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A system and method for loading material from a converter bed, such as that in a converter of an acid plant, I1s provided. The
system, may Include a vacuum source; a dust collector connected to the vacuum source by a first vacuum hose; a cyclone
operatively connected to the vacuum source through the dust collector, wherein the cyclone may be connected to the dust
collector by a second vacuum hose; a drop-out hopper operatively attached to the cyclone by a valve, such as an air actuated

valve, wherein the drop-out hopper includes a first feed hose; and one or
with the cyclone via a second feed hose. The method of loading material
loading the material in the converter bed; setting up the system; and loadir

more material storage containers operatively associated

Into a converter bed may include providing a system for

g the material into the converter bed.
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(57) Abstract: A system and method for loading material from a converter bed, such as that m a converter of an acid plant, 1s
provided. The system, may include a vacuum source; a dust collector connected to the vacuum source by a first vacuum hose; a cyc -
lone operatively connected to the vacuum source through the dust collector, wherein the cyclone may be connected to the dust col -

& lector by a second vacuum hose; a drop-out hopper operatively attached to the cyclone by a valve, such as an air actuated valve,

S

W

wherein the drop-out hopper includes a first feed hose; and one or more material storage containers operatively associated with the
cyclone via a second feed hose. The method of loading material into a converter bed may include providing a system for loading the
material i the converter bed; setting up the system; and loading the material into the converter bed.
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SYSTEMS AND METHODS FOR CONVERTER BED UNLOADING AND

LOADING

Field of the Invention

The present invention generally relates to systems and methods for unloading and loading
of material from catalyst converter beds. In particular, the present invention is directed to

vacuum unloading and loading of material from catalyst converter beds, such as those

used in acid plants.

Background of the Invention

Current systems and methods of unloading and loading material (e.g., catalyst, rock,
and/or waste) for use in catalyst converters, such as those used in acid plants (e..g.,
sulphuric acid plants), have a number of drawbacks that negatively affect cost,
etficiencies, environmental risks and safety risks associated with the unloading and

loading of catalyst material from the beds of converters in acid plants.

Current systems and methods for unloading and loading catalyst converter beds generate

a large amount of waste/ material loss, unwanted catalyst and rock dust, and are typically
slow and mefficient processes. The large amount of waste, material loss (e.g., catalyst

and rock), and catalyst dust generated by current systems, results in a number of cost,
environmental, and personuel safety issues. As a result, extra equipment, man-power, and
precautions are required to deal with these issues, thus increasing overall cost and
reducing efficiency. Further still, the current systems and methods require a large amount
of storage space for storing unloaded material until it the material is re-loaded back in the

converter beds. The large amount of material loss, in particular catalyst material, lost
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during the unloading and loading process 1s also undesirable due to the high cost of

catalyst material.

Thus, there 1s a need for an improved system and method for unloading and loading
catalyst converter beds that provides improved dust collection; faster matcrial
unloading/loading process, mcreased efficiency; improved environmental and personnel
safety; less equipment and man-power requirements; decreased amount of catalyst
material loss; and more efficient means for storage of unloaded converter bed materials,

such as catalyst and rock.

Brief Description of the Invention

The present mvention 1s directed to a systcms and mcthods for converter bed unloading

and loading.

In one embodiment, a system for unloading material from a converter bed 1s provided.
The system may include a vacuum source; a dust collector connected to the vacuum
source by a first vacuum hose; a cyclone operatively connected to the vacuum source
through the dust collector, wherein the cyclone 1s connected to the dust collector by a
sccond vacuum hosc; a matcrial sorting mcchanism opceratively connccted with the
cyclone; one or more maternal storage containers operatively associated with the material
sorting mechanism; and a feed hose connected to the cyclone. The material may include
one or more of catalyst material, rock material, and waste material. The catalyst material
may be a catalyst material suitable for the production of acid and the rock material may
be quartz rock. The converter bed may be a converter bed m an acid plant converter. The
vacuum source may include at least one of a vacuum truck and a stationary mounted
vacuum pump. The first vacuum hose and second vacuum hose may each be an irrigation
hose 1n the range of about three (3) to six (6) inches 1 diameter. 'The feed hose may be a
smooth bore hose n the range of about three (3) to six (6) inches in diameter. However,
other suitable hose types and sizes are contemplated and the above are only meant as non-

limiting examples.

The cyclone may include an outer chamber wall forming a housing; an mner chamber
wall, the mner chamber wall defining an 1nner chamber, wherem the mner chamber

further comprises a drop-out region; an mnline feed mlet forming a passage into the mner
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chamber; an outlet forming a passage out of the cyclone; and a material drop-out outlet
forming a passage out of the drop-out region of the mner chamber. The cyclone mline
feed 1nlet 1s preferably not angled. The cyclone outlet preferably forms a passage out of
the cyclone to the dust collector. The cyclone mner chamber wall 1s preferably perforated
to allow dust and other small particulates to pass through the perforations and be removed
through the outlet via suction generated by the vacuum source. In one embodiment the
cyclonc docs not include an mner chamber wall. The sccond vacuum hosc 1s preferably
connecled (o the cyclone at the outlet. The matenal drop-oul oullet 1s prelerably
operatively connected to the material sorting mechanism to allow passage of material to
the material sorting mechanism. The feed hose preferably connects to the cyclone at the
mline feed inlet. The end of the feed hose that 1s not connected to the mline feed mlet 1s
preferably positioned 1n the converter bed to be unloaded. The drop-out region may
include a region of the mner chamber created by centrifugal forces and pressure drop
generated m the mner chamber of the cyclone via the vacuum source and cyclone design.
The material sorting mechanism may mclude one or more screens, the one or more
screens having pore sizes sufficient to screen out the material based on material type. The
one or more screens may include a screen with a pore size sufficient to screen out
material of about % inch m diameter, a screen with a pore size sufficient to screen out
material mn the range of about 3/8 to about 1/2 inches 1n diameter, and a screen with a pore
size sufficient to screen out material with a diameter less than about 3/8 mnches m
diameter. The material sorting mechanism 1s preferably operatively associated with the
one or more material storage contamers via one or more chutes connecting each of the

one or more screens with a corresponding material storage container.

The one or more material storage containers may include a container body; an access port
located at a top portion of the container body; one or more vents formed on the container
body; a division plate positioned internally 1n the container body forming a gap between a
bottom portion of the container body and the division plate, the division plate having one
or more openings sized to allow dust and other small particulates to pass through the one
or more openings into the gap; and a clean-out port formed in a region of the contamner
body comprising the gap. The gap may be mn the range of about a Y4 of an mch to about a
2 nch 1 height. The material storage container preferably 1s substantially one of square
or rectangular in shape. The material storage container preferably has a capacity to
contain 1n the range of about 800 - 1000 liters of material. The access port may be 1n the

form a removable lid. The access port may include a vent. The one or more vents may
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mclude a filter. The filter may be a HEPA filter. The material storage contamner may
further include support legs. The material storage contamer may further include a
transport case, the transport case preferably being of a suitable size to accommodate the
material storage contamner thereimn, the transport case further may include support legs.
However, other suitable material storage contamer shapes and capacity sizes are

contemplated and the above are only meant as non-limiting examples.

In another embodiment, a method ol unloading a converter bed 1s provided. The method
may include providing a system for unloading the material from the converter bed, the
system comprising: a vacuum source; a dust collector connected to the vacuum source by
a first vacuum hose; a cyclone operatively connected to the vacuum source through the
dust collector, wherein the cyclone 1s connected to the dust collector by a second vacuum
hose; a material sorting mechanism operatively connected with the cyclone; one or more
material storage contamers operatively associated with the material sorting mechanism;
and a feed hose connected to the cyclone. 'The method may further include setting up the
system; removing the material from the converter bed via vacuum; and sorting the
removed material. The material may include one or more of catalyst material, rock
material, and waste material. Setting up the system may include at least one or more of,
setting up and positioning the material sorting mechanism; mstalling the cyclone to the
material sorting mechanism; connecting the feed hose to the cyclone, the first vacuum
hose to the vacuum source and dust collector, and the second vacuum hose to the cyclone
and dust collector; staging material storage containers and attaching chute hoses from the
material sorting mechanism to corresponding material storage containers; connecting all
required power and air lines; starting the material sorting mechanism and testing
functions; and documenting the converter bed prior to material unloading. Removing the
matcrial from the converter bed may mclude at Icast one or morce of, identifymg a hcight
level of a top rock layer mn the converter bed; removing the top rock layer via the feed
hose, marking each top rock layer material storage contaimner with corresponding
converter bed and layer location; after removing the top rock layer, identifying a height
level of a catalyst layer 1n the converter bed; removing the catalyst layer via the feed
hose;, marking each catalyst layer material storage container with corresponding converter
bed and layer location; after removing the catalyst layer, identifying a height level of a
bottom rock layer i the converter bed; removing the bottom rock layer via the feed hose;
marking cach bottom rock laycr matcrial storage containcr with corrcsponding converter

bed and layer location; and repeating the above steps until all desired material has been
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removed from each converter bed. Sorting the removed material may include at least one
or more of conveymg material onto one or more screens of the material sorting
mechanism from a drop-out outlet of the cyclone, wherein the one or more screens may
include pore sizes corresponding to the size of a particular material type to be screened
out; sorting the material based on size; and conveying sorted material to corresponding
material storage containers via chutes. The method may further include, storing the
screened material i corresponding material storage containers. The method may further

include, mspecting the unloaded converter bed.

In yet another embodiment, a system for loading material mto a converter bed 1s
provided. The system may include a vacuum source; a dust collector connected to the
vacuum source by a first vacuum hose; a cyclone operatively connected to the vacuum
source through the dust collector, wherem the cyclone 1s connected to the dust collector
by a second vacuum hose; a drop-out hopper operatively attached to the cyclone by a
valve, such as an arr actuated valve, wherem the drop-out hopper mncludes a first feed
hose; and one or more material storage contamners operatively associated with the cyclone
via a second feed hose. The valve 1s preferably capable of providing a flow, or feed, rate
in the range of about 10000 to 24000 liters of material per hour. The material may
include one or more of catalyst material and rock material. The cyclone may include an
outer chamber wall forming a housing; a perforated mner chamber wall, the mner
chamber wall defining an 1mmner chamber, wherem the mner chamber further comprises a
drop-out region; an mline feed inlet forming a passage into the mner chamber; an outlet
forming a passage out of the cyclone; a material drop-out outlet forming a passage out of
the drop-out region of the mner chamber; and may include a gate positioned at the drop-
out outlet. The material drop-out outlet preferably 1s operatively connected to the drop-
out hopper. 'The sccond feced hosc preferably conncects to the cyclone at the mline feed
inlet. The end of the second feed hose not connected to the mline feed mlet preferably 1s
in operative connection with one of the one or more material storage containers. In one

embodiment the cyclone does not include an mner chamber wall.

The drop-out hopper may mclude a housmg; an mner region defined by the housing; an
mlet positioned at a top portion of the housing operatively associated with the cyclone
drop-out outlet by a valve, such as an air actuated valve; and a drop-out hopper outlet
positioncd at a bottom portion of the housing. The drop-out hopper may further include

one or more deflector plates positioned at various angles 1n at least one of the mner region
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and drop-out hopper outlet. The deflector plate may be positioned at various angles to an
mner wall of the drop-out hopper, preferably in the range of greater than 90° to less than
180° to the mner wall of the drop-out hopper and/or the drop-out hopper outlet. The
drop-out hopper may further include a vibrator mechanism associated with the drop-out
hopper outlet. The vibrator mechanism may be a vibrator ring attached to the outside of
the drop-out hopper outlet. The drop-out hopper may further include one or more airline
mlcts, c.g.. positioncd at the drop-out hopper outlet for attaching an arrline to convey air
into the drop-out hopper outlet and m the direction of the first [eed hose. The [irst [eed
hose 1s preferably connected to the drop-out hopper at the drop-out hopper outlet. The

first feed hose preferably conveys material from the drop-out hopper to the converter

beds.

In still yet another embodiment, a method of loading material mnto a converter bed 1s
provided. The method may include providing a system for loading the material in the
converter bed, the system may mclude a vacuum source; a dust collector connected to the
vacuum source by a first vacuum hose; a cyclone connected to the vacuum source through
the dust collector, wherein the cyclone 1s connected to the dust collector by a second
vacuum hose; a drop-out hopper operatively connected with the cyclone, by a valve, such
as an air actuated valve, wherem the drop-out hopper includes a first feed hose; and one
or more material storage containers operatively associated with the cyclone via a second
feed hose connected to the cyclone. The valve 1s preferably capable of providing a flow,
or feed, rate in the range of about 10000 to 24000 liters of material per hour. The method
may further include setting up the system; and loading the material into the converter bed.
The material may include one or more of catalyst material and rock material. Setting up
the system may include at least one or more of, setting up the dust collector; operatively
attaching thc cyclonc to the drop-out hopper using a valve, such as an air actuated valve;
connecting the first vacuum hose to the vacuum source and dust collector, the second
vacuum hose to the cyclone and the dust collector, the first feed hose to the drop-out
hopper, and the second feed hose to the cyclone to one of the one or more material
storage containers; positoning the cyclone with attached drop-out hopper to a suitable
height for material loading; and mstalling a man-way dust collection hose. Loading the
material in the converter bed may include at least one or more of, loading a bottom rock
layer imto the converter bed to a determined height via the first feed hose; leveling the
bottom rock laycr; loading a catalyst laycr into the converter bed to a detecrmumed height

via the first feed hose; leveling the catalyst layer; loading a top rock layer mto the
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converter bed to a determined height via the first feed hose; leveling the top rock layer;
and repeating the above steps until all desired material has been loaded in each converter

bed. The method may further include, inspecting the loaded converter bed.

In a further embodiment, a system for unloading material from a converter bed, the
system comprising: (a) a vacuum source; (b) a dust collector connected to the vacuum
source by a first vacuum hose; (¢) a cyclone operatively connected to the vacuum source
through the dust collector, wherein the cyclone 1s connected to the dust collector by a
second vacuum hose; and wherein the cyclone comprises: an outer chamber wall forming
a housing; an inner chamber wall, the inner chamber wall defining an inner chamber,
wherein the inner chamber further comprises a drop-out region; an inline feed inlet pipe
forming a passage into the inner chamber, wherein a portion of the inline feed inlet pipe,
extending from outside an exterior of the outer chamber wall to the inner chamber, is not
angled and comprises a substantially uniform diameter; an outlet forming a passage out of
the cyclone to the dust collector; and a material drop-out outlet forming a passage out of
the drop-out region of the inner chamber; (d) a material sorting mechanism operatively
connected with the cyclone; (e) one or more material storage containers opcratively
associated with the material sorting mechanism; and (f) a feed hose connected to the

cyclone.

In yet a further embodiment, a method of unloading material [rom a converter bed, the
method comprising: (a) providing a system for unloading the material from the converter
bed, the system comprising: (1) a vacuum source; (i1) a dust collector connected to the
vacuum source by a first vacuum hose; and wherein the cyclone comprises: an outer
chamber wall forming a housing; an inner chamber wall, the inner chamber wall defining

an mner chamber, wherein the inner chamber further comprises a drop-out region; an

inline feed inlet pipe forming a passage into the inner chamber, wherein a portion of the
inline feed inlet pipe, extending from outside an exterior of the outer chamber wall to the
inner chamber, 15 not angled and comprises a substantially uniform diameter; an outlet
forming a passage out of the cyclone to the dust colléctor; and a material drop-out outlet
forming a passage out of the drop-out region of the inner chamber; (iii) a cyclone
operatively connected to the vacuum source through the dust collector, wherein the
cyclone 1s connected to the dust collector by a second vacuum hose; (iv) a material
sorting mechanism operatively connected with the cyclone; (v) one or more material

storagc containcrs operatively associated with the material sorting mechanism; and (vi) a

7
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feed hose connected to the cyclone; (b) setting up the system; (¢) removing the material

from the converter bed via vacuum; and (d) sorting the removed material.

In still yet a further embodiment, a system for loading material in a converter bed, the
system comprising: (a) a vacuum source; (b) a dust collector connected to the vacuum
source by a first vacuum hose; and wherein the cyclone comprises: an outer chamber
wall forming a housing; an inner chamber wall, the inner chamber wall defining an inner
chamber, wherein the inner chamber further comprises a drop-out rcgion; an inline feed

inlet pipe forming a passage into the inner chamber, wherein a portion of the inline feed

inlet pipe, extending from outside an exterior of the outer chamber wall to the inner
chamber, 1s not angled and comprises a substantially uniform diameter; an outlet forming
a passage out of the cyclone to the dust collector; and a material drop-out outlet forming a
passage out of the drop-out region of the inner chamber; (¢) a cyclone operatively
connected to the vacuum source through the dust collector, wherein the cyclone is
connected to the dust collector by a second vacuum hose; (d) a drop-out hopper
operatively attached to the cyclone, wherein the drop-out hopper includes a first feed
hose; and (e) one or more material storage containers operatively associated with the

cyclone via a second feed hose.

in another embodiment, a method of loading a converter bed, the method comprising: (a)
providing a system for loading the material in the converter bed, the system comprising:
(1) a vacuum source; (11) a dust collector connected to the vacuum source by a first
vacuum hose; and wherein the cyclone comprises: an outer chamber wall forming a
housing; an inner chamber wall, the inner chamber wall defining an inner chamber,
wherein the inner chamber further comprises a drop-out region; an inline feed inlet pipe
forming a passage into the inner chamber, wherein a portion of the inlinc feed inlet pipe,
extending from outside an exterior of the outer chamber wall to the inner chamber, is not
angled and comprises a substantially uniform diameter; an outlet forming a passage out of
the cyclone to the dust collector; and a material drop-out outlet forming a passage out of
the drop-out region of the inner chamber; (111) a cyclone connected to the vacuum source

through the dust collector, wherein the cyclone is connected to the dust collector by a

second vacuum hose; (iv) a drop-out hopper operatively connected with the cyclone,
wherein the drop-out hopper includes a first feed hose; and (v) one or more material
storage containers operatively associated with the cyclone via a second feed hose
connected to the cyclone; (b) setting up the system; and (c) loading the material into the

converter bed.

7a
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[n yet another embodiment, a cyclone device for unloading/loading material, the cyclone
device comprising: (a) an outer chamber wall forming a housing; (b) an inner chamber
wall, the inner chamber wall defining an inner chamber, wherein the inner chamber
further comprises a drop-out region; (¢) an inline feed inlet forming a passage into the
inner chamber, wherein a portion of the inline feed inlet extending from outside an
exterior of the outer chamber wall into the inner chamber is not angled; (d) an outlet

forming a passage out of the cyclone; and (e) a material drop-out outlet forming a passage

out of the drop-out region of the inner chamber.

In still yet another embodiment, a cyclone device for unloading/loading material, the
cyclone device comprising: (a) a chamber wall forming a housing, the chamber wall
defining an inner chamber, wherein the inner chamber further comprises a drop-out
region; (b) an inline feed inlet forming a passage into the inner chamber, wherein a
portion of the inline feed inlet extending from outside an exterior of the outer chamber
wall into the inner chamber is not angled; (¢) an outlet forming a passage out of the
cyclone; and (d) a material drop-out outlet forming a passage out of the drop-out region of

the inner chamber.

Brief Description of the Drawings

Figure 1 illustrates a system for unloading material from a converter bed in accordance

with an embodiment of the present invention;

Figure 2A 1illustrates a cyclone for unloading/loading material from/into a converter bed

in accordance with an embodiment of the present invention;

Figure 2B illustrates a conventional (prior art) cyclone for unloading/loading a converter
bed;

Figure 3 illustrates a material storage container in accordance with an embodiment of the

present invention

Figurc 4 illustrates a flow diagram for unloading a converter bed in accordance with an

embodiment of the present invention;

7b
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Figure 5 illustrates a system for loading material into a converter bed in accordance with

an embodiment of the present invention;

Figure 6 illustrates the cyclone of Figure 2A with an attached drop-out hopper for loading

a converter bed in accordance with an embodiment of the present invention; and

5 Figure 7 illustrates a flow diagram for loading a converter bed in accordance with an

embodiment of the present invention.

6 Detailed Description of the Invention

The present invention relates to systems and methods for catalyst converter bed unloading
and loading. The system and method of the invention may be used for unloading,

10 screening and loading material, such as catalyst (for example vanadium pentoxide or

7C
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other catalyst material) and rock (for example quartz rock), in acid plant converters, for

example, sulphuric acid plants.

In one embodiment, a system 100 for vacuum unloading and screening material, such as
catalyst, rock, and wastc matcrial, from onc or morc converter beds 110 of a catalyst
converter 105. Figures 1 and 2A, illustrate an example system 100 and cyclone 121, for
unloading material using the c¢yclone 121 with an mline feed mlet 125. The system 100
may 1nclude a vacuum source 165; dust collector 1535; a material sorting mechanism 143,

cyclone 121; one or more material storage contamers 1735, feed hose 120, and vacuum

hoses 150 and 160.

The vacuum source 165 may, for example, be a conventional vacuum truck and/or
stationary mounted vacuum pump, which are well known by those of skill i the art, such

as, for example, a vacuum truck smmilar to those manufactured by GapVax, Inc. 'The

vacuum source 165 creates the negative pressure needed to sustain the system 100.

The dust collector 133, also known as a bag housc, may, for cxamplc, bc a conventional
bag house, which 1s well known by those of skill n the art. The dust collector 155 traps
dust particulates, such as catalyst dust, rock dust, and any other dust or fine waste
particulates sucked up from the converter beds 110 during the unloading process and
contams such dust particulates to keep them from entering the environment and from
bemg pulled mmto the vacuum source 165. Bag houses are typically used as an air
pollution control device that removes particulates out of air released from commercial
processes, such acid plants and other industrial companies. A typical bag house may use
cylindrical bags (or tubcs) made of woven or felted fabric as a filtcr medium, or m some
cases pleated, nonwoven cartridges are used as [1ltermg media mstead ol bags. The dust-
laden air may enter the bag house through hoppers (e.g., funnel-shaped containers used
for storing and dispensing particulate) and 1s directed mto the bag house compartment.
The air 1s typically drawn through the bags, or cartridge(s), and the dust particulates are
filtered out. A bag house may mclude bags, fabric and support, a housmg or shell,

collection hoppers, discharge devices, a filter cleaning device, and a fan.

The material sorting mechanism 145, such as a screening rig, may mclude screens for
screening materials unloaded from the converter beds 110 of catalyst converter 105. For

example, the material sorting mechanism 145 may include muluple screens, for example,
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a screen to screen out waste material, such as broken catalyst particles, broken rock
particles, and other waste materials that may be present m the converter beds 110; a
screen to screen out catalyst material; and a screen to screen out rock material. In a non-
limiting example, the rock material, such as quartz rock, 1s about % mch 1 diameter and
the catalyst material 1s about 3/8 to about 1/2 mches 1 diameter. The material sorting
mechanism 145 may further be attached (e.g., by chutes 170) to the material storage
contamers 175 m manncr that allows for the screenced material, ¢.g., waste, catalyst, and
rock o each be collected, as 1t 1s screened, mto it 1s corresponding malerial storage

contamer 175 for storage. Sorting mechanism 145 may be a screener rig of a type

manufactured by Rotex Global LLC.

The cyclone 121 1s operatively attached to the material sorting mechanism 145, dust
collcctor 155, and vacuum sourcc 165. The cyclonce 121 mcludes an mline feed mlet 125,
an oullet 130, an mner chamber 205, an mner chamber wall 215, an outer chamber wall
220, and a drop-out outlet 140. The mner chamber 205 mcludes a drop-out region 210
which allows material, such as the rock, catalyst, and larger waste to drop out of the
cyclone 121 mner chamber 205 through the drop-out outlet 140 and onto the screens of
material sorting mechanism 145. The mner chamber wall 215 1s preferably perforated,
which allows dust and other fme particulates, such as rock and catalyst dust, to pass
through the perforations and to be removed and pulled by vacuum suction to the dust
collector 155. In one embodiment cyclone 121 does not include mner chamber wall 213,

and the mner chamber 205 1s delined by the outer chamber wall 220.

The vacuum source 165 1s connected, through the dust collector 155, to the outlet 130 of
the cyclone 121 by a vacuum hose 150, such as an wrrigation hose about three (3) to about
six (6) inches m diameter. The feed hose 120, such as a smooth bore hose about three (3)
to about six (6) inches m diameter, 1s connected to the mline feed mlet 125 of the cyclone
121 and 1s used to remove material, e.g., waste, catalyst, and rock from the converter beds
110. The drop-out outlet 140 1s operatively associated with the screens of the material
sorting mechanism 145, such as to allow material, e.g., waste, catalyst, and rock, removed
from the converter beds 110 to be discharged onto the screens and screened into its

corresponding material storage contamer 175.

In operation, a vacuum 1s created by the vacuum source 165, and 1s pulled, m the

direction indicated by arrows 180, 185, and 190, through the dust collector 153, the
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cyclone 121, and the various hoses 120, 150, and 160 to remove the material, ¢.g., waste,
catalyst, and rock, from the converter bed(s) through the feed hose 120 connected to the
inline feed ilet 125 of the cyclone 121. An operator uses the feed hose 120 to remove
the material m layers as they are present i the converter beds 110, for example, the
5 operator may first remove a top rock layer, then a catalyst layer, and then a bottom rock
layer. Removal of the bottom rock layer allows for removal of all the remaining dust
contaminants that may bc present in the converter bed 110, and for mspection of the
screens, saddles, poles, convertor [loor, and other components and structures (not shown)

of the converter bed 110.

10 The material, e.g., waste, catalyst, and rock 1s removed through the feed hose 120 by the
negative pressure created by the vacuum source 165, which 1s attached to the cyclone
121, through thc dust collector 153, by vacuum hoscs 150 and 160. ‘The removed
malerial enters the cyclone 121 via the [eed hose 120 through the mhne [eed mlet 125 and
into the mner chamber 205 of the cyclone 121, while dust particulates and other fine
15 waste particles are evacuated through the perforations of mner chamber wall 215, through
the cyclone outlet 130 then to the dust collector 155 and collected mto a material storage
contamer 175 for contamment and later disposal. Collecting the dust and other fine waste
particles m a material storage container 175 at the dust collector 155 eliminates the need
for an operator to open the vacuum source 163, e.g., the vacuum truck, and manually
20 transfer the dust waste material into contamers, which may cause greater exposure of the

conlaminant dust to the environment and work personnel.

Once 1 the mner chamber 205 of the cyclone 121, the material, such as rock, catalyst,
and larger waste fall mto the drop-out region 210 due to the centrifugal forces and
pressure drop generated in the cyclone 121 mner chamber 205 by vacuum source 165.
25 The material i the drop-out region 210 then passes through the drop-out outlet 140 and
onto the screens of the material sorting mechanism 145, where the material 1s screened
and sorted based on material type and collected 1 a corresponding material storage
contamer 175, e.g., all screened out waste material 1s collected m a waste material storage
contamer, all screened out rock 1s collected 1 a rock material storage contamer, and all
30 screened out catalyst material 1s collected 1n a catalyst material storage container. The
material sorting mechanism 145 preferably includes screens allowing the material to be
sorted by material type based on size, e.g., rock, waste, catalyst. In one example, the rock

material, such as quartz rock, 1s about % 1nch in diameter; and the catalyst material 1s

10
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about 1/2 to about 3/8 inches mm diameter. The screened material 1s associated with 1ts

corresponding material storage contamer 175, such as by chute 170, thus, allowing the

screened out material to be collected m the correct material storage container 175.

Onc advantage of the present invention 1s the design and placement of the iline feed nlet
125, which facilitates 1 the reduction of material loss, such as expensive catalyst
material, during material unloading from the converter beds 110. In conventional
cyclones, such as that shown as 240 with reference to Figure 2B, feed mlet 250 1s an
angled (e.g., 90°) mlet pipe. In such a design, when the material enters the cyclone 240
through the angled mlet 250 1t tends to strike a back wall 252 of the angled mlet 250
when entering the cyclone 240, thus causing some of the material (catalyst and rock) to
break mto smaller pieces. This causes some of the material, the broken up smaller pieces,
to bc lost by cither, or both of, travcling out a cyclonc outlet 255 with the air, dust, and
other small particles, or 1t gets screened oul as wasle malerial because 1t 1s (oo small (o be
captured by the larger pore size catalyst or rock screens during screenmng. This 1s
disadvantageous as the catalyst material 1s expensive and acid plants want to reduce their
material loss as much as possible during the unloading and loading processes. The
present mvention reduces these material losses by using cyclone 121 with the unique
mline feed mlet 125 design and by also the cyclone having an mner chamber wall 215 and
outer chamber wall 220, as shown m Figure 2A. The mlme feed mlet 125 design allows
the unloaded material, e.g., catalyst and rock, to enter directly into the cyclone 121 mner
chamber 205 without having (o pass through an angled mlet (such as 250 i Figure 2B),
thus eliminating the 1ssue described above of the material striking the back wall 252 of
the angled mlet 250 and potentially breaking up mto smaller pieces and bemg lost as
waste material. The mner chamber wall 215 of the present mnvention 1s also easily
replaceable, so after a period of use if 1t 1s damaged due to, for example, the rock material
striking 1t upon entry, it can be replaced without the need to replace the entire cyclone
121. Conventional cyclones, such as 240 in Figure 2B, used an angled inlet, such as 250
in Figure 2B, to absorb the impact of imncoming rock material thus protecting the mner
walls of the cyclone; however, this also resulted in higher losses of catalyst material as
explamed above. The cyclone 121, having an mner chamber wall 215 that 1s perforated
and outer chamber wall 220 design, further helps maintain the negative pressure needed
to sustain the system 100 and remove dust and other fine waste particles to the dust
collector 155, while allowing for a dropout region 210 for catalyst and rock material to

drop out of the cyclone 121 and onto the screen rig 145, and further eliminates the
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complicated mterlock mechanism used i typical cyclones to allow material to be

removed while maintaming the negative pressure needed to sustain such systems.

Figure 3, 1llustrates an example material storage contamer 175 according to an
cmbodiment of the mvention. In onc cmbodiment the material storage container 173 1s a
substantially square or rectangular container and 1n one non-limiting example can hold
approximately 800 - 1000 liters of material, such as catalyst, rock, or waste. It should be
appreciated that the material storage contamer may be of other suitable shapes (e.g.,
barrel, trapezoidal, etc.) and sizes (e.g., able to hold more or less than 800 - 1000 liter),
and the above are just non-limiting examples of the shape and potential capacity of the
material storage contaimner 175. The material storage container 175 may include an access
port 305, such as a removable lid, for screening and material reloading; one or more vents
310; a division plate 313; and a dust collcction region 320. The vents 310 may be any of
a variely ol vent designs and may mclude a [ilter (not shown), such as HEPA [ilter. The
division plate 315 1s preferably perforated to allow passage of dust and other fine
particulates to the dust collection region 320, and 1s positioned internally i the material
storage container 175 to create a gap between the bottom of the material storage container
175 and the division plate 315 sufficient to allow for dust collection in the dust collection
region 32(). In one non-lmiting example the gap between the bottom of the material
storage container 175 and the division plate 315 1s m the range of about Y of inch t
about 2 of an mch. The material storage contamer 175 may further mclude a clean out
port 330 to allow cleaning oul ol the dust collection region 320. In one example the
material storage contamer 175 1s a substantially square or rectangular contamer, has a
capacity to hold approximately 900 - 950 liters of catalyst, rock, or waste material and
includes: access port 305 (e.g., for screening and reloading material); five 1 %2 mch
diameter vents 310 with HEPA filters; an mternal perforated division plate 315 spaced
above the bottom of the material storage contamer 175 sufficient to create a dust
collection region 320; a dust collection region 320; and a clean out port 330. The
material storage container 175 may further mclude a transport case 335 for the material
storage container 175 to be transported m, for example by a forklift. The transport case
175 may further include support legs 325 of a sufficient height to maintain the material
storage container 175 elevated from the ground and to allow enough clearance to allow,
for example, forks of a forklift to be accommodated for hfting the transport case 335.
The transport case 335 1s of sufficient size to allow the material storage container 175 to

be securely stored and/or carried n 1t. In one embodiment the material storage contamer

12



10

15

20

25

CA 02844484 2014-02-06

WO 2013/025522 PCT/US2012/050384

175, itself, has support legs, similar to support legs 325, such that the transport case 335 1s

not necessary to transport the material storage container 175, rather the material storage

contamer 175 can be transported itself using a forklift, for example.

The material storage contamer 175 of the present mvention 18 advantagcous over the
current state of the art, which typically uses porous single use bags for storing of material,
such as catalyst. Such single use bags result in increased dust due to the bags being made
of porous material, increased waste as the bags are not reusable and must be disposed of
appropriately, are bulky and difficult to handle, and do not stack efficiently, thus
requiring icreased storage area. The use of porous single use bags (such as those
conventionally used), causes increased environmental, health, cost, waste, man-power,
and storage space 1ssues. The material storage containers 175 of the present mvention are
rcusablc, have a dust collection arca, arc non-porous, have filtcred ventilation, arc

durable, and are stackable thus taking much less slorage space.

Figure 4, illustrates an example method 400 for unloading material, such as catalyst, rock,

and waste from a converter bed 110 using the system 10(). The method preferably

includes:

Step 405, setting up system 100. Step, 405 may include:

a. positioning the material sorting mechanism 143 based on accessibility to the
convertor 105 and setting up the material sorting mechanism 145, e.g., attaching

all legs to the material sorting mechanism 145 and secure all hardware (bolts,

etc.);
b. attaching and hooking up the dust collector 155 for dust collection;
C. installing the cyclone 121 to the material sorting mechanism 145 and securing;
d. allachig all hoses (leed hose 120, vacuum hose 150, and vacuum hose 160),

¢.g., to cyclone 121, dust collector 155, vacuum source 163;
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staging all material storage contamer 175 (e.g., rock, catalyst, waste) and

attaching chute hoses 170 from material sorting mechanism 145 screens to

corresponding material storage containers 175 (e.g., rock, catalyst, waste);

connccting all required power and air lincs;

starting the material sorung mechanism 145 and test functions; and

documenting (e.g., videotaping) each converter bed 110 of the catalyst

converter 105 before material unloading/screening;

Step 410, removing material. Step, 410 may include:

d.

10

b.

C.

15

20 g.

identifying and/or recording height level of top rock layer in the converter bed

110 (mark converter bed 110 at top of top rock layer, e.g., with spray paint);

removing (op rock layer with feed hose 120;

marking each rock material storage contamer 175 to ensure rock material 1s

reinstalled to the same converter bed 110 and layer;

after top rock layer removal, identifying and/or recording height level of

catalyst i the converter bed 110 (mark converter bed 110 at top of catalyst level,

e.g., with spray paint);

rcmoving all catalyst with fced hosc 120;

marking each catalyst material storage contamer 173 for locations, so that

catalyst are returned to the same converter bed 110 removed from;

after catalyst layer removal, identifying and/or recording height level of
bottom rock layer i the converter bed 110 (mark converter bed 110 at top of

bottom rock level, e.g., with spray paint);

removing bottom rock layer with feed hose 120;

14
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1. marking each rock material storage contamer 175 to ensure rock material 1s

reinstalled to the same converter bed 110 and layer; and

] repeating steps (a) - (1) until all material has been removed from each

convcerter bed 110.

5 Step 413, screening and storing removed material. In step 4135, material unloaded from
the converter beds 110 of the catalyst converter 105 are conveyed onto the screens of the
material sorting mechanism 145 through drop-out outlet 140 of cyclone 121. The
material sorting mechanism 145 preferably includes a number of screens, e.g., screen to
screen out waste material, such as broken catalyst particles, broken rock particles, and

10 other waste materials that may be present i the converter beds 110; a screen to screen out
catalyst material, and a screen to screen out rock material. The screened material 1s then
directed to corresponding material storage contamers 175 attached to the material sorting
mechanism 145 (e.g., by chute hoses 170) in a manner that allows for the screened
material, e.g., waste, catalyst, and rock to each be collected, as 1t 1s screened out, 1nto 1t 1s

15 corresponding material storage contamer 175 for storage. The material storage containers

175 are then stored 1 a storage area, until ready to be reloaded mto the converter beds

110.

Step 420, inspecting of unloaded converter beds 110. In step 420, the unloaded converter
beds 110 are mspected for damage. For example, the screens, poles, grate, side walls,
20 etc., of the convertor 105 are mspected and the mspection documented (e.g., video

inspection).

Step 425, rigging down system 100. In step 425, all the equipment of system 100 1s either

rigged down, or if the unloaded material 1s to be reloaded after clean out of the catalyst
converter 105, then the system 100 1s converted to system 500 for loading the material

25 back mto the converter beds 110.

The above steps are a non-limiting example only, and the steps may be carried out in

various order and are not limited to the order as presented above, further all steps may not

be required, some may be optional or not required.
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In yet another embodiment, a system 500 for loading material, such as catalyst and/or
rock, mto the converter beds 110 of the catalyst converter 105 1s provided. Figures 5 and
6, illustrate an example system 500 and cyclone 121, for loading material, such as catalyst
and/or rock mto the converter beds 110 of the catalyst converter 105. The system 500
may mclude vacuum source 165, such as a vacuum truck and/or a stationary mounted
vacuum pump; dust collector (bag house) 155; cyclone 121; valve 617; a drop-out hopper
5035 matcrial storage contamers (totes) 175; a lift mechanism, such as a cranc (not shown)

for positioning the cyclone 121 with associated drop-out hopper 505 (o [acilitate loading;

feed hoses 515 and 520; and vacuum hoses 150 and 160.

The vacuum source 165 1s connected to the dust collector 155 by vacuum hose 160, such
as an 1rrigation hose about three (3) to about six (6) mches m diameter. The dust collector
155 1s further connccted to the outlet 130 of the cyclone 121 by vacuum hosc 150, such as
an 1rrigation hose aboult three (3) (o about six (6) mches i diameter. The cyclone 121,
similar to that as shown m Figure 2, and further with regards to Figure 6, 1s 1n operative
association with the drop-out hopper 505 by valve 617, such as an air actuated valve, such
that 1t allows conveyed material, such as rock and catalyst, to fall out of the drop-out
region 210 of cyclone 121 through the drop-out outlet 140 and mto the drop-out hopper
505 via valve 617. The valve 617 1s preferably capable of providing a flow, or feed rate
in the range of about 10000 to 24000 liters of material per hour. Drop-out hopper 505
may be secured to cyclone 121 by cables, chains, brackets, or other mechanism or
hardware suitable [or securing drop-out hopper 505 (o cyclone 121. Cyclone 121, 1s
further operatively associated with one or more of the material storage containers 175 by
feed hose 515, such as a smooth bore hose about three (3) to about six (6) inches mn
diameter. Feed hose 515 1s operatively associated with one or more of the material
storage containers 175, such that the material (rock and/or catalyst) 1s conveyed, by
vacuum suction, from the material storage containers 175 through the feed hose 515 and
to the cyclone 121. The drop-out hopper 505 mcludes feed hose 520, such as a smooth
bore hose about three (3) to about six (6) mches m diameter, connected to drop-out
hopper outlet 625 of the drop-out hopper 505. Feed hose 520 1s of sufficient length and
size to facilitate loading of material, such as rock and/or catalyst, from the drop-out
hopper 505 mto the converter beds 110 of the catalyst converter 105, and may be

adjustable to be longer or shorter as may be need for a particular plant site.
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The cyclone 121 may further mclude a gate dump 615 (or other suitable gating
mechanism) at the drop-out outlet 140, which, with valve 617, facilitates material passing
from the drop-out outlet 140 through to the drop-out hopper 505. The cyclone 121 may
also iclude a lift attachment mechanism 610, such as a cable or hook point, where a lift
mechanism, such as a crane, may attach to the cyclone 121, with attached drop-out hopper
505, to be elevated to the proper height position for loading material into the converter

beds 110 of the catalyst converter 105.

The drop-out hopper 505 may further include one or more deflector plates 620 positioned
in the mner region of the drop-out hopper 505 and/or drop-out hopper outlet 625. The
deflector plates 620 help facilitate conveying material from the drop-out outlet 140
through the drop-out hopper 505 and through the drop-out hopper outlet 625. Deflector
platcs 620 also help to reduce damage to the drop-out hopper 505 and to the material by
dellecung direct 1mpact of the material with, for example, the bottom ol the drop-out
hopper 505 and drop-out hopper outlet 625. The deflector plates 620 may be positioned
at various angles to an mner wall of the drop-out hopper 505, preferably in the range of
greater than 90° to less than 180° to the mner wall of the drop-out hopper 505 and/or the
drop-out hopper outlet 625. The drop-out hopper 505 may further include a vibrator
device 510 (such as a vibrator ring), operatively connected to the drop-out hopper outlet
625 to impart vibratory force thereto to facilitate conveying material through the drop-out
hopper outlet 625 and mnto the attached feed hose 520 for the material to be conveyed to
the converter beds 110 ol the catalyst convertor 105. The drop-out hopper 505 may
further include one or more airline mlets 630. The airline mlet 630, 1n one example, 1s
positioned at the drop-out hopper outlet 625, for example to convey an air stream 1n the
direction of the feed hose 520. The air mlet 630 allows connection of an airline (not
shown), for example about a 3 inch airline, to the drop-out hopper outlet 625 to help
convey material into and along the feed hose 520 to the converter beds 110 of the catalyst

convertor 103 being loaded.

In operation, a vacuum 1s created by the vacuum source 165, and i1s pulled through the
dust collector 153, cyclone 121, and various hoses (feed hose 5135, vacuum hose 150, and
vacuum hose 160), to convey the material, such as rock or catalyst, from the material
storage contamers 175, via feed hose 515, to the cyclone 121, which 1s preferably
elevated off the ground by a lifting mechanism, such as a crane. The material enters the

cyclone 121 through the mline feed mlet 125 where centrifugal force and pressure drop,
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generated by the vacuum and cyclone 121 design, allow the material, such as rock or

catalyst, to drop mto the drop-out region 210 and then mto the drop-out outlet 140. Dust

and other fine waste particles are evacuated through the perforations of the inner chamber
wall 215, through the outlet 130 of the cyclone 121, then to the dust collector 155 and

collected m one or more material storage contamers 175 for contamnment and later

disposal. When a sufficient amount of material 1s present in the drop-out outlet 140 the
valve 617 opens, and 1f present a gatc dump 165 opens, and the material drops mto the
drop-out hopper 503. The valve 617 1s prelerably capable ol providing a (low, or [eed
rate 1n the range of about 10000 to 24000 liters of material per hour. The material in the
drop-out hopper 505 1s conveyed down through the drop-out hopper outlet 6235, m one
example, by gravity feed and mto the feed hose 520. The material may be guided down

the drop-out hopper 505 by deflector plates 620. The material may also be assisted
through the drop-out hopper outlet 625 and nto the feed hose 520 by vibrator device 510,

where the vibrator device 510 provides a vibratory action at the drop-out hopper outlet

625, thus facilitating movement of the material down the drop-out hopper outlet 625 and
mto feed hose 520. The material may be further assisted into and along the feed hose 520
by an air stream from an airline connected to air mlet 630. Feed hose 520 1s preferably
connected to the drop-out hopper outlet 625 at one end, with the other end positioned m
the converter bed 110 beng loaded. This process 1s repeated as necessary to load all the
rock and/or catalyst 1n the converter beds 110 as may be required m a particular catalyst

converter 105.

Figure 7, illustrates an example method 700 for loading material, such as catalyst and

rock mto a converter bed 110 usimg the system 500. The method may include:

Step 703, setting up system 500. Step, 705 may include:

a. attachmg all hoses (vacuum hose 160, vacuum hose 150, feed hose 515, and
feed hose 520) to the vacuum source 165, dust collector 155, cyclone 121,

material storage contamer 175, and drop out hopper 505;

b. positioning the cyclone 121 with atiached valve 617 and drop out hopper 503,

for example, lifting to an appropriate height using a crane;

C. setting up the dust collector 155; and
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d. mstalling and attaching a man-way dust collection hose (not shown) to the

dust collector 155, or to a secondary dust collector (not shown) and vacuum

source. The man-way dust collection hose may be installed m each converter
bed man-way (not shown), and 1s preferably installed 1n the man-way that 1s

opposite of the man-way loadmg/entry door 117 (shown m Figure 1 and 5),

however, if there 1s only one man-way both the feed hose 520 and dust

collcction hose may be run through the onc man-way.

Step 710, loading material. Step, 710 may include:

a. loading bottom rock layer into the converter beds 110 to the proper height
(e.g., height mark indicated at step 410 of method 400), and leveling rock, e.g.,

using a rake, to make an even bottom rock layer;

b. loading catalyst layer into the converter beds 110 in the correct location (the
same location from which 1t was removed i step 410 of method 400), and to the
propcr hcight (c.g., height mark indicated at step 410 of method 400), and

leveling catalyst layer, e.g., using a rake, to make an even catalyst layer;

C. loading top rock layer mto the converter beds 110 to the proper height (e.g.,
height mark indicated at step 410 of method 400), and leveling rock, e.g., using a

rake, to make an even top rock layer;

d. repeating steps (a) - (¢) until all rock and catalyst has been loaded mto the

converter beds 110 as required;

Step 720, mspecting of loaded converter beds 110. In step 720, the converter beds 110

are mspected after the loading 1s complete (e.g., video mspection).

Step 7235, rigging down system 700. In step 7235, all the equipment of system 700 1s

rigged down.

The above steps are a non-limiting example only and the steps may be carried out mn
vartous order and are not limited to the order as presented above, further all steps may not

be required, some may be optional or not required.
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7

10

15

Concluding Remarks

The foregoing detailed description of embodiments refers to the accompanying drawings,
which 1llustrate specilic embodiments of the mvention. Other embodiments having
different structures and operations do not depart from the scope of the present mvention.
The term “the mmvention” or the like 1s used with reference to certain specific examples of
the many alternative aspects or embodiments of the applicant's mvention set forth in this
specification, and neither its use nor 1ts absence 1s mtended to limit the scope of the
applicant's mvention or the scope of the claims. This specification 1s divided mnto sections
for the convenience of the reader only. Headings should not be construed as limiting of
the scope of the mvention. The definitions are mtended as a part of the description of the
mvention. It will be understood that various details of the present mvention may be
changed without departing from the scope of the present imnvention. Furthermore, the
forcgomg dcscription 1s for the purposc of illustration only, and not for the purposc of

Limitation.

20



The embodiments of the present invention for which an exclusive property or privilege is

claimed are defined as follows:

1. A system for unloading material from a converter bed, the system comprising:

(a) a vacuum Source;

(b)  adust collector connected to the vacuum source by a first vacuum hose;

(¢) a cyclone operatively connected to the vacuum source through the dust
collector, wherein the cyclone is connected to the dust collector by a
second vacuum hose; and

wherein the cyclone comprises:
an outer chamber wall forming a housing;
an inner chamber wall, the inner chamber wall defining an inner
chamber,
wherein the inner chamber further comprises a drop-out region;
an inline feed inlet pipe forming a passage into the inner chamber,
wherein a portion of the inline feed inlet pipe, extending from outside
an exterior of the outer chamber wall to the inner chamber, is not angled
and comprises a substantially uniform diameter;
an outlet forming a passage out of the cyclone to the dust collector; and .
a material drop-out outlet forming a passage out of the drop-out region
of the inner chamber:;

(d) a material sorting mechanism operatively connected with the cyclone;

(€) one or more material storage containers operatively associated with the
material sorting mechanism; and

(9 a feed hose connected to the cyclone.

2. The system of claim 1 wherein the material comprises one or more of catalyst material,

rock material, and waste material.

3. The system of claim 2 wherein the catalyst material comprises a catalyst material

suitable for the production of acid and the rock material comprises quartz rock.

4. The system of claim 1 wherein the converter bed comprises a converter bed in an acid

plant converter.
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10.

11.

12.

13.

14.

15.

The system of claim 1 wherein the vacuum source comprises at least one of a vacuum

truck and a stationary mounted vacuum pump.

The system of claim 1 wherein the first vacuum hose and second vacuum hose each

comprise an irrigation hose in the range of about three to about six inches in diameter.

T'he system of claim 1 wherein the feed hose comprises a smooth bore hose in the range

of about three to about six inches in diameter.

The system of claim 1 wherein the inner chamber wall has perforations sized to allow
dust and other small particulates to pass through the perforations and be removed

through the outlet via suction generated by the vacuum source.

The system of claim 1 wherein the second vacuum hose is connected to the cyclone at

the outlet.

The system of claim 1 wherein the material drop-out outlet is operatively connected to
the material sorting mechanism to allow passage of material to the material sorting

mechanism.

The system of claim 1 wherein the feed hose connects to the cyclone at the inline feed
1nlet.

The system of claim 11 wherein the end of the feed hose that is not connected to the

inline feed inlet is positioned in the converter bed to be unloaded.

The system of claim 1 wherein the drop-out region comprises a region of the inner

chamber created by centrifugal forces and pressure drop generated in the inner chamber

of the cyclone via the vacuum source and cyclone design.

The system of claim 1 wherein the material sorting mechanism COMPrises one or more
screens, the one or more screens having pore sizes sufficient to screen out the material

based on material type.

The system of claim 14 wherein the one or more screens comprise a screen with a pore
size sufficient to screen out material of about % inch in diameter, a screen with a pore

size sufficient to screen out material in the range of about 3/8 to about 1/2 inches in
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16.

17.

18.

19.

20.

21.

22.

23.

24,

diameter, and a screen with a pore size sufficient to screen out material with a diameter

of about 3/8 inches or less in diameter.

The system of claim 14 wherein the material sorting mechanism is operatively
associated with the one or more material storage containers via one or more chutes
connecting each of the one or more screens with a corresponding material storage

container.

The system of claim 1 wherein the material storage container, comprises:

(a) a container body;

(b) an access port located at a top portion of the container body:;

(c) one or more vents formed on the container body;

(d) a division plate positioned internally in the container body forming a gap
between a bottom portion of the container body and the division plate,
the division plate having one or more openings sized to allow dust and
other small particulates to pass through the one or more openings into
the gap; and

(€) a clean-out port formed in a region of the container body comprising the

gap.

The system of claim 17 wherein the material storage container is substantially one of

square or rectangular in shape.

The system of claim 17 wherein the material storage container has a capacity to contain

In the range of about 800 to about 1000 liters of material.
The system of claim 17 wherein the access port comprises a removable lid.
The system of claim 17 wherein the access port includes a vent.

The system of claim 17 wherein the one or more vents include a filter.
The system of claim 17 wherein the filter comprises a HEPA filter.

The system of claim 17 wherein the material storage container further comprises a
transport case, the transport case being of a suitable size to accommodate the material

storage container therein, the transport case further comprising support legs.
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25.  The system of claim 17 wherein the gap is in the range of about % of inch to about 1%

of an inch in height.

26. A method of unloading material from a converter bed, the method comprising:

(a) providing a system for unloading the material from the converter bed,
the system comprising:
(1) a vacuum Source;
(1)  a dust collector connected to the vacuum source by a first
vacuum hose; and

wherein the cyclone comprises:
an outer chamber wall forming a housing;
an inner chamber wall, the inner chamber wall defining an inner
chamber, '
wherein the inner chamber further compriscs a drop-out region;
an inline feed inlet pipe forming a passage into the Inner chamber,
wherein a portion of the inline feed inlet pipe, extending from outside
an exterior of the outer chamber wall to the inner chamber, is not angled
and comprises a substantially uniform diameter;
an outlet forming a passage out of the cyclone to the dust collector; and
a matenal drop-out outlet forming a passage out of the drop-out region
of the inner chamber; '
(1)  a cyclone operatively connected to the vacuum source through
the dust collector, wherein the cyclone is connected to the dust collector

by a second vacuum hose;

(1v)  a material sorting mechanism operatively connected with the
cyclone;
(v}  one or more material storage containers operatively associated
with the material sorting mechanism; and
(vi)  afeed hose connected to the cyclone;
(b) - setting up the system:;
(¢) removing the material from the converter bed via vacuum: and

(d)  sorting the removed material.
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27. The method of claim 26 wherein the material comprises one or more of catalyst

material, rock material, and waste material.

28.  The method of claim 26 wherein setting up the system comprises at least one or more
of, setting up and positioning the material sorting mechanism; installing the cyclone to
the material sorting mechanism; connecting the feed hose to the cyclone, the first
vacuum hose to the vacuum source and dust collector, and the second vacuum hose to
the cyclone and dust collector; staging material storage containers and attaching chute
hoses from the material sorting mechanism to corresponding material storage
containers; connecting all required power and air lines; starting the material sorting
mechanism and testing functions; and documenting the converter bed prior to material

unloading.

29.  The method of claim 26 wherein removing the material from the converter bed
comprises at least one or more of, identifying a height level of a top rock layer in the
converter bed; removing the top rock layer via the feed hose; marking each top rock
1ayer material storage container with corresponding converter bed and layer location;
after removing the top rock layer, identifying a height level of a catalyst layer in the
converter bed; removing the catalyst layer via the feed hose: marking each catalyst layer
material storage container with corresponding converter bed and layer location; after
removing the catalyst layer, identifying a height level of a bottom rock layer in the
converter bed; removing the bottom rock layer via the feed hose; marking each bottom
rock layer material storage container with corresponding converter bed and layer

location; and repeating the above steps until all desired material has been removed from

cach converter bed.

30.  The method of claim 26 wherein sorting the removed material comprises at least one or
more of conveying material onto one or more screens of the material sorting mechanism
from a drop-out outlet of the cyclone, wherein the one or more screens comprise pore
sizes corresponding to the size of a particular material type to be screened out; sorting
the material based on size; and conveying sorted material to corresponding material

storage containers via chutes.

31. The method of claim 26 further comprising, storing the screened material in

corresponding material storage containers.
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32. The method of claim 26 further comprising, inspecting the unloaded converter bed.

33. A system for loading material in a converter bed, the system comprising:

(a) a vacuum source;

(b) a dust collector connected to the vacuum source by a first vacuum hose:
and

wherein the cyclone comprises:
an outer chamber wall forming a housing;
an inner chamber wall, the inner chamber wall defining an inner
chamber,
wherein the inner chamber further comprises a drop-out region;
an inline feed inlet pipe forming a passage into the inner chamber,
wherein a portion of the inline feed inlet pipe, extending from outside
an exterior of the outer chamber wall to the inner chamber, is not angled
and comprises a substantially uniform diameter:
an outlet forming a passage out of the cyclone to the dust collector: and
a material drop-out outlet forming a passage out of the drop-out region
of the inner chamber:

(c) a cyclone operatively connected to the vacuum source through the dust
collector, wherein the cyclone is connected to the dust collector by a
second vacuum hose;

(d)  adrop-out hopper operatively attached to the cyclone, wherein the drop-
out hopper includes a first feed hose; and

(e)  one or more material storage containers operatively associated with the

cyclone via a second feed hose.

34.  The system of claim 33 wherein the material comprises one or more of catalyst material

and rock material.

35.  The system of claim 34 wherein the catalyst material comprises a catalyst material

suitable for the production of acid and the rock material comprises quartz rock.

36.  The system of claim 33 wherein the converter bed comprises a converter bed in an acid

plant converter.
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37.

38.

- 39.

40.

41.

42.

43.

44,

45.

46.

47,

43.

The system of claim 33 wherein the vacuum source comprises at least one of a vacuum

truck and a stationary mounted vacuum pump.

The system of claim 33 wherein the drop-out hopper is operatively attached to the

cyclone via a valve.
The system of claim 38 wherein the valve comprises an air actuated valve.

The system of claim 38 wherein the valve is capable of providing a flow or feed rate in

the range of about 10000 to about 24000 liters of material per hour.

The system of claim 33 wherein the first vacuum hose and second vacuum hose each

comprise an irrigation hose in the range of about three to about six inches in diameter.

The system of claim 33 wherein the first feed hose and second feed hose each comprise

a smooth bore hose in the range of about three to about six inches in diameter.

The system of claim 33 wherein the inner chamber wall has perforations sized to allow

dust and other small particulates to pass through and to be removed through the outlet

via suction generated by the vacuum source.

The system of claim 33 wherein the second vacuum hose is connected to the cyclone at

the outlet.

The system of claim 33 wherein the material drop-out outlet is operatively connected

to the drop-out hopper via a valve.

The system of claim 33 wherein the second feed hose connects to the cyclone at the

inline feed inlet.

The system of claim 46 wherein the end of the second feed hose not connected to the
inline feed inlet is operative connection with one of the one or more material storage

containers.

The system of claim 33 wherein the drop-out region is a region of the inner chamber
created by centrifugal forces and pressure drop generated in the inner chamber of the

cyclone via the vacuum source and cyclone design.
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49,

0.

51,

S2.

53.

54.

33.

The system of claim 33 wherein the drop-out hopper, comprises:
(a) a housing;
(b)  aninner region defined by the housing;
(¢) an inlet positioned at a top portion of the housing operatively associated
with the cyclone drop-out outlet; and

(d)  adrop-out hopper outlet positioned at a bottom portion of the housing.

The system of claim 49 wherein the drop-out hopper further COMprises one or more
deflector plates positioned at various angles in at least one of the inner re gion and drop-

out hopper outlet.

The system of claim 49 wherein the drop-out hopper further comprises a vibrator

associated with the drop-out hopper outlet.

The system of claim 49 wherein the drop-out hopper further comprises an airline inlet

positioned at the drop-out hopper outlet.

The system of claim 49 wherein the first feed hose is connected to the drop-out hopper

at the drop-out hopper outlet.

The system of claim 33 wherein the first feed hose conveys material from the drop-out

hopper to the converter beds.

The system of claim 33 wherein the material storage container, comprises:

(a) a container body;

(b) an access port located at a top portion of the container body;

(c) one or more vents formed on the container body;

(d)  adivision plate positioned internally in the container body forming a gap
between a bottom portion of the container body and the division plate,
the division plate having one or more openings sized to allow dust and
other small particulates to pass through the one or more openings into
the gap; and -

(¢)  aclean-out port formed in a region of the container body comprising the

gap.
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56.

37.

8.

59.

60.

ol.

62.

63.

The system of claim 55 wherein the material storage container is substanti ally one of

square or rectangular in shape.

The system of claim 55 wherein the material storage container has a capacity to contain

in the range of about 800 to about 1000 liters of material.

The system of claim 55 wherein the access port comprises a removable lid.
The system of claim 55 wherein the access port includes a vent.

The system of claim 55 wherein the one or more vents include a filter.

The system of claim 55 wherein the filter comprises a HEPA filter.

The system of claim 55 wherein the gap is in the range of about % of an inch to about
/2 of an inch in height.

A method of loading a converter bed, the method comprising:

(a) providing a system for loading the material in the converter bed, the
system comprising:
(1) a vacuum source;
(1)  a dust collector connected to the vacuum source by a first
vacuum hose; and

wherein the cyclone comprises:
an outer chamber wall forming a housing;

an inner chamber wall, the inner chamber wall defining an inner

chamber,

wherein the inner chamber further comprises a dr0péout region;

an inline feed inlet pipe forming a passage into the inner chamber,
wherein a portion of the inline feed inlet pipe, extending from outside
an exterior of the outer chamber wall to the inner chamber, is not angled
and comprises a substantially uniform diameter:

an outlet forming a passage out of the cyclone to the dust collector; and
a material drop-out outlet forming a passage out of the drop-out region

of the inner chamber:;
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(i)  a cyclone connected to the vacuum source throu gh the dust
collector, wherein the cyclone is connected to the dust collector
by a second vacuum hose: '

(iv)  a drop-out hopper operatively connected with the cyclone,
wherein the drop-out hopper includes a first feed hose; and

(v)  one or more material storage containers operatively associated
with the cyclone via a second feed hose connected to the cyclone;

(b) setting up the system; and

(¢) loading the material into the converter bed.

64.  The method of claim 63 wherein the material comprises one or more of catalyst material

and rock material.

65.  The method of claim 63 wherein setting up the system comprises at least one or more
of, setting up the dust collector; operatively attaching the cyclone to the drop-out hopper
via a valve; connecting the first vacuum hose to the vacuum source and dust collector,
the second vacuum hose to the cyclone and the dust collector, the first feed hose to the
drop-out hopper, and the second feed hose to the cyclone to one of the one or more
material storage containers; positioning the cyclone with attached drop-out hopper to a

surtable height for material loading; and installing a man-way dust collection hose.

66.  The method of claim 63 wherein loading the material in the converter bed comprises at
least one or more of, loading a bottom rock layer into the converter bed to a determined
height via the first feed hose; leveling the bottom rock layer; loading a catalyst layer

into the converter bed to a determined height via the first feed hose, leveling the catalyst

layer; loading a top rock layer into the converter bed to a determined height via the first
feed hose; leveling the top rock layer; and repeating the above steps until all desired

material has been loaded in each converter bed.

67.  The method of claim 63 further comprising, inspecting the loaded converter bed.

68. A cyclone device for unloading/loading material, the cyclone device comprising:

(a) an outer chamber wall forming a housing;
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09.

70.

71.

72.

73.

(b)

(¢)

an inner chamber wall, the inner chamber wall defining an inner
chamber, wherein the inner chamber further comprises a drop-out
region,; '

an 1nline feed inlet forming a passage into the inner chamber, wherein a
portion of the inline feed inlet extending from outside an exterior of the
outer chamber wall into the inner chamber is not angled:;

an outlet forming a passage out of the cyclone; and

a material drop-out outlet forming a passage out of the drop-out region

of the inner chamber.

The device of claim 68 wherein the inner chamber wall has perforations sized to allow

dust and other small particulates to pass through and be removed through the outlet via

suction generated by a vacuum source.

The device of claim 68 further comprising a feed hose connected to the inline feed inlet.

The device of claim 68 wherein the drop-out region is a region of the inner chamber

created by centrifugal forces and pressure drop generated in the inner chamber of the

cyclone via a vacuum source and the cyclone design.

The device of claim 68 further comprising a gate positioned at the drop-out outlet.

A cyclone device for unloading/loading material, the cyclone device comprising:

(a)

(b)

(c)
(d)

a chamber wall forming a housing, the chamber wall defining an inner
chamber, wherein the inner chamber further comprises a drop-out
region;

an inline feed inlet forming a passage into the inner chamber, wherein a
portion of the inline feed inlet extending from outside an exterior of the
outer chamber wall into the inner chamber is not angled;

an outlet forming a passage out of the cyclone; and

a material drop-out outlet forming a passage out of the drop-out region

of the inner chamber.
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/4. The device of claim 73 wherein the drop-out region is a region of the inner chamber

created by centrifugal forces and pressure drop generated in the inner chamber of the

cyclone via a vacuum source and the cyclone design.
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