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FIG. 1

(57) Abstract: The invention relates to a flow-through sampling apparatus (10) for sampling a bulk solid mixture, comprising: a main
body (12) forming an opening (20); a screen (22) located within the opening (20) in the main body (12) and forming a plurality of
sample zones (24) within the main body (12); a first slide door (26) movable above the screen (22) for closing the opening (20) in
the main body (12); and a second side door (28) movable below the screen (22) for closing the opening in the main body (12). The
invention further relates to a method of sampling bulk solid mixture using a flow-through apparatus.
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CONTINUOUS FLOW SAMPLING APPARATUS

CROSS-REFERENCE TO RELATED APPLICATIONS

[001] Benefit of U.S. Provisional Patent Application Serial Number 62/350,997,
filed June 16, 2016, and US 15/296,203 filed October 18, 2016, are hereby claimed

and the disclosure incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[002] Embodiments of the present invention relate to devices and methods for
sampling mixtures, such as mixed bulk solids, in particular granular and/or pow-
dered mixtures. More speciﬁcélly, the invention relates to a flow-through sampling
apparatus and to a method of sampling a bulk solid mixture according to the pre-

amble of claim 1 respectively 12.

Description of Related Art

[003] ‘Bulk solids in granular or powered form are mixed and blended in various
industries. Examples of such industries include chemical manufacturing, food pro-
duction, the production of resin compounds, explosives, fertilizers, solid welding
fluxes, pharmaceuticals, and many others. Homogeneity of the solid mixture is usu-

ally desirable.

[004] A homogeneous solid mixture is one in which the compositions of the

‘constituents are uniform throughout the whole mixture. Optimization of mixing de-

vices or processes can include quantitative means to evaluate the final mixed prod-

uct.
BRIEF SUMMARY OF THE INVENTION

[005] The following summary presents a simplified summary in order to pro-
vide a basic understanding of some aspects of the devices and systems discussed

herein. This summary is not an extensive overview of the devices and systems dis-
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cussed herein. It is not intended to identify critical elements or to delineate the
scope of such devices and systems. lts sole purpose is to present some concepts
in a simplified form as a prelude to the more detailed description that is presented

Jater.

[006] In accordance with one aspect, provided is a flow-through sampling ap-
paratus for sampling a bulk solid mixture. The apparatus includes a main body
forming an opening. A screen is located in the opening and forms a plurality of
sample zones within the main body. The apparatus further includes a first slide door
that is movable above the screen so as to close one side of the opening. Further,
the apparatus includes a second slide door that is movable below the screen so as
to close the other side of the opening.

[007] In a certain embodiment, the opening in the flow-through sampling appa-
ratus is substantially circular. In another embodiment, the first slide door and the
second slide includes a through hole that is substantially equal in size to the open-
ing in the apparatus. In yet another embodiment, the plurality of sample zones have
substantially equal sampling size. In a further embodiment, the sample zones each
have a volume of 4 cubic centimeters. In a yet further embodiment, the apparatus
further includes at least one mounting structure for mounting the appératus on a
structural member in a manufacturing process. In one version of this embodiment,
the mounting structure is at least one flange. In another embodiment, the first slide
door and the second slide door include a handle. These features may be available
in any “and/or” combination.

[008] In accordance with another aspect of the device, provided is a flow-
through sampling apparatus for sampling a bulk solid mixture. The apparatus in-
cludes a main body forming an opening. A screen is located in the opening and
forms a plurality of sample zones within the main body. The apparatus further in-
cludes a means for selectively closing the opening and capturing a plurality of sam-
ples of the bulk solid mixture in the sample zones.

[009] In a certain embodiment, the means for selectively closing include a first

slide door movable above the screen and a second slide door movable below the
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screen. In one version of this embodiment, the first slide door and the second slide
door include a through hole substantially equal in size to the opening in the appara-
tus. In another version of this embodiment, the first slide door and the second slide
door include a handle. In another embodiment, the plurality of sample zones have
substantially equal sampling areas. In yet another embodiment, the sample zones
each have a volume of 4 cubic centimeters. In a further embodiment, the apparatus
includes at least one mounting structure configured to mount the apparatus on a
structural member in a manufacturing process. In a version of this embodiment, the
mounting structure comprises at least one flange. These features may be imple-

mented in any “and/or’ combination.

[0010] In accordance with another aspect, provided is a method of sampling a
bulk solid mixture. The method includes the step of providing a flow-through sam-
pling apparatus that includes a main body forming an opening; a screen located
within the opening that forms at least one sample zone within the main body; a first
slide door movable above the screen for closing the opening; and a second slide
door movable below the screen for closing the opening. Another step is a passing a
flow of the bulk solid mixture through the opening. Another step is closing a first
side of the opening and filling at least one sample zone with the bulk solid mixture.
A further step is closing the other side of the opening after at least one sample zone
has at least been partially filled with the bulk solid mixture.

[0011] In a certain embodiment, the method further includes the step of placing
the apparatus at an exit of a hopper (or a blender or a mixer) discharging the bulk
solid mixture before passing a flow of the bulk solid mixture through the opening. In
one version of this embodiment, the method further includes the step of removing
the apparatus from the exit after closing the other side of the opening to seal off the

opening.

BRIEF DESCRIPTION OF THE DRAWINGS -

[0012] Further embodiment, aspects and features of this invention will now be

described in further detail with reference to the accompanying drawings, in which:
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[0013] FIG. 1 shows a flow-through sampling apparatus in an open state;

[0014] FIG. 2 shows a flow-through sampling apparatus in a partially closed

state;
[0015] FIG. 3 shows a flow-through sampling apparatus in a fully closed state;

[0016] FIG. 4 shows a flow-through sampling apparatus inline in a bulk mixing

process,

[0017] FIG. 5 shows a flow chart illustrating the operation of the flow-through

sampling apparatus, according to an embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0018] In the following description of the present invention reference is made to
the accompanying drawings which form a part thereof, and in which is shown, by
way of illustration, exemplary embodiments illustrating the principles of the present
invention and how it may be practiced. It is to be understood that other embodi-
ments may be utilized to practice the present invention and structural and functional
changes may be made thereto without departing from the scope of the present in-

vention.

[0019] Embodiments of the present invention relate to a flow-through sampling
apparatus. The present invention will now be described with reference to the draw-
ings, wherein like reference numerals are used to refer to like elements throughout.
It is to be appreciated that the various drawings are not necessarily drawn to scale
from one figure to another nor inside a given figure, and in particular that the size of
the components are arbitrarily drawn for facilitating the understanding of the draw-
ings. In the following description, for purposes of explanation, numerous specific
details are set forth in order to provide a thorough understanding of the present in-
vention. It may be evident, however, that the present invention can be practiced
without these specific details. Additionally, other embodiments of the invention are

possible and the invention is capable of being practiced and carried out in ways
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other than as described. The terminology and phraseology used in describing the
invention is employed for the purpose of promoting an understanding of the inven-

tion and should not be taken as limiting.

[0020] In reference to the disclosure herein, for purposes of convenience and
clarity only, directional terms, such as, top, bottom, left, right, up, down, upper,
lower, over, above, below, beneath, rear, and front, may be used. Such directional
terms should not be construed to limit the scope of the invention in any manner. It is
to be understood that embodiments presented herein are by way of example and
not by way of limitation. The intent of the following detailed description, although
discussing exemplary embodiments, is to be construed to cover all modifications,
alternatives, and equivalents of the embodiments as may fall within the spirit and

scope of the invention.

[0021] Disclosed is a device for capturing a cross-sectional sample of a flow
stream of a bulk solid mixture in granular and/or powered form, a dry mix, or even
liquids, suspensions, etc. For ease of explanation, the device will be described in
the context of bulk solid mixing and sampling; however, it is to be appreciated that
the device can be applied to a variety of mixing processes involving solids and/or

liquids.

[0022] During the mixing process it can be important to achieve and maintain
homogeneity of the mixture. The disclosed device can be placed in a flow stream
and allows a cross-sectional “snap shot” of the flow stream to be sampled. The bulk
solid mixture is passed through an opening in the device. One side of the opening
can be closed and the bulk solid mixture can collect in the device. Then another
side of the opening can be closed so that opening is sealed and a cross-sectional
“snap shot” of the flow stream is sealed in the opening. A user can then test the
“snap shot,” and by extension the flow line, for composition and homogeneity. The
user can then adjust the mixture process for the bulk solid mixture based on the
test. Further, the device can segregate various portions of the cross section at dif-
ferent locations in the cross-sectional “snap shot’, so that the composition of the
one portion of the “snap shot” can be compared to the composition of another por-

tion of the same “snap shot.”
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[0023]  Turning to FIG. 1, illustrated is one embodiment of a flow-through sam-
pling apparatus 10. The sampling apparatus 10 comprises a. main body 12. The
main body 12 may have a top 14, a bottom 16, and at least one side 18. In an em-
bodiment, shown in FIG. 1, the top 14 and bottom 16 are substantially square in
shape and the side 18 comprises a front, a back, a first side, and a second side.

The main body 12 may be any shape consistent with the intended use.

[0024] The main body 12 includes at least one through hole or opening 20. The
main body opening 20 can extend from the top 14 to the bottom 16, from the top 14
of the main body 12 to the side 18 of the main body 12, from the bottom 16 of the
main body 12 to the side 18 of the main body 12, or any orientation consistent with
the intended use. For example, in FIG. 1, the main body 12 includes one main body
opening 20 extending from the top 14 to the bottom 16. FIG. 1 illustrates a centrally
placed main body opening 20 with respect to the main body; however other place-
ments of the main body opening 20 with relation to the main body may be used.

[0025] The main body opening 20 can further include a screen 22. In one em-
bodiment shown in FIG. 1, the screen 22 forms a plurality of sample zones 24
within the opening 20. The sample zones 24 can have different sizes from each
other; however, it may be desirable for the screen 22 to form a plurality of sample
zones 24 having substantially the same size and volume. The sample zones 24 can
be substantially square in shape but can also be any shape consistent with the in-
tended use, such as a circle, rectangle, oval, or the like. The walls of the screen 22
that separate and define the sample zones can be constructed of any material con-
sistent with the intended use. In one embodiment, the walls separating the sample
zones comprise solid walls. In other embodiments the walls separating the sample
zones may comprise walls with slits. In a yet further embodiment, the walls separat-
ing the sample zones may comprise a fine mesh. FIG. 1 illustrates one embodiment
of the sample zones 24 comprising a grid network of squares having substantially
the same size. The screen 22 can extend the entire length of the main body open-
ing 20 or a shorter distance if desired. In certain embodiments, the volume of the
sample zones 24 established by the screen 22 can correspond to a standard sam-

ple size for a specific industry. The volume of the sample zones 24 can be modified
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for any scale of scrutiny, which is the smallest amount of material within which the
quality of mixing is important. The volume of the sample zones 24 can range in size
from several cubic microns to several hundreds of liters depending on the samples
being collected (e.g., depending on the material being collécted, its composition, its
state as a solid, liquid, suspension, dry mix, etc.). For example, the sample zones
24 can be configured to each capture a 4 cubic centimeter (cc or cm?®) volume of a
bulk solid mixture. A sample size of 4 cm® is merely exemplary, and substantially
larger or smaller sampling sizes could be captured depending on the application
and material to be sampled. Moreover, the sample zones 24 can have a wide vari-
ety of shapes, sizes diaméters, perimeter lengths, cross-sections, volumes, and the
like, depending on the type of material to be sampled, the volume of material being

handled, etc.

[0026] The sampling apparatus 10 further includes means for preventing the
material from passing through the main body opening. For example, in FIGS. 1-3,
the means comprises a first movable slide door 26 and a second movable slide
door 28. The first movable slide door 26 is located above the main body opening 20
and the second movable slide door 28 is located below the main body opening 20.
The first movable slide door 26 slides above the screen 22 within the main body 12
of the sampling apparatus 10. The second movable slide door 28 slides beneath
the screen 22 within the main body 12 of the sampling apparatus 10. The slide
doors 26, 28 further include a through hole or opening 30. The slide door opening
30 can be substantially similar in shape and size to the main body opening 20. The

slide door opening 30, however, may be any size and shape as desired.

[0027] The sampling apparatus 10 has at least two separate states: an open
state and a fully closed state. In one embodiment, the sampling apparatus can fur-
ther include a third separate state, a partially closed state. Aln the open state, solid
material can pass through the main body opening 20. In the partially closed state,
solid material will accumulate in the main body opening 20. In the fully closed state,

solid material will be prevented from entering or leaving the main body opening 20.

[0028] The slide doors 26, 28 may each have a first and second orientation. In

the first orientation, the slide door opening 30 is aligned with the main body opening
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20. If both slide doors 26, 28 are in the first orientation, the device is in the open
state. An example of the open state for an example embodiment is illustrated in
FIG. 1. In the second orientation, the slide door opening 30 is out of alignment with
the main body opening 20 and the main body opening 20 is blocked by the slide
door. If one slide door is in the first orientation and the other slide door is in the
second orientation, the invention is in the partially closed state. In the partially clo-
sed state, solid material may enter the main body opening 20 through the slide door
in the first orientation and collect in the main body opening 20. An example of the
partially closed state for an example embodiment is illustrated in FIG. 2 with the first
movable slide door 26 in the first orientation and the second movable slide door 28
in the second orientation. If both slide doors are in the second orientation, the in-
vention is in a fully closed state. In the fully closed state, solid material cannot enter
the main body opening 20 and solid material collected in the main body 12 before
the invention entered the fully closed state will remain in the now enclosed main
body opening 20. An example of the fully closed state for an example embodiment
is illustrated in FIG. 3 with the first movable slide door 26 and the second movable

slide door 28 in the second orientation.

[0029] In a further embodiment, the slide doors 26, 28 each include a handle 32
for manually opening and closing the slide door 26, 28. In another embodiment, the
slide doors 26, 28 are operated automatically, such as by a solenoid, and the han-

dle may be omitted.

[0030] The sampling apparatus 10 can be mounted in line within a flow stream
of a bulk solid mixture, which is poured or otherwise flows through the main body
opening 20. The sampling apparatus 10 can further include mounting structures
34. The mounting structures 34 can be configured for mounting in a particular
manufacturing process. In FIG. 1, for example, the mounting structures 34 comprise
flanges or outriggers that allow the sampling apparatus 10 to be placed onto a
structural member (e.g., a framework) 36 associated with bulk mixing equipment.
The sampling apparatus can be hung by the outriggers along a bulk solid mixture

flow stream, so that a flow stream passes through the main body opening.

[0031] FIG. 4 illustrates the embodiment of the device shown in FIG. 1 mounted
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in line within a flow stream of a bulk solid mixture. The flow-through sampling appa-
ratus 10 is positioned between a hopper or blender or mixer or the like 38 (hereinaf-
ter referred to as a “hopper” for simplicity) and a collection vessel 40. The flanges
34 are placed onto structural members 36 to support the sampling apparatus 10.
The mixture flows from the hopper 38 th.rough an opening 20 in the sampling appa-

ratus 10 and further into the collection vessel 40.

[0032] FIG. 4 illustrates one embodiment of the device used in a gravity con-
trolled flow stream. The device can be adapted to any intended flow stream type.
For example, the device can be placed in the flow stream of a pressurized line that
is pressurized by a gas. Pressurized air, for example, can be used to push or oth-
erwise move the mixture through the line. In such an embodiment, the slide doors
26, 28 can comprise a mesh, web, net, or the like. The mesh is designed to prevent
the mixture from passing through the open spaces in the mesh while allowing the
pressurized air to pass through the open spaces. Thus, if a slide door 26, 28 is in
the second state, the pressurized air will pass through the open spaces in the mesh
while preventing the flux from passing through the open spaces in the rhesh, the-

reby capturing the mixture in the sample zones.

[0033] FIG. 5 is a flowchart illustrating in greater detail one embodiment of a
method for collecting a cross-sectional sample of a bulk solid mixture. The method
begins at block 100 in which a flow-through sampling apparatus 10 is placed in a
flow-line between a hopper 38 and a collection vessel 40 where the hopper 38 is
above the sampling apparatus 10 and the collection vessel 40 is below the sam-
pling apparatus 10. Moving to block 110, the mixture flows in the flow-line from the
hopper 38 through an opening 20 in a flow-through sampling apparatus 10 into the
collection vessel 40. In one embodiment, the opening 20 is at least the size of an
exit of the hopper 38 such that all the mixture exiting the hopper passes through the
opening 20. Moving to block 120, the flow of the mixture below the opening 20 is
closed off. As described above, the flow of mixture can be stopped by a movable
slide door located below the opening. Moving to block 130, a columnar volume of
material builds up in the opening 20. In one embodiment, the columnar volume fills

the entire opening 20; in another embodiment the columnar volume partially fills the
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opening 20. Moving to block 140, the flow of the mixture into the opening is closed
off. As described above, the flow of the mixture can be stopped by a movable slide
door located above the opening. Moving to block 150, the columnar volume of ma-

terial can then be removed from the flow-line.

[0034] In one embodiment, the columnar volume of material is removed frorh
the flow-line by removing the sampling apparatus 10 from the flow-line. In a further
embodiment, after the opening 20 is closed off, flow of the granular mixture from the
hopper 38 is stopped. In a yet further embodiment, after the opening 20 is closed
off, flow of the granular mixture from the hopper 38 is not stopped and a runoff col-
lector (not pictured) is provided such the granular mixture can continue to flow into
the collection vessel 40. In another embodiment, the columnar volume of material is

removed separately from the main body 12.

[0035] A user can then test composition of the bulk solids in the columnar vol-
ume of material. The user would confirm that the composition is within at least one
preset threshold limitation. If the compositions do not comply with the limitation, the
flow stream can be stopped and the flow-line can be adjusted to comply with the

limitation. Further, a composition of bulk solids in a columnar volume of material in

a first sample zone 24 can be compared to a composition of bulk solids in a colum-

nar volume of material in at least one other sample zone 24 of a same cross-
sectional sample (e.g., to confirm homogeneity of the mixture). Optionally, a com-

position of bulk solids in a columnar volume of material in a sample zone 24 can be

. compared to prior measured composition(s) of bulk solids in a columnar volume of

material for the same sample zone 24. A user can also test other characteristics of

a sample, such as size of the material collected, density, or any other characteristic

a user desires.

[0036] In one embodiment, at least one testing apparatus (not pictured) is at-
tached to at least one sample zone 24. The testing apparatus can provide visual or
other feedback to a user of the sampling apparatus 10, e.g., regarding the composi-
tion, homogeneity, etc., of one or more samples. To this end, the testing apparatus
can be any type best suited for the sample being tested. For example, in one em-

bodiment the testing apparatus is reactive paper that reacts to a specific chemical

-10-
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composition. In another embodiment, the testing apparatus includes chemicals that
react in a specific manner to-the presence of certain materials in a sample. In a yet
further example, the testing apparatus includes a sensor to determine certain char-
acteristics about the sample. In an embodiment in which one or more sample zones
includes a sensor, the sampling apparatus can be operatively connected to local or
remote test equipment for monitoring the various material characteristics discussed

above.

[0037] Further embodiments of the device are also possible. For example,
FIGS. 1-3 illustrate an opening in a main body 12 that is generally circular in shape.
The opening 20 can also be any shape consistent with the intended use, such as a
square, rectangle, oval, or the like. Further, the sampling apparatus 10 can be con-

structed from any suitable material, such as metal (e.g., stainless steel), polymers,

“ceramics, or from other suitable materials for any type bulk solid mixing. Yet further,

different sections of the sampling apparatus 10 can be constructed from different
material as is suitable based on different factors, such as the location or orientation

of the sampling apparatus 10 or the type of material being tested.

[0038] In a yet further embodiment, receiving vessels (e.g., sample botties — not
shown) can be positioned beneath the sample zones to receive the cross-sectional
samples. The sampling apparatus can be moved to the receiving vessels, or the
receiving vessels can be moved beneath the sampling apparatus. When the receiv-
ing vessels are positioned beneath their corresponding sample zones 24, the sec-
ond movable slide door 28 can be moved to the first orientation to release the sam-
ples into the receiving vessels. The different samples can then be analyzed for

proper composition and homogeneity.

[0039] The main body 12 of the sampling apparatus 10 and/or the slide doors
26, 28 can include stops (not pictured) to limit the movement of the slide doors 26,

28 when opening and/or closing the slide doors 26, 28.

[0040] It should be evident that this disclosure is by way of example and that
various changes may be made by adding, modifying or eliminating details without

departing from the fair scope of the teaching contained in this disclosure. The in-

-11 -
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vention is therefore not limited to particular details of this disclosure except to the

extent that the following claims are necessarily so limited.
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CLAIMS

A flow-through sampling apparatus (10)‘for sampling a bulk solid mixture,
comprising:

a main body (12) forming an opening (20);
characterized by

a screen (22) located within the opening (20) in the main body (12) and form-
ing a plurality of sample zones (24) within the main body (12); and

means for selectively closing the opening (20) and capturing a plurality of
samples of the bulk solid mixture in the sample zones (24).

The flow-through sampling apparatus: of claim 1, wherein the means for
selectively closing the opening (20) comprises:

a first slide door (26) movable above the screen (2'2) for closing the opening
(20) in the main body (12); and

a second slide door (28) movable below the screen for closing the opening in

the main body.

The flow-through sampling apparatus of claim 1 or 2, wherein the opening

(20) is substantially circular.

The flow-through sampling apparatus of one of the claims 1 to 3, wherein the
first slide door (26) and the second slide door (28) include a through hole

(30) substantially equal in size to the opening (20).

The flow-through sampling apparatus of one of the claims 1 to 4, wherein the

plurality of sample zones (20) have substantially equal sampling areas.

The flow-through sahpling- apparatus of one of the claims 1 to 5, wherein a
first sample zone (24) has a first sampling area and a second sample zone
(24) has a second sampling area, wherein the second sampling area is lar-

ger than the first sampling area.

-14 -
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10.

11.

12.

The flow-through sampling apparatus of one of the claims 1 to 6, wherein a
first sample zone (24) comprises a first cross-sectional shape and a second
sample zone (24) has a second cross-sectional shape, wherein the first

cross-sectional shape is different from the second cross-sectional shape.

The flow-through sampling apparatus of one of the claims 1 to 7, wherein the

sample zones (24) each have a volume of 4 cubic centimeters.

The flow-through sampling apparatus of one of the claims 1 to 8, further in-
cluding at least one mounting structure (34) configured to mount the appara-

tus (10) on a structural member (36) in a manufacturing process.

The flow-through sampling apparatus of claim 9, wherein the mounting struc-
ture (34) comprises at least one flange.

The flow-through sampling apparatus of one of the claims 1 to 10, wherein
the first slide door (26) and the second slide door (28) include a handle (32).

A method of sampling a bulk solid mixture, the method characterized by the
steps of:
providing the row—ihrough sampling apparatus (10), in particular according to
one of the preceeding claims, the flow-through sampling apparatus (10) com-
prising:
a main body (12) forming an opening (20);
a screen (22) located within the opening (20) in the main body (12)
and forming a plurality of sample zones (24) within the main body (12);
and
a first slide door (26) movable above the screen (22) for closing the
opening in the main body (12); and
a second side door (28) movable below the screen (22) for closing the
opening in the main body (12);
passing (110) a flow of the bulk solid mixture through the opening (20);
closing (120) a first side of the opening (20) and filling the sample zones (24)
with the bulk solid mixture; and
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13.

14.

15.

closing (140) the other side of the opening (20) after at least one sampie

zone (24) has at least been partially filled with the bulk solid mixture.

The method of claim 12, further comprising placing the flow-through sam-
pling apparatus (10) at an exit of a hopper (38) discharging the bulk solid
mixture before passing a flow of the bulk solid mixture through the opening
(20).

The method of claim 12 or 13, further comprising removing the flow-through
sampling apparatus (10) from the exit after closing the other side of the
opening (20) to seal off the opening (20).

The method of one of the claims 12 to 14, further comprising: obtaining a
cross-sectional snap shot of the flow stream; testing the snap shot, or a por-
tion of the shap shot, or at least two portions of the snap shot at different lo-
cations in the snap shot, for composition and/or homogeneity; and/or adjust-
ing the mixture process for the mixture to achieve and/or maintain composi-

tion and/or homogeneity.
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