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(54) Handling system for agglomerable materials

(57) A handling system for agglomerable materials
has a hopper (23) with four sidewalls (33), each sidewall
having a slope differing from each of the other sidewalls
by at least 5°. The slopes are selected and the sidewalls
(33) have a length selected so that the outlet (29) has a

cross-sectional area not less than 50% of the cross-sec-
tional area of the inlet (25).

The handling system is well-suited for dispensing
synthetic gypsum in the manufacture of Portland ce-
ment or wallboard.
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Description

Field of the invention

[0001] This invention relates to material handling sys-
tems, and more particularly to handling systems for ag-
glomerable materials.

Background

[0002] Certain bulk materials, although they exist in
generally fluid form, are "sticky", "muddy", viscous, or
coagulant, collectively referred to hereinafter as "ag-
glomerable". One such agglomerable material is syn-
thetic gypsum, which is highly useful in making Portland
cement and wallboard. In general terms, gypsum im-
proves the ease of manufacturing and the strength char-
acteristics of the resultant material, whether it be Port-
land cement or wallboard.
[0003] Synthetic gypsum is a lower-cost replacement
for naturally occurring gypsum. Such synthetic gypsum
is generally produced as a byproduct from other proc-
esses which typically include high-temperature com-
bustion. For this reason, the majority of synthetic gyp-
sum produced in the United States is generated from
coal-fired electric power generation plants. Scrubbers
are utilized in such power generation plants to collect
sulfur dioxide emissions generated during the coal firing
process. The scrubbers utilize a filter medium material
produced from limestone which is high in calcium. As
the filter absorbs sulfur dioxide emissions, the filter ma-
terial chemically transforms to a calcium sulfate material
which is compositionally very similar to natural gypsum.
Once the filter becomes spent or saturated, it is typically
discarded; it is such typically discarded filters which
serve as an excellent source of synthetic gypsum.
[0004] The primary drawback to utilizing synthetic
gypsum has been its agglomerable characteristics.
Manufacturing processes generally require the reactive
or constituent materials to be evenly and easily con-
veyed to and from the various manufacturing apparatus
involved in the material processing. Unfortunately, ag-
glomerable materials, such as synthetic gypsum, are
difficult to feed and meter reliably in such processes. In
particular, synthetic gypsum is generally difficult to con-
vey evenly and at the required rates during Portland ce-
ment and wallboard manufacturing. In such manufactur-
ing processes, bulk materials are typically stored and
dispensed from hoppers or silos. Such hoppers gener-
ally have sidewalls which slope symmetrically and in-
wardly from their upper edges toward the dispensing ar-
ea or outlet of the hopper. This typical hopper geometry
frequently causes "bridging" at or near the outlet of the
hopper, which, in turn, stops flow or makes it erratic.
[0005] Even when hoppers are associated with mass
flow feeders, such devices do not render the flow uni-
form because it has been found that the material "bridg-
es" or agglomerates before reaching the mass flow

feeders, thereby making the flow erratic.
[0006] Some hoppers have more complexly-shaped
sidewalls which, in vertical cross-section, have either a
curvature or a variety of slopes associated with the side-
walls. Such multiple, sloped sidewalls are nonetheless
symmetrical in relation to a central, longitudinal axis of
the hopper.
[0007] Other systems known in the art make use of a
vertical sidewall in the hopper and an opposing angled
or sloped sidewall. Examples of such structures are
shown in U. S. Pat. N°. 4,265,065 (Osada), U. S. Pat.
N°. 2,376,553 (Hombrook), and Ger. Pat. N°. 1,23,749
(Harriman). The geometries of these structures render
them incapable of dispensing agglomerable materials,
as such materials are generally not able to pass through
the outlet, and if they do, the flow is erratic and non-
uniform.
[0008] There is thus a need for a handling system for
agglomerable materials which can reliably and uniform-
ly feed and meter from a hopper.

Summary of the invention

[0009] A handling system for agglomerable materials
according to the invention comprises:

j four sidewalls joined at opposing side edges to de-
fine a hopper of quadrilateral, transverse cross-sec-
tion, the sidewalls terminating in an upper edge and
an opposite lower edge;

j an inlet defined at the upper edge formed by the
sidewalls;

j an outlet defined at the lower edge formed by the
sidewalls; furthermore:

j the cross-sectional area of the outlet is no less
than about 50% of the cross-sectional area of
the inlet;

j the four sidewalls comprise :

- a first sidewall oriented substantially verti-
cally;

- a second sidewall opposite the fist side-
wall, sloping toward the outlet at an angle
with horizontal in the range of about 75° to
about 85°; and

- third and fourth opposite sidewalls sloping
toward the outlet at angles with horizontal
in the range of about 60° to 80°;

j the slopes of the sidewalls are selected from
said ranges so that the angle of each sidewall
is dissimilar from the angles of each of the other
sidewalls by at least about 5°, the dissimilar
slopes making the hopper asymmetric about
any vertical cross-section, thereby reducing
bridging and erratic flow of the agglomerable
materials.
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Brief description of the Drawing

[0010] The invention will be better understood by ref-
erence to the attached drawing. It is understood that the
drawing is for illustrative purposes only and is not nec-
essarily drawn to scale. In fact, certain features of the
present invention are shown in more detail for purposes
of explanation and clarification. The drawing includes:

j Fig. 1 is a schematic view of an apparatus for mak-
ing Portland cement in accordance with the present
invention;

j Fig. 2 is a first, side-elevational view of the inventive
hopper shown schematically in Fig. 1;

j Fig. 3 is a second, side-elevational view of the hop-
per of Fig. 2;

j Fig. 4 is a top sectional view of the hopper of Figs.
2 and 3, taken along the line 4-4 of Fig. 2.

Description of the Preferred Embodiment

[0011] Referring now to the drawing, and in particular
to Fig. 1, an apparatus 21 for making Portland cement
according to the present invention includes a hopper 23
for dispensing synthetic gypsum. The hopper 23 is spe-
cially structured with no two sidewalls the same, as de-
tailed below, a structure which has been found to reduce
bridging or other erratic flow of the synthetic gypsum.
[0012] The synthetic gypsum is transported to appa-
ratus 21 by carrying a load of it up ramp 27. The syn-
thetic gypsum is loaded into hopper 23 through inlet 25.
Hopper 23 is positioned with inlet 25 vertically above
outlet 29 and is secured in place by a suitable support
structure 30. The force of gravity and the action of mass
flow feeder 31 withdraws and meters the synthetic gyp-
sum from outlet 29. During withdrawal from hopper 23,
the agglomerable material is guided, deflected, or influ-
enced by the dissimilar hopper sidewalls 33. After exit-
ing outlet 29, a suitable collection conveyor 32 moves
the synthetic gypsum to the next processing apparatus
36. Processing apparatus 36 preferably includes a suit-
able mill for grinding and combining the synthetic gyp-
sum with clinker to create Portland cement in powder
form, such cement having enhanced strength charac-
teristics.
[0013] Referring now to Fig. 2-4, hopper 23 has been
provided with four sidewalls 33 which are advanta-
geously configured to reliably and evenly feed agglom-
erable material such as synthetic gypsum therethrough.
Each of the sidewalls 33 has an outer surface 46 and
an inner surface 43. Inner surfaces 43 are substantially
planar and extend generally parallel to corresponding
outer surfaces 46.
[0014] Referring in particular to Fig. 2, a first sidewall
35 is oriented substantially vertically. A second sidewall
37, opposite the first sidewall, slopes toward the outlet
29, preferably at an angle with the horizontal in the range
of about 75° to about 85°, and most preferably at angle

A of about 80°. The third and fourth opposite sidewalls
39, 41 (Fig. 3) slope toward the outlet 29 at angles B, C
with the horizontal ranging between about 60° and
about 80°, the third sidewall 39 preferably having an an-
gle B of about 75° and the fourth sidewall 41 preferably
having an angle C of about 70°. It is understood that, in
this embodiment the inner surfaces 43 of the sidewalls
33 have slopes corresponding to those enumerated
above with respect to the sidewalls themselves.
[0015] What is significant about the above geometry
is that the slopes of the sidewalls 33 are selected so that
the angle of each sidewall is dissimilar from the angles
of each of the other sidewalls by at least 5°. This dis-
similarity, in turn, makes hopper 23 asymmetric in its
vertical cross-section, that is, asymmetric about vertical
axis 57 as shown in Figs. 2 and 3. Furthermore, the
cross-sectional area of inlet 25 has a centerpoint 51
which is laterally spaced from the corresponding center-
point 53 of outlet 29 (Fig. 4). A crown 26, also with slop-
ing sidewalls, is formed above inlet 25 to help with the
retention and feeding of the appropriate load of material
in hopper 23.
[0016] Besides the asymmetric, dissimilar sidewalls
33 discussed above, another important feature of the
present invention is to give outlet 29 a cross-sectional
area 47 preferably no less than about 50% of the cross-
sectional area 49 of inlet 25. The ratio of cross-sectional
areas 47, 49 deflects a sufficient amount of synthetic
gypsum, but not so much as to cause bridging.
[0017] In the illustrated embodiment, hopper 23 is a
75-ton hopper with sidewalls 33 having slopes as de-
scribed above. The vertical distance between the inlet
25 and outlet 29 of hopper 23 ranges from about 9 feet
to about 40 feet, and preferably is about eleven feet. In
such configuration, the inlet is about 11'11" by 13'ϖ" and
the outlet is about 8'11" by 10'7". The inlet area thus is
about 156 sq. ft. and the outlet area is about 94 sq. ft,
or about 60% of the inlet area.
[0018] Mass flow feeder 31 is preferably a rotational,
screw-type conveyor, such as triple 124E feeder avail-
able from J. C. Steele & Sons. The mass flow feeder 31
includes multiple, side-by-side rollers with interengag-
ing teeth conveying the synthetic gypsum from outlet 23
to collection conveyor 32 at a specified rate.
[0019] Although hopper 23 is illustrated in the context
of feeding synthetic gypsum in a Portland cement man-
ufacturing process, it will be appreciated by those skilled
in the art that it is also useful in wallboard manufacturing,
or with other agglomerable materials in still other man-
ufacturing processes.
[0020] The advantageous operation of the present in-
vention is apparent from the foregoing description. Ag-
glomerable material is loaded through inlet 25 in suffi-
cient amounts so that a substantial portion of the mate-
rial either encounters, or is influenced by, at least one
of the sloped sidewalls 33 prior to exiting the outlet 29.
When the agglomerable material contacts or is influ-
enced by the inner surfaces 43 of sidewalls 33 (Fig. 4),
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the differently sloped sidewalls 33 guide and deflect the
agglomerable material along differently oriented vectors
45 toward outlet 29. The differently oriented vectors 45
create a cascading effect which has been found to re-
duce bridging and other agglomeration of the materials
which would otherwise result in erratic flow.
[0021] Otherwise stated, by having each of the four
sidewalls 33 sloped at an angle at least 5° different from
each of the other sidewalls, a greater number of differ-
ently oriented forces are imparted to the agglomerable
material, thereby reducing bridging and other erratic
flow. As a result, the agglomerable material is fed evenly
into mass flow feeder 31, which in turn meters the ma-
terial onto collection conveyor 32. In the illustrated em-
bodiment, the agglomerable material, that is, synthetic
gypsum, is added to clinker and further processed into
Portland cement.
[0022] In addition to the advantages apparent from
the foregoing description, the present invention allows
a difficult-to-handle material, that is, synthetic gypsum,
to be more readily used in associated manufacturing
processes, such as those used to manufacture Portland
cement.
[0023] A further advantage is that the hopper accord-
ing to the present invention can be readily substituted
for prior art hoppers into existing designs for manufac-
turing facilities.
[0024] Yet another advantage is that agglomerable
materials are kept flowing evenly and reliably and thus
can become more widely used, an advantage which is
especially significant when agglomerable materials are
cheaper than materials currently in use.
[0025] It is understood that the above-described pre-
ferred embodiment is but one illustration of the present
invention, and that alternative embodiments may be de-
vised by those of ordinary skill in the art. Such alterna-
tives, as well as others which skill or fancy may suggest,
are considered to fall within the scope of the current in-
vention, which is solely defined by the claims appended
hereto.

Claims

1. A handling system for agglomerable materials,
comprising:

j four sidewalls (33) joined at opposing side edg-
es to define a hopper (23) of quadrilateral,
transverse cross-section, the sidewalls (33)
terminating in an upper edge and an opposite
lower edge;

j an inlet (25) defined at the upper edge formed
by the sidewalls (33);

j an outlet (29) defined at the lower edge formed
by the sidewalls (33);
characterized in that:

j the cross-sectional area (47) of the outlet
(29) is no less than about 50% of the cross-
sectional area (49) of the inlet (25);

j the four sidewalls (33) comprise :

- a first sidewall (35) oriented substan-
tially vertically;

- a second sidewall (37) opposite the
first sidewall (35), sloping toward the
outlet (29) at an angle (A) with horizon-
tal in the range of about 75° to about
85°; and

- third and fourth opposite sidewalls (39,
41) sloping toward the outlet (29) at
angles (B, C) with horizontal in the
range of about 60° to 80°;

j the slopes of the sidewalls (33) are select-
ed from said ranges so that the angle of
each sidewall (33) is dissimilar from the an-
gles of each of the other sidewalls by at
least about 5°, the dissimilar slopes mak-
ing the hopper (23) asymmetric about any
vertical cross-section, thereby reducing
bridging and erratic flow of the agglomera-
ble materials.

2. The system of claim 1, characterized in that the
second sidewall (37) has a slope of about 80°, the
third sidewall (39) has a slope of about 75°, and the
fourth sidewall (41) has a slope of about 70°.

3. An apparatus for making Portland cement with the
aid of synthetic gypsum, the apparatus comprising:

j four sidewalls (33) joined at opposing side edg-
es to define a hopper (23) of quadrilateral,
transverse cross-section, the sidewalls (33)
terminating in an upper edge and an opposite
lower edge;

j an inlet (25) defined at the upper edge formed
by the sidewalls (33);

j an outlet (29) defined at the lower edge formed
by the sidewalls (33);
characterized in that:

j the cross-sectional area (47) of the outlet
(29) is no less than about 50% of the cross-
sectional area (49) of the inlet (25);

j the four sidewalls (33) comprise:

- a first sidewall (35) oriented substan-
tially vertically;

- a second sidewall (37) opposite the
first sidewall (35), sloping toward the
outlet (29) at an angle (A) with horizon-
tal of 80°;

- third and fourth opposite sidewalls (39,
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41) sloping toward the outlet (29) at
angles (B, C) with horizontal in the
range of about 75° and 70°, respec-
tively;

j said apparatus further comprises:

- means (27) for loading the hopper (23)
at a sufficient rate to cause the syn-
thetic gypsum to be deflected by at
least one of the sloped sidewalls (33)
prior to exiting the outlet (29);

- a mass flow feeder (31) operatively po-
sitioned below the outlet (29); and

- means (32) for receiving the synthetic
gypsum for further processing (36) to
create Portland cement.

4. The apparatus of claim 3, characterized in that the
mass flow feeder (31) comprises a counter-rotation-
al, screw-type conveyor having a plurality of rollers
with interengaging teeth, the rotation of the interen-
gaging teeth conveying the synthetic gypsum from
the outlet (29) to the receiving means (32).

5. The apparatus of claim 4, characterized in that the
vertical distance between the outlet (29) and the in-
let (25) of the hopper (23) ranges from about 10 feet
to about 40 feet.

6. The apparatus of claim 4, characterized in that the
vertical distance between the outlet (29) and the in-
let (25) of the hopper is about 11 feet, wherein the
area of the inlet (25) is about 156 sq. feet. and the
area of the outlet (29) is about 94 sq. ft, whereby
the area of the outlet (29) is about 60% of the area
of the inlet (25).

7. A handling system for synthetic gypsum, charac-
terized in that it comprises:

j four sidewalls (33) with substantially planar in-
ner surfaces (43), the inner surfaces (43) hav-
ing opposing side edges joined to each other at
different angles to define a hopper (23) with no
two inner surfaces (43) having the same angle
with horizontal, the sidewalls (33) terminating
in an upper edge and an opposite lower edge;

j an inlet (25) defined at the upper edge formed
by the sidewalls (33);

j an outlet (29) defined at the lower edge formed
by the sidewalls (33); and

j a mass flow feeder (31) having conveying roll-
ers with interengaging teeth operatively posi-
tioned below the outlet (29) to withdraw the syn-
thetic gypsum from the outlet (29) at a specified
rate.

8. The handling system of claim 7, characterized in
that the first inner surface (43) is oriented substan-
tially vertically, the second inner surface is opposite
the first inner surface and is sloped toward the outlet
(29) at an angle with horizontal in the range of about
75° to about 85°, and the third and fourth inner sur-
faces (43) slope toward the outlet (29) at angles with
horizontal in the range of about 60° to about 80°,
and in that the slopes of the inner surfaces (43) are
selected from said ranges so that the angle of each
inner surface is dissimilar from the angles of each
of the other inner surfaces (43) by at least about 5°,
the dissimilar slopes making the hopper (23) asym-
metric about any vertical cross-section, thereby re-
ducing bridging and erratic flow of the synthetic gyp-
sum.

9. The handling system of claim 7 or of claim 8, where-
in the cross-sectional area (47) of the outlet (29) is
about 60% of the cross-sectional area (49) of the
inlet (25).

10. A handling system for agglomerable materials,
comprising:

j four sidewalls (33) joined at opposing side edg-
es to define a hopper (23) of quadrilateral,
transverse cross-section, the sidewalls (33)
terminating in an upper edge and an opposite
lower edge;

j an inlet (25) defined at the upper edge formed
by the sidewalls (33);

j an outlet (29) defined at the lower edge formed
by the sidewalls (33);
characterized in that:

j the cross-sectional area (47) of the outlet
(29) is no less than about 50% of the cross-
sectional area (49) of the inlet (25);

j the four sidewalls (33) comprise:

- a first sidewall (35) oriented substan-
tially vertically;

- second, third, and fourth sidewalls (37,
39, 41) sloping toward the outlet (29)
at respective angles (A, B, C) with hor-
izontal, the respective angles (A, B, C)
being selected so that the angle of
each sidewall (33) is dissimilar from
the angles of each of the other side-
walls by at least about 5°, the dissimi-
lar angles making the hopper (23)
asymmetric about any vertical cross-
section, thereby reducing bridging an
erratic flow of the agglomerable mate-
rials.

11. The handling system of claim 10, characterized in
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that:

j the second sidewall (37) is opposite the first
sidewall (35) and slopes toward the outlet (29)
at an angle (A) with horizontal in the range of
about 75° to about 85°;

j the third and fourth sidewalls (39, 41) are op-
posite each other and slope toward the outlet
(29) at angles (B, C) with horizontal in the range
of about 60° to 80°.
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