed along the same, and oil-
burners in the respective combustion-cham-
bers, a well at the lower end of the inclined
chamber, and communicating therewith, and
a crucible in the well. ,

27. Inasmelting-furnace,aninclined cham-

| ber the upper section of which is larger and
has a steeper pitch than a lower section, a plu-
rality of combustion-chambers on the roof

communicating with the inclined chamber
and distributed along the same, and oil-burn-
ers in the respective combustion-chambers,
sald combustion-chambers being inclined to
the respective sections of the inclined cham-
ber with which they communicate, a well at
the lower end of the inclined echamber, and
communicating therewith, and a crucible in
the well, |

23. Inasmelting-furnace,an inclined cham-
ber the uppersection of which is larger, longer
and has a steeper pitch than a lower section, a

plurality of combustion-chambers on the roof

communicating with the inclined chamber
and distributed along the same, and oil-burn-
ers in the respective combustion-chambers,
sald combustion-chambers being inclined to
the respective sections of the inclined echam-

“ber with which they communicate, a well at

the lower end of the inclined chamber there-

with, and communicating therewith, and a

crucible in the well. _-

29. Inasmelting-furnace, an inclined cham-
ber having a floor of varying pitch, liguid-
fuel burners disposed along the line of the in-
clined chamber and directed toward the floor,
a well at the lower end of the inclined cham-
ber, and communicating therewith, and a cru-
cible in the well, and a liquid-fuel burner in
the end wall directed across the cruecible to-
ward the discharge-mouth of the inclined
chamber. | |

30. Inasmelting-furnace,aninclined cham-
ber having a floor of varying pitch and liquid-
fuel burners disposed along the chamber and
directed downwardly, a well at the lower end

of the inclined chamber, and communicating

therewith, and a crucible in the well, and. a
liquid-fuel burner in the end wall directed
across the crucible toward the  discharge
mouth of the inclined chamber. |
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31. Inasmelting-fur nace, aninclined cham-
ber having a floor of varying pitch, combus-
tion - chambels communicating with the in-
clined chamber, and liquid- fuel burners dis-
charging thmuwh the combustion-chambers,
a well at the IOW'Bl end of the inclined cham-
ber, and communicating therewith, and a cru-
cible in the well, and a liguid- fuel burner in
the end wall dlreeted across the crucible to-
ward the discharge-mouth of the 1nclmed
chamber.

32. Inasmelting-furnace,aninclined cham-
ber havingafloor of varying piteh and liquid-
fuel burners disposed along the chamber and
directed downwardly, a well at the lower end
of the inelined chamber, and communicating
therewith, and a crumble in the well and a
water-;]aeket along the floor. |

33. Inasmeltlnﬂ'—furnace aninclined cham-
ber havinga floor of varying pitch and liguid-
fuel bumers disposed along the chamber and
directed downwardly, a well at the lower end |
of the inclined chamber, and communicating

‘therewith, and acr uclble in the well, a chim-

ney at the upper end of the inclined chamber
and communicating therewith.

34. In asmelting-furnace, aninclined cham-
ber having a floor of varying pitch, injector-
burners disposed along the chamber and di-
rected downwardly, a well at the lower end
of the inclined chamber and communicating
therewith, and a erucible in the well.

35, Inasmelting-fuarnace, aninclined cham-
ber, a plarality of combustion-chambers in
the roof of the inclined chamber and mJector-
burners therein.

36. Inasmelting-furnace,aninclined cham-
ber, an upper section of which has a piteh suf-
ficient to feed ore by gravity and a lower sec-
tion of which has a pitch sufficient to retard
and stop the ore, and injector-burners dis-
posed along the inclined chamber.

In testlmony whereof I have signed my
name to this specification, in the presence of
two subseribing witnesses, at 1.os Angeles, in
the county of T.os Anu'eles and State of Cali-
fornia, this 2d day of March 1903.

ELFEGO RIVEROLL.

Witnesses:
GEORGE T. HACKLEY,
TIiLLIE E. ADAM.
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