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This invention relates to a process and a de-
vice for producing iron or iron alloys by reducing
iron ores in rotary drum furnaces operated by
successlve charges.

In the production of iron or iron alloys in fur-
naces of this class the charge comprising iron
ores and reducing agents and possibly also addi-
tions like lime ete. is directly heated by the
hot furnace gases until the iron or iron alloys
have been melted. As the gases flowlng away
from the furnace have still & very high tempera-
ture, their heat content has been utilized for
preheating the ore or the charge in muffles or
continuously oberated cylindrical rotary kilns or
for heating air heaters In which the air for com-
bustion required for the operation of the reduc-
tion furnace is heated. The utilization of the
waste gases of the reduction furnace involves,
however, serious difficulties, since experience has
shown that in all known devices utilizing the
heat of such gases extenslve accretions were
formed or the brickwork melted away. 'This 1s
due to the fact that the waste gases coming from
a reduction furnace carry along dusty particles
of the charge as well as ashes of the fuels used
in firing the furnaces or volatillzed portiong of
the charge. These substances, finely divided in
the waste gases, enter into reactlon with the
mesonry structure of the device connected with
the furnace, so that elther sintered or molten
reaction products result, depending on circum-
stances.

According to the invention it has now been dis-
covered that the sald sintering or melting does
not occur when the waste gases on coming out of
the reduction furnace are first passed through &n
apparatus in which they serve for directly heat-
ing difficultly fusible substances ke limestone,
dolomite, magnesite, raw cement material to be
burned, raw fireclay or simllar refractory mate-
rial, zine oxlde to be sintered etc. After the tem-
perature of the waste gases has in this way been
materially reduced, for instance several hundred
degrees, the gases, even if still contalning con-
siderable amounts of dust, may be used without
hesitation for preheating the charge or the ore,
or the air for combustion, in the usual apparatus,
or may successively serve for both purposeg and
possibly also for heating the reducing- agent if
the latter is to be preheated separately from the
ore and other constituents, -

The devices In which the difficultly fusible sub-
stanceg are to be heated with the ald of the hot
waste gases of the reduction Iurnace may have
the form of rotary furnaces which either con-
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tinually move In the same direction or are alter-
nately revolved to and fro. Preferably, rotary
furnaces operated by successive charges are em-
ployed, since 1t has been found that In a furhace
of this type troublesome sintering or melting phe-
nomena can best be avoided, even if In the re-
duction furnace ores are worked which produce
easily fusible flue dust or from which during their
reduction large quantities of volatile substances,
as zinc oxides, lead oxides, etc., are driven out.

The furnace or heat exchanger for heating the
dificultly fusible substances is preferably installed
In the direction of the axis of the reduction fur-
nace to permit the furnace gases to flow without
shock through the reduction furnace and the con-
necting heat exchanger. In some instances 1t is
advisable to construct this heat exchanger in such
manner that its cross section decreases from the
inlet to the outlet of the gases.

‘When lime, silice, alumina or similar substances
or mixtures of substances are heated In the ex-~
changer with the waste gases of the reduction
furnace, they may subsequently in hot condition

" be brought into the reduction furnace if the oper-

ation of the latter requires such additions,

After thelr passage through the furnace serving
for heating difficultly fusible substances, iri¢clud-
ing on occasion also very difficultly fusible iron
ores, the gases of the reduction furnace may be
gulded through an Inclined rotary tube through
which the ore, separately or together with one or
more constituents of the charge or parts of such
constituents, 1s led in parallel or counter-flow
thereto. BSubsequently, the gases may be ufilized
for heating the air supplied to the burner of the
reduction furnace, or they may serve first for air
hegating and then for preheating the ore or
charge, If their temperature 1s thereafter still
high enough, they may be used in additional heat
exchangers, for instance for preheating a reduc-
Ing agent like coke, leanh coal, efc,, in case pre-
heating of the reducing agent is to be carried out
gseparately from preheating the ore, or for gener-
ating steam or the like.

It is further possible to preheat the difficulily
fusible substances by the hot waste gases of the
reduction furnace in an inclined continUocus re-
volving tube or to arrange the utilization of their
heat in such manner that first in the lowest part
of such s revolving tube high-melting point sub-
stances and then in the upper part the ore either
separately or together with other constituents
of the charge are heated.

'The ore or the charge and the alr of combus-
tion can be preheated also in other known devices.
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If the constituents of the charge are not jointly
but separately preheated, they are preferably
mixed before they are introduced into the reduc-
tion furnace, for instance by simultaneously plac-
ing them in a bunker or charging vessel or hy
simultaneously feeding them to the furnace.

The invention is 1llustrated by way of example
in the accompanying drawing, in which

Figure 1 is a plan view of a furnace plant ac-
cording to the invention;

Fig. 2 an elevation thereof; and

Fie. 3 a side elevation thereof.

{ denotes a rotary furnace in which iron ores,
nickel ores, copper ores, etc. are reduced and
which rotates In known manner on two rings 22
in corresponding bearings on a turntable 2, so
that the two front sides of the furnace { can al-
ternately be brought near the burner 3 as re-
quired. In the embodiment shown the burner is
assumed to be a pulverized-coal burner, the
powdered .coal flowing from a bunker 4 into -a
piping 6 through which by primary air passing
therethreugh, it is ‘forced into the burner § and
then Into the furnace. Secondary air enters
through a piping 5. The furnace | can be charged
in known manner either in inclined position from
an elevated bunker, bucket etc. or in horizontal
position by a charging device.

The waste €ases coming from the furnace 1 and
having & temperature of approximately 1300 .to
1400° C enter & drum 8 in whioh difficultly fusible
substances are heated which at the waste -gas
temperature do not appreclably melt or slag.
For example, limestone is-heated ang burnt.in the
drum 8. Between the drum 8 and the furnace |
no sealing 1s required, and -a gap may be left,
perticularly ‘when the waste gases.cf the reduc-
tion furnace | still contain -combustible constitu-
ents, through which due to the furnace draeft
false air is drawn in which serves for burning
the .combustible constituents. The limestone .or
other material is preferably fed in charges to the
drum 8 from a superposed ‘bunker through open-
ings in the shell or front sides.of thedrum, which
approximately correspond to large .tepholes or
through ooenings :in the front side of .the drum.
Through these ppenings also the dead-burnt lime
may be discharged.

From the drum 8 the waste gases ¢eoled daown

4o sbout 1000° C or lower pass .through a plpe *

orhend §-to a furnace 10 having an.enlarged aone
I1, the bend B terminating preferably in the
zone il orat a still farther point inside the drum
.ar rotary’furnace {0 which operates.gontinugusly.
In the furnace {€ the ores to be reduced are first
dried and then highly preheated. whereupon.they
pass through an intermediate bunker 12 .into 4
charging car 13 dispesed below which conveys the
preheated ore to the furnace-i.

The ore Is fed to -the furnace 18 by .neans.of
an inlet pipe I4. From the rotary furnace .10
the waste gases having now a -temperature .of
about 700-800° € flow through a flue (% Into.an
air heater, e. g. a metal recuperater (6,.and from
the latter into a drier 1T for the reduction ma-
terial. A piping 18 leads the waste gases cooled
down to anproximately 200-300°.C. into the stack
or. if the ores contain volatilizable .metals, into
a-fliter and then into the stack. The alr-required
for combustion is forced into the recuperalor -t8
‘by a ventilator 19 and-a cold alr conduit 20 and
through the hot alr condult .2t enters In pre-
heated condition the two pipings 5, 8.

The heated lime in the furnace.B is also-dls-
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charged Into the car I3, and likewise the reduc-
tion materia] in the preheater 17. The allotted
quantities are accurately weighed and constitute
the charges for the reduction furnace | to which
they are fed either directly or through an inter-
mediate bunker.

The preheating furnace 10 and connecting ap-
paratus may be so dimensioned as to connect
therewlth a second or more iron reduction fur-
naces, as Indicated in the drawing by the dotted
gas condult 28 which would then correspond ap-
proximately to the bend 9, so that between it
and the assoclated reduction furnace a drum 8
would be interposed. 24, 25 are the rings of the

5 furnaces 8, 10 which may he arranged and rotated

in known manner.

The mode of gperation is by way of example
as follows:

After the furnace | has been charged with, say,
highly preheated ore and limestone ag well gs
with perfectly dried and preheated reducing ma-
terin] the burner 3 s starfed. At the beglnning
of the process the furnace | rotates slowly, but
after some fritting of the fine gre particles occurs
it may be rotated more quickly. As the waste gas
temperatures are at first net particularly high, it
is advisable fo charge the furnace 8 later on, it
belng not necessary in this respect to meake the
duration of the treatment of the material in the
furnace § coincide with that in the furnace |I.
The furnace 8, independently of the furnace i,
may be discharged and charged during operation
not only once but several times if necessary.

The charge for the rotary furnace (P depends
?.bove all upon .the quanfity of the iron ore worked
in the furnace | or, If two.or more reduction fyr-
naces work with the furnace (0, upon the amount
of material smelted in the connected reduction
fl_;maces. The recuperator A5 can be so amply
dimensioned as to be eapable .of preheating the
alr of combystion for two or Igre furnaces, and
the same applies to the .drier 11 for the reducing
material, ‘The gapacity pf the -drier 1T may be
chosen at will, and the discharge of the dried

& And preheated material therefrom may take plage

independently of the operation of the furnsce I,
Freheated ore, hot burnt limestone or reductign
copl, ar twp qr all of these substances may be
additiona)ly fed to the reductlon furnages during
the duration of the chaxge.

The speed of the furnace 8.also.denends on the
nature of the operation and is for instance .ex-
tremely low during deacidifieation of limestane,
when 1t .amouynts 1. 1. only to a quarter furn in
Six minutes.

The reduction fuimace | may be provided with
a basic, neutral or acid lining, and the Uning of
the drums 8 angd {0 should also be adapted to
the work .done therein. With respect to the fur-
naces 8, {0 plain refractary material like fireclay
will 85 & rule be sufficient, since the wear is very
low and the cooling due to the material to be
treated In the furnaces protects the lining in ex-

.cellent manner. As the waste gases.come .out.of

the-furnace 8 at a temperature of sbout 1,000°.C.,
the connecting piping or the bend 8 1s sublected
only to slight stressing. Instead .af iron .ores
ofher ores of high-melting point metals, as axidic
i{uck‘el ores r;vir c;znper.ores,or correspanding metal-
Jlurgical preducts or waste. etc., may be t
the reduction furnace. y be freated In
ADOLF KRUS.



