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57 ABSTRACT 
A method of operating a blast furnace with coke as 
the principal fuel and with a carbon- or hydrocarbon 
containing auxiliary fuel is disclosed. The coke is 
charged in conventional manner through the top of 
the furnace while the auxiliary fuel is heated and bro 
ken down in a reaction space located outside the 
hearth of the furnace. The decomposition products of 
the auxiliary fuel thus obtained are introduced into the 
hearth through the tuyeres. In accordance with the in 
vention the decomposition products of the auxiliary 
fuel, after exiting from the reaction space, are directly 
introduced into the tuyeres or their adjacent blow 
pipes which carry the hot blast. 

17 Claims, 5 Drawing Figures 
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METHOD OF OPERATING A BLAST FURNACE 

FIELD OF INVENTION 

The present invention is directed to a procedure for 
operating a blast furnace with coke as principal fuel 
and with a carbon- or hydrocarbon-containing auxiliary 
fuel. Suitable auxiliary fuels for the purposes of this in 
vention are, for example, petroleum, petroleum prod 
ucts, natural gas, coke oven gas or coal dust. 

BACKGROUND INFORMATION 

In the production of pig iron in blast furnaces, several 
attempts have been made by blast furnace operators to 
replace a portion of the relatively expensive coke, 
which is customarily used as principal fuel, by less ex 
pensive auxiliary or additional fuels (hereinafter auxili 
ary fuel). However, these attempts have not been fully 
successful. There are several reasons for this. Thus, for 
example, it is well known that in the prior art blast fur 
nace processes, the upper limit for the addition of oil 
as auxiliary fuel per ton of pig iron, should not exceed 
about 100 kg. The reason for this is that the oil, prior 
to its introduction into the furnace through the tuyeres, 
passes during ordinary blast furnace operations, rapidly 
through the reaction space ahead or in front of the tu 
yeres, to wit, the reaction space which contains oxygen, 
carbon dioxide or steam of the hot blast with which the 
oil can react. In practice the dwell time of the oil in the 
space ahead of the tuyeres is only about 1/200 of a sec 
ond. This time period, however, is much too short for 
effectively cracking the oil and for oxidation of the hy 
drocarbons in the oil. Furthermore, the subsequent 
cracking and heating of the thus formed decomposition 
products in the hearth of the furnace consumes heat. 
The furnace is thus deprived of heat in a zone at which 
it is most needed. Moreover, the entry point of the oil 
in the tuyeres cannot be moved back, to wit, in a direc 
tion away from the furnace within the tuyere structure 
because if this would be done, the oil, due to contact 
with the oxygen contained in the hot blast, would burn 
up to form carbon dioxide and water vapor. The high 
temperature which would be the result of such an oper 
ation, would in turn endanger the tuyere structure. On 
the other hand, the hearth, during the reduction of the 
carbon dioxide and the water vapor to carbon oxide 
and hydrogen, is strongly cooled by the red hot coke. 

For this reason it has previously been suggested first 
to gasify the oil or other auxiliary fuels outside the blast 
furnace structure proper and then to blow the gases 
thus formed into the upper portion of the blast furnace, 
thereby to improve the indirect reduction. With a view 
to improving the distribution of the added gas, it has 
also been proposed to introduce the gas into the tu 
yeres of the blast furnace, although this gas cannot 
serve the purpose of increasing the temperature in the 
hearth. On the contrary, by proceeding in this manner, 
the hearth area is deprived of heat, because the added 
gas has first to be heated to the temperature of the 
hearth. A compensation for this loss of temperature 
can be attained by increasing the temperature of the 
hot blast or by adding oxygen. 
For this reason, it has also been suggested to use oil 

or other auxiliary fuel which is not gasified outside the 
blast furnace proper, but wherein the oil is split or bro 
ken down in an oxygen deficient atmosphere, some 
times in the presence of water vapor and/or carbon di 
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2 
oxide. In this manner a relatively large portion of the 
carbon contained in the oil is introduced into the 
hearth in the form of soot, which soot then burns in the 
hearth to form carbon oxide and which replaces coke 
carbon. 
However, all these prior art procedures require con 

siderable expenditure in equipment for the purpose of 
gasifying or splitting the auxiliary fuel outside the blast 
furnace. A uniform distribution of the decomposition 
products to the individual tuyeres is extremely difficult. 
Furthermore, a portion of the heat value of the auxili 
ary fuels is lost by radiation or other unavidable proce 
dural losses. Finally, the extremely high investment 
costs for such gasification and decomposition plants re 
duce the savings which are achieved by the replace 
ment of coke by the auxiliary fuel. In many instances 
no saving in fact results, thus defeating the very pur 
pose for using the auxiliary fuel. 

SUMMARY OF THE INVENTION 

The primary purpose of the present invention is to 
overcome the difficulties and drawbacks of the prior 
art procedures and to propose a procedure which en 
ables a significant increase of the amount of auxiliary 
fuel to be added to coke operated blast furnaces with 
out requiring any complicated or expensive apparatus. 

It is also an object of this invention to provide a pro 
cedure which enables the introduction of considerable 
quantities of auxiliary fuel into a coke operated blast 
furnace by means of a simple readily operated and ser 
viced apparatus. 
Generally, it is an object of this invention to improve 

on the art of blast furnace operations and their eco 
nomics. 

Briefly, and in accordance with this invention, the 
auxiliary fuel is broken down or split into decomposi 
tion products outside the hearth of the furnace and in 
a reaction space and the decomposition products thus 
obtained and after exiting from the reaction space are 
directly introduced into the individual tuyeres or their 
associated blow pipes and then into the hearth of the 
blast furnace. The coke, in conventional manner, is 
charged through the top of the blast furnace while the 
auxiliary fuel is a carbon- or hydrocarbon containing 
material, such as, for example, petroleum, petroleum 
products, natural gas, coke oven gas or coal dust or the 
like. Instead of introducing the decomposition products 
directly into the tuyeres, they may be introduced into 
the blow pipes adjacent the tuyeres which blow pipes, 
in conventional manner, carry and convey the hot 
blast. Thus, in the inventive procedure, the decomposi 
tion products formed from the auxiliary fuel and after 
their exit from the reaction space referred to, are di 
rectly introduced into the blow pipes, which carry the 
hot blast, or into the tuyeres and thus into the hearth 
portion of the furnace. 
The various features of novelty which characterize 

the invention are pointed out with particularity in the 
claims annexed to and forming a part of this specifica 
tion. For a better understanding of the invention, its op 
erating advantages and specific objects attained by its 
use, reference should be had to the accompanying 
drawings and descriptive matter in which there are ill 
lustrated and described the preferred embodiments of 
this invention. 
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IN THE DRAWINGS 

FIG. 1 is a longitudinal section through a first en 
bodiment of an arrangement suitable for carrying out 
the inventive procedure; 

FIG. 2 is a second embodiment; 
FIG. 3 is a third embodiment; 
FIG. 4 is a fourth embodiment; and 
FIG. 5 is a section along line V-V of FIG. 4. 
The inventive procedure can be carried out in several 

variations which are being explained in detail in con 
junction with the Figures of the drawings referred to. 
Referring first to FIG. 1 of the drawings, reference nu 
meral 1 indicates a conventional cooled tuyere 1 which 
discharges into the blast furnace space, the blast fur 
nace proper not having been shown. In respect to blast 
furnace structures, attention is directed to 'The Mak 
ing, Shaping and Treating of Steel,' Eighth Edition, 
published by United States Steel Corporation, pages 
384 - 435, and in particular page 394, which discusses 
tuyeres and related structures. 
Adjacent the tuyere 1 is situated the so-called nozzle 

tube or blow pipe 2 (hereinafter referred to as blow 
pipe) which discharges into the tuyere. The blow pipe, 
through the elbow or pipe bent 3, is connected with the 
supply line 4, the latter leading to an annular conduit 
(not shown) and usually referred to in the art as the 
bustle pipe. The bustle pipe is a large refractory lined 
pipe that encircles the furnace and distributes the 
heated blast from the hot blast main to the respective 
tuyere connections, such as the connection 4,3,2 in 
FIG. 1. In accordance with the invention, a reaction 
space 5 is provided for the decomposition or splitting 
of additional fuel. This reaction space 5 in the embodi 
ment of FIG. 1 is formed by the annular hollow tube 
member 5' which is closed on its sides and which sur 
rounds the blow pipe 2. The reaction space or chamber 
5 of the member 5' communicates with the blow pipe 
space through openings 6. Supply lines 7 and 8 for the 
space 5 are provided for the charging of the reaction 
media such as auxiliary fuel, the conduits or lines 7 and 
8 thus discharging into the reaction space 5. The de 
composition products which are formed in the reaction 
space 5 exit through the openings 6 into the space of 
the blow pipe 2 where they intermingle with the hot 
blast stream which flows through the blow pipe 2 to 
wards the tuyere 1. The reaction space 5 may be 
charged through lines 7 and 8 either with oxygen alone 
or with oxygen in mixture with carbon dioxide, water 
vapor and nitrogen, as well as the auxiliary fuel. In a 
preferred embodiment of the invention, it is recom 
mended to arrange and shape the openings 6 which es 
tablish the communication between the reaction space 
5 and the blow pipe space 2 so as to be slanted in the 
flow direction of the hot blast as shown in FIG. 1. In 
other words, the openings 6 are inclined towards the 
tuyere 1. Under certain circumstances it may also be 
advisable to provide a constriction 9 in the region 
where the blow pipe 2 enters the tuyere 1, as shown in 
FIG. 1, 

In another preferred embodiment of the inventive 
procedure, the hotblast stream is divided into two part 
streams in the connecting line between the annular line 
or bustle pipe and the tuyere, the first partial stream 
(main stream) flowing through the tuyere into the 
hearth of the furnace while the second partial stream 
(secondary stream), after its separation from the main 
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stream, is brought into contact with the auxiliary fuel, 
resulting in decomposition of the latter. The decompo 
sition products formed in this manner are reunited with 
the main stream just prior to entry into the hearth of 
the blast furnace. 
The secondary stream of the hot blast may then be 

conveyed together with the auxiliary fuel through a 
pipe which extends coaxially within the blow pipe so 
that this pipe actually serves as reaction space in the 
meaning of this invention and the decomposition prod 
ucts thus formed meet again with the oxygen of the 
main stream at that end of the pipe which is closest to 
the tuyere, to wit, just prior to entry into the hearth. 
The inventive procedure operates most efficiently if 

the auxiliary fuel is completely split or decomposed in 
the reaction space. However, if the reaction space-pipe 
dimensions required for this purpose are of a size which 
cannot be accommodated within the blow pipe, partial 
decomposition or splitting may be sufficient to improve 
the operations of the blast furnace. Thus, even partial 
decomposition results in an improvement, if compared 
with the presently used methods for the introduction of 
the auxiliary fuel. 
Dependent on the quantity ratio of oxygen to auxili 

ary fuel, either the entire amount of carbon contained 
in the auxiliary fuel or only a portion of this carbon 
may be burnt to carbon oxide. In the latter case, soot 
is formed, which subsequently is burned in the hearth, 
whereby the temperature in the hearth is raised to the 
same extent as obtained when coke-carbon is burnt. As 
is known from the decomposition of such auxiliary 
fuels, water vapor (steam), carbon dioxide or other 
gases and vapors may be introduced together with the 
auxiliary fuel into the pipe which serves as the reaction 
space. Further, the combustion in the reaction space 
may be conducted with oxygen or oxygen enriched hot 
air. The supply of oxygen is particularly recommended 
if, for the purpose of extending the reaction period, the 
volume of the decomposition products is to be kept 
small and their flow speed in the reaction space is to be 
kept low. In doing so, the temperature in the reaction 
space may be optionally adjusted. For example, the 
temperature in the reaction space may have substan 

5 tially the same value as the hot blast temperature of the 
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main stream; or it is possible to set a temperature in the 
reaction space which is higher than the temperature of 
the main stream of the hot blast. In the latter case, radi 
ation losses of the reaction space inure to the benefit 
of the temperature of the hot blast stream which flows 
past on the outside of the reaction space walls. The re 
quired staying time of the auxiliary fuels in the reaction 
space, of course, is largely dependent on the kind of 
auxiliary fuel. The dimensions of the reaction space 
should be as large as possible if the auxiliary fuel is in 
the form of an oil which is broken down with difficulty 
only. If the reaction space is in the form of a pipe ex 
tending coaxially within the blow pipe, then this pipe 
should be as long as possible and, if necessary, should 
extend between the tuyere and the supply conduit as 
close as possible towards the annular supply line. In 
most instances it will, however, be sufficient if the hori 
zontally extending portion of the pipe is merely used as 
reaction space. Further, the reaction space may be wid 
ened or enlarged by initially enlarging the diameter of 
the pipe in the flow direction of the reaction media, 
then maintaining this enlarged diameter constant for a 
certain length or path and finally again decreasing the 
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diameter to its original value. Further, by building in 
structures, such as, for example, spiral shaped form 
pieces, the path of the reaction media in the pipe which 
serves as reaction space may be enlarged. Finally, the 
auxiliary fuel, also in admixture with, for example, 5 
steam of high pressure and high temperature, may be 
introduced into the reaction space-pipe either verti 
cally or opposite to the flow direction of the hot blast, 
so that a flame of horse-shoe shape is formed. The reac 
tion spacepipe may be correspondingly short if the aux- 10 
iliary fuel is a readily decomposable hydrocarbon, such 
as, for example, gasoline. A short pipe prevents on the 
one hand that the hydrocarbons of the auxiliary fuel 
come prematurely into contact with the oxygen of the 
main stream of the hot blast and thus burn to carbon 15 
dioxide and steam. On the other hand, such a short pipe 
is sufficient in order to cause at least partial splitting of 
the auxiliary fuel, so that a mixture of soot, carbon 
oxide and steam is formed, the soot, as previously 
stated, being burnt in the hearth and the thus forming 20 
gases improving the indirect reduction in the upper 
portion of the furnace above the hearth. 
The preferred embodiment of the inventive proce 

dure as described hereinabove may, of course, also be 
carried out in such a manner that the main stream of 25 
the hot blast is conveyed through the pipe which coaxi 
ally extends within the interior of the blow pipe, while 
the reaction space, in which the secondary stream of 
the hot wind is reacted with the auxiliary fuel, is passed 
through the annular space which extends between the 
inner wall of the blow pipe and the outer wall of the 
pipe, the latter extending coaxially in the interior of the 
blow pipe. 
Apparative arrangements in which the two variations 

of the procedure as described above can be success 
fully performed are illustrated in FIGS. 2 and 3 in longi 
tudinal section. 
FIG. 2, in the same manner as in FIG. 1, shows a 

cooled tuyere 1, the blow pipe 2 terminating in the tu 
yere 1. The blow pipe 2 communicates with the supply 
line 4 through the elbow or bent pipe section 3. The 
supply line 4 leads to the annular line or bustle pipe not 
shown. A pipe 10 is coaxially arranged within the space 
of the blow pipe 2. The pipe 10 serves in this embodi 
ment as reaction space for the auxiliary fuel. A supply 
conduit 11 for the auxiliary fuel terminates within the 
pipe 10. Not only auxiliary fuel but also steam, oxygen 
or other gases and vapor may be charged through con 
duit 11. 
The auxiliary fuel reacts in pipe 10 with the secon 

dary hot blast stream which flows through the pipe 10 
along its entire length, the main stream of the hot blast 
flowing through the annular space between pipe 10 and 
blow pipe wall 2. If the auxiliary fuel is in the form of 
a hydrocarbon which is readily decomposed or split, 
the end of conduit 11 may be moved frontwardly and 
the pipe 10 may be shortened to such an extent that 
only a very short pipe cylinder is placed on the end of 
the conduit 11. The decisive factor is solely that the 
auxiliary fuel, when it exits from the supply conduit 11 
into the reaction space of the pipe 10, comes into 
contact with a small quantity of oxygen only, while the 
main amount of the oxygen comes into reactive contact 
with the decomposition products exiting from pipe 10 is 
just prior to entry of the decomposition products into 
the hearth, this main portion of the oxygen emanating 
from the main stream of the hot blast. The exit of the 
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6 
auxiliary fuel from the supply conduit 11 into the reac 
tion space-pipe 10 may be accomplished, for example, 
by providing suitable bores or openings in the supply 
conduit 11. The distance between the end of the pipe 
10 adjacent the furnace and the end of the tuyere 
which projects into the blast furnace space should be 
dimensioned such that the soot which is formed during 
the splitting of the auxiliary fuel, is ignited just ahead 
of the tuyere. 

In FIG. 3, the same reference numerals refer to cor 
responding parts as shown in FIGS. 1 and 2. In the em 
bodiment of FIG. 3, the procedure is, however, such 
that the main stream of the hot blast flows through the 
pipe 10, while the secondary stream contacts the auxili 
ary fuel in the annular space which extends between 
the outer wall of the pipe 10 and the inner wall of the 
blow pipe 2. This annular space is thus the reaction 
space. It will be noted that the blow pipe 2 is partially 
formed by a portion 12 which first gradually flares out 
wardly to form a larger diameter space, then, with this 
larger diameter extends cylindrically for a certain 
length and thereafter again tapers inwardly to the origi 
nal diameter of the blow pipe 2. The annular reaction 
space is thus correspondingly enlarged so that the reac 
tion media flow correspondingly slower there through. 
The division ratio of the hot blast into main and secon 
dary streams is determined in the arrangements of 
FIGS. 2 and 3 by the ratio of the free inlet cross-section 
of the pipe 10 and the annular space which is formed 
between the pipe 10 and the blow pipe 2. In FIG. 3, the 
supply conduit 11 for the auxiliary fuel extends perpen 
dicular to the flow direction of the hot blast. The supply 
of the auxiliary fuel, however, can also be effected radi 
ally or tangentially. It is also within the scope of this in 
vention to introduce the auxiliary fuel at different 
points or areas into the reaction space. The same ap 
plies to the arrangements of FIGS. 1 and 2. 
The division of the hot blast stream into two partial 

streams may, however, also be effected by arranging 
one or several separating walls or spacers which extend 
parallel to the axis of the blow type. These separating 
walls then divide the cylindrical space of the blow pipe 
into at least two separated chambers or spaces. One of 
the chambers is then flown through by the first or main 
partial stream of the hot blast while the secondary 
stream flows through the second chamber where it is 
admixed with the auxiliary fuel, for example, by spray 
ing finely atomized oil into the second chamber. The 
two streams contact each other at the end of the sepa 
rating wall. Whether this separating wall should project 
into the tuyere structure or should terminate in the in 
terior of the blow pipe or at the end of the blow pipe, 
is dependent on the reactivity of the supplied auxiliary 
fuel. 

If a plane wall is used as separator which extends 
through the axis, then the cross-section is divided into 
two semi-circles. If this wall is moved upwardly, two 
cross-sections of circular segment shape are formed. 
The wall, however, may also be arched so as to form 
two cross-sections of any desired shape. 

In order to attain a large contact surface between the 
hot air blast and the decomposition products of the 
auxiliary fuel, after the decomposition products have 
exited from the reaction space, the cylindrical space of 
the blow pipe may be divided into more than two 
spaces. For this purpose, several separating walls 13, 14 
(see FIGS. 4 and 5) are required. If these separating 
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walls extend parallel to each other, then disc shaped 
partial spaces 15, 16 and 17 are formed. By contrast, 
if the separating walls are radially arranged, the individ 
ual partial spaces have then the cross-section of circu 
lar segments. Of two adjacent spaces 16, 17 or 15, 16, 
one of the spaces (15, 17) is then exclusively flown 
through by hot blast while the other space (16) is flown 
through by hot blast and also by auxiliary fuel, such as 
oil, so that a partial combustion takes place in the latter 
space. At the end of the separating walls, the two 
streams intermingle on a large surface. This is particu 
larly important if unburnt material, such as soot, is con 
tained in the decomposition products of the partial 
combustion. 
The particular advantages of the inventive procedure 

reside in the fact that the decomposition products of 
the auxiliary fuel are supplied to each of the tuyeres in 
dividually without requiring an intermediate storage or 
transport of the soot by inert carrier gases. Since the 
reaction space is situated very closely adjacent ahead 
of the hearth, the gaseous decomposition products and 
the soot can be introduced into the hearth of the blast 
furnace at a temperature which is practically the same 
as the reaction temperature so that only insignificant 
heat losses occur by the splitting or decomposition. The 
ignition of the soot with the oxygen of the main stream 
of the hot blast is thus possible along a very short path. 
Particularly important is, however, that complicated or 
large apparatus outside the blast furnace are avoided 
and the operation and servicing of the inventive proce 
dure is exceedingly simple. 
The invention will now be described by a specific Ex 

ample, it being understood that this Example is given 
by way of illustration and not by way of limitation and 
that many changes may be effected without affecting in 
any way the scope and spirit of the invention as recited 
in the appended claims. 

EXAMPLE 

The Example refers to a blast furnace operation to be 
carried out in a relatively small-size blast furnace fitted 
with 13 tuyeres, the tuyere - blow pipe structures and 
their operation being of the kind illustrated in and de 
scribed in connection with FIG. 3. 
The blast furnace has an output of 40 t of pig iron per 

hour and normally consumes 500 kg of coke and 80 kg 
of oil per ton of produced pig iron. In accordance with 
the procedure of this invention, it is the intention to 
lower the coke supply and to increase instead the oil 
supply, to wit, the auxiliary fuel. In this particular test, 
it is intended to raise the oil supply to 200 kg per ton 
of pig iron. If one adopts a replacement ratio of coke 
:oil = 1, a fuel consumption of 380 kg (500 - 120) of 
coke and 200 kg (80 + 120) of oil per ton of pig iron 
is then calculated. This in turn means that an hourly 
consumption of 15.2 t of coke and 8 t of oil must be 
provided for. 
The 380 kg of coke per ton of pig iron may be attrib 

uted for the required purposes as follows: 
40 kg - alloying coke 
133 kg - reduction coke 
207 kg - heating coke. 

The coke contains in this Example 87 percent of car 
bon and 0.4 percent of hydrogen. This means that 1 kg 
of coke requires 3.86 Nm of air blast. It follows that 
for 1 ton of pig iron 207 X 3.86= 800 Nm air blast are 
required. With a pig iron production of 40 t per hour, 
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8 
a blast requirement of 32,000 Nm per hour is thus 
needed. 
The oil had a carbon content of 84 percent and a hy 

drogen content of 12 percent. In order to gasify this oil 
to carbon oxide and hydrogen, 3.72 m'air blast per kil 
ogram are required. With a supply of 200 kg of oil per 
ton of pig iron and with a pig iron output of 40 t per 
hour, the hourly blast requirements are 29,800 Nm. 
5.85 Nm of gas are then formed from each kilogram 
of oil. The amount of gas is 1,170 Nm per ton of pig 
iron and 46,800 Nm per hour. 

In order to calculate the necessary cross-sectional 
areas in the tuyere stock (blow pipe) and in the reac 
tion space, these quantities have to be recalculated into 
Nm after distribution to the 13 tuyeres of the blast fur 
nace. In doing so, a pressure of two absolute atmo 
spheres (ata), a blast temperature of 1,250°C and a 
temperature of the gasified oil of 1,400°C is assumed. 
Per tuyere, the following quantities per second are then 
obtained: 1.92m of blast furnace blast stream, 1.78m 
of oil gasification blast stream and 3.06m' of gasified 
oil. If a maximum permissible flow velocity of 200m/s 
is set, the required cross-sectional areas are as follows: 

For the blast furnace blast -96cm 
for the oil gasification blast - 89cm and 
for the gasified oil - 153.cm. 
As described in connection with FIG. 3, the blast fur 

nace blast stream flows through the pipe 10 located 
within the blow pipe 2,12. At a flow speed of 200m/s, 
the inner diameter of the pipe 10, to wit, its flow pas 
sage, should then be 1 1.08cm. The wall thickness of 
pipe 10 is 1 cm while the outer diameter is thus 13.08 
cm. The oil gasification blast stream flows through the 
annular space (reaction space) formed between the 
blow pipe wall 2, 12 and the outer diameter of the pipe 
10. The inner diameter of this annular reaction space 
is thus l3.08 cm, i.e., it is of course equal to the outer 
diameter of the pipe 10, while the outer diameter of the 
annular reaction space - which is the same as the inner 
diameter of the blow pipe - is then 16.9 cm, so that the 
ratio of quantity of blast stream flowing through the 
pipe 10 and the quantity of blast stream flowing 
through the annular reaction space for oil gasification 
purposes is 1.92: 1.78. 
At the end of the blow pipe adjacent the tuyere 1, the 

annular cross-section is larger since the gasified oil 
stream should not exceed the flow speed of 200 m/s. 
Consequently, the outer diameter of the annular reac 
tion space - which is the inner diameter of the blow 
pipe - amounts to 19.1 cm at this location. The blast 
furnace blast stream flowing through the pipe 10 and 
the gasified oil formed in the annular reaction space, 
enter the tuyere 1 at a speed of 200 m/s and thence 
flow into the hearth portion of the blast furnace. The 
indirect reduction in the furnace is increased, as com 
pared to the conventional procedure, because the re 
duction gas quantity and the amount of hydrogen are 
greater than when a lesser amount of oil is used. This 
increased indirect reduction results in a replacement 
ratio of coke:oil which is greater than 1:1, so that the 
quantity of coke to be charged to the furnace can be 
still further reduced without affecting the pig iron out 
put. 
What is claimed is: 
1. In a method of operating a blastfurnace with coke 

as the principal fuel and with a carbon- or hydrocar 
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bon-containing auxiliary fuel, such as petroleum, petro 
leum products, natural gas, coke oven gas or coal dust, 
wherein the coke, in conventional manner, is charged 
through the top of the furnace while the auxiliary fuel 
is heated and broken down in a reaction space located 
outside the hearth of the furnace and the decomposi 
tion products of the auxiliary fuel thus obtained are in 
troduced into the hearth through tuyere means, the hot 
blast for the operation of the furnace being carried by 
blow pipe means adjacent to and communicating with 
said tuyere means and being introduced into the fur 
nace through said tuyere means, the improvement 
which comprises that said auxiliary fuel is decomposed 
and incompletely burnt in said reaction space and the 
incompletely burnt decomposition products thus 
formed are directly introduced into said blow pipe 
means or said tuyere means as an auxiliary flow just 
prior to the discharge of said hot blast into the furnace 
through said tuyere means. 

2. The improvement as claimed in claim 1, wherein 
the quantity ratio of auxiliary fuel to oxygen in the re 
action space is such that the decomposition products 
exiting from said reaction space contain a large propor 
tion of soot. 

3. The improvement as claimed in claim 1, wherein 
pure oxygen is introduced into said reaction space. 

4. The improvement of claim 1, wherein said blow 
pipe means defines at least three separate flow pas 
sages, said hot blast flowing through each of said flow 
passages, while auxiliary fuel is charged to less than all 
said flow passages. 

5. The improvement as claimed in claim 1, wherein 
said hot blast is divided in said blow pipe means into 
first and second streams of which one stream is intro 
duced into the hearth of the furnace through said tu 
yere means while the other stream, after separation 
from said one stream, is contacted in said reaction 
space with said auxiliary fuel to break down said auxili 
ary fuel, said other stream constituting said reaction 
space and said auxiliary flow, whereafter the decompo 
sition products thus formed and said other stream are 
united with said one stream at a location which is 
closely adjacent to the entry point into the hearth of the 
furnace. 

6. The improvement as claimed in claim 5, wherein 
the auxiliary fuel is introduced into said other stream 
in a direction perpendicular or opposite to the flow di 
rection of said other stream of the hot blast. 

7. The improvement as claimed in claim 1, wherein 
said blow pipe means defines first and second separated 
flow passages, said first flow passage coaxially sur 
rounding said second flow passage, one of said flow 
passages defining said reaction space and said auxiliary 
flow, said auxiliary fuel being introduced into said one 
flow passage and the hot blast flowing through both of 
said flow passages. 

8. The improvement of claim 7, wherein said auxili 
ary fuel is introduced into said second flow passage. 

9. The improvement of claim 7, wherein said flow 
passages are united adjacent said tuyere means. 

10. The improvement of claim 7, wherein the auxili 
ary fuel is introduced into said first flow passage. 

11. In a method of operating a blastfurnace with coke 
as the principal fuel and with a carbon- or hydrocar 
bon-containing auxiliary fuel, such as petroleum, petro 
leum products, natural gas, coke oven gas or coal dust, 
wherein the coke, in conventional manner, is charged 
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is heated and broken down in a reaction space located 
outside the hearth of the furnace and the decomposi 
tion products of the auxiliary fuel thus obtained are in 
troduced into the hearth through tuyere means, the hot 
blast for the operation of the furnace being carried by 
blow pipe means adjacent to and communicating with 
said tuyere means and being introduced into the fur 
nace through said tuyere means, the improvement 
which comprises that said reaction space surrounds and 
communicates with said blow pipe means, said decom 
position products of the auxiliary fuel after formation 
in said reaction space and after exiting from said reac 
tion space, being directly introduced into said blow 
pipe means where the decomposition products inter 
mingle with the hot blast flowing through said blow 
pipe means, said hot blast and decomposition products 
thereafter flowing into the hearth through said tuyere 

CarS. 

12. The improvement of claim 11, wherein said de 
composition products enter said blow pipe means in a 
direction which is inclined relative to the flow direction 
of hot blast through said blow pipe means. 

13. The improvement of claim 11, wherein said hot 
blast and said decomposition products flow towards 
said tuyere means through a Zone having a cross 
section which is narrower than the cross-section of the 
flow space defined by said blow pipe means. 

14. In a method of operating a blast-furnace with 
coke as the principal fuel and with a carbon- or 
hydro-carbon-containing auxiliary fuel, such as petro 
leum, petroleum products, natural gas, coke oven gas 
or coal dust, wherein the coke, in conventional man 
ner, is charged through the top of the furnace while the 
auxiliary fuel is heated and broken down outside the 
hearth of the furnace and the decomposition products 
of the auxiliary fuel thus obtained are introduced into 
the hearth through tuyere means, the hot blast for the 
operation of the furnace being carried by blow pipe 
means adjacent to and communicating with said tuyere 
means and being introduced into the furnace through 
said tuyere means, the improvement which comprises 
at least partially breaking down said auxiliary fuel in a 
reaction zone closely adjacent said tuyere means and 
conveying the decomposition products thus obtained 
into the flow passage of said blow pipe means for 
contact with the hot blast flowing therethrough, said 
reaction zone surrounding and communicating with 
said flow passage. 

15. In a method of operating a blast-furnace with 
coke as the principal fuel and with a carbon- or 
hydrocarbon-containing auxiliary fuel, such as petro 
leum, petroleum products, natural gas, coke oven gas 
or coal dust, wherein the coke, in conventional man 
ner, is charged through the top of the furnace while the 
auxiliary fuel is heated and broken down in a reaction 
space located outside the hearth of the furnace and the 
decomposition products of the auxiliary fuel thus ob 
tained are introduced into the hearth through tuyere 
means, the hot blast for the operation of the furnace 
being carried by blow pipe means adjacent to and com 
municating with said tuyere means and being intro 
duced into the furnace through said tuyere means, the 
improvement which comprises that said decomposition 
products of the auxiliary fuel, after exiting from said re 
action space, are directly introduced into said blow 
pipe means or said tuyere means, said blow pipe means 
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defining first and second separated flow passages, said 
first flow passage coaxially surrounding said second 
flow passage, one of said flow passages defining said re 
action space, said auxiliary fuel being introduced into 
said first flow passage and the hot blast flowing through 
both of said flow passages. 

16. In a method of operating a blast-furnace with 
coke as the principal fuel and with a carbon- or 
hydrocarbon-containing auxiliary fuel, such as petro 
leum, petroleum products, natural gas, coke oven gas 
or coal dust, wherein the coke, in conventional man 
ner, is charged through the top of the furnace while the 
auxiliary fuel is heated and broken down outside the 
hearth of the furnace and the decomposition products 
of the auxiliary fuel thus obtained are introduced into 
the hearth through tuyere means, the hot blast for the 
operation of the furnace being carried by blow pipe 
means adjacent to and communicating with said tuyere 
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means and being introduced into the furnace through 
said tuyere means, the improvement which comprises 
at least partially breaking down and incompletely burn 
ing said auxiliary fuel in a reaction zone closely adja 
cent said tuyere means and conveying the decomposi 
tion products thus obtained into the flow passage of 
said blow pipe means in the form of an auxiliary flow 
for contact with the hot blast flowing therethrough, 
said auxiliary flow intermingling with said hot blast just 
prior to the discharge of the hot blast into the furnace 
through said tuyere means. 

17. The improvement of claim 16, wherein said flow 
passage defines first and second passage-ways, one of 
said passage-ways constituting said reaction zone and 
auxiliary flow, said auxiliary fuel being introduced into 
said one passage-way while said hot blast is introduced 
into both of said passage-ways. 
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