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(54) Vessel for enabling a uniform gravity driven flow of particulate bulk material therethrough,
and direct reduction reactor incorporating same

(57) So as to provide a container that is inexpensive
to manufacture and that promotes a uniform flow of par-
ticulate bulk materials therethrough, a vessel (10) is
suggested comprising at least two wall segments (12,
14) having a generally downwardly converging wall de-
fining a vertical axis for said vessel, a first upper seg-
ment (12) being vertically arranged above a second low-
er segment (14), each one of said wall segments having
an upper edge and a lower edge, the perimeter of the
upper edge of said second lower wall segment (14) be-
ing larger than the perimeter of the lower edge of said
first upper wall segment (12); said lower edge of said
first upper wall segment (12) and said upper edge of said
second lower wall segment (14) being positioned prox-
imate to each other and cooperating to provide an en-
largement (34) of the cross-sectional area of the volume
occupied by said particulate solid material; and the low-
er edge of said first upper segment (12) defining a plane
forming an angle with respect to the vertical axis of the
vessel.
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Description

Field of the invention

[0001] The invention relates to an improved configu-
ration of bins, hoppers, silos, reactors, and more gener-
ally to any vessel for handling, processing, transporting
or temporarily storing particulate bulk materials.
[0002] A particularly useful application of the inven-
tion is related to a Direct Reduction Reactor of particu-
late iron ores.

Background of the invention

[0003] It is common in many industries to use contain-
ers or vessels for handling, processing, transporting or
temporarily storing particulate bulk materials. The geo-
metrical configuration of such containers or vessels is
of utmost importance in order to assure the desired type
of flow of particles through said vessels. Depending on
such factors and characteristics of the particles, as for
example, the size and shape of the particles, the friction
forces developed in the body of the bulk material as well
as the friction forces between the particles and the wall
of the container and the pressure exerted on said parti-
cles caused by the weight of the mass of particles, pri-
marily the shape of the vessel but also its dimensions
relative to the particles to be handled, determines
whether the particles will flow freely by the action of
gravity or will form bridges or domes which stop said
flow or at least produce non-uniform flow thereof.
[0004] US patent 4,886,097 to Garza-Ondarza dis-
closes a single segment container to handle particulate
solids comprising a downwardly converging wall which
wall is provided with an internal inverted step extending
along a portion of the converging wall. The internal in-
verted step extends helically along at least a portion of
the converging wall to provide a continuous increase in
the cross-sectional area of the container to promote the
flow of solids.
[0005] This patent provides an enlargement of the
cross-sectional area of the container and in this way the
solids compaction is minimized allowing configurations
of the container with narrower outlet diameters. The
measures proposed by this patent however, although ef-
fective in achieving its object, are difficult to incorporate
in a cost-effective manner because the construction of
the helical step along the conical portion of the container
raises the costs incurred by the actual cutting and con-
formation of the metal sheet employed for constructing
such container. This becomes more relevant when the
spiral inverted step is to be incorporated in a large re-
actor which has to withstand high internal pressures.
[0006] US patent 6,055,781 describes a hopper that
has been developed to reduce the tendency of particu-
late material to form bridges by providing a shape so
that its walls slope downward more steeply with increas-
ing height above the outlet. The disclosed hopper com-

prises several adjacent conical sections that are ar-
ranged along a common longitudinal axis. In the down-
ward direction, the conicity of the adjacent sections de-
creases.
[0007] US patent 3,797, 707 describes a bin for stor-
age and flow of bulk solids having stepped hopper sur-
faces adapted to increase and render constant the rate
of flow at the hopper outlet. The stepped surfaces have
friction and slope angles adapted to satisfy the criteria
for mass flow, and provide spaces for injecting fluid at
one or more perimetric interfaces with the moving solids.
This patent suggests an enlargement of the cross sec-
tional area of the bin. To this end, it is propagated to
arrange several conical segments adjacent one another
and along a common longitudinal axis. The segments
are dimensioned and arranged in the longitudinal direc-
tion so that they are joined by horizontal wall segments.
The walls of this known container may still provide a sup-
port for the formation of domes by the particles. The in-
jection of a fluid may not be possible to practice in many
applications and entails additional operational costs.
[0008] US 3,921,351 discloses a segmented storage
bin of circular or square cross-section for storing and
dispensing particulate material comprising several bin
segments; the cross-section of the bin is enlarged by
the combination of intermediate wall segments provid-
ing an enlargement of the cross sectional area of the
bin. The concept described in this patent however does
not eliminate the formation of domes by the solid parti-
cles.
[0009] US 6,089,417 describes a chip bin comprising
a discharge zone having a curvilinear roller shape in any
freely chosen horizontal cross-section wherein the
cross-section of the discharge zone decreases down-
wardly. In the cross-sectional view along the longitudinal
axis of the known chip bin, some segments of the bin
have a vertical wall on one side and an angled wall on
the opposite side. The bin of this patent also has the
disadvantage of a complicated and costly construction
because of the shape of the segments as shown in the
patent.

Summary of the invention

[0010] In view of this prior art, it is an object of the
invention to provide a vessel or container that is inex-
pensive to manufacture and that promotes a uniform
flow of particulate bulk materials therethrough. In partic-
ular, the stoppages caused by said materials hanging
or dome bridging inside the converging zone of such
container is to be minimized without resorting to moving
parts.
[0011] This object is solved by a vessel having the
features of claim 1. A further solution is provided by a
direct reduction reactor having the features of claim 20
below. Further advantageous embodiments are provid-
ed in the dependent claims, respectively.
[0012] The present invention is based on the concept
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to provide an expansion of the cross sectional area of
the inventive vessel which is asymmetrical at least in
one direction with respect to a horizontal plane. This fea-
ture of the invention produces a uniform gravity driven
flow of particles and eliminates the possibility of forma-
tion of bridges or domes which interrupt the flow of par-
ticles.
[0013] This concept is reflected in the feature of claim
1 requiring the lower edge of the upper wall segment to
extend outside a plane that is perpendicular to the lon-
gitudinal axis of the upper wall segment, and/or requir-
ing the upper edge of the lower wall segment to extend
outside a plane that is perpendicular to the longitudinal
axis of the lower wall segment. Some wall segments of
the present invention converge along their longitudinal
axis. This convergence along a straight line facilitates
easier manufacturing and assembly, but convergence
of each converging wall segment along a curve is also
contemplated. The angle of convergence is measured
from the longitudinal axis to the wall of the wall segment,
as seen in the direction of convergence.
[0014] Although it is preferred that the longitudinal ax-
es of the wall segments of the inventive vessel coincide,
it is also contemplated to arrange these axes parallel to
and spaced from one another. Coinciding axes will im-
prove the flow of particles through the inventive vessel,
and spaced parallel axes allow for greater flexibility con-
cerning the inventive vessel's requirement for space.
[0015] The direct reduction reactor in accordance with
the present invention is particularly suitable for process-
ing particles of iron oxides containing materials at high
temperatures, so as to produce metallic iron in the solid
state. In the inventive direct reduction reactor, the iron
oxide particles can flow by gravity in a uniform plug flow
pattern, and the range of lump ores and/or pellets ex-
pands, because the inventive direct reduction reactor
minimizes the possibility of dome bridging in the dis-
charge zone of the reactor.
[0016] The present invention provides a better solu-
tion to the tendency of solid particles to bridge within the
container, by providing an enlargement of its cross-sec-
tional area but with a better design and a more cost-
effective facility for its construction.
[0017] Other features and advantages of the inven-
tion will be pointed out hereafter.

Brief description of the drawings

[0018]

Figure 1 is a vertical side view of a vessel incorpo-
rating a preferred embodiment of the inven-
tion;

Figure 2 is a plan view of the same embodiment of
Figure 1;

Figure 3 is a perspective external view of the embod-

iment of Figure 1;

Figure 4 shows a diagrammatic construction of the
top segment of the vessel shown in Figure
1;

Figure 5 shows a diagrammatic construction of an in-
termediate segment of the vessel shown in
Figure 1;

Figure 6 shows a diagrammatic construction of the
bottom segment of the vessel shown in Fig-
ure 1;

Figure 7 is a diagrammatic side view of a direct re-
duction reactor embodying the present in-
vention; and

Figure 8 is a side view of a storage bin embodying
the present invention which may also com-
prise means for injecting a fluid to facilitate
flow of the particulate material or react
therewith.

Detailed description of a preferred embodiment

[0019] In the figures, a preferred embodiment of the
present invention is depicted, and the inventive vessel
is generally designated with reference numeral 10.
Throughout the drawing figures, the same or corre-
sponding elements are designated with identical refer-
ence numerals.
[0020] Although vessel 10 in Fig. 1 is depicted as hav-
ing various conical segments 12, 14, 16, 18 and 20, it
would be sufficient to embody the present invention, if
the vessel 10 only comprised an upper wall segment 12,
a lower wall segment 14, and an intermediate wall seg-
ment 34. In Fig. 1, various of these upper wall segments,
lower wall segments and intermediate wall segments
are depicted, the intermediate wall segments linking the
respective upper and lower wall segments. In this man-
ner, for example, conical wall segment 18 in Fig. 1 func-
tions as an upper wall segment for the combination of
wall segments 18, 40 and 20, and at the same time as
a lower wall segment for the combination consisting of
wall segments 16, 38 and 18. In this connection, it
should be noted that, although the terminology "upper"
and "lower" reflect the preferred orientation of the inven-
tive vessel in use, such as it is depicted in Fig. 1, they
mainly serve to identify relative orientations, and not to
identify an absolute location or orientation of the inven-
tive vessel.
[0021] Further with reference to Fig. 1, in the vertical
cross-sectional view of a vessel 10 of a preferred em-
bodiment of the invention, conical segments 12, 14, 16,
18 and 20 are depicted, all of which are generally cen-
tered with respect to the longitudinal, and in use of the
vessel typically substantially vertical, axis 22 of vessel
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10. In this preferred embodiment, the longitudinal axes
of the various conical segments 12, 14, 16, 18 and 20
coincide, which is particularly evident from Fig. 2. It is,
however, also within the scope of the invention to ar-
range the vertical axes of the conical segments 12, 14,
16, 18 and 20 so that they do not coincide, as long as
they are arranged parallel to one another.
[0022] Conical segments 12 to 18 are generally
shaped with an angle A with respect to their respective
vertical axes. This angle A of the conical segments is
selected in accordance with the flow characteristics of
the particular solid bulk material to be handled by vessel
10, and in accordance with the optimization of the height
of the vessel which results from steeper but more flow
favorable values of angle A and from the necessity of
having plug flow through the vessel or at an upper gen-
erally cylindrical section 26 of vessel 10.
[0023] Angle A will be selected by the skilled person
in accordance with the application of vessel 10. For the
preferred application, in direct reduction reactors, angle
A is most preferably in the range from 11° to 18°. Al-
though it is preferred to have segments 12 to 18 shaped
with the same angle A, for some materials it may be de-
sirable to decrease the angle A of each segment, with
the smallest angle at the bottom of vessel 10. This de-
creasing conical angle A promotes the flow of particles
to be more vertical where the cross-sectional area is
smaller.
[0024] Segment 12 has a lower elliptical edge 24 re-
sulting from truncating the cone 12 at an angle B. Angle
B is in the range from 20° to 60° with respect to the hor-
izontal, and more preferably between 35° to 45° with
respect to the horizontal. In the preferred, substantially
vertical orientation of vessel 10, these angles B translate
into an angle in the range from 30° to 70°, and preferably
35° to 55° with respect to the longitudinal axis of wall
segment 12. It is most preferred that angle B is 40°, so
as to ensure optimum flow and to eliminate the possibil-
ity of formation of domes which could interrupt the flow
of particles, in the preferred application of vessel 10. It
is of course to be understood that the lower edge does
not necessarily have to be elliptical, since the concept
of the invention may be implied to vessels or containers
having cross-sectional areas other than circular, for ex-
ample rectangular.
[0025] Segments 14, 16 and 18 have similarly ellipti-
cal lower edges 26, 28, and 30, respectively. Each of
the segments 12, 14, 16, 18 and 20 of vessel 10 coop-
erates with its adjacent segment or segments in order
to provide an expansion of the cross sectional area of
the flow channel of the preferably solid particles passing
successively through segments 12 to 20. It is a distinc-
tive feature of vessel 10 that this expansion of the cross
sectional area is asymmetrical at least in one direction
with respect to a horizontal plane. This minimizes the
possibility of formation of bridges or domes by the grav-
ity driven particles, because the supporting wall or sup-
porting walls are asymmetric as regards the direction of

gravity.
[0026] The preferably elliptical recess spaces en-
closed by the intermediate wall segments are oriented
in the same direction, i.e. their longitudinal axis is ori-
ented parallel to the longitudinal axes of conical seg-
ments 12, 14, 16, 18 and 20. The level of the highest
point of each one of said intermediate wall segments is
located at the same height or above the level of the low-
est points of its associated upper wall segment, i.e. of
the recess space above it, thus providing a continuous
asymmetry in the walls of vessel 10; it should be noted
that the invention also comprises embodiments where
the space recesses are separated vertically by a dis-
tance longer or shorter than that depicted in the Figures,
so that they effectively overlap or leave some zones
without said cross-sectional area enlargements. The
orientation of at least some or all of said recesses can
also be different.
[0027] In Fig. 1, the lower edge portion 50 of the upper
wall segment 12 is connected to the upper edge of in-
termediate wall element 34. As connection between the
upper edge of the intermediate wall segment 34 and the
upper wall segment 12 is preferably not with the lower
edge 24 of upper wall segment 12, but with the lower
edge portion 50, the mentioned overlap results, as de-
picted in Fig. 1. As it is understood in this document, the
term lower edge portion includes the lower edge.
[0028] Intermediate wall segment 34 is with its lower
edge attached to the upper edge of lower wall segment
14. The intermediate wall segment 34 is of generally cir-
cular cross-section and encloses a space 42 formed be-
tween the intermediate wall segment 34. This space 42
enlarges the effective cross sectional area of the vessel
10 and allows the particles to be handled to expand
therein and to release some of the pressure acting on
said downwardly flowing particles. The lower edge por-
tion 50 of upper wall segment 12 may extend in this over-
lap over a certain distance L into vessel 10. The pre-
ferred value of this distance L will be selected in accord-
ance with the size and shape of the particles to be han-
dled, and also according to the heat transfer require-
ments which may be imposed by the temperatures in-
side vessel 10. For example, when the present invention
is applied to reactors for the direct reduction of iron ox-
ides where the particulate material may reach temper-
atures in the range of 500°C to 850°C, the length L may
be in the range from 5 cm to 20 cm. In applications of
the invention to reactors or bins handling particles at
high temperatures, this overlap L may be dimensioned
so that the heat transferred from the particles may be
dissipated by conduction to the rest of the vessel wall
thus advantageously dispensing with the need for addi-
tional cooling systems to cool said overlap.
[0029] Similar to intermediate wall segment 34, other
intermediate wall segments 36, 38 and 40 are provided
to define further expansions of the cross sectional area.
These expansions are designated as 44, 46 and 48 (Fig.
1).
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[0030] The upper and lower wall segments 12 to 20
may be constructed from conical shapes conformed and
cut at the selected angle B, as shown in Figs. 4 to 6. As
can be appreciated from these figures, and also from
Fig. 3, there is a clear advantage in configuring upper
and lower wall segments 12 to 20 as well as intermedi-
ate wall segments 34, 36, 38 and 40 in this manner. In
particular, these segments may be manufactured with
some tolerance to their dimensions, simply telescopical-
ly inserted into one another and subsequently be con-
nected, for example by welding. This manufacturing is
considerably more cost efficient than the prior art con-
struction which proposed a continuous spirally shaped
wall element.
[0031] In Fig. 4, the uppermost upper wall segment is
depicted. It is of truncated cone shape with the base of
the cone being depicted near the upper end of the Fig-
ure, and the plane of truncation depicted near the lower
end of Fig. 4. The base of the cone shape of the upper-
most upper wall segment 12 is perpendicular to the lon-
gitudinal axis 12', and the plane of truncation is inclined
relative to the longitudinal axis 12'. In particular, the an-
gle of inclination B is non-perpendicular to axis 12'.
[0032] The lower wall segment in the combination of
wall segments 12, 34 and 14 (Fig. 3), namely wall seg-
ment 14, is depicted in more detail in Fig. 5. As is evident
from Fig. 5, wall segment 14 is also of truncated cone
shape, the base of the cone being depicted near the up-
per end of the Figure and in this case also inclined rel-
ative to the longitudinal axis 14' of segment 14. The an-
gle of inclination relative to longitudinal axis 14' of seg-
ment 14 matches the angle of inclination of the plane of
truncation of upper wall segment 12. Likewise, the angle
of inclination B of the plane of truncation of wall segment
14 in inclined at the same angle B relative to its longitu-
dinal axis 14'.
[0033] In Fig. 6, a further "lower" wall segment is de-
picted, in this case the lowermost wall segment of vessel
10 of Fig. 3. This lowermost wall segment 20 is also of
truncated cone shape, the base being depicted near the
upper end of the Figure, and the plane of truncation near
the lower end of Fig. 6. The angle of inclination of the
base of the cone shape of wall segment 20 is inclined
at the same angle of inclination B relative to the longi-
tudinal axis 20' of wall segment 20. In this manner, the
vessel 10 depicted in Fig. 3 can more easily be manu-
factured and assembled. The lowermost wall segment
can terminate in an outlet discharge 32 (Fig. 1).
[0034] Referring now to Fig. 7, reference numeral 52
generally designates a direct reduction reactor having
an upper reduction zone 54 and a lower discharge zone
56. Particulate iron oxides material in the form of lumps,
pellets or mixtures thereof is fed to reactor 52 through
feed pipes 58 and the material flows by gravity down-
wardly through reactor 52 at a regulated rate by conven-
tional means (not shown for simplicity) and is dis-
charged through outlet 60. The iron oxides are reduced
to metallic iron by reaction with a reducing gas compris-

ing hydrogen and carbon monoxide fed through feed in-
let 62 and connected to distributing plenum 64 from
which it is injected through nozzles 66 into the bed of
particles, the gas flowing upwardly and counter-current-
ly to the solid particles.
The reacted gas is withdrawn through gas outlet 68 from
which it is regenerated and recycled to reaction zone 54.
[0035] At the bottom portion of the conical discharge
zone 56 vessel 70 is located which incorporates the fea-
tures of the present invention as indicated by the same
numerals designating the same elements shown in Fig.
1.
[0036] A typical direct reduction reactor has a diame-
ter in its cylindrical part in the range of 4.5 to 6.5 meters,
and its height is about 30 to 35 meters. The lowest por-
tion where the invention is being incorporated (numeral
70) is about 7 meters tall, its wall converging from about
3 meters diameter to an outlet of about 1.0 meter diam-
eter. The particles of reduced iron ore are comprised by
lumps of irregular shape and pellets of generally spher-
ical shape and mixtures of these materials. The particle
size may vary from 3 mm to 30 mm and have a bulk
density between 1.0 and 2.7 tons/cubic meter, usually
from 1.4 to 2.0 tons/cubic meter. The friction angle be-
tween particles is typically in the range from 30 to 70
degrees and the friction angle between particles and the
wall from about 20 to 35 degrees. Of course the value
of friction angles vary in a wide range depending on
many characteristics of the particles. The lowest seg-
ment of the reactor is usually made of carbon steel, but
for some applications it may be made of high tempera-
ture resistant alloyed steel, (for example: inconel or
stainless steel 304).
[0037] The tendency of the material in the reactor to
form domes in vessel 70 wherein the internal diameter
is smaller in comparison with the prior art is eliminated
by the invention and the uniform flow of the solid parti-
cles throughout the reactor is improved thus rendering
a more homogeneous quality of the product by the effect
of the elliptical space recesses conformed and oriented
at an angle B with respect to the reactor vertical axis,
for example at 40°.
[0038] Fig. 8 shows a holding bin 72 incorporating the
features of the invention and additionally comprising
means 74, 76 and 78 for injecting a fluid, for example
air or any suitable gas according to the material being
handled, into the recess spaces 42, 46 and 48 enclosed
by intermediate wall segments 34, 36, 38 and 40. This
fluid injection may be a gas or liquid for aerating small
sized particulate materials thus facilitating their flow
through the bin, or may be a liquid or gas utilized for
treatment or reaction with the particulate materials.
[0039] It is of course to be understood that many mod-
ifications may be made to the invention and that the in-
vention may be carried out through several embodi-
ments without departing from the scope thereof as it is
set forth in the following claims; for example it will be
evident that the vessel may have a shape other than
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conical, like square or rectangular, and that the internal
walls of the vessel may be lined with refractory or other
material suitable for contacting the materials stored or
processed in the vessel.

Claims

1. Vessel (10, 70) for enabling a uniform gravity driven
flow of particulate bulk material therethrough, the
vessel including at least

- an upper wall segment (12) having a longitudi-
nal axis (Fig. 4: 12') and a wall converging along
its longitudinal axis, the upper wall segment de-
fining with an upper edge thereof a bulk mate-
rial inlet, as well as

- a lower wall segment (14) having a longitudinal
axis (Fig. 5: 14') and a wall converging along
its longitudinal axis, the lower wall segment de-
fining with a lower edge thereof a bulk material
outlet, and

- the lower edge of the upper wall segment and/
or the upper edge of the lower wall segment ex-
tending outside a plane perpendicular to the
longitudinal axis of the respective wall seg-
ment.

2. Vessel as claimed in claim 1, further comprising a
wall segment (34) intermediate the upper and the
lower wall segments, the intermediate wall segment
(34) being connected with an upper edge thereof to
a lower edge portion (50) of the upper wall segment
(12), and further being connected with a lower edge
thereof to an upper edge of the lower wall segment
(14).

3. Vessel as claimed in claim 2, wherein the interme-
diate wall segment (34) has a longitudinal axis and
a wall parallel to the longitudinal axis.

4. Vessel as claimed in claims 2 or 3, wherein said in-
termediate wall segment (34) has a longitudinal axis
and is connected such that the longitudinal axes of
the upper wall segment, the lower wall segment and
the intermediate wall segment are parallel to one
another.

5. Vessel as claimed in claims 3 or 4, wherein the in-
termediate wall segment (34) is connected to the
upper (12) and the lower (14) wall segments so that
the longitudinal axes of the upper wall segment, the
lower wall segment and the intermediate wall seg-
ment coincide and form a longitudinal axis (22) of
the vessel.

6. Vessel as claimed in any of the preceding claims,
wherein the converging wall of the upper wall seg-

ment (12) forms a converging angle (A) in the range
from 8° to 45°, preferably 10° to 20° and more pref-
erably 11° to 18° with respect to the longitudinal axis
(14') thereof.

7. Vessel as claimed in any of the preceding claims,
wherein the converging wall of the upper wall seg-
ment (12) defines a truncated cone shape, the up-
per edge of the upper wall segment defining the
base of the cone and the lower edge (24) of the up-
per wall segment (12) defining the plane of trunca-
tion, and the base and/or the plane of truncation be-
ing inclined (B) relative to the longitudinal axis (12')
of the upper wall segment.

8. Vessel as claimed in claim 7, wherein the angle of
inclination of the plane of truncation forms an angle
(B) in the range from 30° to 70°, preferably 35° to
55° and more preferably 40° with respect to the lon-
gitudinal axis of the upper wall segment.

9. Vessel as claimed in any of the preceding claims,
wherein the converging wall of the lower wall seg-
ment (14) forms a converging angle (A) in the range
from 8° to 45°, preferably 10° to 20° and more pref-
erably 11° to 18° with respect to the longitudinal axis
(14') thereof.

10. Vessel as claimed in any of the preceding claims,
wherein the converging wall of the lower wall seg-
ment (14) defines a truncated cone shape, the up-
per edge of the lower wall segment defining the
base of the cone and the lower edge of the lower
wall segment defining the plane of truncation, and
the base and/or the plane of truncation being in-
clined (B) relative to the longitudinal axis (14') of the
lower wall segment.

11. Vessel as claimed in claim 10, wherein the angle of
inclination of the plane of truncation forms an angle
(B) in the range from 30° to 70°, preferably 35° to
55° and more preferably 40° with respect to the lon-
gitudinal axis (14') of the lower wall segment (14).

12. Vessel as claimed in any of the preceding claims,
wherein the converging walls of the upper (12) and
the lower (14) wall segments form converging an-
gles (A) with respect to their respective longitudinal
axis (12', 14'), the angles decreasing from the upper
wall segment to the lower wall segment of said ves-
sel.

13. Vessel as claimed in any of claims 2 to 12, wherein
the intermediate wall segment (34) has a longitudi-
nal axis and the wall of the intermediate wall seg-
ment (34) defines a cylinder, the upper edge of the
intermediate wall segment defining an upper end
plane inclined relative to the longitudinal axis of the
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intermediate wall segment, and/or the lower edge
of the intermediate wall segment defining a lower
end plane inclined relative to the longitudinal axis
of the intermediate wall segment.

14. Vessel as claimed in claim 13, wherein the cylinder
has an elliptical cross section.

15. Vessel as claimed in any of claims 2 to 14, wherein
the upper edge of the intermediate wall segment
(34) defines a cross-sectional area larger than a
cross sectional area defined by the lower edge (24)
of the upper wall segment (12), and/or the lower
edge of the intermediate wall segment (34) defines
a cross-sectional area smaller than a cross section-
al area defined by the upper edge of the lower wall
segment (14).

16. Vessel as claimed in any of the preceding claims,
including a plurality of upper wall segments (12, 14,
16, 18), the uppermost (12) of the upper wall seg-
ments defining with its upper edge the bulk material
inlet of the vessel (10, 70), the vessel further includ-
ing a plurality of lower wall segments (14, 16, 18,
20), the lowermost (20) of the lower wall segments
defining with its lower edge the bulk material outlet
of the vessel (10, 70).

17. Vessel as claimed in claim 16, further including a
plurality of intermediate wall segments (34, 36, 38,
40).

18. Vessel as claimed in any of the preceding claims,
wherein the upper and the lower wall segments
generally have a circular or a rectangular cross sec-
tion.

19. Vessel as claimed in any of claims 2 to 18 for use
as a holding bin (72) for particulate material and in-
cluding means (74, 76, 78) to inject a fluid into the
vessel, wherein said means is arranged to inject the
fluid into at least one of the intermediate wall seg-
ments (34, 36, 38).

20. Direct reduction reactor (52) for processing parti-
cles containing iron oxides to produce particles con-
taining metallic iron in the solid state, including a
vessel (70) as claimed in any of the preceding
claims.

21. Direct reduction reactor as claimed in claim 20,
wherein the vessel (70) is located proximate to the
discharge outlet (60) of the direct reduction reactor
(52).

22. Direct reduction reactor as claimed in claim 20 or
21, wherein the vessel (70) has four intermediate
wall segments (34, 36, 38, 40).
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