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SOLIDS TRANS-LOADING

FIELD

[0001] This invention relates to improved devices and methods for

trans-loading solid particulates from a vertical hopper into a storage

container.

ENVIRONMENT

[0002] Many bulk-carrying containers, such as railroad hopper cars,

typically contain a funnel-shaped discharge outlet or "hopper" on an

underside so that bulk cargo, such as, for example, grain, cement powder,

fly ash and coal, can be quickly discharged through the underside. Thus,

an apparatus for receiving the bulk cargo as it is discharged through the

hopper is necessary to collect and channel the bulk cargo as it is

discharged. To this end, attempts have been made to provide an

apparatus that connects to the hopper at the underside of the bulk-carrying

containers that receive the bulk cargo as it is discharged and channel the

bulk cargo to a desired location, such as a storage tank, transport vehicle,

silo, or the like.

[0003] Fine solids of adipic acid (AA) product are conventionally

loaded/unloaded using a bulky, expensive loading/unloading pit,

conveyors and auger system. In one system, the AA is dropped from a

hopper bottom of a railcar into a pit, and is lifted with an auger and

dropped into the top of a bulk truck.

[0004] One problem of such fine solids loading/unloading is that

these bulk particles tend to stick under compaction pressure in the

container load, heaps, etc., and lumps form which then clog up the ports,

exits and flowlines. Mechanical vibration needs to be applied to screws or

augers to de-lump the particles to avoid frequent operation interruptions.

This issue gets even more exaggerated for solids with high sticking

tendency due to many factors, e.g. surface charge, hygroscopic nature,

irregular shapes, etc.



[0005] Pressure-type and vacuum-type pneumatic conveyors have

been developed in which an adaptor is attached to the hopper discharge

gates of the railroad car. One or more pneumatic hoses are attached to

the adaptor and the material is gravity-fed into the adaptor and conveyed

away in the hoses via an airstream directed therethrough. While such

pneumatic conveyors have represented a pronounced improvement over

the fixed mechanical or gravity conveyors in sunken pits, a number of

problems remain.

[0006] For example, when trans-loading solids with high sticking

tendencies, the solids can exit the hopper discharge gates in lumps, which

can block the pneumatic hoses and stop the process.

[0007] It would be advantageous if an inexpensive, portable

pneumatic conveyor system could be developed to efficiently trans-load

solid particulates with high sticking tendencies directly from a hopper

discharge gate into a storage container.

SUMMARY

[0008] Provided is a trans-loading system for solid particulates,

comprising a trough having an open top, sides and a bottom, at least one

vacuum pipe extending into the trough near the bottom, and at least one

aerator located on the trough.

[0009] In one form, the trough has angled sides which converge at

the bottom.

[00010] In another form, the sides extend from end panels on either

end of the trough, and the end panels are either generally vertical or are

angled.

[00011] In yet another form, the trough has a cross-section F (see

FIG. 4), wherein cross-section F is generally V-shaped, or generally U-

shaped, or is generally trapezoidal.

[00012] In yet another form, the vacuum pipe extends through at

least one end panel.

[00013] In one form, the trough is an inverted pyramid.



[00014] In another form, the trough is a V-shaped trough, having

angled sides extending from vertical end panels on either end of the

trough. Optionally, in this form, the trough can further comprise one or

more doors sized to at least partially cover the open top of the V-shaped

trough, slidably positioned within grooves along tops of the end panels,

which doors are slidable to vary an opening width of the trough.

[00015] In another form, the trough is an inverted, truncated cone.

[00016] In any of these forms, the bottom of the trough can be

angled, such as by sloping from one side to the other, or by sloping from

the middle of the trough to the ends.

[00017] Advantageously, in any of these forms, the trough has more

than one aerator, and can also have at least one intake air pipe extending

into the trough.

[00018] In any of these forms, a length or a diameter at the top of the

trough is approximately a width of a railcar hopper discharge gate.

[00019] Conveniently, the vacuum pipe has a connection nozzle at

an end thereof, outside of the trough.

[00020] Also provided is a method of trans-loading solid particulates

from a hopper to a storage container, comprising ( 1 ) clamping a trough to

a discharge gate of the hopper, the trough having an open top, sides and a

bottom, at least one vacuum pipe extending into the trough near the

bottom, and at least one aerator located on the trough; (2) at least partially

evacuating the storage container to cause at least a partial vacuum

therein; (3) applying vacuum to the vacuum pipe through a vacuum

conveyor hose attached on a first end to the vacuum pipe and on a second

end to the evacuated storage container; (4) applying a gas pressure to the

aerator; (5) opening the hopper discharge gate to permit the solid

particulates to fall into the trough; and (6) conveying the solid particulates

through the vacuum hose and into the storage container.

[00021] In one form, the method further comprises adjusting one or

more doors sized to at least partially cover the open top of the trough, the

doors slidably positioned on the top of the trough, to match an opening



width of the trough to an opening of the hopper discharge gate, prior to

clamping the trough to the discharge gate.

[00022] In another form, the method further comprises controlling a

level of vacuum within the trough by varying openings in at least one air

intake pipe extending into the trough.

[00023] In some forms, the storage container is one of a silo, a se lf

loading trailer or a packaging bag.

[00024] Additionally, the gas supplied to the aerator is one of N2, air,

CO2, Ar, other inert gas, or combinations thereof.

[00025] In another form, the aerator(s) is located on the sides of the

trough or at the bottom of the trough, or both.

[00026] Also provided is a trans-loading system for solid particulates,

comprising a V-shaped trough having two angled side panels which

converge at a bottom and first and second vertical end panels, a vacuum

pipe extending from outside the V-shaped trough and through the first end

panel, and a series of aerators located along each angled side panel.

[00027] In one form, the trans-loading system further comprises one

or more doors sized to at least partially cover an open top of the V-shaped

trough, slidably positioned within grooves along tops of the end panels,

which doors are slidable to vary an opening width of the trough.

[00028] In another form, the trans-loading system further comprises

at least one intake air pipe extending into the V-shaped trough.

[00029] Conveniently, the length of the V-shaped trough is

approximately the width of a railcar hopper discharge gate.

[00030] In yet another form, the vacuum pipe has a connection

nozzle at an end outside of the first end panel.

[00031] Also presented is a method of trans-loading solid particulates

from a hopper to a storage container, comprising clamping a V-shaped

trough to a discharge gate of the hopper, the V-shaped trough having two

angled side panels which converge at a bottom and first and second

vertical end panels, a vacuum pipe extending from outside the V-shaped

trough and through the first end panel, and a series of aerators located



along each angled side panel. The method further includes at least

partially evacuating the storage container to cause at least a partial

vacuum therein, applying vacuum to the vacuum pipe through a vacuum

conveyor hose attached on a first end to the vacuum pipe and on a second

end to the evacuated storage container, applying air pressure to the

aerators, opening the hopper discharge gate to permit the solid

particulates to fall into the V-shaped trough, and conveying the solid

particulates through the vacuum hose and into the storage container.

[00032] In another form, the method further comprises adjusting one

or more doors sized to at least partially cover an open top of the V-shaped

trough, slidably positioned within grooves along tops of the end panels, to

match an opening width of the trough to an opening of the hopper

discharge gate, prior to clamping the V-shaped trough to the discharge

gate.

[00033] In yet another form, the method further comprises controlling

a level of vacuum within the V-shaped trough by varying openings in at

least one air intake pipe extending through the second end panel.

[00034] Conveniently, the storage container is one of a silo, a se lf

loading trailer or a packaging bag.

BRIEF DESCRIPTION OF THE DRAWINGS

[00035] The present disclosure is susceptible to various

modifications and alternative forms, specific exemplary implementations

thereof have been shown in the drawings and are herein described in

detail. It should be understood, however, that the description herein of

specific exemplary implementations is not intended to limit the disclosure

to the particular forms disclosed herein.

[00036] This disclosure is to cover all modifications and equivalents

as defined by the appended claims. It should also be understood that the

drawings are not necessarily to scale, emphasis instead being placed

upon clearly illustrating principles of exemplary embodiments of the

present invention. Moreover, certain dimensions may be exaggerated to



help visually convey such principles. Further where considered

appropriate, reference numerals may be repeated among the drawings to

indicate corresponding or analogous elements. Moreover, two or more

blocks or elements depicted as distinct or separate in the drawings may be

combined into a single functional block or element. Similarly, a single

block or element illustrated in the drawings may be implemented as

multiple steps or by multiple elements in cooperation.

[00037] The forms disclosed herein are illustrated by way of

example, and not by way of limitation, in the figures of the accompanying

drawings and in which like reference numerals refer to similar elements

and in which:

[00038] Figure 1 is a perspective view of the trans-loading system

described herein;

[00039] Figure 2 is a top view of the trans-loading system described

herein;

[00040] Figure 3 is a top view of one alternative form of the t rans

loading system described herein;

[00041] Figures 4 through 4F show other alternative forms of the

transloading system described herein, with Figures 4A to 4D showing

cross-sectional views from plane “F” in Figure 4 , and Figures 4E and 4F

showing side views from plane “S” in Figure 4 ;

[00042] Figure 5 shows another alternative form of the transloading

system described herein; and

[00043] Figure 6 shows another alternative form of the transloading

system described herein.

DETAILED DESCRIPTION

[00044] Various aspects will now be described with reference to

specific forms selected for purposes of illustration. It will be appreciated

that the spirit and scope of the apparatus, system and methods disclosed

herein are not limited to the selected forms. Moreover, it is to be noted that



the figures provided herein are not drawn to any particular proportion or

scale, and that many variations can be made to the illustrated forms.

[00045] Each of the following terms written in singular grammatical

form: “a,” “an,” and “the,” as used herein, may also refer to, and

encompass, a plurality of the stated entity or object, unless otherwise

specifically defined or stated herein, or, unless the context clearly dictates

otherwise. For example, the phrases “a device,” “an assembly,” “a

mechanism,” “a component,” and “an element,” as used herein, may also

refer to, and encompass, a plurality of devices, a plurality of assemblies, a

plurality of mechanisms, a plurality of components, and a plurality of

elements, respectively.

[00046] Each of the following terms: “includes,” “including,” “has,”

“'having,” “comprises,” and “comprising,” and, their linguistic or

grammatical variants, derivatives, and/or conjugates, as used herein,

means “including, but not limited to.”

[00047] Throughout the illustrative description, the examples, and the

appended claims, a numerical value of a parameter, feature, object, or

dimension, may be stated or described in terms of a numerical range

format. It is to be fully understood that the stated numerical range format

is provided for illustrating implementation of the forms disclosed herein,

and is not to be understood or construed as inflexibly limiting the scope of

the forms disclosed herein.

[00048] Moreover, for stating or describing a numerical range, the

phrase “in a range of between about a first numerical value and about a

second numerical value,” is considered equivalent to, and means the

same as, the phrase “in a range of from about a first numerical value to

about a second numerical value,” and, thus, the two equivalently meaning

phrases may be used interchangeably.

[00049] It is to be understood that the various forms disclosed herein

are not limited in their application to the details of the order or sequence,

and number, of steps or procedures, and sub-steps or sub-procedures, of

operation or implementation of forms of the method or to the details of



type, composition, construction, arrangement, order and number of the

system, system sub-units, devices, assemblies, sub-assemblies,

mechanisms, structures, components, elements, and configurations, and,

peripheral equipment, utilities, accessories, and materials of forms of the

system, set forth in the following illustrative description, accompanying

drawings, and examples, unless otherwise specifically stated herein. The

apparatus, systems and methods disclosed herein can be practiced or

implemented according to various other alternative forms and in various

other alternative ways.

[00050] It is also to be understood that all technical and scientific

words, terms, and/or phrases, used herein throughout the present

disclosure have either the identical or similar meaning as commonly

understood by one of ordinary skill in the art, unless otherwise specifically

defined or stated herein. Phraseology, terminology, and, notation,

employed herein throughout the present disclosure are for the purpose of

description and should not be regarded as limiting.

[00051] Concentrations, dimensions, amounts, and other numerical

data may be presented herein in a range format. It is to be understood that

such range format is used merely for convenience and brevity and should

be interpreted flexibly to include not only the numerical values explicitly

recited as the limits of the range, but also to include all the individual

numerical values or sub-ranges encompassed within that range as if each

numerical value and sub-range is explicitly recited. For example, a range

of about 1 to about 200 should be interpreted to include not only the

explicitly recited limits of 1 and about 200, but also to include individual

sizes such as 2 , 3 , 4 , etc. and sub-ranges such as 10 to 50, 20 to 100, etc.

Similarly, it should be understood that when numerical ranges are

provided, such ranges are to be construed as providing literal support for

claim limitations that only recite the lower value of the range as well as

claims limitation that only recite the upper value of the range. For

example, a disclosed numerical range of 10 to 100 provides literal support

for a claim reciting "greater than 10" (with no upper bounds) and a claim



reciting "less than 100" (with no lower bounds). In the figures, like

numerals denote like, or similar, structures and/or features; and each of

the illustrated structures and/or features may not be discussed in detail

herein with reference to the figures. Similarly, each structure and/or

feature may not be explicitly labeled in the figures; and any structure

and/or feature that is discussed herein with reference to the figures may

be utilized with any other structure and/or feature without departing from

the scope of the present disclosure.

[00052] In one form, disclosed is an improved trans-loading system

for trans-loading solid particulates, especially fine particles or powders,

from a hopper to another storage container, such as a trailer of a tractor-

trailer, or a silo, or even a product packaging bag.

[00053] Many bulk-carrying containers, such as railroad hopper cars,

typically contain a funnel-shaped discharge outlet or "hopper" on an

underside so that bulk cargo, such as, for example, sand, soda ash, fly

ash, salt particles, coating granules, fine metal particles, grains, pulverized

coal, cement powder, and the like, can be quickly discharged through the

underside. Thus, an apparatus for receiving the bulk cargo as it is

discharged through the hopper is necessary to collect and channel the

bulk cargo as it is discharged. However, a problem with loading/unloading

such fine solids is that these bulk particles can tend to stick together under

compaction pressure due to many factors, e.g. surface charge,

hygroscopic nature, irregular shapes, etc., and lumps form which then clog

up the ports, exits and flow lines.

[00054] Very small particles (fines) negatively impact the

loading/unloading characteristic in conventional trans-loading systems. In

the disclosed system, aeration of the solids as they are sucked out under

mild vacuum overcomes any potential plugging and lumping when large

amounts of fines are present. The solid particles are continuously in

motion, thereby reducing their agglomeration and compaction.

[00055] The flowability of the solid particles is sometimes determined

from an angle of repose, which is the maximum angle at which a granular



material can rest on an inclined plane [of its heap] without sliding down. At

this angle, the material on the slope face of the heap is on the verge of

sliding. The angle of repose can range from 0° to 90°. Materials with a low

angle of repose (<30°) form flat heaps and are very free-flowing. On the

other hand, materials with high angle of repose (>45°) form tall heaps and

are sluggish to flow. Factors affecting the angle of repose include material

morphology (smooth, rounded, rough, interlocking particles), moisture

content (hygroscopicity), density, particle surface area, shapes and size

distribution, and the friction coefficient of the material. Some examples of

common angles of repose are 22° (glass beads), 27° (wheat), 30-40° (corn

flour), 34° (dry sand), 40° (ashes).

[00056] The angle of repose for adipic acid (powder) is 30-40°

[https://www.omega.com/green/pdf/MaterialChar_Guide.pdf]. While the

adipic acid powders may be somewhat flowable, the presence of large %

of fines in the adipic acid along with its platelet-like crystal shapes, size

distributions and hygroscopic nature makes the product difficult to flow

during shipping/handling and loading/unloading large container loads.

[00057] Industrial adipic acid products come in the following ranges

- average particle sizes [D50] range between 100-450

micrometers

- % fines (below 75 microns) range between <5 to 25 (vol.%)

and in some cases as high as 45 vol. %

- bulk density ranges between 721 -881 kg/m 3

- % fines vary with the mean particle size (in micrometers) as

below:



[00058] The presently disclosed system solves this problem for such

difficult to flow products, and can be used to transfer a wide variety of

finely divided solids. The system can be designed depending on the bulk

shipping containers used, and the vacuum and aeration gas supply

conditions can be adjusted depending on the particle sizes to be trans-

loaded. For example, the presently disclosed system can accommodate

particles with mean particle sizes from about 10-5000 micrometers, such

as from about 10-1 000 micrometers, or from about 20-800 micrometers, or

even from about 25-700 micrometers.

[00059] Referring to FIGS. 1-3, the improved trans-loading system

100 for solid particulates includes an open top, a V-shaped trough 110

having two angled side panels 120 which converge at a bottom centerline.

The internal angle between the side panels 120 can be varied to

accommodate different particles/powders based upon their size, shape

and/or stickiness. For example, the internal angle can be from about 60

to about 150 , or from about 80 to about 140 , or even from about 100° to

about 130 . However, in railroad hopper car applications, the angle of the

side panels can be limited by the available under-car space. When not

constrained by overhead space, the internal angle of the side panels can

vary from about 0 (parallel) to about 170 .

[00060] The V-shaped trough also has first and second vertical end

panels 130, 13 1 respectively and a vacuum pipe 140 extending from

outside the V-shaped trough 110 , through the first end panel 130.

Optionally, as illustrated by the dashed lines in FIG. 2 , the vacuum pipe

140a can extend into the V-shaped trough 120. Conveniently, the length of

the V-shaped trough is approximately the width of a railcar hopper

discharge gate.

[00061] The vacuum pipe 140 has a nozzle 141 that is connectable

to a vacuum conveyor hose (not shown) at one end and to a suitable

receiver or storage container at the other end of the hose. The solid

particulates are drawn by vacuum through the vacuum hose and into the

storage container. Advantageously, the diameter of the vacuum pipe 140



can be from about 2.5 cm to about 15.0 cm, or from about 5.0 cm to about

12.5 cm, or even from about 7.5 cm to about 12.5 cm. The level of vacuum

applied to the vacuum pipe can vary from about 1.2 kPa to about 5.0 kPa,

but higher levels of vacuum may be needed for longer vacuum hoses.

[00062] The V-shaped trough also has at least one, or a series of

aerators 150 located along each angled side panel 120, which are

connected to a pressurized gas header pipe 15 1 , to supply them with

pressurized gas. Without wishing to be bound by theory, it is believed that

the aerators aid both in breaking up any lumps which may be dropped into

the trough, and in fluidizing the solid particulates, making them easier to

transport through the vacuum hose and into the storage container. A

suitable aerator is the Solimar Transport Fluidizer, available from

Integrated Transfer Solutions, PTY, LTD of Victoria Australia. Suitable

gases which can be supplied to the aerator are N2, air, CO2, Ar, other inert

gases, or combinations thereof. The number of aerator rows which can be

used can vary by application. For example, the number of aerator rows on

a side panel can be from 1 to 5 , or from 1 to 4 , or from 1 to 3 , or even just

a single row. The number of aerator holes/devices in each row can be

from 1 to 10 , or from 2 to 8 , or from 2 to 6 , or from 2 to 5 . The holes can

vary in diameter from about 0.6 cm to about 7.5 cm. The diameter of the

header pipe 15 1 can range from about 0.6 cm to about 15.0 cm.

[00063] In the alternative, the gas supply system can be designed as

a grid (not shown), similar to a gas sparger, at the inside bottom of the

trough 110 , which is connected to the gas supply header pipe.

[00064] In another form, the trans-loading system can have one or

more doors 170, 17 1 , sized to at least partially cover the open top of the

trough 110 . In this illustrated form, the doors 170, 17 1 are slidably

positioned within grooves along tops of the end panels 130, 13 1 and the

doors are slidable in the directions of arrows A and B to vary the opening

width of the trough 110 . This variability is advantageous in conforming the

opening width of the trough to match that of an overlying hopper discharge

gate, since not all railcar hoppers have the same size opening. Adjusting



the door opening to match the overlying hopper discharge gate acts to

reduce vacuum loss within the system. Because of the slidable doors, a

single trans-loading system can be used on almost any of the various

sized hopper discharge gates.

[00065] The trans-loading system also has at least one intake air

pipe 160 extending into the trough, such as through the second end panel

131 , to provide make-up air for the trans-loading system 100 when the

vacuum pipe 140 is drawing vacuum. This system provides an air path

from outside the trough 110 , through the trough and vacuum pipe 140 and

into a vacuum conveyor hose (not shown) connecting the trans-loading

system 100 to a suitable storage container (not shown). The volume of

make-up air, and thereby the vacuum level within the system, can be

controlled by varying the opening size of the intake air pipe with a valve or

the like.

[00066] FIGS. 4 through 4F show other alternative forms of the

trough. In FIG. 4 , the end panel is designated F (or front) and the side

panel is designated S (or side), and the alternative trough designs are

designated 110a. FIG. 4A shows a view of F, which illustrates a V-shaped

trough as disclosed in FIG. 1. FIG. 4B shows an alternative trough which

has generally convex side panels, forming a U-shaped cross-section. FIG.

4C shows another alternative trough which has trapezoidal side panels.

FIG. 4D shows another alternative trough which has concave side panels.

FIGS. 4E and 4F show alternative shapes for the trough in a lengthwise

direction. In FIG. 4E, the trough has a generally sloping bottom from one

end panel to the other. In FIG. 4F, the trough has two oppositely sloping

bottoms, with a peak in the middle, such that the solid particulates can be

transferred toward both end panels simultaneously, and into vacuum pipes

140, provided on both end panels.

[00067] FIG. 5 shows another alternative design for the trough 110b,

wherein both the side panels and the end panels are angled, forming an

inverted pyramid. FIG. 6 shows another alternative design for the trough



110c, which is an inverted, truncated cone having the vacuum pipe 140

extending from near or at the bottom of the cone.

[00068] Additionally presented is a method of trans-loading solid

particulates from a hopper to a storage container including clamping the

trough described above to a discharge gate of the hopper. Both the trough

and the hopper discharge gate have a flange or lip at outer edges thereof

suitable for clamping one to the other, such as by C-clamps or the like.

The storage container can be at least partially evacuated to cause at least

a partial vacuum therein, and apply vacuum to the vacuum pipe of the V-

shaped trough through a vacuum conveyor hose, which is attached on a

first end to the vacuum pipe and on a second end to the evacuated

storage container. Gas pressure from about 117 kPa to about 241 kPa, or

from about 158 kPa to about 172 kPa, is applied to the aerators to aid in

fluidizing the solid particulates and disperse any lumpy conglomerates of

particulates. The hopper discharge gate is then opened to permit the solid

particulates to fall into the V-shaped trough, and subsequently conveyed

through the vacuum hose and into the storage container.

[00069] The method can also include adjusting one or more doors

which are sized to at least partially cover the open top of the trough. The

doors can be slidably positioned within grooves along tops of the end

panels to match the width of the trough opening to the overlying hopper

discharge gate opening. This step is conducted prior to clamping the

trough to the discharge gate.

[00070] Since vacuum levels within the system can vary, such as due

to the amount of particulate in the hopper, the method also includes

controlling the vacuum level within the trough by varying openings in at

least one air intake pipe entering the trough. For example, the air intake

pipe can be one which extends through the second end panel of the

trough. The air intake acts to form a stream of air through the trough and

into the vacuum system, improving flow into the storage container.

[00071] Advantageously, the storage container can be a silo, a se lf

loading trailer or a packaging bag.



EXAMPLES

Example 1

[00072] A V-shaped trough (approximately 120 internal angle)

having vertical end walls and a vacuum pipe ( 10 cm diameter) through one

of the end walls was clamped to a hopper discharge gate on a railcar

carrying free flow adipic acid (FFA) powder (as disclosed in U.S. Patent

No. 8,066,91 1) . The hopper gate was opened and vacuum was applied to

the V-shaped trough from a conveyor hose connected to a self-loading

trailer. Transfer of the FFA powder was slow but successful.

Example 2

[00073] The V-shaped trough of Example 1 was clamped to a hopper

discharge gate on a railcar carrying large grain adipic acid (LGA) powder

(particle size range, D10-D90 (pm): 200 - 700; average particle size, D50

(pm): 350 - 400; particles <75pm(%): <1%). The hopper gate was opened

and vacuum was applied to the V-shaped trough from a conveyor hose

connected to a self-loading trailer. Transfer of the LGA powder was

unsuccessful.

[00074] The failure of the system in Example 2 was surprising, since

unlike FFA crystals which are irregular in shape, the LGA crystals are

generally ovoid in shape, and were expected to flow freely into the system.

Example 3

[00075] The V-shaped trough of Example 1 was modified to include a

series of three Solimar aerators (5 cm diameter) on each angled wall. The

modified V-shaped trough was clamped to a hopper discharge gate on a

railcar carrying FFA powder. Pressurized air (approximately 158 to 172

kPa) was provided to the aerators, the hopper gate was opened and

vacuum (3 kPa) was applied to the V-shaped trough from a conveyor hose

connected to a self-loading trailer Transfer of the FFA powder was fast

and successful.



Example 4

[00076] The modified V-shaped trough of Example 3 was clamped to

a hopper discharge gate on a railcar carrying LGA powder. Pressurized air

was provided to the aerators, the hopper gate was opened and vacuum

was applied to the V-shaped trough from a conveyor hose connected to a

self-loading trailer. Transfer of the LGA powder was fast and successful.

[00077] The Table below provides a comparison between trans

loading flow rates using the conventional auger/pit method and the

presently described system and method.

Industrial Applicability

[0154] The systems and methods disclosed herein are applicable to the

chemical and food transportation and packaging industries.

[0155] It is believed that the disclosure set forth above encompasses

multiple distinct inventions with independent utility. While each of these

inventions has been disclosed in its preferred form, the specific

embodiments thereof as disclosed and illustrated herein are not to be

considered in a limiting sense as numerous variations are possible. The

subject matter of the inventions includes all novel and non-obvious

combinations and sub-combinations of the various elements, features,

functions and/or properties disclosed herein. Similarly, where the claims

recite “a” or “a first” element or the equivalent thereof, such claims should

be understood to include incorporation of one or more such elements,

neither requiring nor excluding two or more such elements.



[0156] It is believed that the following claims particularly point out

certain combinations and sub-combinations that are directed to one of the

disclosed inventions and are novel and non-obvious. Inventions embodied

in other combinations and sub-combinations of features, functions,

elements and/or properties may be claimed through amendment of the

present claims or presentation of new claims in this or a related

application. Such amended or new claims, whether they are directed to a

different invention or directed to the same invention, whether different,

broader, narrower, or equal in scope to the original claims, are also

regarded as included within the subject matter of the inventions of the

present disclosure.



WHAT IS CLAIMED:

1. A trans-loading system for solid particulates, comprising a trough

having an open top, sides and a bottom, at least one vacuum pipe

extending into the trough near the bottom, and at least one aerator located

on the trough.

2 . The system of claim 1, which has angled sides which converge at

the bottom.

3 . The system of claim 1 or 2 , wherein the sides extend from end

panels on either end of the trough, and the end panels are either generally

vertical or are angled.

4 . The system of any preceding claim, wherein the trough has a cross-

section F, wherein cross-section F is generally V-shaped, or generally U-

shaped, or is generally trapezoidal.

5 . The system of claim 3 or 4 , wherein the vacuum pipe extends

through at least one end panel.

6 . The system of any preceding claim, wherein the trough is an

inverted pyramid.

7 . The system of any preceding claim, wherein the trough is a V-

shaped trough, having angled sides extending from vertical end panels on

either end of the trough.

8 . The system of claim 7 , further comprising one or more doors sized

to at least partially cover the open top of the V-shaped trough, slidably

positioned within grooves along tops of the end panels, which doors are

slidable to vary an opening width of the trough.



9 . The system of claim 1 or 2 , wherein the trough is an inverted,

truncated cone.

10. The system of any preceding claim, wherein the bottom is angled.

11. The system of any preceding claim, having more than one aerator.

12. The system of any preceding claim, further comprising at least one

intake air pipe extending into the trough.

13. The system of any preceding claim, wherein a length or a diameter

at the top of the trough is approximately a width of a railcar hopper

discharge gate.

14. The system of any preceding claim, wherein the vacuum pipe has a

connection nozzle at an end thereof, outside of the trough.

15. A method of trans-loading solid particulates from a hopper to a

storage container, comprising:

clamping a trough to a discharge gate of said hopper, said trough

having an open top, sides and a bottom, at least one vacuum pipe

extending into the trough near the bottom, and at least one aerator located

on the trough;

at least partially evacuating said storage container to cause at least

a partial vacuum therein;

applying vacuum to said vacuum pipe through a vacuum conveyor

hose attached on a first end to said vacuum pipe and on a second end to

said evacuated storage container;

applying a gas pressure to said aerator;

opening said hopper discharge gate to permit said solid particulates

to fall into said trough; and



conveying said solid particulates through said vacuum hose and

into said storage container.

16 . The method of claim 15 , further comprising adjusting one or more

doors sized to at least partially cover the open top of the trough, said doors

slidably positioned on the top of the trough, to match an opening width of

the trough to an opening of the hopper discharge gate, prior to clamping

the trough to the discharge gate.

17 . The method of claim 15 or 16 , further comprising controlling a level

of vacuum within the trough by varying openings in at least one air intake

pipe extending into the trough.

18 . The method of any of claims 15 to 17 , wherein said storage

container is one of a silo, a self-loading trailer or a packaging bag.

19 . The method of any of claims 15 to 18 , wherein the gas is one of N2,

air, CO2, Ar, other inert gas, or combinations thereof.

20. The method of any of claims 15 to 19 , wherein the aerator(s) is

located on the sides of the trough or at the bottom of the trough, or both.

2 1 . A trans-loading system for solid particulates, comprising a V-

shaped trough having two angled side panels which converge at a bottom

and first and second vertical end panels, a vacuum pipe extending from

outside the V-shaped trough and through the first end panel, and a series

of aerators located along each angled side panel.

22. The system of claim 2 1 , further comprising one or more doors sized

to at least partially cover an open top of the V-shaped trough, slidably

positioned within grooves along tops of the end panels, which doors are

slidable to vary an opening width of the trough.



23. The system of claim 2 1 or 22, further comprising at least one intake

air pipe extending into the V-shaped trough.

24. The system of any of claims 2 1 to 23, wherein a length of the V-

shaped trough is approximately a width of a railcar hopper discharge gate.

25. The system of any of claims 2 1 to 24, wherein the vacuum pipe has

a connection nozzle at an end outside of the first end panel.

26. A method of trans-loading solid particulates from a hopper to a

storage container, comprising:

clamping a V-shaped trough to a discharge gate of said hopper,

said V-shaped trough having two angled side panels which converge at a

bottom and first and second vertical end panels, a vacuum pipe extending

from outside the V-shaped trough and through the first end panel, and a

series of aerators located along each angled side panel;

at least partially evacuating said storage container to cause at least

a partial vacuum therein;

applying vacuum to said vacuum pipe through a vacuum conveyor

hose attached on a first end to said vacuum pipe and on a second end to

said evacuated storage container;

applying air pressure to said aerators;

opening said hopper discharge gate to permit said solid particulates

to fall into said V-shaped trough; and

conveying said solid particulates through said vacuum hose and

into said storage container.

27. The method of claim 26, further comprising adjusting one or more

doors sized to at least partially cover an open top of the V-shaped trough,

slidably positioned within grooves along tops of the end panels, to match



an opening width of the trough to an opening of the hopper discharge gate,

prior to clamping the V-shaped trough to the discharge gate.

28. The method of claim 26 or 27, further comprising controlling a level

of vacuum within the V-shaped trough by varying openings in at least one

air intake pipe extending through the second end panel.

29. The method of any of claims 26 to 28, wherein said storage

container is one of a silo, a self-loading trailer or a packaging bag.
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