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(57) ABSTRACT 
A discharge implement is provided, which is operable 
to discharge sponge iron from a shaft furnace and con 
stitutes the bottom structure of the shaft furnace and is 
formed with flow passages for a cooling liquid. In order 
to ensure a uniform discharge, the discharge implement 
consists of a grate, which comprises parallel grate bars, 
which are non-circular in cross-section and are operable 
to perform rotational oscillations about their respective 
longitudinal axes. The grate bars are hollow so that they 
can conduct a cooling liquid, and they surround and are 
radially spaced from an inner tube, which has at least 
one opening, through which the interior of the inner 
tube communicates with the annular space defined be 
tween the inner tube and the shell of the grate bar. 

5 Claims, 4 Drawing Figures 
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APPARATUS FOR DISCHARGING HOT 
FLOWABLE SOLIDS FROM AN UPRIGHT 

CONTAINER, PARTICULARLY FOR 
DISCHARGING SPONGE RON FROM A SHAFT 

FURNACE 

This invention relates to apparatus for discharging 
hot flowable solids from an upright container, particu 
larly for discharging sponge iron from a shaft furnace, 
which apparatus comprises a discharge implement 
which constitutes the bottom structure of the container 
and is adapted to be driven and has flow passages for 
conducting a cooling liquid. 

For the discharge of hot sponge iron from a shaft 
furnace it is known from Laid-open German Applica 
tion No. 22 09 058 to provide a discharge plate, which 
is adapted to be reciprocated on a discharge deck and 
can be used to force a sponge iron layer under the col 
umn of sponge iron to lateral discharge openings. To 
eliminate the need for expensive materials in the dis 
charge plate, which is subjected to a high heat load, the 
discharge plate is provided with flow passages for a 
cooling liquid, which is supplied through tie rods, 
which are connected to the discharge plate and serve to 
operate the latter. A disadvantage of that known dis 
charge apparatus resides in that the reciprocable dis 
charge plate cannot ensure a discharge which is uniform 
over the cross-section of the shaft furnace but the hori 
zontal stratification will be disturbed by the different 
vertical movements of the subsiding sponge iron. Be 
sides, the discharge plate cannot be uniformly cooled 
unless the cooling liquid flows at a relatively high ve 
locity so that the cross-sections of flow must be small if 
cooling liquid is to be used at an economically reason 
able rate. But small cross-sections for the flow of the 
cooling liquid involve the risk of a vaporization of the 
cooling liquid in the discharge plate and of a superheat 
ing of the vapor if the proper supply of the cooling 
liquid is disturbed. This will necessarily result in an 
overheating of the discharge plate. 

In an attempt to effect a uniform discharge of flow 
able solids over the cross-section of a container, it has 
been proposed in German Patent Specification No. 
829,423 to provide a container bottom structure consist 
ing of a grate having parallel grate bars, which are 
non-circular in cross-section and are driven to perform 
rotational oscillations about their respective longitudi 
nal axes. Because the grate bars are non-circular in 
cross-section, their rotary movement results in an open 
ing and closing of discharge gaps, through which the 
flowable solids are discharged. When the grate bars are 
in an initial position, the gaps which are formed be 
tween them as a result of their rotational oscillation are 
closed at least to such an extent that solid particles 
cannot pass between the grate bars. For this reason the 
grate bars must be able to support the weight of the 
column of solids contained in the container, But the 
grate bars can hardly be supported from underneath 
because they must move and because free cross-sections 
are required between the grate bars for the flow of the 
solids. For this reason that known discharge apparatus 
cannot be used for a discharge of hot solids, such as 
sponge iron, because the heat loading of the grate bars 
will substantially reduce their carrying capacity. 

It is an object of the invention to provide for the 
discharge of hot solids apparatus which is of the kind 
described first hereinbefore and which is so improved 
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2 
that a uniform discharge throughout the cross-section 
of the container can be ensured with structurally simple 
C3S. 

This object is accomplished according to the inven 
tion in that the discharge implement consists of a grate 
having parallel grate bars which are non-circular in 
cross-section and operable to perform rotational oscilla 
tions about their respective longitudinal axes, the grate 
bars are hollow for conducting cooling liquid, and each 
grate bar surrounds and is radially spaced from an inner 
tube, which communicates through at least one opening 
with the annular space defined by said inner tube and 
the shell of the grate bar. 
The fact that flowable solids can be discharged from 

a container in a uniform distribution over the cross-sec 
tion of the container through a grate having grate bars 
which are adapted to be driven to perform rotary oscil 
lations is not surprising, even for a discharge of hot 
solids. But it is surprising that a cooling which is suffi 
ciently uniform over the length of the grate bars and 
ensures that the grate bars have an adequate strength 
can be effected by the additional features which have 
been described. The annular space between the inner 
tube and the shell of each grate bar has a cross-section 
of flow which ensures that the cooling liquid when 
supplied at an economically reasonable rate will flow at 
such a high velocity that the temperature of the grate 
bars can be maintained substantially constant through 
out their length. Nevertheless, the volume of liquid 
within the grate bars is sufficient for preventing damage 
in the case of short-time disturbances in the supply of 
the cooling liquid. This is due to the fact that the inner 
tube surrounded by the shell of the grate bar is also 
filled with cooling liquid and in case of an interruption 
of the supply of cooling liquid the cooling liquid con 
tained in the inner tube must also be vaporized before 
the grate bars can be overheated. The inner tube does 
not contain a supply of cooling liquid so that the tem 
perature of the latter will be more uniform but may also 
be used for carrying functions if the shell of the grate 
bar is connected to the inner tube by proper means. 

It would be quite possible to introduce the cooling 
liquid at one end of each grate bar into the annular space 
between the shell of the grate bar and the inner tube and 
to withdraw the cooling liquid from the annular space 
at the other end of the grate bar. But particularly desir 
able conditions will be obtained if, in accordance with a 
further feature of the invention, the inner tube has a 
closed shell and is connected at one end to a cooling 
liquid supply line whereas the opposite end of the inner 
tube is open and the outlet fitting for the cooling liquid 
is disposed adjacent to that end of the grate bar which 
is associated with the supply line. Because the cooling 
liquid is supplied through the inner tube and is con 
ducted back to the return conduct in the opposite direc 
tion through the annular space between the inner tube 
and the shell of the grate bar, the temperature of the 
grate bar will be highly uniform as an additional heat 
exchange between the cooling liquid which is supplied 
and that which is returned takes place through the wall 
of the inner tube so that a differential thermal expansion 
along the length of the grate bars will be virtually 
avoided. 

Because the grate bars are subjected to the high tem 
peratures of the hot solids to be discharged, a formation 
of vapor cannot be precluded. Such vapor must be 
properly removed, and dead zones in which vapor 
could accumulate should be avoided as far as possible. 
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As the cross-section of each grate bar is usually con 
vexly curved on the side facing the solids, any vapor 
which is formed can be accumulated adjacent to the top 
of the grate bar. For a simple escape of such vapor, the 
fitting connected to the return conduit for the cooling 
liquid is desirably provided near the top of the grate bar. 
Particularly desirable conditions will be obtained if the 
fitting connected to the return line of the cooling liquid 
defines a vapor-collecting chamber, which tapers up 
wardly toward the return conduit so that any vapor 
which has formed will necessarily flow through that 
collecting chamber into the return conduit. 
An illustrative embodiment of the invention is shown 

on the drawings, in which 
FIG. 1 is a simplified top plan view showing appara 

tus according to the invention for discharging sponge 
iron from a shaft furnace, 

FIG. 2 is a sectional view taken on line II-II in FIG. 
1 and showing the apparatus on a larger scale. 
FIG. 3 is an end view, partly cut open, showing that 

apparatus and 
FIG. 4 is a transverse sectional view taken on line 

IV-IV in FIG. 2 and showing a grate bar. 
The illustrated apparatus for discharging hot sponge 

iron constitutes the bottom structure of a shaft furnace, 
which is not shown in detail. The discharge apparatus 
comprises a grate 1, which has parallel grate bars 2, 
which are rotatably mounted in a carrying frame 3. For 
this purpose the frame 3 is provided with bearings 4 and 
the arrangement is such that the bearings 4 for adjacent 
grate bars 2 are staggered approximately by the width 
of the bearing in the longitudinal direction of the grate 
bars so that the grate bars 2 can directly contact each 
other. Each grate bar 2 comprises a hollow shell 5, 
which is held at both ends by respective stub shafts 6, 
which are mounted in the bearings 4. One of said stub 
shafts 6 has a central bore 7, which is connected to a 
supply conduit 8 for a cooling liquid, which usually 
consists of water and through the bore 7 enters an inner 
tube 9. In accordance with FIG. 2 the inner tube 9 is 
tightly connected to the stub shaft 6, which is formed 
with the bore 7. The shell 5 of the grate bar surrounds 
the inner tube 9 and is radially spaced from it. The inner 
tube 9 is connected to the shell 5 of the grate bar 2 by 
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the shell 5 and the inner tube 9 has a relatively high 
fluxural strength. 
At its end opposite to the stub shaft 6 provided with 

the bore 7, the inner tube 9 is open to communicate 
through the opening 11 with the annular space 12 be 
tween the inner tube 9 and the shell 5 of the grate bar. 
The annular space 12 opens into a fitting 13, which is 
provided in the stub shaft 6 having the bore 7 and 
through said fitting 13 communicates with a return 
conduit 14 for the cooling liquid so that the latter flows 
back through the annular space in the opposite direc 
tlOn. 
As is particularly apparent from FIG, 3 the grate bars 

2 are non-circular in cross-section and have a shell 5, 
which defines said cross-section and consists of a shell 
portion having the shape of one-half of a circular cylin 
der and two wall portions which extend from said shell 
portion and include an obtuse angle with each other. 
When the grate bars having such a non-circular cross 
section are in their initial position, shown on the draw 
ing, they constitute a substantially closed bottom struc 
tural, which supports the column of solids. When the 
grate bars are operated to perform rotational oscilla 
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4. 
tions, they define discharge gaps between them for the 
discharge of sponge iron. Because the grate bars are 
operated to perform rotational oscillations about their 
respective longitudinal axes, which coincide with the 
center lines of the shell portions having the shape of 
one-half of a circular cylinder, there is no need for a 
displacement of sponge iron by the grate bars so that a 
relatively low power is sufficient to drive the grate bars. 
On the other hand the entraining of the solids to be 
discharged toward the discharge gaps between the 
grate bars can be assisted by radially protruding ribs or 
other radially projecting portions provided on the shells 
of the grate bars on that portion thereof which faces the 
column of solids. 
The grate bars 2 are operated in a simple manner by 

crank arms 15, which are clamped to the stub shafts 6 
and pivoted to connecting rods 16. The discharge rate 
can be controlled by an adjustment of the angle through 
which the grate bars are oscillated. 
Owing to the high temperatures, the cooling liquid 

must be expected to form vapor in the grate bars 2 so 
that any vapor which has formed must be discharged. 
For this purpose the fitting 13 which is provided in the 
top portion of each grate bar 2 and connected to the 
return conduit 14 for cooling liquid defines a vapor-col 
lecting chamber 17, which tapers upwardly toward the 
return conduit 14, as is indicated in FIG. 4. This will 
ensure that any vapor bubbles which have formed will 
escape and that there is no risk of an accumulation of 
vapor bubbles in dead zones. 
No discharge of solids must be permitted when the 

grate bars 2 are in their initial position. For this reason 
the grate bars must be closely spaced so that the space 
which is available in a lateral direction is closely re 
stricted. For this reason the bearings 4 for adjacent 
grate bars are staggered in the longitudinal direction of 
the grate bars. For the same reason the fittings for the 
cooling liquid are provided at mutually opposite ends of 
adjacent grate bars, as is clearly apparent from FIG. 1. 

It will be understood that the apparatus which has 
been illustrated and serves to discharge hot sponge iron 
from a shaft furnace can alternatively be used to dis 
charge other hot flowable solids from another container 
if said solids can flow through the discharge gaps which 
are formed between the grate bars when the same are 
operated. The heat loading of the grate bars by the hot 
solids is kept within tolerable limits by the cooling 
which is effected and which is uniform over the length 
of the grate bars. 
What is claimed is: 
1. In apparatus for discharging hot flowable solids 

from an upright container having a bottom structure 
which is adapted to support a column of flowable solids, 
comprising 

a discharge implement which constitutes said bottom 
structure and is formed with flow passages for 
conducting a cooling liquid and is operable to ef 
fect a discharge of flowable solids from said col 
umn, and 

drive means for operating said discharge implement, 
the improvement residing in that 
said discharge implement consists of a grate having 

parallel hollow grate bars, which are non-circular 
in cross-section, 

each of said grate bars is mounted for rotation about 
its longitudinal axis, 
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said drive means are operable to impart to each of 
said grate bars rotational oscillations about its lon 
gitudinal axis, 

each of said grate bars comprises an inner tube defin 
ing an inner flow passage and a shell which sur 
rounds and is radially spaced from said inner tube 
to define an annular flow passage with said inner 
tube, 

each of said grate bars is provided with an inlet fitting 
for supplying cooling liquid to said inner and annu 
lar flow passages and with an outlet fitting for 
withdrawing cooling liquid from said inner and 
annular flow passages. 

2. The improvement set forth in claim 1 as applied to 
apparatus for discharging hot flowable sponge iron 
from a shaft furnace constituting said container. 
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3. The improvement set forth in claim 1, wherein 
each of said grate bars is provided with said inlet 

fitting and said outlet fitting adjacent to one end of 
said grate bar and 

said inner tube has a closed shell and is connected at 
one end to said inlet fitting and is open at its other 
end. 

4. The improvement set forth in claim 1, wherein 
each of said grate bars has a top portion and is provided 
with said outlet fitting in said top portion. 

5. The improvement set forth in claim 4, wherein 
said outlet fitting has at its top an outlet opening for 

connection to a return conduit and 
said outlet fitting defines an internal vapor-collecting 
chamber which tapers toward said opening. 
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