-1 APPARATUS AND PROCEDURES FOR REPLENI SHI NG PARTI CULATE MATERI ALS
BACKGROUND OF THE INVENTION 1. Field of _the Invention. This invention
generally relates to apparatus and procedures for replenishing partiiSfpadog
materials (e.g., bulk catalysts, catalyst additives, particulate raw
materials, etc.) for industrial proces§f§ (e.g., fluid catalytic processes
used to refine petroleum polyner manufacturing processes, etc.). Mire
particularly, this invention relates to those apparatus and net hods
calling for injection of particulate materials into industrial processes
usi ng streans of high pressure gas (e.g., air, nitrogen, hydrocarbons,
etc.) in which the particulate material is entrained. 2. Description of
the Prior Art. Particulate materials are enployed in nany chem cal and
petrochem cal manufacturing processes. Requirenments for nore closely
controlling and adjusting use of such materials can be engendered by any
nunber of antici pPRPARATUS GNIUIRROICEIYRES FOMBEREENDSEINGA processes,
e.g., (1) changing product FPARUIIEATE MATERIXIRNgi ng character of
feedstock(s) and/or (3) changing pollution control regulations. Moreover,
-2- the ability to nore closely control and adjust introduction of
particul ate materi al s i nBAQREROUNT S tTHE| INWENTEBGNS Sserves to mnimze

t he use of,

1. Field of the Invention. This invention

generally relates to apparatus and procedures for

replenishing particulate materials (e.g., bulk
catalysts, catalyst additives, particulate raw
materials, etc.) for industrial processes (e.qg.,

fluid catalytic processes used to refine petroleum,
polymer manufacturing processes, etc.). More
particularly, this invention relates to those

apparatus and methods calling for injection of

particulate materials into industrial processes
using streams of high pressure gas (e.g., air,
nitrogen, hydrocarbons, etc.) in which the

particulate material is entrained.

2. D ripti of ¢t 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.g., (1) changing product reguirements,

(2) changing character of feedstock(s) and/or (3)

changing pollution control regulations. Moreover,




and hence the costs associated with, raw materials, catalysts and energy.
to nore closely control and adjust industrial processes a

usually serves to reduce perturbations to such processes when t
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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 exrrors and/or
maladjustments were frequently 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 systems supplying the streams of

pressurized gas may, and often do, operate over a
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exanpl e, an "assunmed"” 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 tined particulate material _4 EP.2004
i njection devices using these air streans to deliver differing annunﬂé Bf
particulate material in different tinezperiods in which plant air

pressures varied. The prior art has addressed this problemin several
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30 psi to about 150 psi. Therefore, they nust be depreSsurize efore new
particul ate mATTIWIesSuppried. (e.g., catalysts,

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. In 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 build upon the
weighing procedures taught in the ‘236 patent; hence
said patent is incorporated herein by reference.

The advances made through use of the apparatus
and processes of the present 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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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 remaining 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 1likely if the initial phase of the
vessel depressurization process proceeds too quickly
(i.e., so gquickly 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 1least two bad consequences.
First, valuable materials such as catalysts will be

wasted; and second, any particulate material



First, valuable materials such as catal ysts wll

be wasted; and second,
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course appreciate that' the
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 resupplied with particulate material.
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 intc service. Likewise, 1f 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 greater the
perturbation to most ongoing chemical processes.

Hence, there is an ever pressing demand to shorten



| onger a schedul ed or needed injection of catalyst or raw material is
deferred, the greater the perturbation to nbst ongoi ng chem cal procgﬁquw4
Hence, there is an ever pressing denmand to shorten - G the tine needed to
recharge a pressurized vessel whose nornmal duty is to feed an industri al
process wth a particulate material a-tinme intervals that are shorter
(e.g., every 10 mnutes) than the domm tine (e-g., 45-60 m nutes)
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deconpression tines. This follows fromthe fact
vessel systems must be employed.

Heretofore, the depressurization aspect of
these vessel replenishing operations has Dbeen
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 proporticnal or variable

sized openings ("proportional valves”). 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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pressure decreases, the rate of depressurization also
decreases. For exanpl e, depressurlzatlon of a 10-15 ton catal yst
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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 valves generally
allows a vessel to be vented more gquickly than it
could be using a single, small vent size, ball
valve. Proportional valves 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 valves

(proportional type valves as well as Dball type

valves) are mechanically driven by fluid pressure

ted

a vessel
vent
very




with their use. For one thing, they are considerably nore conplex than

bal | type valves. Hence they are nmuch nore expensive. worse yet, theySEp 7004
al so are generally much nore difficult to install, operate and naintaln.
These drawbacks followin part fromthe fact many industrial valves

(proportional type valves as well as hyll type valves) are nechanically
driven by fluid pressure -8- systens (air pressure systens, hydraulic

systens and sydieehskeair ThuessoneesgsERMsgi vggranlacdely stams electri cal
signal) to open or close a valve, it is inherently much nore difficult for
a fluid pr est'slisﬁellécyﬁsit em Rhusakeonnat i §RHl ¥icezoAvererderintana very

slight adjustfﬁnlh ihe .Sl ? of a vent o enhn in a ropor i onal val ve
than it is forcY 1éj‘\:/% Sdgmel) s |Nf LBTRs8hr £18 set&n‘f?) ¥reate thie nore

deci sive On:(ﬂfléré’i(iél?nmh@han@@el dias Maleerber ebyysal %rew_.@u I's either
fully opened or fully” cl osed Mor eover, use of proportional valves inplies
that any CRijystsed to dnmkeothameraigmmlohnﬁha¢oanﬁponR1omatovaive nmust be

able to receive and give "proportional" type electrical signals rather
t han S|nplév%ﬁYo$¥1$9tp%d§P§h§F§t Fﬁdééé spéea@fe 2ol elire ORERidI®E and

magni t ude of, the roblegs 00|2tgd ﬁn tggn§se gkgpro ortional valves
in partlcula&% R Ak ?ﬂf ct o pF 883%55 H§ ustrifal5®ts,  and
especial l'y p@iﬁpchegrﬁers,%w&er sOenenadl | yrpseé ettnet onetse td&lrmrx,eerel i abl e,
single ball val ve-based, venting technique and "live with" the |onger tine
on/off action in a ball type valve whereby said
valve 1is 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 1in particulate
material injection processes, many industrialists,
and especially petroleum refiners, generally prefer

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

venting technique and *“live with” the longer time

periods they take to depressurize a vessel.




periods they take to depressurize a vessel. -9 SUVWARY OF THE-I NVENTION I n
response to the tradeoff problenms associated w th entraining partiedlSEHPeiips
material in an air streamthat is too quickly vented froma vessel -
versus taking inordinately long periods of time to refill those vessels,
and thereby perturbing the industrialgprocess being fed by said vessels -
appl i cant has devel oped certain apparatus and procedures for nore quickly
repl eni shing those vessels whose main duty is to supply particul ate
materials to an ongoi ng industrial process. These apparatus and procedures
take shorter tine periods SUMMBEYt OFhEHEJIVENTION 5-10 nminutes to vent a
10- 15 ton catal yst vessel as opposed to the 30-60 m nutes needed to vent

t he sane vessel uZhngespoglse thbalthevahradedSe prodritemyy aoperataiond). Use of
applicant’s apgaratus and procedures al so avoids the above-noted
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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 pxoblems
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 i1s to say that,

after an initial first phase depressurization




depressurization process. That is to say that, after an initial fin%

phase depressurization -10- operation is conpleted t hrough use of a f $&ﬁ2mu
relatively smaller, on/off type vent valve (e.g., a ball valve having a
1.0 inch vent diameter), a second, on/off type valve, of l|arger dianeter
(e.g., a ball valve having a 3.0 inchent dianeter) is opened to release
| arger vol unmes of the pressurized gas in a second phase of an overal

depressuri zappeRatRbacess. Eehgaseeaf &H@ésgharggé verunes ofrgas at the
| ower pressures extant in this second phase of the depressurlzatlon

process serveslabiviedyt emalier,ower it t type needéd vied veepieessuriae t he
vessel (again,_relative to use of a single, on/off type valve venting

systen). ConB&glientay VetkE@“b%@ré%lénQI &6&&nt§§§§ a5 BeEY with the use

of on/off t | v a OﬂB{ n, peri ods
shortened - ¥8§H§§f ?ﬁégggeg$p% %%ﬁ aV|n§9%ﬁ ﬁﬁﬁﬁf) o %rbcess
proportional a tygue elaci el qaelvmggnal 83 Icn Qneear wiélmﬁ?aﬁﬁ.laﬂllebérqpeﬁsa
proportional valve. In one particularly preferred enbodinment of this

i nvention, thpehedsto degresssurlzegéonvphusesi ofcdhe qurarsuusied a first,

ball type, vent valve whose air passa e is at least 50%smaller in |n5|de
air passage dfSmifeR SREATS PLESE, RS \é%ﬂ TSR TREHC N the

second  phasg.BEebRe CeRe | &ﬁtm@s ra?ss?— S hD1ERRY Jisgss the Tirst

vent val ve e 90% s e setond vent valve.” I n one
particul arl ythe 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) . Consequently, the
operational advantages associated with the use of
on/off type valves «c¢an be gained and the
decompression periods shortened - without the need
for a CPU having the ability to process proportiomnal
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 alr passage 1s 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 950% smallexr 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




preferred enbodi nent of this invention, the first vent valve wll
with its venting function during the second phase of the venting prgggﬁi
Again, in nost cases, the second venting phase will -11- not conmenc 00
the first venting phase has |owered the -vessel pressure by at |east 50%
(e.g. from60 psi to 30 psi), In yetqanother preferred enbodi nent of this

I nvention, upon being refilled with particulate material,
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ection

iver
cul ate

del | VEReddo Lo oruasselopaLiabnoanbiadhedl oFf At Sent to

via irst, relati arger valve. The particu

ate

material "fajhdeftiondf (pbs abeiggregefiwhed | withangestdicweitieon in the

vessel and i

s vented out of said vessel. Thereafter, this relati

vel y

| arge first maferiddn Vhlevevessrlnvwidh be TRRIE3DIEFI¢YensSpREssurized air
(which is then not cirrgingip rticulate, materi al @Ath it% to th
in order to heFpt:rEFrESIUFiYe SHidF vesBETC 1M Aot e Y5réffertt
enbodi ment of 'c%n'd‘vePé%QE'inQ%h sl fiist. and-3eq0nsk | Bheation val ve

systens are

enpl oyed to bring the vessel to a predeterm ned
first injection valve), gas injection valve system.

The main function of this first, relatively large,
injection valve system will, howevexr, 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 wvessel. 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 1level (e.g., 50 psi) while
only the second, gas injection valve system is used
to bring the vessel pressure from the first
predetermined first repressurization level (e.g., 50
psi) to a second (and usually final) operating

pressure {e.g., 60 psi). In any case, the main

vessel



first repressurization. level (e.g., 50 psi) while only the second, gas

I njection valve systemis used to bring the vessel pressure fron1the.35Ep9%4
predeterm ned first repressurization |evel (e.g., 50 psi) to a second

(and usually final) operating pressure (e . g - , 60 psi) In any case, the
main -12- function of the second, relakively smaller, gas injection valve

Is to deliver a relatively smaller streamof air (relative to that

del ivered byrdheribhr Sd£redrad i d dodd@l 08fa1d i RCLY Osval M), t g4 he vessel
in order to bring the vessel to the second (and usually fi nal

pr edet er mi nethppet a¢n nyaprvessis eto( dedivexr 6o pslabperdyi rgnprkssure for a
10-15 ton vessel). This rep{essurjzatlon proceduyr.e serves to  prevent the

first rel atl%telf?aq‘atog{e YhFvel 8RS T r M rbe\‘/‘érgﬁéét% tR¥ ddt$red final
operating pressuye lie(leatngeg 91541)% i ﬁnﬁ‘é%‘ﬁr&?@t bQ?vSZ igll from the
a ave o res

fact that |arger valves gen ger signa ponse tines than

smal | er val wasssdhe insegoiwk asalrl:eirng ngpet versedl weo akse isededider able
to make certain hereinafter nore fully described ongoing adjustments in
t he vessel' %m@r@ﬁm&b1YpfeBQ@9eprﬁéﬁtermﬂﬂgﬁo@D@ﬂ@§hﬂﬂ(R¥Q$ﬁur¢hls

d, relativel t | 1d b ted to th
Vessel in colf ot Bn ol 15 5 CREERGAPE AP ARG d Poghl A0GRY S such &

mechani cal pressyye r%ﬂ‘i‘ AL G0l - D2 LS8 beokpdePeNdeRtds control the

vessel's pressure. In which case, the
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 Jlonger
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 wvessel 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 1in the vessel. That 1is to say
that a mechanical pressure regulator could be
adjusted locally by the operator. Indeed, 1in many
prior art vessel repressuring systems, a ball wvalve

was used in conjunction with a pressure regulator in

repressuring procedures wherein the ball valve was
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O6hehed abhhevwednal I pfyassy € +ad@l 4hervessebwent i laist
point (e.g., 60 psi) Applicant has, however, found th
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such a nechaprestupeesafice thegukased funtihi $tpurgrodeed sal gsisvgmmeferred in
the apparatus and, processes of this patent djsclosure. _This pre

follows fro
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embodi nent s appahakusneadt iprecessethafi ddlispreatene displiaawrewi || not be

enpl oyed to
a pressure
i n continuo
procedur es

PELE! At eS8 900 | S0 w EROR prEBSUr LoqT andits

U@?&lggggeéfag:%swx@ r& 881 £ELr t hak cgﬂéégh§eghe(@.§o.qr
pat ént disclosure. Thus, in this preferre
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
requlator 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 Dhe
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

t ead, such
er that is
atus and




enmhodi nent, applicant's CPU WII| need to be nodified, in ways known to
those skilled in this art, to enable it to nead the vessel's pressw?%EPZWA
using signals generated by the pressure transmtter. This pressure
transmtter can be used to continuously nonitor and adjust the vessel's
operating pressure. In the nost prefefped enbodinents of this invention, a
desired operating pressure in a vessel (e.g., 60 psi) wll be detected by

the pressureddiansptbgeamarnc mehat aipped bynas- 1frid Q- &gPEAIHAM i n the
CPU. This logic programis, nost preferably, set up to control the
pressure inmdste pesfetabhya metnearp stoi lcanttrelt hehavayrassener dln heati ng
controller in a hone heating systemcontrols the hone's tenperature. That
is to say, $iith YRelhelt Angesystefd @R ihetNeoidYoff C6FLETS the

temperature fal s, g& 2911 '3 2 ébﬂéfﬁeahéﬁktiéﬁ]"?ks{:%@”Bg%&%&% (e.g.,

68"F) . When usi'ng’ such ‘an on control "sys rocesses of this
patent di sclsureeméfst bempeessure . i nThle vessel da)) ssdachr ededeer m ned
amount below, e.g., about 316 below, a given setpoint (e.g. , 34; below
a 60 psi opéresttiing psyssams) , agevad Vehexrontamdl | barg TdeLHr essurtineed air

supply to the vessel is_opene a signal fromthe CPU. Fqr exanple,
when such a YREIREES afd ?tgﬁggﬁfSF FF OYhat PRE a§§§é1ngressure

has fallen tao the cyl bed | (e.g., 58.2 psi or 3.0%of 60 psi),
t he relativéafgﬁﬁﬁégﬁgg %'ghjegyﬁgﬁ val ve of

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 valve
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 pressure has fallen to the
prescribed level (e.g., 58.2 psi or 3.0% of 60 psi),
the relatively smaller gas injection wvalve 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 psi or 3% of 60 psi), 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 load cell to
determine the amount of particulate material in a

pressurized vessel and thereby determine when a

vessel recharge signal - generating amount of the




applicant's apparatus wll be opened. Wien the pressure reaches another

hi gher predeterm ned pressure, e.g., about 3t above the set pressures orp 9n4
(61.8 psi or 3%of 60 psi) , the valve will be shut off Thus, the
apparatus and procedures of this patent disclosure are generally
characterized by their use of (1) a_geuputer control unit, (2) at |[east
one wei ghing device such as a load cell to determ ne the anount of
particul ate ﬂBE@&bﬁhat@ amaRlesslri ned vesssl anddihel eby Het eppine when a
-vessel recharge signal - generating anount of the 15 partlculate
materi al hassbpemateacmst, d{8)iteb veedmat evalesl sbifnctifentémy val ves,
of different  size, that each operate on an on/off de of _operation
(e.g., ball F?EErvaFPé§) &AGR oPEFGA&S y o1 (4R usB/EE R wi9df ec®fon val ves,

of different SlégﬁsﬁPtter es§¥{lf %é$ vxg§ggl %%% Q tdl#ﬁ%i¥¥155) use

of a pressurgp? ird “an on I'ogi € program

mai ntain thepyegsdr @ f Nl thivdeSseh */h1668E Rredalrgdridmed opgsating
pressure. Again, the herelndescrlbed apparatus and procedures are

general | y appbi caplresssonias itle pressur endesoplts ovedilyi. ni (g anye

fluidizable, solid articles, but they are especi al I n_addi ng
particul ate egtaPyngﬁﬁﬁéFeal§IF85FH6§€IFCGD- rdﬁbs§§é“ﬂ§§dq{% Jtefine

petrol eum Fﬁ rampart'ﬁL £cht 'rﬁ?{Lﬁgsanqut g'}ets@hi‘ee)&ei{méé‘{d

i ndustri al have been an e use
vessel at some predetermined operating pressure.

Again, the hereindescribed apparatus and
procedures are generally applicable to venting
pressure vessels containing any fluidizable, solid
particles, but they are especially useful in adding
particulate catalyst materials to those FCC

processes used to refine petroleum. Hence,

particles of this type, used in this exemplary
industrial process, have been and will be used to
illustrate the inventive concepts of this patent
disclosure. Consequently, for the purposes of this
patent disclosure, the terms “catalyst” or “catalyst
particle” should be taken in a broader sense ﬁo mean
any fluidizable particulate material. Similarly the
terms “FCC unit” or “FCC process” 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 nitrogen, hydrocarbon
gases, etc. that are commonly used to entrain
particulate materials in any industrial process

wherein such particles are employed. And finally,

for the purposes of this patent disclosure, the




illustrate the inventive concepts of this patent disclosure. Consequently,
for the purposes of this patent disclosure, the terns "catal yst” OL 3 SEP 2004
"catalyst particle" should be taken in a broader sense to nean any
fluidizable particulate material. Simlarly the ternms "FCC unit" or "FCC
process" should be taken in a broadefgsense to nmean any industrial process
into which a particulate material is injected. In nmuch the sane vein, the
term-air" shoths bealakendro “VEBfe apysobher grsilsliche agaRkhr @gen,

hydr ocarbon gases, etc. that are commpnly used to entrain particulate
materi al s i nimly | fdestPipingr sossen whbréi nisucknpgctied eto armayenpl oyed.
And finally, , for the purposes of this patent disclosure, the -15-- terns
"val ve" or'gﬁHQEa%égY%nT shoul d be taken to inply the piping system that

is connected to any given valve. -17 BRI EF DESCRI PTTON OF THE DRAW NGS
Figure 1 depicts an apparatus and process for introducing a particulate
material into an industrial process according to the teachings of this
pat ent disclosure. -18 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure 1
depicts an apparatus 10 for introducing a particulate material 12 into an
i ndustrial process 14 via a pressurized vessel 16 that is provided with a
wei ghi ng device 18 such as a




| oad cell. In sonme particularly enbodinents of this invention, the
particulate material 12 can be understood to be a m crospheroidal, - BEER 2004
catal yst or a mcrospheroidal catalyst additive of the types comonly
used in those fluid catalytic cracking wunits ("FCC unit(s)") used in
petroleumrefining operations. Be that, as it may, a particulate nmaterial
12 is shown being delivered to the aggaratus 10 through a line 20 | eading
froma particulate material source 22 via a particulate material flow
control valve 24. The particulate material flow control valve 24 is

el ectronically connedretkd WEEdRTEr26 ¢® BuEopRAerceontrol unit (" CPU")
28. In effect, the CPU 28, in ways known to those skilled in the process

control arts, co Sa ands ¢l gt he ARRALAL usn el prBeRES sandh Process
steps of this invention based upon software progran(s), process history
dat a, signal snigesénaied by thpaptdceldatiet sehfatfeanigl, tHertwei ghinof the
contents of the pressure vessel) and/or, manual intervention actions. In
one of the nbR@UPFEI}r RECBDJIFRIAAIGI t Bics FRGertFFRIRHE U s
software w | ce_a schfnatic di agram of the apparatus and process on

| . prod a
the CPU s di%%%gypgg?%%n FRCorder to -19- graphically show the operator the
progress of the refilling sequence. Be that as it may, delivery of the
particulate catalyst material 12 to the vessel 16 is preferably
acconpl i shed through use of a stream of pressurized




gas 30, such as air, that entrains the particulate catalyst mater
| eaving valve 24 and carries it to the pressurized vessel 16 via
This stream of pressurized air 30 can be controlled by valve sys
g . , ball valve 34, globe valve 3 6 and check valve 38) known to those

skilled in t
systens (air

his art. Al such valves can be driven by fluid pres
or hydraulic) or electrically driven notors (none of

shown in Figure 1). The gas pressure in line 32 also can be nonit
a gas pressure indicator 40. Thereafter, the sane pressurized gas
30 can be used to halgraierpesssCRZBTION UeSsTHE I8vENirgomarti cul ate
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preciate that flow of particulate material 12 fromthe
veyeakivs, i nttdid i readieakhabe capFpzdal 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 zxefining
operations. Be that as it may, a particulate
material 12 1s shown being delivered to the
apparatus 10 through a line 20 leading from a
particulate material source 22 via a particulate
material flow control valve 24. The particulate
material flow control valve 24 1is electronically
connected {via line 26} to a computer control unit
(*CcPU”) 28. In 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 wupon software
program(s), process history data, signals generated
by the process 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




out on a continuous, intermttent and/or ' kas needed", basis. Hence,
particul ate material 12 |eaving the vessel 16 will pass through a pqrgg%h
flow control valve 48. This particle flow control valve 48 is eIecTHﬁ I @
connected to the conputer control unit 28 by line 49 in order to control
flow of the particulate material 12 _t@_the process 14 wusing it. Such
particle flow control systens also are typically provided with enmergency

shut of f vah¥gphecdllymwal shut draralvechs @%a@eagy erphut of f

val ve 57 which 1s shown under the control of the 8 by Iine 59. in a
previ ously notédlpisfeseqdenmpodi nent of this invention, the vessel 16 is
pressurized in a _second phase by a second pressurized gas, |ine 60 and gas

i nj ection val ve 635t RBEtadS Sial T | ACHF UREY ePE £H&N BT IS WHR SR and

i njection va hat, . f.LI:St rt | a rezﬁq; ggﬁ to the
vessel 16. +%g%§§?EI?%5eg6%%nd'vé%%gaggag%%gggrgg ?5 ugé%%i e

repressuri zajtesmplakhbad touldh gase Sdf eansBleh oF foredsiphiagei of the
repressurization of vessel 16 and then carry out a second phase of the

repressuri zagasn30pr cubds abi e rhr itig: t et yatre| ther esgiriculaties ful |

operating pressure (e.g,, 60 si). This second, gas jnjection valve 62 can
al so serve ?%tﬁLVEEoﬁ%BFﬁQa&dﬁasﬁﬁﬁﬁP§giNaﬁﬁg 5ﬁgﬁﬁ:|%frﬁﬁ?§ﬁ&ﬁe exi sting

in vessel 16 ysivig ap,RakokH Qi GessYSt &B CORLI 0o {84 By the GRL 28. -21
By way of exanple of "the relative sizes of

stream of pressurized air 30 can be controlled by
valve systems (e.g., ball wvalve 34, globe valve 36
and check wvalve 38) known to those skilled in this
art. All such valves can be driven by fluid
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 indicator 40. Thereafter, the same
pressurized gas stream 30 can be used to help
repressurize the vessel 16.

The particulate catalyst 12 residing in vessel
16 1s delivered to the industrial process 14 through
use of another stream of pressurized gas 42 {such as
air, nitrogen, hydrocarbon, etc.}. By way of
example only, both gas streams 30 and 42 can be
obtained from a common plant air system not
otherwise shown in Figure 1. Flow of the stream of
pressurized gas 42 also can be controlled by valve
systems (e.g., globe valve 44, check wvalve 46,
particle flow control wvalve 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.




t hese injection valves, in those enbodi ments of this invention used to
deliver a mcrospheroidal catalyst additive to a 10-15 ton vessel - (5P W

to be operated at about 60 psi, line 32 preferably will be about 2 to 3
inches in dianmeter while line 60 will be about one half inch to about one
inch in dianeter. In these preferred ggbodi nents, line 60 also wll be

provided with a pressure transmtter 66 which also is electrically

connected to the GRJ2B sRiG1edVi anl it1ee$H8. dxitdm ghtial sgpbecnated here
t hat, because vessel 16 is pressurized (e.g., to pressures ranging from

about 30 psi thetabdillowl 5@ f pgdriitcuilamostmpref 2xhbl 2 prbvodedthiet h a
pressure relief valve 70. In the nore preferred enbodinments of this

i nvention, tRESFAWVEFeHNTESFEEd Uy IREC CPYNES 44 | FAoRs afRTFASEN "on/ of f "
node of operation. various, t.y: on/ - | v certain

advant ages &N di%%dvﬁntéﬁgg?ggﬁn%%bselgg%vggE?ﬁé? o%%%ptégon ggn on/ of f

node of oper akic@iad-bal hatiipe val yescare pgepecalhyet hpanest2prefierred. They
are nost preferred because they have proven to be especially reliable in

processes thakeavidmgj eclpar vesakat 66 matkki npss Thirougdpur aphohiftoe

reliability enerally revol ves around_t he fact .that the IV I ght shut
offs after né%?%nﬁﬁ?ﬁ??% BeeNey&drs o?£l§eP9F ac fhé;‘ﬁys © EEO asy to

actuate —aut %%Uecaiéyi_sg%fie*&\éqéﬂemdésﬂnééuéat 2ge e BBMpAYequUi CK

signal responsé tines.
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 wvalve 56 and emergency
shut off wvalve 57 which is shown under the control
of the CPU 28 by line 535.

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

preséure existing in vessel 16 using an on/off logic

system controlled by the CPU 28.




Gate val ves al so operate on an on/off node of operation. Hence they too
could be used in the practice of this invention. They are, hovvever,_a EP 2004
somewhat | ess preferred than ball val ves because they sonetinmes do no§
give a tight shut off in particulate material applications. They are al so
nmore expensive than ball valves; they,al.so are nore difficult to actuate
automatically; and they are relati veﬁy sl ow acting. G obe. valves can be

used in those pargs Qfay hbs ARpapatushene thergtisenosTasal st present
(e.g., as the second, ‘gas injection valve 62). This Ilimtation follows

fromthe fadthddmtigjebeival vetvesendnt ohesedemimodimemte qui ckiids t han

either ball  valves or gate valves in catal yst-carry_idglgr environnments. They
al so are rel@tVsREioppreedekpestl VSt hanTREFPSPREFES Idnd STt nor e

difficult tocgjwf\; aui o ;i];@_ljl_él; é%l—?y Also. aren el atd v?é/ oW acting

conpar ed tod val ves: phr agm val ves are comonl y ‘'used on shot - pot
type catal ysipaesh &g 0ar SYB68EB60THEY , anenkehat iptelfprablgXpersl s easy to
actuate automatically and quick acting. However, they too are

characteri zexbdayt t Re tof actindiaest hny ddemsdted aghidaer ¥1neng o rwicht al yst

handl i ng operations. Moreover, _the ener al | require rel atively higher
| evel s of neRSt edafee PBEat PedEt 0¥88HDS{‘08.| %‘b&ﬁer RV vemt%esl.r}/Shut tle

valves al so opgrate.on o, opholl Basisrrhiledibisyifan onl yibe used to carry

"clean" streans, such as a conpressed air streamthat does not carry
also will be provided with a pressure transmitter 66

which also is electrically connected to the QPU 28
e.g., via line 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 valves 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 valves 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 Yyears of
service. They also are easy to actuate

automatically, and have the added advantage of

having quick signal response times.




the particulate material (e.g., gas injection valve -23- 62) They also are
not conmmonly available in large sizes, e.g., their maxinmumsize is_a t2M4
1". They also very quickly plug up when they are used to handle v
particul ate materials. They are however extrenely quick acting, and very,
very reliable. Thus, they can be used,jn place of a ball type valve to
deliver the second streamof air 60 to vessel 16. Proportional valves are

used throughout idustyy1$0sVatkablopeaitd ddn bhowndlo¥s Qfcdd qykds or

gases. They have long useful lives - if they carry only air or liquid
streans. For opadatcidrat e Hmtez i ahetyr ansd ecqpuirdposes makvém, their usef ul
lives generally wil|l not exceed those of ball valves. They al so are very

fast acting. PARCtHC&i Bfs| yhhdt et et e?; ondPG¥ t REFr ch ¥FV€lr awbacks
(e L ettt 185 IRERSAN HER Bha iR VeARSepLERULL e Nt ©)

equire a proportional signal Tathef than an

"on/of " typgnygnabmbEamekhea&PWotThesvet hai reidgise wriltd add consi derably
nore conplexity 'and expense to the overall apparatus and processes of

this inventi pardtiisollehia emaPeropedt i apml ical vers al scThern@ere beleel i ed upon

to give as tight a shutoff as a ba E vahve ovi{ | ong service Beriods. Thi s
dr awback f ol FO&E fPREITE'S acB2Rhiae! pr §BSFEF6n hexmé%%% A2 Brifarily

desi gned to RGN ONGQl nge,Lhow (ARSIALI Nal Pl caldy hegbodked0- 60%
open), rather an stop or start a 100~; open or 1007k cl osed
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 valve 62). This
limitation follows from the fact that globe valves
tend to erode much more gquickly than either ball
valves or gate valves in catalyst-carrying
environments. They also are relatively more
expensive than Dball wvalves 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 systems. 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 levels of maintenance
relative to almost all other valve types.

cshuttle 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




flow pattern. Regardl ess of the above-noted val ve sel ection

consi derations, the vessel 16 depicted in Figure 1 -24 - wll be resuptPdils
or replenished with a new supply of particulate naterial 12 when the

remai ni ng anount of said particulate material reaches a first prescribed
"refill" amount which is graphically-23dicated by level 72 in vessel 16.

It mght also be noted at this point that a signal to start the vessel
refilling opfati odhEXn aldife 3¥ommett hemmphdy GREi2&kilteseldf bardeom a

master contr g_ gom CPU ( used to control the entire

r}gl shown,in Flaure 1)

i ndustri al process ®riat i SIS HF sUGXLRUR SHEe appa?Reds ahd proeesses of
this inventignsgan e t%lna at re|n| formation
concerning the vvelbehlﬁp EJ%(%at al ysgmﬂ Lgisepgil &lﬁ)%”vﬁer at'SFEyet® 72) is
sent directlyandla npsteicutaner ohateemuCBU. Sughed GBI MBSt er control
roomw || therefore_determ ne when level 72 is reached and then send an

order to CPUFBBreBeEyninkek a@qﬁelml edd | Veny, opesmyi arel Mitte ei t her node
of determ ni eghé need of refilling, a refill signal

e_ves
is generated Dy’ wei g? Rg™t ﬁg 955 Imlé’q&ff& s 2 dgritetv®@® TR s end, the
vessel 16 |St@D&@IE@e@nthengeeﬁnﬁo%%r@@&ﬁ%?r%th6% gﬁ%@@@%ﬁ;i devi ces 18

such as load cells. Consequently, it should be noted here certain
wei ghi ng convent i Bnepartionaded velbesadoptred f arseldhe prachigiengf this
industry to variably control flowrates of liquids or
gases. They have long useful lives - if they carry
only air or liquid streams. For particulate
material transfer purposes however, their useful
lives generally 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, their
use would add considerably more complexity and
expense to the overall apparatus and processes of
this invention disclosure. Proportional valves also
cannot be relied upon to give as tight a shutoff as
a ball wvalve over long service periods. This
drawback follows 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 pattern.

Regardless of the above-noted valve selection

considerations, the vessel 16 depicted in Figure 1




I nvention. Cenerally speaking, these weighing conventions revolve around
the fact that the vessel 16, its particulate contents and the gas usggfp9m4
pressuri ze said vessel each have mass. As a practical matter, however
applicant's processes are - 25- only concerned with the nass of the
particulate material in the vessel 16;,Hence, the weight of the vessel 16
and its pressurized gas contents are preferably Rzeroed out" of the

wei ghi ng cal gulat ignsre 2859T a8 edrwirkh1thesaar qq%szs%s-néﬂkaes{;ﬁyl 8 can be
programmed to carry out such zeroing out processes so that only the itself
i s sought vedsglatsl aamtee wft grbzskur? zdtemet lght refa i hengaatmboakat e

mat eri al and acted upon. weighed when it For exanple, the contains a
charge air céﬁblef%}g vEATEGCU LSS orBdTST EbhduEEaChERor & t hé1®EEght - or

L oCa0, D LS, e Sl et oSt e SFU dtLncgesg no o
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) 1is sent directly to a master
control room CPU. Such a CPU in a master control
room will therefore determine when 1level 72 is
reached and then send an corder to CPU 28 to commence
a vessel refilling operation.

With either mode of determining when the vessel
16 is 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 said vessel each have mass. As a

practical matter, however, applicant’s processes are




the weight of any air contained in the vessel. Under normal operatin
conditions, the vessel 16 will contain a given amount of particulafé%ﬁPZW#
material 12 and a given anount of pressurized gas when it reaches a
predeterm ned weight that is suggested by level 72 in Figure 1. Electrical
signal information concerning the wepght detected by the weighing device
18 is then sent to the CPU 28 (or to a master control room CPU) via

el ectrical Idmes ' &éncEiged When t BeeWwehghé off t h@avepsek iandatles catal yst
and pressurized gas contents reaches the predeterm ned anount 72, the
vessel 16 wnateamnel tio Hehe coappel ells - THeBCet heheewsepht6offi tdte nust he
vented. After sgfh venting, .particulate material 12 will be | oaded into

thg vessel V&sRfh | 1% he< SanBERESUIIAESer 9680 FERLETNS cR5iSs general |y
i ndi cated i ﬁﬁﬁﬁgg Gn L ndi Qr_ar : R rescribed

| evel al so %ge e ecggé 5%¥ﬁgggh§§% t%g EggcZgégggbélgggggqffgog%htents at
level 76. Atadd¥Siatal nhith theseepeadiesgepr.ocertis eCPhesveaselhels wil l

not be repressurized. Hence, the CPU 28 could be programed to make the
appr opri at e prmgsiawgnasiit tocglegulvat dwhs shabedapoma et PHRFSESAF | zed"

ci rcunst ance. | [ ly . f nbodj f thi | '
novever . ¢ et SFLYnErge bdBits B e RS et ST aE ool S cssur zed
gas content s gidiy 10e-bacher sfrPhoved LBod Zermingequhpeal ciehal i on

conducted by t n this particular zeroing
vessel 16 can be weighed when it contains 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 contain 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 gas 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 wuntil it reaches another
prescribed level which is generally indicated in

vessel 16 by indicator arrow 76. This seccnd

prescribed level also is detected by weighing the




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-tJo$EH 2004
wei ght whi ch causes the CPU 28 to issue a conmand to replenish a catalyst
supply in the vessel 16. After the vessel 16 is vented and filled with
particulate material 12 to a predeteppined replenishnent level 76, it is
repressurized to a given operating pressure (e.g., 60 psi) that normally
will corresposdel o 1tsheags@ne ceper@itiarg: Hr assurerg1607psi ) Aexttarits when t he
particulate material reached level 72. The vessel 16 and its catal yst and
pressuri zed pgast cont ehesrplefdindl prafcefube . wenghdgserderl & fvagel
conditions. The resulting weight_ figyre is then ed to.the weight of
the vessel amdtit§ IfRY %ﬁHEﬁ%@%ﬁteﬂé C%ﬂuﬁ% egggfﬁgédcaﬁgdc ents when
| evel 72 wa Thus, r LS -ghl on i1 - in this
preferred 2%%%%?%§ﬂ?dofEéppﬁ?ggntigbins ??gﬁqgtghe%ﬁgﬁéﬁg;ofﬁﬂ?he vessel
and its partiégutatetieheri abaand - 2dpopr esshiiszed “gapresstiant=sd at
predeternm ned level 72 is subtracted fromthe weight of the vessel 16 and
its particulatscwaseangak.and pressurized gas contents at its refilled

evel 6 D Ot phobeste RN E AN AU og el 9 il
repl eni shmenyi , 9RRE8bhONnoRevER, S thieehl Itk Wof ghhagvesp¥entiomms it  may,
those skilled in this art will appreciate that
its catalyst and its pressurized gas contents will
the factors employed in a =zeroing out calculation
conducted by the CPU 28. In this particulaxr 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
weight 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 1level
76, it is 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 wvessel 16 and its catalyst and pressurized
gas contents preferably will be weighed under these
conditions. The resulting weight £figure 1is 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 wmaterial and



in order to resupply the vessel 16 with particulate material 12 (mﬁthfyt
having to use injection pressures higher than the vessel's operating J SEP 2004
pressure in order to inject catalyst into the vessel 16), the pressurized
vessel 16 nust be vented before it can be recharged with a new supply of
particulate material. That is to sag7-hat the gas pressure (e.g., 60 psi)
under which the vessel 16 is normally operated nmust be relieved to a nuch

| ower presgyf@ssb@ﬁeea ghe \EssEntan be pESApPEFEdRRIt HeMSsh’2 particul ate
material. Such a | ower pressure wll

< preferab be fr t nospheric
pressure tolsabsodptragisd frpw hEhﬁnytelﬁlhgf &fe@%nﬁgﬁﬁr%g]n?%o;%n?hi s

I nvention, such -venting,of ve | s Nofy Capib8durdkqusi a single,
snmal | openih@? véﬁ?r9ﬁfgﬁa5? b?ﬁﬁﬁg%ﬁaia p?%por?ionaFror vari%%?e openi ng
val ve, but c‘gﬁ{:ggﬁsi Sl edepyt 1A wyedi S16 nth phedees ty bsshges using
two separaté an I stinct on/off type vent valves that each have fully
open/fully gppsesimmeestié epermatt onbye Wpighho B4l IPRYHeCUARYEs) . The

first, relatively smaller vent valve 78 operat : . ri first phase
of the deprwsseriizdt et pHaceseCherRedi ¢ Mlst eavéégsrggl altr!?vg?y smal |

(e.g., 0.5 inch) .passage.in : (oK twah small  vol umes of high
pressure ga&WeSgVerhi ;éﬁ%%ﬁﬁ%g%o d vent valve 82 operates during a
second phase of ghetrdepr essefbzabdonweigicesg tdrnveweds e 1pressure in

said vessel to a second, still |ower, .

may, those skilled in this art will appreciate that
in order to resupply the vessel 16 with particulate
material 12 (without having to use 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
vefore the vessel can be resupplied with fresh
particulate 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, but
rather is carried out in two distinct phases oI
stages using two separate and distinct on/off type

vent valves that each have fully open/fully closed

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

The first, relatively smaller vent valve 78 operates




pressure (e.g., atnospheric pressure) The second vent valve will have a
relatively large vent dianeter (i.e., larger than that of the small.y ngzm“
val ve). For exanple, in venting a 10-15 ton vessel, the large vent va
could be sized at about 2 to about 3 inches, while the smaller vent valve
could be sized at about 0.5 to about,34.5 inches in dianmeter. Hence, the
second vent valve will pass relatively larger volunes of air at pressures

lower than dhesggextants dyd ngphhgefi it phase abpkhesugdepa@swH i zation
process. In certain preferred nobdes of operation, the first phase of the

depressuri zaproneps oces¥ewnckl iLbwarudthehwgssed qﬁkﬁnmnaiyrwamadlhlghest
pressure (e.g., 60 psi) to a first Iower pressure ( 3Q _psi) which
is at |east(B0%6 e ssth%ﬁhihEaﬁF@ﬁés%in§§§ﬁréo(@eél wﬂFh\ﬁqullower sai d

pressure frog%gggﬁ%n? of%?ﬁﬁl %Q%QEUI%Q B?h) én anot ef)partl arly

preferred nventi on, <t ven valve conti nues

to performigscygatiagef uagbbormzv\m;l@:aﬁéhe cs@ﬁglfgi yepkcyaklven@decarries out
a major part of the second phase of the depressurization process (e.g.,

| oweri ng t heohr eslbeir eldpras B0 it ton Qrasadrer itdalr edowe)s | kbt her wor ds,

1- nthis -29- greferred enmpodi nent, the first vent Valﬁf ﬁ? is not closed
at the end OPFERBUFSrdf FALE, VEGF S -atlferd SEENdpeftH § e second

phase and t st ebyy, asSis the second: yenpruakvee§2 i nrhbe secopd phase  of

the overal | ‘depressirization process.
vent valve will have a relatively large 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 volumes of alr at pressures lower
than those extant during the first phase of the

depressurization process. Iin certain preferred

modes of operation, the first phase of the
depressurization process will lower the vessel
pressure from a highest pressure (e.g., 60 psi) to a
first lower pressure {(e.g., 20-30 psi) which 1is 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 wvalve
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., lowering the pressure £from 30 psi to

atmospheric pressure). In other words, imn this




To these ends, the first vent valve 78 is connected to the conputer

control unit 28 via line 80. Simlarly, the second vent valve 82 is

el ectrically connected to the CPU 28 via line 84. It mght also be ~rod 2004
at this point that these vented gases sent through vent valve 78 may | eave
the apparatus 10 via gas vent line 85 and/or via gas vent |line 86. These
vented gases wll typically pass through various downstream ancillary

devi ces suchragedasdN@nERSIHaNCe the JRIS St nga Devi £esSis A/ or
so-cal | ed bag house devices and the like. it 1is also contenplated that, in
anot her enbodilmerti oft thies ¢mdewfi othe t Hérgas prisaseduitn raehéirst phase

of the ventin% operation wll be sent throuah ah first %ent fl ow system 85
equi pped wi t BE&¥Pt aPRePpaftirdilar FYeapprophtat BRappar akts SBeRERY a gas

st encer (not.shopn i il [ 0Rs ¢2leasHe Ldudle seeopd phase of

t he venting operation can be Treleased through a second vent ow system 86
| eadi ng to oblekrnki BYSrefl 1dawistdRAM BESIdONSro®ss prent such as an

el ectrostatic precipitator. In still another node of operation the gas
vented through vdlvetRgsgayebésventled thrcilgh vante 8@laleond® wish the gas

rel eased in the second phase through valve 82 Thus, crossover valve 87,
control | ed FHPB@&HE%PGRQStQ?aCﬁW? &g, 9%§}?é§u§3ﬁ§tg%cﬁﬁﬁie95n§0- such
al ternative ygnting recedues. dhis LB¥BALI ORendl SG;LI0A enpp at g use of 3"
phase, 4t" phase, etc. venting operations which could |ikew se be carried
electrically connected to the CPU 28 via line B84.
It might also be noted at this point that those
vented gases sent through vent valve 78 may leave
the apparatus 10 via gas vent line B5 and/or via gas
vent line 86. These vented gases will typically

pass through various 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
first 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 operaticn 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




by on/off type vent valves. Thus, the main elenments of applicant's
apparatus 10 for nore quickly replenishing a pressurized vessel 16_\@'§Elp 2004
particulate material 12 wll conprise: (1) a CPU 28 for controlling
operation of the apparatus and the processes of this invention; (2) a

wei ghi ng device such as a scale or ashoad cell 18 for weighing the vessel
16 and its contents and for sending signals to the CPU 28 (or to a naster

control room.(hY ApteShowvé nthgyﬁ§ procbagedson trg sWehghihtafort he vessel
16 and its contents; (3) a vessel 16 for holding the particulate materi al

12 and a preskwwi zedtgaplates) wse f bEst3Vaphasds 76t phassf erticng t he
particulate material 12 fromthe vessel 16 to. the industrial , process 14;
(5) a second’ SRl ¥RI 32PEEALEPRFs 8t ¥ThgCauldt AedffSSyake 3G e vessel

16, (6) a t%%dog%%@s%ﬁé%;‘%#[ggﬁggi ng particulate material 12 froma

particul ate matéri a € vessel 16 by entraining said

particul ate matertmhs 12 ithd he ndiessWileafRthtgas olff eagpa iRassi-ng fromthe
second valve 34 to the vessel 16; (7) a first vent valve 78 for |owering
a gas presswugparathe vadselfcs fwonean quigkiliyal peebsuwishinpga fa rst | ower

pressure; and (8 a second vent_ valve 82 for. | qwerin as,prtessure in the
vessel 16 frROMIRE+§¢ tVFﬁ\ﬁlgﬁ pres¥iFB tp(?rglcé’g[ca&r?d Iﬁ%&%f‘lg esure. Most
preferably, ovgggl#g:-sgppar{alt]us Wi lephur ther £9ppr et b i ourth
valve -31- 62 for int oé{um ng a pressurized gas into the vesseﬁ
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 1its
contents and for sending signals to the CPU 28 (or
to a master control rocm CPU not shown in Figure 1)
based on the weight of the wvessel 16 and its
contents; (2) a vessel 16 for holding the

particulate material 12 and a pressurized gas; (4) a

first wvalve 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 wvalve
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 wvalve 78
for lowering a gas pressure in the vessel 16 from an
initial pressure to a first lowexr 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




16 and (2) a pressure transmtter 66 that is placed under the control of
an on/off logic systemwhich, in turn, is under the control of the yﬁﬁi
in order to maintain the operating pressure in the vessel 16 at s ﬁ
predeterm ned operating level (e-g., 60 psi). The particulate materi al
repl eni shnent process carried out by-this apparatus generally will
conprise: (1) weighing a vessel 16 ana its contents in order to determ ne

when a predeterpiped, Y55k ngl §C 1GRA oas08RERIALH] vt 72 of
t he particfﬁ ate mat er?'lal 12 ?det g?%?%@d%l%%%‘m&agsh?ﬁ%ftﬁgm\?’esse| and its
contents) hass bged reachegdirdshursendingmitségnat thathesCRU&Z8dor to a
master control room CPU) when said predeterm ned amount 72 of the

particul at e waderi shehOmaen. reficB8d, oW/PIL hhoghg EHECEPUWBIGhiti ate a

vessel recharxgi ggF??gg%g{ligggé ggltea:cg%ljz_ur%rz:of( @hedc‘ﬁ]i ng Fi'hedéécié} val ve 48

that transfet mthe  pressurized vessel 16 to

the industrigl pLeaeasnl4ne (et { igf@és.@i@p'hnthai YeRoesss the
vessel 16 and Its contents can be \j\.r}eglg ed j ust ;fter the first valve 4B

is closed; astansther ppéderaimited, apesacond Vedwel 62(¢ o - del§@ering
pressurized air to the vessel 16 will be closed if such a second valve 62
is in fact eP®dlbyed in the apparatus 10, i.e. , the second valve 62 is a

(5 “openi ng the TEpeeaincRve Bare Sl el Phelen  BpRNE Dapd0es T R
vessel depresgyrigati Jutpr geesstWiisch 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 its 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 xreached, (3)
having the CPU 28 initiate a vessel recharging
operation that includes: (4) closing the first wvalve
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 1is closed; as another optional step, a
second valve 62 for delivering pressurized ailr 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




-32- lowers gas pressure in the vessel 16 froman initial pressure (e.g.,
a 60 psi operating pressure) to a first |lower pressure (e.g., 10-30 '%
(6) opening a second vent valve 82 to carry out a second phase or'igéﬁ 004
vessel depressurization process to lower the gas pressure in the vessel 16
fromthe first lower pressure (e.g.,340-30 psi) to a .second |ower

pressure (e.g., atnospheric pressure); (7) opening the second valve 34 in
order to trapgkels da3 MHABHire PESHY ivaskal ri80cfswmam saueeglof air
pressure (not shown in Figure 1) to the vessel 16; (8) opening a third
val ve 24 thptretsarsf efs. part iecd Gt psinmpmrdaiinkp preasurpar ticukat e

mat eri al source 22 to the vessel 16 by entraininq sahgvparticulate
material i ntiRELgdLWEY RIR BT hat ehds ' padsdd BSrgught vaPBB™3%e (9)

attaining a,pry SCCJACPEQ?%DQQ&‘;E?%20ft&a£§46¥?20§€ ian.ééleoﬁc?sgﬁéséﬁ by

allowing theé "stream of pressurized air eposit Its ntrai ned

catal yst 125ien pepssed s 461 andptbesudepatt onf Ho@ceaisd teessele#btiea, now
open, air vent valves 82 and/or 78; (1lo) closing the third valve 24 to
shut of f f| gwsofprndmsyee t ivulthee vestsa]) al6 12rprombet Hel 3k t LEWRAt e nateri al

source 22 to the vesse| 16; (%%) Iosim? the first_vent va&ve 18; (12)
closing thBTSEEHTE vehi-Yal ve 23§th856 der%f Tl FFYDf ~PRETfirst and

second vent ,yal\NeS d S (QPLi ONBlphnospkdlrid NbEELUGERY ; PrEAsUbpeadngas into the
vessel 16 uRiil & predeterm ned gas pressure, e.g., 60 psi, is attained
(this introduet isecofd preissurizeth gasdeanto 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 souxce 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 wvalves
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 optiomal); ({13)
introducing pressurized gas into the vessel 16 until

a predetermined gas pressure, e.g., 60 psi, 1is

attained (this introduction of pressurized gas can

be accomplished using the same stream of pressurized

air 130 that was previously used to entrain the




be acconplished using the sane stream of pressurized air 30 that was
previously used to entrain the _ 33- particulate material 12 | oaded hgk
the vessel IG 'vialine 32), and in a still nore preferred enbodi 55@%
this invention, a second pressurized air streamdelivered via valve 62 is
al so used to repressurize vessel 16,3fespecially in the final stages of
the repressurization process); (14) weighing the vessel 16 and its
contents to getrerigule:td heasepunal af2 paskdedl atgdratRei aledgr1said vessel

16; and (15) opening the first valve 48 to again allow transfer of
particul ate weteriling2 32om taed véssek 164idl hendorrlusprébérvedcess 14

using said materj.al. other preferred enbodi nents of this process may
further conpﬁﬁﬁﬁdﬂﬂﬁﬁtwﬁggﬁgﬁé1%&5?&%%&9'16 FFONY sPEBRTRRE &Fhen t he

vessel 16 contigl ngr parhi alhaleromte{d al,; hut Oefsngﬁspo%saéd‘ pLessuri zed

gas, (17) introducing a pressurized gas 1nto the vesse via line 32
until a firstrepnedeharitaedegaslpr assur eshbecialllgi ned; tn8) fhh&Ddduci ng
pressurized gas into the vessel 16 via |line 60 until a second pressure
(usual |y, thetEgss opbratingy prerseseurezatloB0 RI¥ioess)s atththed; (19)

mai ntai ning the pr.essyre in _the vesse 6_through_use o n_on/off |ogic
system that “FeceiVeEs egrYaﬁSss‘%r & %elts%r%mﬁ%ﬁgﬁi ??e‘%e@%Fmb%%cri ption

of a Particukad Yambhigfelre pRef1Ehl B8 ORRMRAAIN in said vessel
16; and (15) opening the first wvalve 48 to again
allow transfer 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 contains particulate
material, but does not contain pressurized gas, (17)
introducing a 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 via line 60 until 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 receives signals from a pressure transmitter

66.

Description of a Particularly Preferred
Refilling Operation

In one particularly preferred embodiment of

this invention, a catalyst-containing vessel 16 1is




In one particularly preferred enbodi ment of this invention, a catalyst
-containing vessel 16 is -34- replenished conpletely autonatically.jgfpfmn
foll owi ng manner: Weight Detection (1) The CPU 28 will receive a sighal
froman industrial process (e.g., froma CPUin a master control roomfor

the overall industrial process) tellggg the CPU 28 to start an automatic
c

refilling operation. Initiation (2) urrent state of the process screen

on the CPU j Ll ge t tig . Lefill] screen i der to

i nform the (2)% aétlj(l)lr&g?&t heE%f)n%géar%gsl?gf %H’e%%“#??]ﬁ opg‘rﬁat [ (I;Enlgé (3) The
apparatus 10eouldwiegdhéieséed into a suspend additions node. (4)
Pressurization air valve 62 (if enployed) to the vessel 16 will be cl osed.

(5) Particulate material delivery valve 48 wll be closed. Stage 1 -
De-Pressurizwgi#¥¥(§gt§@@iggvent valve 78 will be opened to start the
first phase o e vesse epressurization process. (7) Wwen the pressure
drops to a first (predeheropuwedd omell!l eeekife 01, s2Snad%febnt hen norma
operating pressure Go psi, e.g., 10-30 psi), the second, |arger, vent
val ve 82 w |In@pEsridl process (e.g., from a CPU 1in 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 refilliﬁg
screen 1in 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 wvalve 62 (if employed)
to the vessel 16 will be closed.

(s) Particulate material delivery valve 48

will be closed.

Stage 1 - De-Presgsurization

(6) Small wvent wvalve 78 will be opened to
start the first phase of the vessel depressurization
process.

{7) When the pressure drops to a £first
predetermined lower level (e.g., 25-50% of the
normal operating pressure 60 psi, e.g., 10-30 psi},
the second, larger, vent wvalve 82 will open to

initiate a second phase of the depressurization

process.




initiate a second phase of the depressurization process. -35 (8) Vﬁf@ ﬁhe
pressure drops to a second predeterm ned setpoint pressure (e.qg. EP 2004

at nospheri c pressure) the depressurization process will be deened
conplete and the CPU 28 will start the refilling process. Stage 2 -
Refilling (9) A carrier air stream30. w |l be turned on by opening
I njection valve 34. (10) After a short interval (e.g. , about 10-30

seconds), valve 24g(whighis hﬁgabsga#ﬁgg neal he, _mai_.n c t storage
vessel 22) wll bg gpene F thereby a oﬁ%ng pg?%icﬁpatg'n€%%?+% 12 to be
transported pyetiheephénsdr i g€th@ifit Spream3? | N&og .| hattessshedbe (11) Wen

the wei ght of vessel reaches a predeternmned |evel (e.g. , 15 tons at
| evel 76 in pvessuirel6) thehe ¢représednieanborRri RFodebsvemtMal viee 24 is

closed. At this stage th efilling, sequ e i1, deened conpl ete and
the CPU 28 F?mgparFomPﬁSE?epﬁﬁgsquﬁat$%ﬁ %%Lr%&fﬁn ?ﬁ%ﬁtTh%ggarrier air
val ve 34 mﬁlkegﬁgﬁghgbbyoc@%gqin open to assist in repressurizing the
vessel 16 in the nexXt phase of the particulate material replenishnent

procedure. Stage 3 - Repressurization As the procedure enters this phase

of the overgakthgeepl enRelfiditingperati on, the carrier air

(9) A carrier air stream 30 will be turned on
by opening injection wvalve 34.

{10) After a short interval (e.g., about 10-30
seconds), valve 24 (which is located underneath the
main catalyst 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) When 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 prefexably
remain open to assist in repressurizing the vessel
16 in the next phase of the particulate material

replenishment procedure.

Stage - Repressurization
As the procedure enters this phase of the
overall replenishment operation, the carrier air

valve 34 is preferably still open from the previous

stage.




valve 34 is preferably still open fromthe previous stage. -30- (13) Vent
valves 78 and 82 are each closed. (14) Injection valve 62 to vessel 3%fpijmy4
opened. (15) Wen 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., Wwen it reaches about 48 psi (8Q% of 60 psi), the carrier air valve
34 is closed. (16) The second, air injection valve 62 will deliver

pressurized air tQigheyuassehiles mea SRCHW sihasg-10fcidg=gepressuri zation
process until the vessel pressure reaches its final operating pressure

(e.g., 60 psi). (17)Wienfetheopr esdore 62n ticherecatedl yIA Beldbpéonad . syst em
reaches its predetermned final pressure, B (e.g., 60 psgz, t he
repressurizati on proce¥8ensthgedmsdoBifpliet dberTiesazkel 6 pFeasigd shoul d be

brought up 1o i£s.Lyl laneraling deyel (89 9:pShe ipng 10515, ton

vessel ) before any ad ion "o parti'‘culate materia O process 14 is
att enpt ed. ;{hégsgkécqr&@ancea%bl gl popassf enghat-elsheireparsigul ate
material 12 flows only in the direction of the industrial process 14 using
it - and notwhébadkwaretchds osbhusppld cpal’' J88fparat 66 TE1i)Conphetion (18)
When all three of the previously noted stages in the repleni shnent

procedur es H&%Erbéénalgu¥6é¥§faﬁlﬁi%éﬂﬁﬂ d, the CPU 28 will put the

(16) The second, air injection wvalve 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 1its predetermined £final pressure
(e.g., 60 psi), the repressurization process 1is
deemed complete. The vessel pressure should be
brought up to its full operating level (e.g., 60 psi
in a 10-15 ton vessel) Dbefore any addition of
particulate material 12 to process 14 1is 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.




apparatus 10 back online, and the CPU s screen will return to a nornal
nmode of operation screen. -37 - Those skilled in this art also will-3SEP 2004
appreciate that while this invention generally has been described in terns
of the general discussions, specific exanples, drawing and preferred
enbodi nents, none of these should be taken individually as a limtation
upon the overall inventive concepts Which are set forth in the follow ng
claims. - 3 SE Prafls <38 0ty havlng,diselased s damention. what is
claimed is: 1. An apparatus for 1 ntroducing particulate “material into an
industrial pepgess.wisdidl appasat Usvee®ir Siggnetd)la CRBES orbe@mtrol Iing
operation of apparatus; (2) a weighing device; (3) a vessel for holding the
particul ate desceibed and prtessw i ofd dadw wWwradal salisaessidnand at

| east one of said_particulate_material_ and said \ﬁg_lr ssuri Z‘%g‘? as_are

wei ghed by sSPESHERGhi ng SEBFRIES (4) STAWHEIS val or thHd F¢%ng the
particulate gpbs&&a'enft;sgm?ﬂsngess&é t%ﬁé@%inegamha' bR 0CeS8an (5) a
0 érr

second val ve r trans ing a first streamof pressurized gas froma
source of presqukidedlly as a limitation wupon the overall

inventive concepts which are set forth in the

following claims.




gas to the.vessel; (6) a third valve for transferring the particulate
material froma particulate material source to the vessel by entrafiaﬁﬁzw‘
said particulate material in the first stream of pressurized gas; (7) a-
first vent valve for lowering a gas pressure in the vessel froman initial
pressure to a first |ower pressure; _ap (8) a second vent valve for

|l owering a gas pressure in the vessel 'fromthe first |ower pressure to a
second pressure |ower than said first | ower pressure, -3 SEP 2004 - 39

wherei n said segaqd,vemmMalgve disd1d081 thans saif.didsln, vephaval Y8 2.
The apparatgs,of cl,aiml that further conprises a fourth valve for

transferrifig2a™e8cdfd stream of pressurized gas froma source of
pressurized gas to the vessel. 3. The apparatus of claiml that further
conprises a prgssurgntransni%% [ tha% 9rovlde§0 ignals to the Cka t hat
enabl e said CPUto controfFPPRe g?gssu 8% n tHETOVASERY t HPBTiGhCUsd%Bf an
on/ of f | oginateshridol ingst emn 4 indusdppalat srdarss nt reaildi ngepaparuécul at e,
cat al yst n@5§§g§gi%§§o a fluid catalytic cracking process, said apparatus
conprising: (1) a U for controlling operation of the apparatus; (2) a

| oad cell weighing device; (3) a vessel for holding the particul ate,
(1) a CPU for controlling operation of

apparatus;
{(2) a weighing device;

(3) a vessel for holding the particulate
material and pressurized gas, wherein said vessel and at
least one of said particulate material and said

pressurized gas are weighed by said weighing device;

(4) a first wvalve for transferring the
particulate material from the wvessel to the industrial

process;

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

(6) a third wvalve for transferring the
particulate material from a particulate material source
to the vessel by entraining said particulate material in

the first stream of pressurized gas;

{(7) a first wvent wvalve 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

gsecond pressure lower than said first lower pressure,




catal yst material and pressurized air, wherein said vessel and at | east
one of said particulate, catalyst material and said pressurized air_aggEP2m4
wei ghed by said |oad cell weighing device; (4) a first valve for
transferring the particulate, catalyst material fromthe vessel to the
fluid catalytic cracking process; (5) ggsecond valve for transferring a
first streamof pressurized air froma source of pressurized air to the
vessel; (6) a third valve for transferring the particulate, catalyst

mat eri al fwberaipasgilcdulsaannd veSRP ?8b4e - 140 laggeal ydtamusxid afissurce to
the vessel yhyrephigkning said particulate, catalyst material in the first
stream of pressurized air; (7) a fourth valve for transferring a second
stream of pressurized air froma source of pressurized air to the vessel
(8) a first veRt val ¥eef gpprpsasisnglaialaipr dsdirat i fuxtkey esemprisem an

initial, ogerabihpgn PLESSHr €8t abPahsBOrPShgt 0ad L&EShd! ONEFeRRESSHT € Of
| ess than about 30 gél; andzég% a second vent valve for lowering air
| 9&%ont

pressure i RFEABUYLE i RsEOMEREr Hr cREGFEUBEZeH 0 g8St Hich BBBUt 30
psi to a seesadlpressure of about atnospheric pressure, wherein said
second vent valve is larger than said first vent valve. 5. A process for
I ntroducing a particul ate

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

vegssel 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 contrelling operation of the

apparatus;
{2) a load cell weighing device;

{3) &a wvessel for holding the particulate,
catalyst material and pressurized air, wherein said
vessel and at least one of said particulate, cétalyst
material and said pressurized air are weighed by said

load cell weighing device;

{4) a first wvalve for transferring the
particulate, catalyst material from the wvessel to the

fluid catalytic cracking process;

{5) a second valve for transferring a first
gstream of pressurized air from a source of pressurized

alr to the vessel;

(6) a third valve for transferring the

particulate, catalyst material from a particulate,



material into an industrial operation, said process conprising: (1)

pl aci ng the process under control of a CPU, (2) weighing a vessel and its
contents to determ ne when a predeterm ned, vessel recharge signal =3 SEP 2004
generating, anount of the particulate nmaterial has been reached; (3)
generating a signal when the predetern,ped, vessel recharge

signal -generating anount of the particulate material has been reached and
thereby initiating a vessel recharging program (4) closing a first valve
that transferslyhe mpaeried| socenmet did dhd nesddie lvessetraonime satldstri al
oper ati on; ar§l§ggagg04 cafdl éé)lﬁgg%yfgl aihi rsfe vent, Mal we., L9l oyer a gas
pressure |n the vessel froman rnitia pressure to a first Tower pressure;
(6) openi ngr&§S8sEEHRABvBAE val ve to | ower the gas pressure in the vessel

fromthe first |ower pressure to a second, still lower, pressure, wherein
said second vent vakye i kaugeh t\F‘é‘I\réa'f@rf'tfﬁéné’Pé‘}ri’ ve, bddofgening a
second valve t hat transfers a streanlof pressuri zed g roma source of

pressuri zeB TGaE t3f t REe§EYEeFed( HiTopbHPHg 2a ?%?F%levélfvepif%%%uﬁé‘ﬁ@fers
particul ateipater thk freegea;particulate material source to the vessel by
entraining said particulate material in the streamof pressurized gas
passi ng through the ?g?on%

first wvent wvalve for 1lowering air
pressure 1in the wvessel from an initial, operating
pressure of about 60 psi to a first lower pressure of
less than about 30 psi; and

(9) a second wvent wvalve 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, wherein said second wvent valve is

larger than said first vent valve.

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 wvessel and its contents to
determine when a predetermined, vessel recharge signal-
generating, amount of the particulate 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;

(4) closing a first wvalve that transfers the

particulate material from the vessel to the industrial

operation;




valve; (9) determning that a predeterm ned anount of the particul ate
material is in the vessel by weighing said vessel; (10) closing ttuggﬂpzn
valve to prevent flow of particulate material to the vessel; (11) closin
the first vent valve; (12) closing the second vent valve; (13) closing the
second valve when a first predetermned pressure is attained in the
vessel; (14) weighing the vessel and its contents to determ ne an anobunt

of particulate material added to the vessel; and - 3 SEP 2004 - 42 (15)
opening the first vallbe topeaxlirgy ar ansber vepit tyelypar toclloaee matgasal from

the vessel jlasblige | NHUSH a{,?gggiatf%egﬁh;’?gégfggeﬁrgsﬁéi no Lhat

further conprises closing a fourth v Ive a pressurized gas
to the veS3BFtalPWRTrt RESEPEEE/val ve that delivers particulate material to
the industrial operation is closed. 7. The process of claim5 that further

conprises opening agourddyalyeat haledlfd | VeRe RIASATEZed HAS- | Preor der

to introduce said pressurized gas into the vessel. 8. The process of claim
5 wherei n F2RePFREFYLSF 11t NS e¥ReFEAnETPIs tESntdMSS | Lowal (PERISBRFS when

the vessetocent&easndar steuhatiewat erpadsanee pr @hsveized0a8. s@cofdpr ocess
for 'ntrOdggﬁggvgﬁgglgglﬁg%ge%agggxsgaid first vent valve;

(7) opening a second valve that transfers a
stream of pressurized gas from a source of pressurized

gas to the vessel;

(8) opening a third wvalve that transfers
particulate material from a particulate material source
to the vessel by entraining said particulate material in
the stream of pressurized gas passing through the second

valve;

{9) determining that a predetermined amount of
the particulate material is in the wvessel by weighing

said vessel;

{10) closing the third valve to prevent flow of
particulate material to the vessel;

(112) closing the first vent valve;
{12) closing the second vent valve;

{13) closing the second valve when a first

predetermined pressure is attained in the vessel;

(14} weighing the wvessel and its contents to
determine an amount of particulate material added to the

vessel; and




material into a fluid catalytic cracking unit, said process conprising:
(1) placing the process under the control of a CPU;, (2) weighing a vessel
and its contents to determ ne when a predeterm ned, vessel rechar

signal - generating, amount of the particulate, catalyst material %@gﬂﬁﬂ%
reached; (3) generating a signal when jhe_predeternmned, vessel recharge
signal -generating anount of the particulate material has been reached and
thereby initiating a vessel recharging program (4) closing a first valve
that transfers the pabti cweatiog cdial §srstavedivel thr o ldwe vesssefetro the

fluld catabytl enerapkbagcliibte -faBERi2904ero3 cha) GLOSERT @of oppLh valve

that transfers a con stream or pressurized arr froma pressurized air
source to LREuUFEE3BL; opsYabpeni-ng a first vent valve to lower air pressure
in the vessel froman initial pressure of about 60 psi to a first |ower

pressure of |egs tha@hébcﬂ&toc%%s PSE; cﬁz.)lmop@ntﬂatamvea&l yalyg to

| ower the air pressure he vessel fromthe first |ower pressure to
about at noSpRELPE 6r§§§6¢§ “Wﬂéﬁeﬁ@%ﬁm4?¥&¥ﬂﬁﬁjQmﬁﬁes%ﬁﬂk%?¢59¢%r5%r t han

said firsteMent vasyel (Ltefeni Bged secesd valalerd hathktansdel svarsst ream
of pressurﬁéggighiatrOnh%t%%ggie %f PrgRsy{ éﬁstrlal 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 wvessel and its contents 1is carried out when the

vessel contains particulate material and pressurized gas.

9. A process for introducing particulate, catalyst
material into a fluid catalytic cracking unit, said

process comprising:

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

(2} weighing a vessel and its contents to
determine when a predetermined, wvessel recharge signal-
generating, amount of the particulate, catalyst material

has been reached;

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

{(4) closing a first wvalve that transfers the

particulate, catalyst material from the vessel to the

fluid catalytic cracking unit;




air to the vessel; (9) opening a third valve that transfers particul ate,
catalyst material froma particulate material source to the vessel__?glipmﬂ4
entraining said particulate, catalyst material in the stream of
pressurized air passing through the second valve; (10) determ ning that a
predeterm ned anount of the particulaj ? _catalyst material is in the
vessel by weighing said vessel; (11) closing the third valve to prevent
flow of particulate, catalyst to the vessel; (12) closing the first vent
val ve; (13) closing(fhe skeshagvent feakvd; ¥Ydlye opgdrtng tirhasifemst haval ve

in order tgechikr %cttif‘e%nprz@fsg& Wﬁ%ﬁr‘i@ d 44 the, eﬁsﬁresds@}:l%d 2004 -

(15) closing the second valv en a first predeter pressure Is
attai ned i fOuKEevESsERe Ve6Fedliosing the fourth val ve when a second
predeterm ned pressure that constitutes a final operating pressure is

attained in the vesse@( penw% gghi ngithe vessel +andd t&o CQURA! Salp
determ ne an anount o cul ate, catalyst material added to the vesse

and (18) oBEBRFAYTEnT¥ .trbset %ﬁ%lt%raw Bt thértréfiér PISSRURE o t RRAVEL e,

catal yst naberdsdl €408 thierstessehet OpreBeulrkuidk créasythanprapeass. 340. The
process of claim9 wherein said first predetermned pressure is about 80
percent of Plhal

(7) opening a second vent valve to lower the
air pressure in the vessel from the first lower pressure
to about atmospheric pressure, wherein said second vent

valve is larger than said first vent valve;

(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 wvalve that transfers
particulate, catalyst material from a particulate
material source to the vessel by entraining said
particulate, 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 to the wvessel;
{12) closing the first vent valve;
{(13) closing the second vent valve;

(14} opening the fourth wvalve in order to

introduce pressurized gas into the vessel;




operating pressure. 11. The process of claim9 wherein a weighing of the
vessel and its contents occurs when the vessel contains parLicuIa%e
material and air pressurized to about 60 psi. - § SEP 2004

- 44 -

(15) closing the second valve when a first
predetermined pressure is attained in the vessel;

(16) c¢losing the fourth valve when a second
predetermined pressure that constitutes a final operating

pressure is attained in the vessel;

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

added to the wessel; and

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

the fluid catalytic process.

10. The process of claim 9 wherein said first
predetermined pressure is about 80 percent of final

operating pressure.

11. The process of claim 9 wherein a weighing of the

vessel and its contents occurs when the vessel contains

particulate material and air pressurized to about 60 psi.




