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UNITED STATES PATENT OFFICE 
2,684,897 

SMELTING OF ORE, PARTICULARLY 
RON ORE 

Otto Diettrich, Koln am Rhine, Germany, as 
signor to Klockner-Humboldt-Deutz, A. G., 
Koln am Rhine, Germany, a German corpo 
ration 

Application December 28, 1951, Serial No. 263,800 
Claims priority, application France 

September 8, 1948 

(C. 75-41) 11 Claims. 
1. 

This is a continuation-in-part of my Copend 
ing applications Serial No. 67,250, filed Decem 
ber 24, 1948, now abandoned; Serial No. 111,351, 
filed August 19, 1949, now abandoned; and Serial 
No. 178,570, filed August 10, 1950, now abandoned. 
My invention relates to the Smelting of Ores, 

particularly iron ores, in blast furnaces and has 
for its objects to improve the Smelting proceSS 
and equipment as regards economy of Operation, 
to permit the use of low-grade coal heretofore 
unsuitable for blast-furnace Smelting, and to 
combine the smelting of ore with the production 
of distillation products from volatile coal. These 
as well as more specific objects and advantages 
of the invention will be apparent from, or will be 
referred to, in the following. 
According to my invention, the blast-furnace 

smelting of ore is carried out by first preparing 
mixed briquets of a fine-grained ore, a Crude fine 
grained volatile fuel such as volatile mineral coal, 
and a binder such as lime, clay, marl or pitch. 
These mixed briquets are charged into a shaft 
furnace as uniformly as feasible and Substan 
tially in accordance with the progress of the 
Smelting and reduction performance SO as to 
maintain a charge height between about 2 and 
6 meters above the tuyere plane, the width of 
the charge as determined by the distance between 
oppositely located tuyeres being at most about 
3 meters. The hot gases evolving from the vola 
tile fuel components of the charge column are 
Subjected to fractional condensation to yield tars. 
The process therefore combines the ore reduc 
tion and Smelting operation with a distillation 
of the raw volatile fuel. 
This process has the advantages that the re 

quired blast furnace plant is considerably lower 
than the conventional high-shaft furnaces; that 
the fine-grained iron ore need not be pre-sin 
tered; that raw coal can be used without pre 
coking; and that a much larger variety of coal 
becomes available than heretofore Suitable for 
blast furnace operations. 
AS apparent from the foregoing, the mixed ore 

fuel briquets are not subjected to coking prior 
to being charged into the furnace, the required 
Coherence being Secured by the binding agent 
contained in the briquets. Due to the Small 
height of the charge column in the furnace only 
moderate requirements are placed upon the 
strength of the briquets. It is therefore possible 
to use for briquetting a binding agent tending 
to become soft, for instance, pitch. The height 
of the charge column is preferably kept as Small 
as possible, namely-just high enough to secure 
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2 
the proper carbonization and distillation of the 
fuel in the top Zone and the reduction and Smelt 
ing of the ore in the bottom Zone of the charge. 
ACCOrding to another feature of the invention, 

the binding agent for the production of the 
briquets is wholly or partly derived from the 
Smelting and carbonizing blast furnace operation 
itself. Accordingly, the gases evolving from the 
fuel in the upper Zone of the blast furnace charge 
are Subjected to fractional distillation while still 
hot from the furnace operation. The distillation. 
is carried out in tWO stages to yield respective 
Condensation products. The first condensation 
Step results in the precipitation of a heavy or 
thick tar, i. e. a tar which is thickly fluid to 
Solid at about 15° C., while the tar obtained by 
the second condensation step is thinly fluid. The 
thick tar resulting from the first condensation is 
used as a binding agent in the ore-coal briquets, 
so that the production of these briquets is largely 
independent of any supply of material other than 
Ore and fuel. 
When the binding agent consists only partly 

of the thick tar obtained in the above-mentioned 
manner, the remainder of the binding agent may 
consist, for instance, of marl or lime. 
The blast furnace top gas may be liberated 

from dust prior to the condensation, for instance, 
in a separator chamber. This is especially of ad 
vantage when the amounts of dust contained 
in the top gas is very large. 
The invention affords of a much larger choice 

than heretofore available relative to the kinds 
of fuel that may be used for blast furnace opera 
tions. For instance, a mineral coal may be used 
that is unsuitable for the production of metal 
lurgical coke (blast furnace coke), such as gas 
coal, gas flame coal or the like highly volatile 
Subbituminous or bituminous coals which are 
inon-coking or badly coking. 

Mainly Suitable as a fuel are medium-volatile 
to high-volatile bituminous coals as exemplified 
by the 26% volatile coal mentioned in a later 
place. However, less coalified fuels such as high 
Wolatile and weathering bituminous coal, soft coal, 
brown coal and lignite are also applicable, al 
though the Water contents of the raw coal should 
first be reduced by drying if brown coal or the 
like lignitic fuels are used. All these other fuels 
may either be used alone with the binding me 
dium needed to secure proper briquetting, or they 
are used in mixture With a higher-grade coal, 
preferably a baking mineral coal. In the latter 
case, the amount of binding agent may be re 
duced because the coherence of the briquets is 
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then largely conferred by the baking ability of 
the mineral coal. When the mineral coal thus 
used tends to bake excessively, that is when the 
briquets, during the carbonization or the Sub 
Sequent further heating in the furnace charge, 
tend to cake together, the mineral coal should 
be made leaner, i. e. the fuel components of the 
briquets should then be composed partly of a 
baking mineral coal and partly of a lean mineral 
coal. 
When a marly-gangue iron ore is used, the marl 

contained in the ore acts as a binding medium 
So that a smaller amount of binding medium 
or none at all need be added to the mixture 
to be briquetted. 
The grain size of the ore in the briquets must 

be kept rather Small and should not exceed 
10 millimeters. Especially advantageous is a 
grain size of up to 3 mm. The fuel component 
of the briquets must have a similarly small grain 
size, a grain size of up to 5 mm. being preferable. 
If the fuel is not by nature of the fine grain size 
required, it must be reduced prior to the bri 
quetting. 
For minimizing break and friction wear, the 

briquets should have rounded corners and edges 
as well as curved surfaces as obtained, for in 
Stance, by making then egg shaped. 
The Size of the briquets should preferably not 

exceed 300 cubic centimeters (ccm.). Best Suited 
are briquets of only about 40 to 80 ccm. volume. 
While. Substantially the entire fuel of the 

charge is incorporated in the briquets, it is not 
always necessary to completely briquet the ore 
to be Smelted. That is, in certain cases some of 
the ore may be charged into the furnace in the 
shape of lumps. The size of the ore lumps should 
be about similar to that of the briquets. That is, 
the largest ore lumps should have a diameter 
Corresponding to about the average diameter of 
the briquets while the diameter of the smallest 
Ore lumps should be about 5 to 10 mm. 

It is possible to use slaked lime as a binder 
in the briquets. In this case, the briquets are 
dried and hardended by means of CO2-contain 
ing gases before they are charged into the shaft 
furnace. If clay or marl serve as binders, they 
must be reduced to a finely grained state before 
they are mixed with the minerals to be bri 
quetted; and for fully utilizing their binding ; 
properties, they must be used in a moistened 
condition, for instance, with a moisture content 
of about 6 to 10%. For that reason, such bri 
Quets must be dried before charging them into 
the furnace. 
The furnace is operated with a heated blast 

of air. It is frequently not necessary to employ 
the high blast temperatures customary in the 
operation of the conventional high-shaft fur 
inaces but Suffices to heat the air only up to ten 
peratures of at most 500° C. Oxygen need not 
be added to the blast, although it is also possible 
and may offer advantages if oxygen-enriched 
air is used. In the latter case, it is not always 
necessary to preheat the blast. 
According to a preferred embodiment of the 

invention, the process is carried out in a shaft 
furnace of rectangular cross section which has 
its two opposite long sides spaced from each 
other not more than about two meters. The 
tuyères for Injecting the blast are all or mostly 
arranged at the long sides of the rectangular 
CrOSS Section. In other words, the two short 
Sides of the rectangular cross section are equal 
to, or smaller than, ahout two meters at the 
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furnace inside, while the two other sides are 
longer. The Small spacing between oppoSling 
tuyeres has the advantage that the blast gases 
surely penetrated to the middle of the furnace 
charge and reach all parts of the fuel at a height 
close to the tuyere level, this being essential be 
cause of the low height of the furnace charge. 
The penetration of charge by the blast and the 
gases formed thereby is also facilitated by the 
Substantially uniform and Small size of the bri 
quets or lumps throughout the entire charge 
column. 
The temperature of the top gases is so chosen 

that a condensation of the tars in the top Zone 
of the furnace is avoided. 
The drawings represent examples of blast 

furnace equipment designed and operative in ac 
Cordance with the invention. 

Fig. 1 shows a vertical croSS Section of a rec 
tangular blast furnace with a centrally located 
charge Supply pipe; 

Fig. 2 is a horizontal cross section through the 
Same furnace, the Section being taken in the 
tuyere plane indicated at II-II in Fig. 1; 

Figs. 3 and 4 show a modified design of the 
furnace top portion in two different stages of 
operation respectively; 

Fig. 5 is a vertical central section through the 
top portion of another embodiment of the blast 
furnace; 

Fig. 6 illustrates Schematically a furnace ac 
cording to Fig. 1 in conjunction with dust sepa 
rating and tar distilling equipment. 
The shaft furnace illustrated in Figs. 1 and 2 

has a rectangular cross section measuring 1.3 X 
3 meter's at the inside. Arranged on the furnace 
wall along the two long sides of the rectangle 
are Several tuyères. One additional tuyere 8 is 
disposed. On each of the two short sides. The 
charge height, ineasured upwardly from the 
tuyere level, is about 4.5 meters. The bosh zone 
of the furnace tapers downwardly from the 
tuyere level to the furnace bottom at which the 
tap 0 for discharging the liquid metal is lo 
cated. A tap 9 for the discharge of the cinder 
is located at a Somewhat higher level but also 
below the tuyeres. 
The top of the furnace is covered by a hood 

6. Disposed above the furnace is a bin or hop 
per whose outlet pipe 2 passes downwardly 
through the hood 6 to terminate in the interior 
of the furnace. Disposed at the lower end of 
pipe 2 is an extension 22 whose flange 23 is sus 
pended from Screws 24 so that the discharge 
opening of the charge Supply can be adjusted to 
a desired level by means of screw bolts 25. A 
pipe 4, Slanting downwardly and containing a 
Valve 5, opens into pipe 2. Joined with hood 
6 is an outlet pipe T for the top gases. Pipe 7, 
as apparent from Fig. 6, leads to a dust sepa 
rator 40 and to condensing equipment to be 
described in a later place. 
When operating the blast furnace according to 

Figs. 1 and 6, the raw materials are charged 
through the hopper into the furnace in the 
form of egg shaped briquets. The briquets have 
preferably a length of 60 mm., a width of 46 mm., 
a thickness of 37 mm. and a volume of about 
40 CCn. 
To present a complete and detailed example 

of a blast furnace operation according to the 
invention, reference is made hereinafter to an 
alyses relating to one and the same actual op 
eration of the above-described furnace. It will 
be understood from the foregoing that minerals 
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other than those hereinafter exemplified may be 
used and that then the respective analyses of the 
raw materials and the products will be corre 
spondingly different. All percentages given in 
the following are by weight. 
In the operation now to be described, the bri 

quets consist of 4.1% bituminous mineral coal, 
38.5% iron ore, 14.5% lime stone, 2% tar pitch, 
and 4% of thick tar produced in the condensa 
tion device 43 (Fig. 6) still to be described. The 
coal has a grain size of up to 5 mm. and the Ore 
a grain size of up to 3 mm., the lime Stone being 
also reduced to a similarly Small size. The coal 
used is a non-weathering bituminous coal of 
14% ashes and 26% volatile components. The 
analysis of the ore is as follows: 58.7% Fe, 
12.4%. SiO2, 1.1% CaO, 3.7% Al2O3, 0.7% MnO, 
0.15% P, 1.0% SO3. The tar pitch has a soften 
ing point of about 68 C. These briquets are 
charged into the hopper (Fig. 1), care being 
taken to keep the hopper filled during furnace 
operation. In this manner the charge passes 
continuously through the pipe 2 into the shaft. 
furnace. The column of briquets Within the 
charge supply pipe secures a practically sufficient 
seal at the furnace top. However, to safely pre 
vent air from passing into the furnace through 
the supply pipe 2, an oxygen-free gas, for in 
stance, cooled and tar-free top gas may be sup 
plied through the pipe 4 under slight pressure, 
The wind introduced into the furnace charge 

through the tuyeres 8 consists of heated air of . 
about 450° C. and has a pressure of 1000 to 1500 
mn. (Water colurnn). 
When the briquets reach the interior of the 

furnace, the fuel contained in the briquets is 
immediately subjected to Smoldering (low-tem 
perature carbonization). The Smoldering vapors 
escape through the pipe 7 together with the other 
top gases originating from within the Smelting 
zone of the furnace. The mixture of top gases 
leaves the furnace at a temperature of about 
300° C. and passes first through the dust sepa 
rator 40 (Fig. 6). This separator is preferably 
of the centrifugal type (cyclone). That is, the 
inlet duct of the separator extends tangential 
to the conical wall of the separator vessel so 
that the gas passing through the separator is 
caused to rotate With the effect that the dust 
is precipitated along the separator wall and 
drops to the bottom of the vessel from which it 
may be removed through a discharge pipe 4f. 
From cyclone 40 the gas mixture passes through 
a pipe 32 into a first condensation device 43. In 
this device a thick tar is precipitated which 
leaves the apparatus through a pipe 47. The 
thick tar has the following composition: 45% 
pitch, 39% tar oil, 6% dust. This tar is thickly 
fluid to solid at 15° C. It is thereafter used as 
part of the binding agent for the production of 
the ore-coal briquetS. 
From the first condensing stage the top gases 

pass through a pipe 49 into a second condensing 
device 46. The thinly fluid tar precipitating in 
this device is drained through a pipe 48. This 
thin tar, if necessary, after purification or fur 
ther processing, represents an industrially ap 
plicable or marketable product. From the sec 
Ond condensing stage, the tar-free top gases are 
withdrawn through a pipe 44 by a biower 45. 
The pipes 7, 42 and the cyclone 40 are prefer 
ably heat insulated to prevent premature con 
densation of the top gases. 
After the briquets are carbonized in the top 

zone of the furnace as described in the foregoing, 
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6. 
they drop gradually toward the furnace bottom 
and are progressively reduced. The reduced 
iron is Smelted in the hot zone of the furnace 
and is drawn off from time to time through the 

The pig iron thus produced from the 
minerals above-mentioned has about the foll 
lowing composition: 3.7% C, 2.8% Si, 0.2% P, 
0.02% S, 0.55% Mn, remainder Fe. The cinder 
is drawn off from time to time through the cin 
der notch 9. Its composition is about as foll 
lows: 44% CaO, 35% SiO2, 15% Al2O3, 1.5% 
MgO, 1.2%. FeC), 0.6% MnO, 2.3% S. 

instead of the charge Supply pipe shown in 
Fig. 1, the furnace may also have a lock or 
sluice type charging device automatically con 
trolled by a movable feeler disposed in the fur 
nace. For instance, the lock device may have 
a sector wheel driven from an electric notor 
which is automatically switched in by the feeler 
When the charge in the furnace drops below a 
given level. When the sector wheel is actuated, 
the height of the charge column increases and 
raises the feeler until, at a given other level, 
the feeler interrupts the current supply to the 
electric motor. The feeler may be designed so 
that the height of the charge column varies only 
Within slight limits. 
A device of the just-mentioned type is illus 

trated in Figs. 3 and 4. The Supply of briquets 
passes through a pipe 2 in which the sector 
wheel of a lock device S is journalled. The lock 
wheel is driven by a belt 4 from an electric motor 
5. Pivoted on the upper portion of the furnace 

hood 6 is a feeler lid 6, which carries a counter 
poise at the outside of the furnace. The 
counterpoise is so dimensioned that lid 6 has 
the tendency to nove upwardly. Attached to the 
lid is a contact bridge 8 engageable with two sta 
tionary contacts 9 connected in the control cir 
cuit, 28 of the motor 5. In the stage of opera 
tion represented in Fig. 3, the charge column 2 
has dropped to such an extent that the lid 6 has 
become free to move to the illustrated upper limit 
position. Then the contacts 9 are electrically 
bridged by the lid contact 8. Hence, motor 5 is 
eiergized and drives the lock wheel 3. A Sup 
py of briquets now passes through the pipe 2 
into the furnace 3. The height of the charge col 
unn. 2 increases and the newly supplied briquets 
stow up in front of lid 6. As a result the lid is 
gradually forced to the lower limit position illus 
trated in Fig. 4. The contacts 9 are now inter 
rupted so that motor 5 stops. Now the lock 
wheel i3 remains arrested and prevents a fur 
ther supply of briquets. When thereafter the 
height of the charge column gradually decreases 
until it reaches the condition shown in Fig. 3, the 
lid SWings back to its upper limit position in 
which the contacts i9 are again bridged so that 
the cycle of charging operation is repeated. 

Fig. 5 illustrates an especially advantageois 
design of the charge supply devices. Two supply 
pipes are disposed opposite each other at the top 
of the furnace shaft -30. Connected to each of 
Supply pipes 3 is a lock wheel device 32 driven 
from an electric motor 33 by a belt drive. bis 
posed above the lock wheel devices are pipes 36 
which are connected with a bin or hopper con 
tinually charged with briquets. A movable lid 35 
for controlling the Supply of briquets is pivoted 
in the upper portion of each pipe 3. Each lid is 
equipped with a counterpoise 35 and with con 
tacts 39 Similar to the corresponding elements 
ShoWn in FigS. 3 and 4. 
Each contact 39 (Fig. 5) controls the energiz 
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ing circuit of the pertaining motor 33 in the fol 
lowing manner. When the Supply pipe 3 is 
empty, lid 34 is in its uppermost position and the 
pertaining movable contact has the position 
shown in Fig. 3. Consequently, the motor 33 is 
energized and operates the lock wheel device 32 
so that a continuous supply of briquets passes 
from pipe 36 through pipe 3 into the furnace 
shaft. When pipe 3 is filled to a desired extent, 
the lid 34 is forced to the lowermost position so 
that the current supply to motor 33 is inter 
rupted. Now the lock wheel device 32 is stopped. 
Thereafter, the charge accumulated in pipe 3 
drops gradually. As Soon as the lower edge of 
lid 3A becomes free, the lid is moved upwardly by 
its counterpoise and the energizing circuit of 
motor 33 is again closed to start another cycle of 
charging Operation. 
Connected to the top of the hood 38 according 

to Fig. 5 is a discharge pipe 3 for the top gases. 
Die to the fact that in the embodiment accord 
ing to Fig. 5 two opposite charge supply pipes are 
provided, a hollow is formed at the top of the 
furnace charge. This has the advantage that the 
charge height in the middle of the furnace is 
lower than at the edges, So that the furnace gases 
encounter a correspondingly Smaller flow resist 
ance at the middle of the charge column. This 
secures with certainty a thorough action of the 
blast throughout the entire charge despite the 
Small height of the column. It should be under 
stood that while in Fig. 5 only two supply pipes 
36 and pertaining lock and control devices are 
visible, at least two such pipes and pertaining de 
vices are located and preferably evenly distributed 
at each long side of the rectangular furnace, mak 
ing a total of four or more individually controlled 
supply inlets. As a result, the height of the 
charge column remains substantially constant 
also along the long furnace sides even in cases 
where the furnace cross Section has a length Con 
siderably larger than its width. 

Furnaces for operation according to the inven 
tion may also be given a circular croSS Section. 
In that case, preferably three charge supply pipes 
3 are evenly distributed around the furnace. 

For simplification, it is also possible to pro 
vide for two oppositely disposed charge Supply 
pipes 3 only one movable lid 34 whose electric 
contact means control the circuits of both motors 
33 for the lock wheels. 

Instead of connecting the top end of the pipes 
36 directly to a bin or hopper, it may also be ad 
vantageous to interpose a conveyor device, Such 
as a rotatable conveyor disc, which is driven from 
the same electromotor 33 that operates the lock 
Wheel. 32. 

I claim: 
1. The process of Smelting iron-bearing ore 

and conjointly producing gas products from coal 
in a low-shaft blast furnace, which comprises the 
steps of forming mixed briquets of up to about 
300 cubic centimeters volume from granulated 
iron-bearing ore and granulated raw coal and a 
binding agent, the ore and the coal having a 
grain size maximum of 10 millimeters, forming a 
last-furnace charge of about two to six meters 

height above the tuyere level and of up to about 
three meters width substantially all of the mixed 
briquets with their coal constituent still in the 
law state, alli of the fuel being incorporated in the 
briquets, passing an oxidizing blast through the 
charge to reduce and Smelt the ore and to car 
bonize and gasify the coal, and recovering tar 
from the evolving top gaSeS. 

10 

15 

30 

40 

50 

5 5 

60 

70 

75 

8 
2. The process of smelting ore and conjointly 

producing gas products from coal in a low-shaft 
blast furnace, which comprises the steps of form 
iing mixed briquets of up to about 300 cubic centi 
meters volume from granulated iron-containing 
Ore and granulated raw coal and a carbonaceous 
binding agent, the ore and the coal having a grain 
Size maximum of 10 millimeters, forming a blast 
furnace charge of about two to six meters height 
above the tuyere level and of up to about three 
neters width. Substantially all of the mixed bri 
quets with their coal constituent still in the raw 
State, passing an oxidizing blast through the 
charge to reduce and smelt the ore and to car 
bonize the coal and the binding agent, and recov 
eling tar from the evolving top gases, 

3. The process of smelting ore and conjointly 
producing gas products from coal in a low-shaft 
blast furnace, which comprises the steps of form 
ing binder-containing briquets of up to about 
300 cubic centimeters volume from granulated 
iron-containing ore and a blending of granulated 
l'aw lean Coal and granulated raw baking coal, 
the ore and the coal having a grain size maximum 
of 10 millimeters, forming a blast-furnace charge 
of about two to six meters height above the tuyere 
level and of up to about three meters width sub 
Stantially all of the briquets with their coal con 
tents still in the raw state, passing an oxidizing 
blast into the charge to reduce and smelt the 
ore and to carbonize and gasify the coal, and re 
covering tar from the evolving top gases. 

4. The process of Smelting iron-containing ore 
and conjointly producing gas products from coal 
in a low-shaft blast furnace, which comprises the 
Steps of forming mixed briquets of up to about 
300 cubic centimeters volume from granulated ore 
and granulated raw coal with a granulated addi 
tion of line and an addition of tar as a binding 
agent, the ore and the Coal having a grain size 
maximum of 10 milliaeters, forming a blast-full 
nace charge of about two to six meters height 
above the tuyere level and of up to about three 
meters width substantially all of the mixed bri 
quets with their coal constituent still in the raw 
State, passing an oxidizing blast into the charge 
to reduce and Smelt the Ore and to carbonize and 
gasify the coal, and recovering tar from the evolv 
iing top gases. 

5. The process of Smelting ore and conjointly 
producing gas productS from coal in a low-shaft 
blast furnace, which comprises the steps of form 
iing briquets of rounded shape and a volume of 
about 40 to 80 ccm. from a mixture of granulated 
ore and granulated raw coal, the ore and the coal 
having a grain size maximum of 10 millimeters, 
forming a blast-furnace charge of about two to 
Six meters height above the tuyere level and of 
up to about three meters width substantially all 
of the briduets With their Coal constituent Still in 
the raw state, and passing an oxidizing blast into 
the charge to reduce and Smelt the ore and to 
carbonize and gasify the coal. 

6. The process of Smelting ore and conjointly 
producing gas products from coal in the low 
Shaft blast furnace, which comprises the steps of 
forming mixed briquets of up to about 300 cubic 
centimeters Volume from granulated ore and 
granulated raw coal and a binding agent, the ore 
and the coal having a grain size maximum of 
i0 millimeters, forming a blast-furnace charge 
of about two to six meters height above the tuyere 
level and of up to about three meters width. Sub 
stantially all of the briquets with their coal con 
stituent still in the raw state, passing an oxidizing 
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blast into the charge to reduce and Smelt the ore 
and to carbonize and gasify the coal, Subjecting 
the evolving vapors outside of the charge to frac 
tional distillation under their own heat and in 
two steps, condensing a thick tar of thickly fluid 
to Solid consistency at about 15° C. in the first 
Step and a thinly fluid tar in the second step, and 
incorporating the thick tar as binding agent in 
the briquets. 

7. The process of smelting ore and conjointly 
producing gas products from coal in a low-shaft 
blast furnace, which comprises the steps of form 
ing mixed briquets of up to about 300 cubic centi 
meter's volume from granulated ore and granu 
lated raw coal and a binding agent, the ore and 
the coal having a grain size maximum of 10 milli 
meters, forming a blast-furnace charge of about 
two to six meters height above the tuyère level 
and of up to about three meters Width. Substan 
ially all of the briquets with their coal constitu 
ent still in the raw state, passing an oxidizing 
blast into the charge to reduce and Smelt the 
Ore and to carbonize and gasify the coal, main 
taining a top gas temperature of about 300° C., 
withdrawing the top gases from the charge and 
recovering tar products therefrom. 

8. The process of Smelting iron-containing ore, 
which comprises producing briquets of up to 300 
cubic centimeters volume from a binder-contain 
ing mixture of granular iron-containing Ore and 
granular raw coal, the Ore and the coal having 
a grain size maximum of 10 millimeters, prepar 
ing and gradually replenishing from said briquets 
With the coal constituent still in the raw state 
a furnace charge of an elongated CrOSS Section 
of up to about three meters width between the 
two long sides of the croSS section and a charge 
height between about two and six meters, passing 
upwardly through the charge an oxidizing blast 
from said two long sides to Smelt the ore and 
produce gas from the coal, and controlling the 
rate of supply of said briquets in accordance with 
the Smelting operation to maintain said charge 
height approximately constant. 

9. The process of Smelting iron-bearing Ore in 
a low-shaft blast furnace, which comprises pro 
ducing pressed briquets of up to about 300 cubic 
centimeters volume from a mixture of fine 
grained ore to be Smelted and fine-grained raw 
coal together with a binder, the Ore and the Coal 
having a grain size maximum of 10 millimeters, 
preparing and gradually replenishing a furnace 
charge of up to about three meters width com 
posed of approximately uniform-size pieces com 
prising the briquets and having Substantially all 
of its fuel consist of the raw coal incorporated in 
said briquets, maintaining the charge at a Sub 
stantially constant height of about two to six 
meters above the tuyere level, and passing an 
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Oxidizing blast upwardly through the charge to 
Smelt the ore and carbonize the coal. 

10. The process of Smelting iron-bearing ore in 
a low-Shaft blast furnace, Which comprises pro 
ducing pressed briquets of up to about 300 cubic 
centimeters volume from a binder-containing 
Imixture of fine-grained ore and fine-grained raw 
coal, the Ore and the coal having a grain size 
naximum of 10 millimeters, gradually introduc 
ing into the furnace a charge of about two to six 
meters height above the tuyere level and of up 
to about three meters width composed Substain 
tially all of the briquets and additional ore in a 
luimp size similar to that of the briquets, said coal 
being still in its raw state when said briquets are 
being charged into the furnace, maintaining the 
charge at a substantially constant height of about 
two to six meters above the tuyere level, and pass 
ing an oxidizing blast into the charge to Smelt 
the Oire and carbonize the coal. 

1. The process of smelting iron-bearing ore, 
which comprises mixing a fine-grained volatile 
raw coal and a fine-grained marly-gangue iron 
ore, the ore and the coal having a grain size maxi 
mun of 10 millimeters, pressing the mixture into 
briquets of up to about 300 cubic centimeters Wol 
ume in which briquets the marly-gangue forms a 
binding agent, preparing and gradually replenish 
ing from Said briquets a furnace charge of a 
charge height between about two and six meters 
and a width of up to about three meters, said 
coal being still in its raw state when Said briquets 
are being charged into the furnace, passing up 
wardly through the charge an oxidizing blast to 
Smelt the ore and produce gas from the coal, and 
controlling the rate of supply of said briquets in 
accordance with the Smelting operation to main 
tain said charge height approximately constant. 
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