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The present invention relates in general to the lump ‘fuel having 3 comparatively low crushing
production of molten iron in a blast furnace and, strength.
more  specifically; to the broduction  of molten Another object of the bresent invention: is to
iron in a blast furnace into which the employed provide such' improvements in the construction
solid. fuel is. introduced partly in the form of 8 of a- blast furnace ag pbermit- the introduction of

Iumps and partly in. a finely-divided state. - large amounts of finely-divided fuels into the

- In the following description, the word. “iron” hearth thereof;

is employed to include both pig iron and ferrous Solid" fuel as’ employed. in the blast furnace
- alloys.. : serves four “different functions, namely:

Very early in the development of the blast- 10 (1) The solid fuel provides the amount of car-
furnace art it was attempted to meet the re- bon which regets with the reduced iron in order

.- duirements: of g blast furnace as to its demands to produce molten Dig iron of the usual quality.
-for solid fuel by charging a.part of the fuel in (2) The solid fuel brovides the carbon required
- alumpy state along with the ore and the fluxing in the hearth of the blast furnace to-effect the

compounds. at the top of the blast furnace and 16 50-called direct reduction which is'understood to

to supply the remainder by introducing pulver- be the reaction of the 0xygen contained in the
ized, solid fuel into the hearth of:the blast fur- . iron ore with the solig carbon: probably accord-
hace'along with the blast.. . The burpose of these ing to the following equation: C+PFeO=—CO-}Fe,
earlier attempts was to reduce .the required (3) Combustion of the solid fuel must also pro-

camount.of expensive lump fuel by its partial sub-= 20 vide that amount of heat which is required for

stitution with finely-divided. fuels. But all these preparing and preheating the charge of iron ore,
earlier attempts did not meet with any suceess; fluxing agents and the fuel itself up to the resc-
it was found that with the employed methods of tion temperature and for effecting the endo-
operation the required reactions in the hearth of thermical reactions and for melting down the
the blast furnace are disturbed by blowing-in the 25 slag and the metallic iron, ‘
bulverized fuel in the form of dust and that the (4) In the lower parts of the blast furnace
amount. of lump ‘fuel was not- decreased. ‘but cthe, solid ‘fuel must also form a sort of grate on
rather that it was even Increased when. coal dust - which the furnace-charge rests and which is per-
or the like was blown into the blast-furnace meable for gases and through which the gaseous
hearth. It was found that the coal dust in the 30 media (blast) which take part in the ‘reaction
hearth hardly reacted at all with the blast. Only" - can be blown into the furnace and it finally must
heat was removed from the hearth by the intro- also make the tota] furnace-charge sufficiently
duction of the coal dust which-had to ‘be com- .bermeable for the blast-furnace gag leaving the
bensated for by-an inereased consumption: of the top of the furnace; o ‘
lump fuel in the hearth.. - - ‘ 35 Of the above~-mentioned four  functions of
In order to avoid these difficulties it has been: solid fuel in the blast-furnace Substantially only
brobosed to preheat the finely-divided fue] before ' ‘one can be filled by pulverized fuel; that is, the
its introduction into. the hearth in-an externally supplying of the required-heat,. :

heated pipe without admission of air.. But also It is not possible to replace the lump' fuel nec-
this method did not lead to suceess. 40 essary:for the direct reduction in the hearth of:
An object of the bresent invention is to pro= the blast furnace nor that ‘amount of carbon
vide improvements which,‘without disturbing the which reacts with the metallic iron itseif,
normal reactions in the blast furnace; permit the - - The amount of ‘carbon required for these pur-

replacement of a considerable part of the re- boses is estimated to be about 15%~20% of the
quired lump solid fuel by a finely-divideq solid 45 total amount of fuel required for the usual oper-
fuel. ‘ ‘ i
Another object of the present invention is the  ‘that a modern blast furnace of common design
broduction of iron in a blast furnace by means of and method of operation requires about 800-1000 -
lump. solid fuel and to broduce at the same time kg. of coke per ton of big iron produced, depend-
a blast-furnace gas which is suitable for carrying 50 ing upon the characteristios of the ore:
out chemical reactions; e. g., the synthesis- of The amount of lump fuel that s required for
hydrocarbons or for other purposes. ‘ the formation of the gas-permeable grate and for
Another object of the present invention is to securing a sufficient permeability of the furnace-
broduce iron in a blast furnace with the con- - charge depends of course on the properties of the
sumption of only relatively small amounts of 55 ore and ‘on the design of the blast furnace,  Un-




der optimum conditions it is possible that the
amount of lump fuel required for the direct re-
duction and for the reaction with the molten iron
is sufficient to. secure the necessary permeability
of the charge in the hearth and in the stack of
the blast -furnace.

From the aforesaid it follows that any impor-
tant replacement of the lump fuel by coal dust,
or the like, can be only effected when consider-
able amounts of the finely-divided fuel are intro-
duced into the hearth itself. It -is not generally
possible to state the amount.of coal dust that can
be introduced into the hearth but when one-con-
siders that it is necessary to introduce at least
600-800 kg. of coal, or coke dust, per ton of pig
iron into the hearth of theblast furnace in-order
to obtain & proper operation with the smallest
possible consumption of lump fuel, it follows that
the hereinbefore mentioned earlier proposals
.could not lead to an effective improvement.

The present invention comprises introducing
into the tuyeres of 2 blast furnace a mixture of
oxygen and finely-divided solid fuel which is as
homogeneous as possible and which has been pre-
formed at-a relatively low ‘temperature, said mix-
ture being introduced into the tuyeres in such 2
‘way.and under-such conditions that the reaction
between oxygen and the finely-divided solid fuel
yields substantially enly carbon monoxide and
that this reaction is started at the outlet of the
tuyeres and is completed before. the reaction
mixture comes into, contact with the solid or fluid
and/or pasty.charge of the hearth.

In this description and in the following claims
the term oxygen.is understood to comprise pure
. oxygen or air with a highly increased content of
" oxygen, preferably 2 gas (air) with a content of

more than 609%. of oxygen.

The amount of -0xXygen which according to the
present invention is' to be -introduced into the
Theatth along with the fnely-divided solid fuel
depéends on several factors. In no case can the
amount of oxygen be so great that stoichiometri-
cally .only carbon dioxide is formed by the reac-
tion between the pulverized solid fuel and oxygen
when. the amount.of hydrogen and hydrocarbons
in the fuel are also. taken into consideration in
the calculation. On. the other hand, in general,
at least.so much oxygen must be introduced that
the finely-divided ‘fuel which is to be added is

* ytilized and converted into carbon monoxide and
hydrogen. From a, practical -point .of view the
most advantageous method of .operation is to
produce. & reaction gas. that consists of carbon

. monoxide. containing a fixed amount of carbon
‘dioxide and hydrogen and/or steam. When cal-
culating the amount of carbon dioxide which
may be. permissible it must be remembered that,
because of- the temperature prevailing in the
hearth, the carbon dioxide will react with the
lump fuel in the hearth and. the consumption of
lump fuel is thereby increased. In practical op-
eration, moreover, -a. definite amount of carbon
dioxide can be required.in order to use up suffi-
cient of the solid lump fuel in the hearth that
the charge of the blast furnace descends in the

‘necessary manner and this is especially so if the
consumption of the lump fuel for the direct re-
duction and for-the carbon used. for the reaction
with the metallic iron is inadequate to permit the
charge to'descend properly.

The concentration of oxygen in the gas (air)
containing oXygen which along ‘with the finely~
divided fuel is.introduced into the hearth of the
furnace depends on the properties of the ore to
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pe used and on the properties desired in the pig
iron to be produced.

If the ore is difficult to reduce the concentra-
tion of oxygen must be higher because the tem-
perature in the hearth must be higher.
larly the concentration -of oxygen is to be in-
creased if a pig iron of a higher melting point or
5 ferro-alloy is to be produced; such a case may
for instance exist if & pig iron with & higher con-
tent of silicon is to pe produced, while for the
production -of an open-hearth pig iron a lower
temperature in the hearth is to be preferred in
order. to produce as little silicon as possible by
reduction.-of the slag.

If the operation of a blast furnace is carried

out-according to the present invention it is possi-

‘ble to reduce considerably the consumption of
lump solid fuel in the blast furnace but it must
be remarked that the total requirement of finely-
divided fuel for the blast furnace can be higher
than in the case when the same blast furnace is
operated only with Tump solid fuel. But this ad-
ditional consumption of solid fuel which may
happen under certain circumstances, with the

" process -gecording to this invention, affects -only

the amount of finely-divided ‘fuel, the price of
which "usually is only & fraction of that for a
1ump fuel having a high crushing strength. It
must also be considered that with the process
according to the invention a valuable blast-fur-
nace gas. is ‘produced. which without further
treatment can be used for the synthesis-of valu-
able hydrocarbons, or for other purposes. With

{he process according. to this invention the whole

amount ‘of the produced blast-furnace ‘gas is
available for usebecauseof the use-of oxygen and
the preheating of ‘the ‘blast ‘which otherwise is
necessary can be omitted; ‘as is well known the
preheating of the blast in the normal operation
of - blast furnaces takes about one-third -of ‘the
blast-furnace gas produced.

Tn this description and in the following ‘claims
the term lump -solid fuel Is understood to com-
prise ‘such fuels as; ocCur ‘in pieces large ‘enough
to provide adequate ‘permeability of the charge
of ore, fluxing -agents and fuel, in the furnace- -
stack and-in thehearth-of the blast furnace, and
which' also has ‘suficient crushing strength. ‘In
general, there can ‘be:-considered, “for example,
coke ‘from bituminous-coal, charcoal, anthracite

-and -other hon-coking “coals.

‘Practically: any chosen solid fuel can be-used
as the finely-divided fuel if it has the ‘necessary
small -size -of grain. ‘Preferably the -invention
uses a finely-divided solid fuel which leaves not
more than-10% residue -on a 4900 mesh sieve.
Tt'is unimportant whether the finely-divided solid
fuel is of the coking or non-coking variety.

The ratio of the reactivity of the fincly-divided
solid fuel to-that-of the lump solid: fuel is of 1o
significance when applying this invention. Into
2 blast furnace which is operated for instance
with an easily reactive charcoal as the lump fuel,
there can'be chargeda ‘finely-divided fuel of poor
reactivity, - for ‘instance pulverized: bituminous
coal. Such utilization of poorly and easily re-
active fuels simultaneously has before-the present
invention not been possible in the ‘operation of
a ‘blast furnace. R

“The present invention -also provides. a mnovel.
design of the blast- furnace to be used for the
production of . molten iron. B

According to-an essentialfeature of ‘the present
invention one ‘or-more:so-called gasifying heads

are provided in the walls of the hearth of the
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fying heads that one or severaj conitinuous rows
of gasifying. heads are formed along ‘the wkole
circumference of the hearth. - - .. s

The single gasifying head is .designed”almost
like a common water ‘cooled tuyére ‘or nozzle
which usually serves to introduce the blast into
the hearth of the hlast furnace. But towards the
inner part of the hearth the gasifying head is
enlarged ag compared. with the-commor tuyére
or nozzle so that an essentially conical space is
formed which opens into the hearth with its wider
end. : ‘ - ‘

The homogeneous mixture’ of . oxygen: and

finely-divided- fyel which” hag " been preformed

" outside the furnace ‘is introduced-at the nar-

rowest point of this conical space and ‘axially
thereof in the formof 3 jet. - R :
Advantageously the gasifying head'is provided
with ‘water-cooled walls. Preferably, according
to the invention; it is provided ‘with a.refractory
lining in order to prevent losses.:'of heat, ~Also
the water-cooled walls can, according to the in-
vention, he provided with g refractory lining..
The size  and arrangement: of - the * gasifying
heads is so chosen that the conical space of the
8asifying heads cannot be filled-in by the charge
in-the hearth during ‘operation. of the ‘blast fur-
nace. - In-this manner, according to the inven-
tion, a row: of ‘gasifying niches or chambers is
formed each being sufficiently large that the re-
action between oxygen and solid finely-divided
fuel can practically be finished before the ‘prod.

. ucts of this reaction meet the solid - or pasty

charge in the hearth.

A preferred embodiment of the invention is to
provide the hearth of the blast furnace with a
greater diameter than the stack and to arrange
the gasifying heads in the -arch-like space be-
tween  the "stack and. hearth.  Thig design is
shown.on the attached drawing.

According to the invention it is also Ppossible
to-line the gasifying ‘heads with carbon’ bricks.
In order to counteract attack of the carbon bricks
by oxidation the invention provides that a reduc-
ing medium, preferably carbon. monoxide, is in-
troduced through an annular nozzle which is .ar-
ranged at the narrower end of the gasifying head
and-‘co-axially around the inlet of  the ~fuel-
oxygen mixture and.in'stch s way that'a coherent

flows along in surrounding relation therewith ag
the mixture reacts to form the carbon monoxide,
thereby preventing the oxidizing medium from
touching the surface’ of ‘the carbon bricks.
Other important - objects" ang featlres of the
invention follow from the-description ‘of‘an-ad-

‘vantageously used design of a blast furnace ac-

cording to _the present invention which is shown
on the drawings: g vertical section in'Figure 1
and in ‘Figure 2 a-horizontal section along line
II—IT of Pigure 1, and-in- Figure 3;:g sectional
view showing- the structure from the mixing de-
vice 18 to the watey Jacket 9 in greater detail.

Pigure 4:is an enldarged view of the mixing de-.

vice i5, i S
The blast furnace shown on the drawing com-

© prises a stack: { which tapers from the top down.

wardly and: which is formed of refractory. brick-
work 2.
frame 3.
The lower end of the stack i opens:into g
tapered portion 5, the smallest diameter being
adjacent the stack, as shown in Pigure -1,
The hearth 4 formed by refractory walls § is

The, brickwork 2 is supported on g 7
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of greatér dismeter than'the tapered bortion- 5.
In the arch-like wall T between stack and hearth
& continuous row of gasifier heads 8 ig arranged
as can be seen from Figure 2.

As'shown in Pigure 1, the gasifier heads 8 com-
prise -edch g watber-cooleq jacketed body. 8 pro-
vided with g refractory. lining 1. The refrac-
tory lining 10 forms a reaction space (1 which is
essentially conical ang which opens with its en~
larged end into the hearth 4. At the narrower
end of the reaction’ space [l there is g, water-
cooled nozzle or tuyére 12 adapted to introduce
a mixture of finely-divided so0lid fuel and oxygen
in the form of g, jet into said reaction space.

The mixture of finely-divided s0lid  fuel - and
OXygen' are- introduced into the nozzle (2 at a
temperature and:velocity such that the regetion

4 the mixture flows from a saig device 15 through
& Dipe 16 to an individua] nozzle 12 connected
therewith. :

As shown in Figure 2, an individual mixing de-
vice 15 ig bProvided for each gasifier head and/or
each nozzle 12 ang Dreferably also g conveying
means 14 individua] thereto ig provided,

In the gasifier heads the nozzle ‘12 is syr-
rounded by an annular orifice 17 which forms the
end of the space (8. From the delivery main {9,
carbon monoxide, for example, bart of the pro-
duced blast-furnace gas can’ be  introduced
through pipe 20 into this space 18. The annular

5 Orifice I7 ig preferably so arranged that the gas

leaving through the annular orifice 17 is forced
to flow along ‘the ‘walls of the conieal reaction
chamber (1. ;

The molten pig iron produced in the-blast fup-

ace is tapped off at 2| and the molten slag at 22,

The blast furnace shown in the drawing is of
the so-called low-shaft type, the stick | being of
relatively low height openg into the hearth with-
oup & ‘50-called bosh..  In spite of the decreased

60 .
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. value -of the ‘blast-furnace gag drawn off at 23
B 'I‘he pQSSibi‘l‘i“ty Of : i !

tively ‘low crushing strength isan important ad-

vantage of the low-shaft blast furnace,

“The"solid lump “fuel, the ore -and the fluxing
materials are introduceq through the throat of
the blast furnace in the'usual Mmanner,

The invention as hereinabove sef forth is em-
bodied in particular form and manney but may
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“be variously embodied within the scope: of the
claims “hereinafter made. -

I claim: ) : o

1. An improved,pmc,essifon produeing’ metallic

iron, from.irow ore-in-a blast: furnace by the in- -

troduction of pulvetized selid fuel at the-hearth
of said blast furnace containing said cre, said
process comprising:: introducing the -furnace
charge of iron-ere andi flux along with: lump selid
carbonaceous. fuel faor direct reduction, for reac-
tion with-the. metallic ivon itself,-and:-for gaseous
- permeability of the charge; into the blast furnace
through the: throst: of the furnace; introducing
the selid fuel for supplying the heat for therproe-
ess by preforming “outside the blast furnace
hearth and 2t celatively Iow’ temperature.a. fuid-
ized mixture of gas ‘eompyrising nIore than:80per
cent, frec oxygew and pw verized :solid: fuel with
the oxygen in arzountsueh: as. to -yiéld. by reac-
tion with the solid-fuel ‘substantialiy culy garbon
menoxide but in amount such +that the pulverizsd
fuel of the mixture igrgntbstantially all utilized in
conversion. to carhonimonoxide, fowing: said mix-
ture axially in'the form.of aijet into tuydres:thab

comrunicate With. The hearthof said blast. fur- ¢

nace and initially {gniting the mixture at the
inlet -of the tuyéres .and. completing the thermal
reaction to- carbon monoxide of the reactants of
caid mixturs in ihe tuyeres in advance of .emis-
sion from the. tuyeres-into-the hearth protecting
the walls of fhe tuysres-by surrounding the. axial
. jeb of the thermaf reaction ‘mizture, -during its
flow through thetuydres; with o ‘surrcunding flow
of a gaseous reducing medium in direct contact

“rherewith in the form-61-2 reducingime‘diumawhﬂe:

the thermal-resction v'm-ixture‘ ig-issuing into: the
tuydre path and flows ‘through: the tuyére pati-to
the hearth; ‘thergafter pringing ‘the resultant

thermal reaction mixture into- contact with: the

iron-gre gt said blast furngee hearth, and passing

the gases thereof upwardly through the furnace
shatft through: the furnace-charge of iren ore,
fiux, and carbor sntroduced +therewith as afore-
said through frethroat of thefurnace; and with-
- d‘rawingthe'-so«_prodme'd plast gas{rom the upper
nart of the surnaceshalt, -

9. A method ag clatmed in claim 4, and in-which
the tuyere path is of gradually inereasing cross-

) -sectiona-l‘a*rea*inv'the direction-of the Thearth for

effecting -substantial completion -of the thermal

reaction. of the reaction mixture therein before

the nixture “issues into ‘the hearth -charge from
the tuyére path,’and i whieh -the surrounding
flow of another cosling medium is-caribon mon-

oxide. )

3. An improved Process for producing metallic
irony frem ‘iron orve in a plast furnace by intro-
duetion -of ‘pulverized solid fuel at the hearth
of said ‘blast furnace containing said ore, .said
Process comprising:
‘charge of iron ore and flux -along. with ‘lump
solid carbonaceous fuel for direct reduction, for

. yegction with the ‘metallic “iron itself, and “for
’ gaseousgperm'eatjﬂity ‘of the chargs; into the blasy
" furnace through the throat of the furnace; in-

- troducing the solid fyel for supplying the heat:
for the process by preforming putside the. blast
furnace hearth-and at a relatively Tow “tem-
perature a ‘fuidized mixture of a gas comprising

-introducing the furnace
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solid fuel with the axygen: in. amount insufficient

to. oxidize the carbon of said fuel to.mainly carbon
dioxide but. in ‘amount such that ‘the pulverized
solid fuel of the mixture -is all utilized in comn~
version to .gas by the oxygen of the -mixture;
flowing said mixture axially in the form of a
jet through tuyéres that communicate with the
nearth of said blast furnace and initially igniting
at the inlet of the tuyéres and completing the
thermal reaction -of the reactants of said mix-
ture to. oxide of ¢&: ‘bon. in the tuyéres in advaiice
of emission from the tuyéres into the hearth
charge; simultaneously flowing an ahnular
stream-of carbon-monoxide through the tuyéres
from the inlet to the outlet -of the fuyeres and
so as to -form -an annular envelope. along the
tuyere walls that surround -the jets of fuel and
oxygen therein; thereafter Jbringing -said thermal
reaction . products: into contact with iron ore of
said. blast furnace hearth, and _passing the gases
thereof upwardly through the furnace charge of
jron ore, flux, and -carbon introduced therewith
as aforesaid through the throat of the furnace;
and withdrawing the so-produced blast gas from
the upper part of the furnace shaft.

4. A method as claimed in claim 3, and in
which the thermal reaction mixture of the: axial

‘jet ‘and the stream -of carbon monoxide -flow

through a pathof increasing cross-sectional area
in the tuyéres, and -enter said tuyere path ab
its narrowest part-and issue from the wider por-
tion of the tuyére path into the hearth eharge.

5. A method as claimed in- claim -4, and in
which the hearth portion of the furnace charge
is of greater horizontal -area. than the stack
portion of the charge, the stack portion of the
charge is centrally superimposed on the hearth
portion of the charge ‘and the tuyére burning
paths are disposed: over the marginal top portions
of the hearth of the charge that surround the
lower portion of the-stack portion of the charge
centrally superimposed on the hearth portion.
6. A method as ¢laimed: in claim 4, and in
which ‘the tuyeére. paths are insulated with ele-
merital carbon and in which the tuyére insu-
lation: is protected- from-the axial jeb by & cool-
ing: medium _comprising ‘a. reducing medium -of
carbon ‘monoxide, which ‘issues into the “hearth
along  with . the issue of the thermal: -reaction
mixture from the tuyére paths. .

: i FRIEDRICH: TOTZEK.
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