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APPARATUS AND PROCEDURES FOR REPLENISHING
PARTICULATE MATERIALS

1. Field of the Invention.  This invention
generally relates to apparatus and procedures for
replenishing particulate matexrials {e.g., bulk
catalysts, catalyst additives, particulate raw
materials, etc.) for industrial processes (e.g.,
fluid catalytic processes used to refine petroleum,
polymer manufacturing processes, etc.). More
pari:icularly, this invention <relates to those
apparatus and methods dal-ling for injection of
particulate materials into industrial processes
using streams of high pressure gas (e.g., air,

nitrogen, hydrocarbohé . ete. ) in which the

particulate material is entrained.

2. Description of the Prior Art. Particulate

materials - are employed in many chemical and
petrochemical manufacturing processes. Requirements
for more closely controlling and adjusting use of

such materials can be engendered by any number of

anticipated and/or unanticipated changes in such

processes, e.d., (1) changing product requirements,
(2) changing character of feedstock(s) and/or (3)

changing pollution control regulations. Moreover,
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the ability to more closely control and adjust
introduction of particulate materials into most
industrial processes serves to minimize the use of,
and hence the costs associated with, raw materials,
catalysts and energy. The ability to more closely
control and adjust industrial processes also usually
serves to reduce perturbations to such processes
when those ©pressurized vessels holding raw
materials, catalyst, diluents, etc. for use in said
processes have to be taken out of service in order
to refill them.

Many of those devices and procedures used to
replenish particulate materials stored in
pressurized vessels that feed into industrial
processes call for use of a stream of pressurized
gas (usually air) to transfer the particulate
material from an unpressurized storage tank to a
pressurized process vessel, These materials are
then injected into the process by entraining them in
another stream of pressurized gas (e.g., air,
nitrogen, light hydrocarbon gases, etc.) that feeds
into said process.

Unfortunately, significant errors and/or
maladjustments were frequehtly introduced into many
industrial processes employing such streams of
pressurized gas. Such errors and/or maladjustments
generally follow from a combination of two factors:
(1) many particulate material delivery systems are
controlled by timed meters or clocks and (2) plant
air supply systemsE supplying the streams of

pressurized gas may, and often do, operate over a
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rather wide range of  operating ' pressures. For
example, an “assumed” 60 psi plant air supply system
would, in fact, operate at pressures ranging from
about 30 to 80 psi at any given point in time. Such
pressure differences caused timed particulate
material injection devices using these air streams
to deliver differing amounts of particulate material
in different time periods in which plant air
pressures varied.

The prior art has addressed this .problem in
several ways. For example, U.S. Patent 5,389,236
(“the ‘236 patent”) discloses a catalyst addition
system wherein a pressurized catalyst vessel is
continuously weighed in order to determine how much
catalyst is actually added to a . fluid catalytic
process in any given time period. 1In other words,
this catalyst injection system operates on the basis
of the weight of material actually leaving the
vessel and injected into the process - regardless of
the pressure of the air stream used to deliver the
material to that process. The apparatus and methods
of the present patent disclosure bﬁild upon the
weighing procedures taught in the ‘236 patent; hence
said patent is incorporated heréin by reference.

The advances made through use of the apparatus
and processes of the presgnt patent disclosure
revolve around the fact that the pressurized vessels
used in such processes are typically operated under
pressures ranging from about 30 psi to about 150
psi. Therefore, they must be depressurized before

new particulate material supplies (e.g., catalysts,
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raw materials, diluents, -etc.) can be loaded into
them. Those  skilled in this art will appreciate
that this reloading is a time-consuming process.
For example, using those vessel venting devices and
procedures on the catalyst addition systems taught
by the ‘236 patent, a typical refilling operation
(comprised of [1] depressurizing the vessel from an
operating pressure ranging from about 30 to about
150 psi, [2] refilling the vessel with particulate
material and [3] repressurizing the vessel back to a
30-150 psi operating pressure) may take from about
60 to about 120 minutes for vessels having a
capacity for about 10-15 tons of particulate
material.

Such rather lengthy time requirements follow,
in . large part, from the fact that the
depressurization process, and especially the first
part of that depressurization process, must proceed
very slowly. Otherwise, any particulate material
still 'remai_ning in the vessel (and there usually is
some) when it is vented will be entrained in the
departing air and lost from the system. This will
be especially likely if the initial phase of the
vessel depressurization process proceeds too quickly
(i.e., so quickly that any significant amount of
particulate material in the vessel is, in effect,
sucked out of said vessel along with the pressurized
gas being vented). Particulate material losses of
this kind have at least two bad consequences.
First, valuable materials such as catalysts will be

wasted; and - second, any = particulate material
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entrained in a stream of ' rapidly réleased gas
through the vessel‘s venting system may clog or
otherwise interfere with operation of equipment
“downstream” of that venting system (e.g., gas
silencers, electrostatic precipitation unifs, dust-
catching bag units, etec.).

There is, however, a competing drawback to

venting these pressurized vessels too slowly. This

" drawback follows from the fact that while such a

vessel is being depressurized, refilled with fresh

‘particulate material and again repressurized, it is

no longer capable of injecting its particulate
material contents into the industrial process it
serves. In short, the vessel is “down” while it is
being ”resuppliéd with - particulate matexrial.
Consequently, if the process using the particulate
material is scheduled to receive a shot or stream of
the particulate material during the 60-120 minutes
that the vessel is down for its resupply routine,
injection of scheduled shot(s) or stream(s) of the
material must be deferred until the vessel is again
put back into service. Likewise, if the process
needs an unscheduled shot or stream of the
particulate material, this unscheduled addition also
must be deferred until the vessel is again brought
back into service. Those skilled in the chemical
engineering arts will of course appreciate that the
longer a scheduled or needed injection of catalyst
or raw material is deferred, the greatexr the
perturbation to most ongoing chemical processes.

Hence, there is an ever pressing demand to shorten
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the time needed to recharge a pressurized vessel
whose normal duty is to feed an industrial process
with a particulate material at time intervals that
are shorter (e.g., every 10 minutes) than the down
time (e.g., 45-60 minutes) associated with
replenishing the vessel with fresh particulate
material. 1In many cases, if these refill times can
not be shortened, very expensive duplicate pressure
vessel systems must be employed.

Heretofore, the depressurization aspect of
these +vessel replenishing operations has been
carried out in one of two ways. The first way
involves the use of a single “on/off” type valve
(such as a so-called ball type valve) having a very
small opening. The second way employs valves that
are capable of producing proportional or variable
sized openings (“proportiomnal wvalves”). Use of a
single, ball type, valve in such venting operations
has the advantage of simplicity of operation and
maintenance. Such valves must, however, have a very
small vent opening so that an initial, large volume,
surge of escaping air does not suck particulate
material out of the vessel. Use of such small, ball
type, vent valves does, however, imply long
decompression times. This follows from the fact
that as the pressure decreases, the rate of

depressurization also decreases. For example,

depressurization of a 10-15 ton catalyst vessel from

about 60 psi to atmospheric pressure using a 1.0
inch, ball type, vent valve will usually take from
about 30 to about 60 minutes. Obviously, this is a
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significant portion of the overall 60-120 minute
vessel refilling operation associated with vessels
of this size.

_Proportional valves have the advantage of being

- able to open very, very slightly in order to

initiate a vessel depressurization process in a
manner such that only a very small volume of high
pressure air is initially allowed to escape. This
circumstance prevents particulate material £from
being sucked out of the vessel - which, here again,
would be the case if an initial, large volume, surge
of high pressure air were allowed to vent too
quickly. As the pressure in a vessel gradually goes
down, these proportional valves are opened further

and further so that larger and larger volumes of air

- at lower and lower pressures - can be vented

without sucking particulate material out of the
vessel along with the departing air.

Thus, use of proportional wvalves generally
allows a vessel to be vented more quickly than it
could be using a single, small vent size, ball
valve. Proportional wvalves do, however, have
certain very significant disadvantages associated
with their use. For one thing, they are
considerably more complex than ball type valves.
Hence they are much more expensive. Worse yet, they
also are generally much more difficult to install,
operate and maintain. These drawbacks follow in
part from the fact many industrial wvalves
(proportional type valves as well as ball type

valves) are mechanically driven by f£luid pressure

PCT/US00/18321



10

15

20

i

WO 01/05496

-8-
systems (air pressure systems, hydraulic systems and
the 1like). 'Thus, once a CPU gives an order (an
electrical signal) to open or close a valve, it is
inherently much more difficult for a fluid pressure
system to take that signal and convert it into a
very slight adjustment in the size of a vent opening
in a proportional valve than it is for the very same
fluid pressure system to create the more decisive
on/off action in a ball type valve whereby said
valve is either fully opened or fully closed.
Moreover, use of proportional valves implies that
any CPU used to control operation of that
proportional valve must be able to receive and give
“proportional” type electrical signals rather than
simple on/off type signals. Indeed, because of the
nature and magnitude of the problems associated with
the use of proportional valves in particulate
material injection processes, many industrialists,
and especially petroleum refiners, generally prefer

to use the more reliable, single ball valve-based,

venting technique and “live with” the longer time

periods they take to depressurize a vessel.
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SUMMARY OF THE INVENTION

In response to the tradeoff prOblems associated
with 'entraihing particulate material in an air
stream that is too quickly vented from a vessel -
versus taking inordinately long periods of time to
refill those vessels, and thereby perturbing the
industrial prdcess' being fed by said vessels -
applicant has developed certain apparatus and
procedures for more quickly replenishing those
vessels whose main duty is to supply particulate
materials to an ongoing industrial process. These
apparatus and procedures take shorter time periods
to vent the vessel (e.g., 5-10 minutes to vent a 10-

15 ton catalyst vessel as opposed to the 30-60

minutes needed to vent the same vessel using single

ball wvalve based venting operations). Use of
applicant‘’s apparatus and procedures also avoids the
above-noted proportional signal based problems
associated with using proportional valves.

To these ends, applicant’s apparatus and
procedures employ two or more, on/off type, vent
valves of different sizes. These vent valves can be
sized such that the operating pressure in a particle
containing vessel will be gradually released, in low
volumes, when the vessel is initially depressurized.
Thereafter, the pressurized gas can be released in
larger volumes when a predetermined lower pressure
is ‘reached and thereby speed up the overall
depressurization process. That is to say that,

after an initial first phase depressurization
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operation is completed through use of a first,
relativély smaller, on/off type vent valve (e.g., a
ball wvalve having a 1.0 inéh vent dJiameter), a
second, on/off type valve, of larger diameter (e.g.,
a ball valve having a 3.0 inch vent diameter) is
opened to release larger volumes of the pressurized
gas in a second phase of an overall depressurization
process. Release of these larger volumes of gas at
the lower pressures extant in this second phase of
the depressurization process serves to shorten the
overall time needed to depressurize the vessel
(again, relative to use of a single, on/off type
valve venting system) . Conseguently, - the
operational advantages associated with the use of
on/off type <valves can be gained and the
decompression periods shortened - without the need
for a CPU having the ability to process proportional
type electrical signals in order to partially open a
proportional valve. In one particularly preferred
embodiment of this invention, the first
depressurization phase is carried out using a first,
ball type, vent valve whose air passage is at least
50% smaller in inside air passage diameter than a
second, ball type, vent valve used in the second
phase of the depressurization process. In many
cases the first vent valve will be 90% smaller than
the second vent valve. In one particularly
preferred embodiment of this invention, the first
vent valve will continue with its venting function
during the second phase of the venting process.

Again, in most cases, the second venting phase will
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not commence until the first venting phase has
lowered the vessel pressure by at least 50% (e.g.,
from 60 psi to 30 psi).

In yet another preferred embodiment of this
invention, upon being refilled with particulate
material, the vessel will be repressurized using a
first, relatively large, injection valve system and
a second, relatively small (i.e., relative to the
first injection wvalve), gas injection valve system.
The main function of this first, relatively large,
injection valve system will, however, be to deliver
particulate material to the vessel. That is to say
that the particulate material is delivered to the
vessel entrained in an air stream sent to said
vessel via the first, relatively larger valve. The
particulate material “falls out” of this air stream
when it changes direction in the vessel and is
vented out of said vessel. Thereafter, this
relatively large first injection valve system can be
used to deliver pressurized. air (which is then not
carrying particulate material with it) to the vessel
in order to help repressurize said vessel. In
another preferred embodiment of this invention, both
the first and second injection valve systems are
employed to bring the vessel to a predetermined
first repressurization level (e.g., 50 psi) while
only the second, gas injection valve system is used
to bring the vessel pressure from the £first
predetermined f£irst repressurization level (e.g., 50
psi) to a second (and usually f£final) operating

pressure (e.g., 60 psi). In any case, -the main
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function of the second, relatively smaller, gas
injection valve is to deliver a relatively smaller
stream of air (relative to that delivered by the
first relatively larger, injection wvalve) to the
vessel in order to bring the vessel to the second
(and usually £final) predetermined operating pressure
(e.g., a 60 psi operating pressure for a 10-15 ton
vessel). This repressurization procedure serves to
prevent the first relatively large valve system from
“overshooting” the desired final operating pressure
(e.g., 60 psi). - This overshooting can follow from
the fact that larger valves generally have longer
signal response times than smaller valves. The
second, smaller injection valve also is better able
to make certain hereinafter more fully described
ongoing adjustments in the vessel’'s operating
pressure.

Next, it should be noted that this second,
relatively small, gas injection valve could be
connected to the vessel in conjunction with a
mechanical pressure regulator; and such a mechanical
pressure regulator could be used to independently
control the vessel’s pressure. In which case, the
CPU controlling the apparatus and processes of this
patent disclosure would not be needed to detect the
operating pressure in the vessel. That is to say
that a mechanical pressure regulator could be
adjusted locally by the operator. 1Indeed, in many
prior art vessel repressuring systems, a ball valve
was used in conjunction with a pressure regulator in

repressuring procedures wherein the ball valve was
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opened and the pressure ' regulator allowed air
pressure into the vessel until it reached a given
set point (e.g., 60 psi). Applicant has, however,
found that use of such a mechanical pressure
regulator for this purpose is less preferred in the
apparatus and processes of this patent disclosure.
This preference follows from the fact that
mechanical pressure regulator set pressures (e.g.,
60 psi) could be inadvertently adjusted to levels
slightly below the pressure that a CPU is “looking
for”; consequently, the CPU  will not restart
particulate material additions because the sought
after pressure will not be high enough.

Therefore, in some of the more preferred
embodiments of this invention, a mechanical pressure
regulator will not be employed to permanently set
the vessel’s operating pressure. Instead, such a
pressure regulator will be replaced with a pressure
transmitter that is in continuous communication with
the CPU that controls the apparatus and procedures
of this patent disclosure. Thus, in this preferred
embodiment, applicant’s CPU will need to be
modified, in ways known to those skilled in this
art, to enable it to read the vessel’s pressure
using signals generated by the pressure transmitter.
This pressure transmitter - can be used to
continuously monitor and adjust the vessel’'s
operating pressure. In the most preferred
embodiments of this invention, a desired operating
pressure in a vessel (e.g., 60 psi) will be detected

by the pressure transmitter and maintained by a
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logic program in the CPU. This logic program is,
most preferably, set up to control the pressure in
the vessel in a manner similar to the way a central
heating controller in a home heating system controls
the home’s temperature. That is to say, such home
heating systems are either “on” or “off” as the
temperature falls below or raises above a set level
temperature (e.g., 68°F). '

When using such an on/off control system in the
processes of this patent disclosure, if the pressure
in the vessel falls a predetermined amount below,
e.g., about 3% below, a given setpoint (e.g., 3%
below a 60 psi operating pressure) , a vaive
controlling the pressurized air supply to the vessel
is opened by a signal from the CPU. For example,
when such a pressure transmitter informs the CPU
that the vessel preesure has fallen to the
prescribed level (e.g., 58.2 psi or 3.0% of 60 psi),
the relatively smaller gas injection valve of
applicant’s apparatus will be opened. When the
pressure reaches another higher predetermined
pressure, e.g., about 3% above the set pressure
(61.8 ps1 or 3% of 60 ps1), the valve will be shut
off.

Thus, the apparatus and procedures of this
patent disclosure are generally characterized by
their .use of (1) a computer control unit, (2) at
least one weighing device such as a locad cell to
determine the amount of particulate material in a
pressurized vessel and thereby determine when a

vessel recharge signal - generating amount of the
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particulate material has been reached, (3) two
separate and distinct venting valves, of different
size, that each .operate on an on/off mode of
operation (e.g., ball type valves) and, optionally,
(4) use of two injection valves, of different size,
to repressurizg the vessel and,_optiqnally, (5) use
of a pressure transmitter and an on/pff logic
program in the CPU to maintain the pressure in said
vessel at some predetermined ppératihg pressure.

| Again, the hereindesgribed apparatus and
procedures are generally applicable to venting
pressure vessels containing any fluidizable, solid
particlés, but they are eépecially useful in adding
particulate catal?st materials .'to :those FCC
processes used 'to refiné petroleum;' HHence,
particles of this type, used. in..this exemplary
industrial process, have been.and will be used to
illustrate the inventive concepts of this pétent
disclosure. Conseqﬁently, fdr the purposes of this
patent disclosure, the terms 5catalyst” or “catalyst
particle” should be taken in a broader sense fo mean
any fluidizable particulaté méterial. Similarly the
terms “FCC unit” or “FCC processﬁ should be taken in
a broader sense to mean any industrial process into
which a particulate material is injected. In much
the same vein, the term.“air” should be taken to
mean any other gas. such as nitfogen, hydrocarbon
gases, etc. that are commoniy ﬁsed tb entrain
particulate materials in _ahy industrial process
wherein such particies are employed. 2And finally,

for the purposes of this patent disclosure, the
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terms “valve” or “valve system” should be taken to

imply the piping system that is connected to any

given valve.
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Figure 1 depicts an apparatus and process for
introducing a particulate material into an
industrial process according to the teachings of

this patent disclosure.
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Figure 1 depicts an apparatus 10 for
introducing a particulate material 12 into an
industrial process 14 via a pressurized vessel 16
that is provided with a weighing device 18 such as a
load cell. In some particularly embodiments of this
invention, the particulate material 12 can be
understood to be a microspheroidal, bulk catalyst or
a microspheroidal catalyst additive of - the types
commonly used in those fluid catalytic cracking
units (“FCC unit(s)”) used in petroleum refining
operations. Be that as it may, a particulate
material 12 is shown being delivered to the
apparatus 10 through a 1line 20 1leading from a
particulate material source 22 via a particulate
material flow control vaive 24, The particulate
material flow control valve 24 is electronically
connected (via line 26) to a computer control unit
(“CrPU”) 28. 1In effect, the CPU 28, in ways known to
those skilled in the process control arts, commands
and controls the apparatus elements and process
steps of this invention based upon software
program(s), process history data, signals generated
by the prbcess itself (e.g., the weight of the
contents of the pressure vessel) and/or manual
intervention actions. In one of the more preferred
embodiments of this invention, the CPU’s software
will produce a schematic diagram of the apparatus

and process on the CPU’s display screen in order to
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graphically ghow,the operator the progress of the
refilling_seqﬁence. '

Be that as it may, delivery of the particulate
catalyst material 12 to the vessel 16 is preferably
accomplished through use of a stfeam of pressurized
gas 30, such as air, that entrains the particulate
catalyst material 12 leaving valve 24 and carries it
to the preséurized vessel 16 via line 32. This
stream of pressurized air 30 can be controlled by
valve systems (e.g., ball valve 34, glohe valve 36
and check valve 38) known to those skilled in this
art. All such valves can be driven by fiuid
pressure systems (air or hydraulic) or electrically
driven motors (none of which is shown in Figure 1).
The gas pressure in line 32 also can be monitored by
a gas pressure ;ndlcato: 40. Thereafter, the same
pressurized gas stream 30 can be used to help
représsurize the vessel 16.

The particulate catalyst 12 residing in vessel
16 is delivered to the indust:iai process 14 through
use.of another stream of pressurized gas 42 {(such as
air, mnitrogen, hydrocarbon, etc.). By way of
example only, both gas' streams 30 and 42 can __be
obtained from a common plant air system not
otherwise shbwn in Figurg 1. Flow of the stream.of
pressurized gas 42 also can be controlled by valve
systems (e.g., globe valve 44, check valve 46,
particle flow control valve 48, check valve 50,
globe valve 52) known to those skilled in this art.
The pressure in line 42 also is preferably monitored

by use of a pressure indicator 54.
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Those skilled in these arts will appreciate
that £flow of particulate material 12 £from the
pressurized vessel 16 into line 42 can be carried
out on a continuous, intermittent and/or “as
needed”, basis. Hence, particulate material 12
leaving the vessel 16 will pass through a particle
flow control valve 48. This particle flow control
valve 48 is electrically connected to the computer
control unit 28 by line 49 in order to control flow
of the particulate material 12 to the process 14
using it. Such particle flow control systems also
are typically provided with emergency shut off
valves e.g., manual shut off valve 56 and emergency
shut off wvalve 57 which is shown under the control
of the CPU 28 by line 59.

In a previously noted preferred embodiment of
this invention, the vessel 16 is pressurized in a
second phase by a second pressurized gas line 60 and
gas injection valve 62 that are smaller in diameter
than the line 32 and injection valve 34 that first
carries particulate pressured gas to the vessel 16.
Indeed, line 60 and valve 62 can serve to augment
the repressurization carried out by gas stream 30 in
a first phase of the repressurization of vessel 16
and then «carry out a second phase of the
repressurization process which brings the vessel
pressure to its full operating pressure (e.g., 60
psi). This second, gas injection valve 62 can also
serve to make ongoing adjustments in the operating
pressure existing in vessel 16 using an on/off logic

system controlled by the CPU 28.
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By way of example of the relative 'sizes of
these injectidn'valVes, in those embodiments of this
invention used to deliver a microspheroidal catalyst
additive to a 10-15 ton vessel that is to be
operated at about 60 psi, line 32 preferably will be
about 2 to 3 inches in diameter while line 60 will
be about one " half inch to about one inch .in
diameter. In these préferred embodiments, line 60
also will be provided with a pressuré-transmitter 66
which also is electrically connected to .the CPU 28
e.g., via 1line' 68. It might also be noted here
that, because vessel 16 is pressurized (e.g., to
pressures ranging from about 30 psi to about 150
psi) it is most preferably provided with a pressure
relief valve 70.

In the more preferred embodiments of this
invention, the wvalves controlled by the CPU 28 will
operate in an “on/off” mode of operation. Various
types of on/off type valves have certain advantages
and disadvantages. Of those valves that operate on
an on/off mode of operation, ball type wvalves are
generally the most preferred. They are most
preferred because they have proven to be especially
reliable in processes that handle particulate
materials. This <reputation for reliability

generally revolves around the fact that they give

‘tight shut offs after many months or even years of

service. They also are easy to actuate
automatically, and have the added advantage of

having quick signal response times.
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Gate valves also operate on an on/off mode of
operation. Hence they too could be used in the
practice of this invention.  They are, however,
somewhat less preferred than ball valﬁes because
they sometimes do not give a tight shut off in
particulate material applications. They are also
more expensive than ball valves; they also are more
difficult to actuate automatically; and they are
relatively slow acting.

Globe valves can be used in those parts of this
apparatus where there is no catalyst present (e.g.,
as the second, gas injection wvalve 62). This
limitation follows from the fact that globe valves
tend to erode much more quickly than either ball

valves or gate valves in catalyst-carrying

-environments. They also are relatively more

expensive than ball valves and somewhat more
difficult to actuate automatically; they also are
relatively slow acting compared to ball valves.

Diaphragm valves are commonly used on shot-pot
type catalyst addition éystems. They are relatively
inexpensive, easy to actuate automatically and quick
acting. However, they too are characterized by the
fact that they do not last very long in catalyst
handling operations. Moreover, they generally
require relatively higher 1levels of maintenance
relative to almost all other valve types.

Shuttle valves also operate on an on/off basis,
but they can only be used to carry “clean” streams,
such as a compressed air stream that does not carry

the particulate material (e.g., gas injection valve
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62) . - They also are not commonly available in large
gizes, e.g., §heir maximum size.is;ébout 1”. They
also wvery qu"_ickly plug up when théy are used to
handle paftiéulate materials. Théy are however
extremely quiék acting, and very, :very reliable.
Thus, they caﬁ be used in place of a ball type valve
to deliver thg second stream of air 60 to vessel 16.
Proportipnal valves are - used throughout
industry to vériably control flowrates of liquids or

gaseg. They have long useful lives - if they carry

only air or 1liquid streams. For particulate

material transfer purposes however, their useful
lives generélly will not exceed those of ball
valves. They also are very fast acting. As
previously noted however, one of their chief
drawbacks (aside from their initial expense .and
greater maintenance requirements) lies in the fact
that they require a proportional signal rather than
an “on/off” type signal from the CPU. Thus, thgir
use would add considerably more complexity and
expense to thg overall apparatus and processes of
this invention disclosure. Proportional valves also
cannot be relied upon to give as tight a shutoff as
a ball valve over long service periods. = This
drawback follows f£from the £fact that proportional
valves are primarily designed to meter an ongoing
flow (operating typically at about 40-60% open),
rather than stop or start a 100% open or. 100% closed
flow patterm. -

Regardless of the above-noted wvalve selection

considerations, the vessel 16 depicted in Figure 1
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will be resupﬁﬁiéd or replenished wiéﬁ#a new supply
of particulate material 12 when the remaining amount
of said particulate material reaches a first
prescribed “refill” amount which is graphically
indicated by level 72 in vessel 16. It might also
be noted at this point that a signal to start the
vessel refilling operation can come from either the
CPU 28 itself or from a master control room CPU (not
shown in Figure 1) used to control the entire
industrial = process. That is to say that the
apparatus and processes of this invention can
operate in a mode of operation wherein information
concerning the weight of catalyst in vessel 16
(e.g., at level 72) is sent directly to a master
control room CPU. Such a CPU in a master control
room will therefore determine when level 72 is
reached and then send an order to CPU 28 to commence
a vessel refilling operation.

With either mode of determining when the vessel
16 ié in need of refilling, a refill signal is
generated by weighing the <vessel 16 and its
contents. To this end, the vessel 16 is mounted on
one or more (preferably three) weighing devices 18
such as 1load cells. Consequently, it should be
noted here that certain weighing conventions will
need to be adopted for the practice of this
invention. Generally speaking, these weighing
conventions revolve around the fact that the vessel
16, its particulate contents and the gas used to
pressurize sald vessel each have mass. As a

practical matter, however, applicant’s processes are
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only concerned with the mass oﬁ; the particulate
material in:the vessel 16. Hence,gfhe weight of the
vessel 16 _anﬁ- its pressurized gas contents are
preferably “zeroed_out“ of the weighing calculations
associated Wiﬁh these_processes.:éihe CPU 28 can be
programmed to carry out such zeroing out processes
so that only the weight of the parﬁiculate material
itself is sought and acted upon. . For example, the
vessel 16 canibe weighed when it eantains a charge
of pressurized air -:or it can be weighed when it is
completely vented. In either case, the CPU will
preferably conduct a zeroing out operation that will
ignore the weight of the vessel itself as well as
the weight of any air contained in the vessel.
Under normal operating conditions, the vessel 16.
will contaih a.given amount of particulate material
12 and a given amount of pressurized gas when it
reaches a predetermined weight that is suggested by
level 72 in Figure 1. Electrical signal information
concerning the weight detected by the weighing
device 18 is then sent to the CPU 28 (or to a master
control room CPU) via electrical line 74. Thus,
when the weight of the vessel and its catalyst and
pressurized'ges.contents reaches the predetermined
amount 72, the vessel 16 will have to be resupplied.
Thus, the vessel 16 first must be vented. After
such venting, particulate material 12 will be loaded

into the vessel 16 until it reaches another

prescribed level which is generally indicated in

vessel 16 by indicator arrow 76. This second

prescribed level also is detected by weighing the
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vessel 16 and: its contents at level76. At this
point in the reloading procedure, the vessel 16 will
not be repressurized. Hence, the CPU 28 could be
programmed to make the appropriate =zeroing out
calculations based upon this “unpressurized”
circumstance.

In a particularly preferred embodiment of this
invention, however, the weight of the vessel 16 and
its catalyst and its pressurized gas contents will
the factors employed in a zeroing out calculation
conducted by the CPU 28. In this particular zeroing
out operation, the weight of the vessel and its
particulate material and pressurized (e.g., to 60
psi) gas contents at level 72 will be the total
welght which causes the CPU 28 to issue a command to
replenish a catalyst supply in the vessel 16. After
the vessel 16 is vented and filled with particulate
material 12 to a predetermined replenishment level
76, it 1is repressurized to a given operating
pressure (e.g., 60 psi) that normally will
correspond to the same operating pressure (60 psi)
extant when the particulate material reached level
72. The vessel 16 and its catalyst and pressurized
gas contents preferably will be weighed under these
conditions. The resulting weight figure is then
compared to the weight of the vessel and its
particulate material and pressurized gas contents
when 1level 72 was reached. Thus, under this

weighing convention - and in this preferred

. embodiment of applicant’s invention - the weight of

the <vessel and its ©particulate material and
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pressurized gas contents, at predetermined level 72
is subtracted from the weight of the vessel 16 and
its particulate material and pressurized gas
contents at its refilled level 76 in ordér to best
approximate the amount, by weight, of particulate
material that was recharged into the vessel 16 in
any given replenishment operation.

Be this preferred weighing convention as it
may, those skilled in this art will appreciate that
in order to resupply the vessel 16 with particulate
material 12 (without having to wuse injection
pressures higher than @ the vessel’s operating
pressure in order to inject catalyst into the vessel
16), the pressurized vessel 16 must be vented before
it can be recharged with a new supply of particulate
material. <That is to say that the gas pressure
(e.g., 60 psi) under which the vessel 16 is normally
operated must be relieved to a much lower pressure

before the vessel can be resupplied with £resh

.bé:ticulate material. Such a lower pressure will

preferably be from about atmospheric pressure to
about 2 psi.

In the most preferred embodiments of this

invention, such venting of vessel 16 is not carried

out using a single, small opening, vent valve or by
using a proportional or variable opening valve, bhut

rather is carried out in two distinct phases or

- stages using two separate and distinct on/off type

vent valves that each have fully open/fully closed

modes of operation (e.g., two ball type valves).

. The firsgt, relatively smaller vent valve 78 operates
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during a first phase of the depressurization
process. Hence it must have a relatively small
(e.g., 0.5 inch) passage in order to deal with small
volumes of high pressure gas (e.g., air}. The
second vent valve 82 operates during a second phase
of the depressurization process that lowers the
pressure in said vessel to a second, still lower,
pressure (e.g., atmospheric pressure). The second
vent valve will have a relatively 1large vent
diameter (i.e., larger than that of the small vent
valve). For example, in venting a 10-15 ton vessel,
the large vent valve could be sized at about 2 to
about 3 inches, while the smaller vent valve could
be sized at about 0.5 to about 1.5 inches in
diameter. Hence, the second vent valve will pass
relatively larger wvolumes of air at pressures lower
than those extant during the first phase of the

depressurization process. In certain preferred

‘modes of operation, the first phase of the

depressurization process will 1lower the vessel
piessure from a highest pressure (e.g., 60 psi) to a
first lower pressure (e.g., 20-30 psi) which is at
least 50% less than the highest pressure (e.g., it
will lower said pressure from about 60 psi to about

30 psi). In another particularly preferred

embodiment of this invention, the first wvent valve

78 continues to perform its venting function while
the second vent valve 82 carries out a major part of
the second phase of the depressurization process
(e.g., 1lowering the pressure from 30 psi to

atmospheric pressure). In other words, in this
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preferred embodiment, the first vent valve 78 is not
closed at the end of the first phase, but rather
stays open during the second phase and thereby
assists the second vent valve 82 in the second phase
of the overall depressurization process.

To these ends, the first vent wvalve 78 is
connected to the computer control unit 28 via line
80. Similarly, the second vent valve 82 is
electrically connected to the CPU 28 via line 84.
It might alsoc be noted at this point that those
vented gases sent through vent valve 78 wmay leave
the apparatus 10 via gas vent line 85 and/or via gas
vent line 86. These vented gases will typically
pass through wvarious downstream ancillary devices
such as gas noise silencers, gas scrubbing devices,
and/or so-called bag house devices and the like. It
is also contemplated that, in another embodiment of
this invention, the gas released in the first phase
of the venting operation will be sent through a
firét vent flow system 85 equipped with certain
particularly appropriate apparatus such as a gas
silencer (not shown in Figure 1) while gas released
in the second phase of the venting operation can be
released through a second vent flow system 86
leading to other kinds of downstream emissions
equipment such as an electrostatic precipitator. In
still another mode of operation the gas vented
through valve 78 may be vented through line 86 along
with the gas released in the second phase through
valve 82. Thus, a crossover valve 87, controlled

through CPU 28 via line 89, may be used to create
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such alternative venting procedures. This invention
also contemplates use of 3™ phase, 4™ phase, etc.
venting operations which could likewise be carried
by on/off type vent valves.

Thus, the main elements of applicant’s
apparatus 10 for more quickly xreplenishing a
pressurized vessel 16 with particulate material 12
will comprise: (1) a CPU 28 for controlling
operation of the apparatus and the processes of this
invention; (2) a weighing device such as.a scale or
a load cell 18 for weighing the vessel 16 and its
contents and for sending signals to the CPU 28 (or
to a master control room CPU not shown in Figure 1)
based on the weight of the vessel 16 and its
contents; {3) a vessel 16 for holding the
particulate material 12 and a pressurized gas; (4) a
first valve 48 for transferring the particulate
material 12 from the vessel 16 to the industrial
process 14; (5) a second valve 34 for transferring a
stream of gas 30 to the vessel 16,-(6) a third valve
24 for transferring particulate material 12 from a
particulate material source 22 to the vessel 16 by
entraining said particulate material 12 in the
pressurized gas stream 30 passing from the second
valve 34 to the vessel 16; (7) a first vent valve 78
for lowering a gas pressure in the vessel 16 from an
initial pressure to a first lower pressure; and (8)
a second vent valve 82 for lowering gas pressure in
the vessel 16 from the first lower pressure to a
second lower pressure. Most preferably, the overall

apparatus will further comprise: (1) a fourth valve
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62 for introducing a pressurized gas.into the vessel
16 and {(2) a pressure transmitter 66 that is placed
under the control of an on/off logic system which,
in turn, is under the control of the CPU .28 in order
to maintain the operating pressure in the vessel 16
at some predetermined operating' level (e.g., 60
psi).

The particulate material replenishment process
carried out by this apparatus generally will
comprise: (1) weighing a vessel 16 and its contents
in order to determine when a predetermined, vessel

recharge signal - generating, - amount 72 of the

‘particulate material 12 (determined by weighing the

.vessel and ite contents) has been reached; (2)

sending a signal to the CPU 28 {or to a master
control room CPU) when said predetermined amount 72
of the particulate material has been reached, (3)
having the CPU 28 initiate a veséel recharging
operation that includes: (4) closing the first valve
48 that transfers particulate material 12 from the

pressurized vessel 16 to the industrial process 14;

. (as an optional step in this process, the vessel 16

and its contents can be weighed just after the first

"valve 48 is closed; as another optional step, a

second valve 62 for delivering pressurized air to
the vessel 16 will be closed if such a second valve
62 is in fact employed in the apparatus 10, i.e.,
the second valve 62 is a preferred but, nonetheless
optional, element of the'overall.apparatus 10); (5)
opening the first vent valve 78 to carry out a first

phase of the vessel depressurization process which
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lowers gas preggure in the vessel 16-frgﬁ an initial
pressure (e.g., a 60 psi operating pressure) to a
first lower pressure (e.g., 10-30 psi); (6) opening
a second vent valve 82 to carry out a second phase
of the vessel depressurization process to lower the
gas pressure in the vessel 16 from the first lower
pressure (e.g., 10-30 psi) to a second 1lower
pressure (e.g., atmospheric pressure); (7) opening
the second valve 34 in order to transfer a stream of
pressurized air 30 from a source of air pressure
(not shown in Figure 1) to the vessel 16; (8)

opening a third valve 24 that transfers particulate

- material 12 from a particulate material source 22 to

the wvessel 16 by entraining said particulate
material in the gas stream 30 that has passed
through valve 34; (9) attaining a prescribed amount
76 of catalyst 12 in the vessel 16 by allowing the
stream of pressurized air 30 to deposit its
entrained catalyst 12 in vessel 16 and then depart
from said vessel 16 via, now open, air vent valves
82 and/or 78; (10).closing the third valve 24 to
shut off flow of the particulate material 12 from
the particulate material source 22 to the vessel 16;
(11) closing the first vent valve 78; (12) closing
the second vent valve 82 (the order of closing of
the first and second vent valves is optional); (13)
introducing pressurized gas into the vessel 16 until
a predetermined gas pressure, e.g., 60 psi, is
attained (this introduction of preséurized gas can
be accomplished using the same stream of pressurized

air 30 that was previously used to entrain the
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particulate material 12 loaded into the vessel 16
via 1line :3éi, and in a still ‘more preferred
embodimentléﬁsthis invention, a second pressurized
air stream délivered via valve 62  is also used to
repressurizg Tvessel 16, especially in the £final
stages of:'the repressurization process); (14)
weighing the Qessel 16-and its contents to determine
the amount of particulate materiai:in said vessel
16; and (15Ylopening the first valve 48 to again
allow transfér of particulate material 12 from the
vessel 16 to the industrial process 14 using said
material.

Other preferred embodiments of this process may
further comprise: (16) weighing the vessel 16 and
its contents when the vessel 16 contaips particulate
material, but does not contain pressurized gas, (17)
introducingfa pressurized gas into the vessel 16 via
line 32 until a first predetermined'gas pressure is
attained; (18) introducing pressurized gas into the
vessel 16 fia line 60 uﬁtil a second pressure
(usually, the final operating pressure (e.g., 60
psi)) is attained; (19) maintaining the pressure in
the vessel 16 through use of an on/off logic system
that receivéé signals from a pressure transmitter

66.

In one -particularly preferred embodiment of

this invention, a cétalyst-containihg vessel 16 is
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replenished fégmpletely automaticéfi? "in the

following manner:

Height Detection
(1) The CPU 28 will receive a signal from an

industrial process (e.g., from a CPU in a master
control room for the overall industrial process)
telling the CPU 28 to start an automatic refilling

operation.

Initiation

(2) A current state of the process screen on
the CPU 28 will change to an automatic refilling
screen in order to inform the operator of the
progress of the refilling operation.

(3) The apparatus 10 will be directed into a
suspend additions mode.

(4) Pressurization air valve 62 (if employed)
to the vessel 16 will be closed.
_ (5) Particulate material delivery valve 48
will be closed.

e 1 - - a

{6) Small vent valve 78 will be opened to
start the first phase of the veséel depressurization
process.

(7) When the pressure drops to a first
predetermined lower 1level (e.g., 25-50% of the
normal operating pressure 60 psi, e.g., 10-30 psi),
the second, larger, vent valve 82 will open to
initiate a second phase of the depressurization

process.
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(8) - thn the pressure drqps, to 'a second
predeterminéé setpoint pressure (é.g.,-atmospheric
pressure) 'the depressurization process will be
deemed compléﬁe and the CPU 28: will start the

refilling p#ocess.

Stage 2 - Refilling _

(9) Aféarrier air stream 30 will be turned on
by opening injection valve 34. | _

(10) After a short interval (e.g., about 10-30
seconds), valve 24 (which is located underneath the
main catalYSf storage vessel 22) .will be opened,
thereby allowing particulate material 12 to be
transported by the pressurized air stream 30 into
the vessel 16. . '

(11) wﬁen the weight of vessel <reaches a

predetermined level (e.g., 15 tons at level 76 in

vessel 16),'the particulate material delivery valve

24 is closed. At this stage the refilling sequence .

- will be deemed complete and the CPU 28 will start

the repressurization operation.

(12) The carrier air valve 34 will preferably
remain opeﬁ to assist in repressurizing the Vessél
16 in thelﬁext phase of the particulate material

replenishmént procedure.

As the procedure enters this phase of the
overall replenishment operation, the carrier air
valve 34 is preferably still open from the previous

stage.
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(13) Vent Valves 78 and 82 are &iéh closed.

(14) Injection valve 62 to vessel 16 is opened.

(15) When the pressure in the vessel 16 reaches
a first setpoint, e.g., about 80% of the final
pressure (e.g., a 60 psi operating pressure) e.g.,
when it reaches about 48 psi (80% of 60 psi), the
carrier air valve 34 is closed.

{16) The second, air injection valve 62 will
deliver pressurized air to the vessel 16 in a second
phase of the repressurization process until the
vessel pressure reaches its final operating pressure
(e.g., 60 psi).

(17) When the pressure in the catalyst addition
system reaches its predetermined £inal pressure
(e.g., 60 psi), the repressurization process is
deemed complete. The vessel pressure should be
brought up to its full operating level (e.g., 60 psi
in a 10-15 ton vessel) before any addition of
particulate material 12 to process 14 is attempted.
This circumstance will help ensure that the
particulate material 12 flows only in the direction
of the industrial process 14 using it - and not

“backward” through applicant’s apparatus 10.

Completion

(18) When all three of the previously noted
stages in the replenishment procedures have been
successfully completed, the CPU 28 will put the
apparatus 10 back online, and the CPU‘s screen will

return to a normal mode of operation screen.
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.Those skilled in thislart_also-will appreciate
that while';this :invéntiqn; éenérally -has been
described iﬁ" terms - of the - genefal discussions,

. specific Qéxamplés, .~ drawing and preferred
embodiments; ; none of these should be. taken
individually_;as ca =1imitat;ion ﬁﬁoh the overall
inventive concepts which ‘are séf_ forth in the

following claims. -



10

15

20

25

WO 01/05496

T

-38-
Thus, having disclosed this invéntion, what is

claimed is:

1. An apparatus for introducing a particulate
material into an industrial process, said apparatus
comprising:

(1) a CPU for controlling operation of
the apparatus;

(2) a weighing device for weighing a
vessel and its contents;

(3) a vessel for holding the particulate
material and a pressurized gas;

(4) a first valve for transferring the
particulate material from the vessel to the
industrial process;

(5)  a second valve for transferring a
first stream of pressurized gas from a source of
pressurized gas to the vessel;

(6) a third valve for transferring the
particulate waterial from a particulate material
source to the vessel by entraining said particulate
material in the first stream of pressurized gas;

(7) a first vent valve for lowering a gas
pressure in the vessel from an initial pressure to a
first lower pressure; and

(8) a second vent valve for lowering a
gas pressure in the vessel from the first lower

pressure to a second, still lower, pressure.

2. The apparatus of claim 1 that further

comprises a fourth valve for transferring a second
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gstream of - pressurized gas from a source of

pressurized gas to the vessel..

3. The apparatus of claim 1 that further
comprises a pressure transmitter that provides
signals to the CPU that enable said CPU to control
the pressure in the vessel through use of an on/off

logic control system.

4. An apparatus . for introducing - a
particulate, catalyst material into a fluid
catalytic cracking process, said apparatus
comprising: '

(1) a CPU for ‘controlling operation of
the apparatus; _

(2) a load cell weighing device for
weighing a vessel and its contents;

(3) a vessel for holding the particulate,
catalyst material and pressurized air;.

(4) a first valve for transferring the
particulate, catalyst material £rom the vessel to
the fluid catalytic cracking process;

(5) .a second valve for transferring a
first stream of pressurized air from a source of
pressurized air to the vessel;

(6) a third valve for transferring the
particulate,-catalyét material from a particulate,
catalyst material source to the vessel by entraining
said particulate, catalyst material in the first

stream of pressurized air;
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(7) a fourth valve for transferring a
second stream of pressurized air from a source of
pressurized air to the vessel;

(8) a £irst, ball type, vent valve for
lowering air preésure in the vessel from an initial,
operating pressure of about 60 psi to a first lower
pressure of less than about 30 psi; and

(9) a second, ball type, vent valve for
lowering air pressure in the vessel from a first
lower pressure of less than about 30 psi to a second

pressure of about atmospheric pressure.

5. A process for introducing a particulate
material into an industrial operation, said process
comprising:

(1) placing the process under control of
a CPU;

(2) weighing a vessel and its contents to
determine when a predetermined, vessel recharge
signal - generating, amount of the particulate
material ﬁas been reached;

{3) generating a signal when the
predetermined, <vessel recharge signal-generating
amount of the particulate material has been reached
and thereby initiating a vessel recharging program;

(4) closing a first valve that transfers
the particulate material from the vessel to the
industrial operation;

(5) opening a first vent valve to lower a
gas pressure in the vessel from an initial pressure

to a first lower pressure;
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(6) openlng a second vent valve to lower
the gas pressure in the vessel from the first lower
pressure to a second still lower, pressure,

(7) openlng a second valve that transfers
a stream of pressurized ges from a source of
pressurized gas to the.vessel} _

(8) opening a third valve that transfers
particulate _materiel-_ﬁrom a particulate material
source to the vessel by entraining said particulate
material in the streém of pressurized gas passing
through the second valve;. .

(9} determining that a predetermined
amount of the par;iguiete material is in the vessel
by weighing said vessel; _ '

(10) closing the third valve to prevent
flow of particulate.meterial to the vessel;

(11) closing'tne-first vent valve;

(12) closing the second vent valve;

(13) closing the second valve when a first
predetermined pressure ;s attained in the vessel;

(14) weighing ﬁhe_ﬁessel and its contents
to determine an amonnt of particulate material added
to the vessel; and. |

(15) openlng the first valve to allow
transfer of.the_parploulate material from the vessel

to the industrial operation..

6. The process of claim 5 that further
comprises closing a fourth valve that delivers a

pressurized gas to the vessel after the first valve
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that deliverS;pgrticulate material to the industrial

operation is closed.

7. The process of claim 5 that further
comprises opening a fourth valve that delivers
pressurized gas in order to introduce said

pressurized gas into the vessel.

8. The process of claim 5 wherein a weighing
of the vessel and its contents is carried out when
the vessel contains particulate material and

pressurized gas.

9. The process of «claim 5 wherein a
predetermined gas pressure in the vessel is

maintained through use of an on/off logic system.

10. A process for introducing particulate,
catalyst material into a fluid catalytic cracking
unit, said process comprising: |

' (1) placing the process under control of
a CPU;

(2) weighing a vessel and its contents to
determine when a predetermined, vessel recharge
signal-generating, amount of the @particulate,
catalyst material has been reached;

(3) generating a signal when the
predetermined, vessel recharge signal-generating
amount of the particulate material has been reached

and thereby initiating a vessel recharging program;
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() c1051ng a first. valve that transfers
the particdlate, catalyst nmterial from the vessel
to the fluld catalytlc cracking un1t

(5)- closing a  fourth valve that transfers
a second . stream - of pressurzzed alr from  a
pressurized air source to the.vesselg

. (61' opening a first, ball type, vent
valve to lower air pressure in thefvessel from an
initial preséure of about 60: psi to a first lower
pressure of'less than about 30 psi; :

(7) opening a seaond,. ball type, vent
valve to lower the“air pressure in the vessel from
the first lower pressure to about atmospheric
pressure; . | _ _

(8) opening a second valve that transfers
a stream of pressurized air from a source of
pressurized air.to the vessel;

(9) opening a third valve that transfers

_particulate, .catalyst material fronl a particulate

material source to the 'vessel by entraining said
partlculate, catalyst. material in the stream of
pressurized air passing through the second valve;

(10) determining that a predetermined
amount of the particulate, catalyst material is in
the vessel by weighing said vessel; .=

(11) closing the third valve to prevent
flow of particulate, catalyst material to the
vessel; _ :

(12) closing the first vent valve;

(13) closing the second vent valve;
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(14)aapening the fourth valve in order to
introduce préésurized gas into the vessel;

{(15) closing the second valve when a first
predetermined pressure (which is about 80 percent of
a final operating pressure) is attained in the
vessel;

(16) closing the fourth valve when a
second predetermined pressure that constitutes a
final operating pressure is attained in the vessel;

(17) weighing the vessel and its contents
to determine an amount of particulate, catalyst
material added to the vessel; and

(18) opening the first valve to allow
transfer of the particulate, catalyst material from

the vessel to the fluid catalytic process.

- 11. The process of claim 10 wherein a weighing
of the vessel and its contents occurs when the
vessel contains particulate material and air

pressurized to about 60 psi.

12. The process of claim 10 wherein a
predetermined air pressure in the vessel is
maintained at about 60 psi through use of an on/off

logic system.
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