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1 0 BE 2003 1 "APPARATUS FOR UNI FORMLY DI SPENSI NG PARTI CULATE MATER| fgg( 2003
| NTO A VESSEL " 5 FIELD The invention relates to an inproved di spensi ng
apparatus which is capable of distributing' particulate matter uniformy
across a given cross-sectional area in a facile manner. This apparatus is
useful for loading particulate nateriaﬁ I ncluding catalyst particles in a
reactor vessel which results in a high density, 10 uniform catalyst bed.
BACKGROUND Particul ate matter has been | oaded into vessels or dispensed by
what is commonly referred to as the "sock” method wherein a hopper having

an attached hose extends to the bottomof the vessel or to the surface of
the 15 previously dispensed particulate matter. The hopper and hose are

filled with particutgppapsTtiess FOR ty - rel eased at the
bottom of the hose b)p,?ﬁ-f@%%ﬁgi@h-%;] gm‘@gg%%# l?’e y permt the
rough the

particulate matter to flowt ose onto top surface of the
previ ousl y-deposited particul ates. The resulting dispensed particul ates
are in the shape of a cone which cap he subsequently 20 distributed over
the entire given area by raking. M cently a variety of apparatus have
been utilized to distribute particulate matter in vessels. Al though many
of these apparatus have achi eved 10 DEC 2003

The invention relates to an improved dispensing apparatus which is

capable of distributing particulate matter uniformly across a given cross-sectional
area in a facile manner. This apparatus is useful for loading particulate material
including catalyst particles in a reactor vessel which resuits in a high density,

10 uniform catalyst bed.
BACKGROUND

Particulate matter has been loaded into vessels or dispensed by
what is commonly referred to as the "sock" method wherein a hopper having an
attached hose extends to the bottom of the vessel or to the surface of the

15 previously dispensed particulate matter. The hopper and hose are filled with
particulate matter and the particulates are released at the bottom of the hose by
slowly raising the hose to thereby permit the particulate matter to flow through the
hose onto the top surface of the previously-deposited particulates. The resulting
dispensed particulates are in the shape of a cone which can be subsequently

20 distributed over the entire given area by raking.

More recently a variety of apparatus have been utilized to distribute

particulate matter in vessels. Although many of these apparatus have achieved




2 5 10 15 20 an inproved nethod of | oading particulate matter conpargﬂ %Etﬁm
the sock nethod, the known apparatus are difficult to adjust in ord &
enable the rotating distributors to be configured to produce the desired

result with a m ni mum anount

ft) or

descri bed briefly herei nabove.
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continually added through a hopper

g about catalyst
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has to be continually adjusted upwardly in order to allow catal yst
to fl owSQfedistment apdépduged affiert ohdehalf of theopemter aithbappacattal yst can be
suspended above the catal yst surface

which also results in the formati on of a
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One type of vessel which must be loaded with particulate material is
a catalyst reaction vessel. Commercial catalytic reaction zone vessels or reactors
vary in width or diameter from 0.8m (1 ft) to 4.6m (15 ft) or more, having a length
from 1.5m (5 ft) to 21.3m (70 ft) or more an-d have previously been loaded by the
method and apparatus described briefly hgreinabove. One of the problems
associated with the sock method of loading reactors is that the catalyst bed can
contain excessive voids which can, during the use of the catalyst, bring about
catalyst settling problems or "slumping®, localized hot spots during the exothermic
reactions of reactants and the necessity to utilize increased 'reactor volume. In
addition, the sock technique requires increased times for loading a reactor since
the hose through which the catalyst enters the reactor has to be continually
adjusted upwardly in order to allow catalyst to flow into the vessel. In addition to
the above method, catalyst can be continually added through a hopper
suspended above the catalyst surface which also results in the formation of a
cone-shaped pile of catalyst on the top of the catalyst bed. As in the above

method, the catalyst cone can be distributed over the catalyst bed by raking.

The resulting settling of the catalyst can change the overall volume

of adjustment and reduced effort on behal f of
the operator of the apparatus. One type of vessel which nust be | oaded with
particulate material is a catalyst redction vessel. Comrercial catalytic
reaction zone vessels or reactors vary in width or dianeter fromO0.8m (1
ft) to 4.6m (15 ft) or nore, having a length from1.5m (5 ft) to 21.3m (70
nore and have previously been | oaded by the nmethod and apparatus
One of the problens associated with the sock

met hod odn liewdbvied rasfHcer of | Babing! phARURRS ankstkr bﬁjrpﬁé%d GARt M goegessive

voi ds which can, during the use oOf the catalyst,
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cone-shaped pile of catalyst on the top of the catalyst bed. As in th? C 2003
above nethod, the catal yst cone can be distributed over the catal yst @@g

by raking. The resulting settling of the catal yst can change the overal
volune 1 50E C 2003 3 of the catal yst bed thereby produci ng damage to the
equi pnment such as thernowells which have been inserted into the reactor
for tenperature neasurenents. In addition, the settling of catalyst can
reduce the surface of the catalyst bed to a | evel whereby the thernowell
is not in contact with the catalyst, 5 thereby not allow ng the reaction
tenperature to be nonitored during the course of a reaction. Excessive
voids in ftéOCk herwi se inefficiently | oaded, catalyst bed

cause poB gsca@ﬁ&g l?FQ)rtF’ﬁ Y| PERAUEING <1amaee i on tfﬁ@lr%ﬂ}gwﬂﬁﬁé P, aShe

mal di stri bution often requires decreased throughput or increased
t enper at SEHOWeds nediehehas ubeemginsatted y sttoutthé | zeddton fos temperaturpr oduct
specifications may not be 10 net. Settling problens associated with

sock- | oathedshesminentsy Inesidition, thelsampeg oft chtahBeEak PEEIQ thed BfdRR! &.theuch as
baskets, redistribution trays, catalyst supports and quench spargers. An

addi ti On@étal?ﬂ’spbbé%aas%%l BRI LAY 1SN hRMAE whPHIERRR, | S L hat

for a given'reactor volune the anpunt cat al'y ar ged
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|ncrease%[t throu hp t of reactants at the sane severity or the sane
t hr oughp®h 2 £t x%é’ﬁ‘f‘&ﬂs PR, §ockrinasiede pe otharwiss: 'ﬂ@ﬁlctﬁm&hf@adﬁﬁs and/ or

i ncreased throughput can
Catalyst bed cause poor gas, liquid or gas-liquid distribution through the bed The

maldistribution often requires decreased throughput or increased temperatures,
since the resulting catalyst utilization is low and product specifications may not be
10 met. Settling problems associated with sock-loaded beds may result in damage
to other reactor internals, such as baskets, redistribution trays, catalyst supports

and quench spargers.

An additional problem associated with the previous loading

techniques is that for a given reactor volume the amount of catalyst which can be

15 charged is determined by the final catalyst density. Thus, a means for increasing
the bulk density of catalyst present in a reaction zone would allow for increased
throughput of reactants at the same severity or the same throughput at lower

severity. Thus, more severe reaction conditions and/or increased throughput can

be obtained for a given reaction zone volume if an increase in buik density of the

20 catalyst can be achieved.

Subsequently, those skilled in the art have used various dispensing



be obtained for a given reaction zone volunme if an increase in bulk density
of the 20 catalyst can be achi eved. Subsequently, those skilled in tq%{ﬁnrmm
have used various di spensing 10DEC 2003 4 apparatus whi ch have denonstrated

i nproved | oadi ng of particulates into reactor vessels. These prior art

| oadi ng devi ces performed reasonably well, however, a |oading device nust
necessarily be adjusted for each partiéblar vessel in order to assure
optimumresults. Previous |oading apparatus had to be adjusted by trial 5

and error in an attenpt to achieve maxinumresults and this continuous

initial adjustnment was difficult to performsince the apparatus is

generally inserted into the top of the vessel to be filled with

parti cul at eagmira®is WhighitavaQlere@sdtiated ﬁﬂbﬁdﬁ/{eéhbﬁdin% fb?g%fr‘fﬂﬂﬁzggg h':‘?t%?reﬁkﬂo'r I ed

in the art have continuously searched for 10 inproved net s whic

et ter 1 ot or el CTheedBroP RERBhg TMUE, X AMtSIdaiBnbey 081 icwe B s
| oadi ng device

adj ust nment the, catalys j ch y be subsequently used
duringt ndCRPPBIR R mRL G ESERY i SERiatlich cethinanin iy praeodsoBeT the
present invention, an apparatus has been devised which produces a densely
and evenl y 35546 OPHEWM 18sWis. pBraviaus lgadingagpraraius bad ipibé adjdsteddiy trial
manner. US-A-4,300,725 is an exanple of the prior art and discl oses an
appaPat us fand efrer dn sv atiemipbio @ichisveemagimunmesils rgdathiotahemlcis initial
vertically oriented, hollow delivery tube nmounted for rotation about a
vertical axdjustividnt wds ifficeft to perform since the apparatus is generally inserted into

the top of the vessel to be filled with particulate matter and is not easily

adjustable.

Therefore, those skilted in the art have continuously searched for

10 improved methods which provide a convenient and foolpro‘é)f method of adjusting
the particulate matter rotors in order to rapidly and easily perform the initial
adjustment of the catalyst loading device which may be subsequently used during

the filling of the vessel. In accordance with the process of the present invention,

an apparatus has been devised which produces a densely and evenly loaded bed

15 of particulate matter in a rapid and facile manner.

US-A-4,300,725 is an example of the prior art and discloses an
apparatus for the distribution of material comprising a rotatable, vertically oriented,
hollow delivery tube méunted for rotation about a vertical axis within a fixed
housing and driven by means of a motor external of the tube. At its upper end,

20 the tube has an inlet port for receiving particulate material and carrying it for

distribution from its lower end by an integral system which includes apertures



housi ng and driven by neans of a notor external of the tube. At its wdl 1003

~end, 20 the tube has an inlet port for receiving particulate material and

carrying it for distribution fromits lower end by an integral system

whi ch i ncludes apertures 1001C 2003 5 located in the tube's vertical walls
and a deflection nenber or paddle at the base of the tube for radially
inpelling the material out of the tube5through the apertures. The
apparatus requires the use of a driving neans because the structure of a
flat horizontal plate in conjunction with vertical paddles woul d not

ot herwi se operate to 5 give a uniform controlled distribution.

US- A- 3, 285, 438 al so di scl oses an apparatus for achieving uniformty of

di St i but i eibaply #PledBRS eRlcaPwalll i APRAIRNHS mitdRe: $EpibGa 'txgegpg%er |

hori zontal |y oriented wheel asse |es 0" 'support

US- A- 5, 555 le.of the. prior art and discloses an

appar at us Pﬁﬁ‘% ?83%@%3%84”52’?3%{]9 éﬁ’ee”}?é?rﬂ%o“\t/\ﬁf €% tppdhraugs the ageftaeased t o
a 10 gene _‘}%%Pvertl cal support nenber. SUMVARY The present invention is
an appar at u RAafus egL4Re eiLl’ﬁeacfv%g@‘éngWa%ebﬁmethStrhCWr@afalfla:ul ate
material. The invention facilitates adjustnent by 15 joining a plurality of

ext ended | Bavzentaklate ia cosjunctidn pithoertival paddies poold det othymiss epeERS to
control of all arm aperture areas and sinultaneous | ocking of unlform

aperd ure sgiweng wnifbrraneoptro®d edisirBRticn.! atlohess @’85@3%”%? o 1he&iss
there is no need to renove the apparatus fromthe vessel for “adjus rrent of
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uses vertically and horizontally oriented wheel assemblies to support and rotate a
spreader. US-A-5,555,484 is another example of the prior art and discloses an

apparatus for dispensing particulate matter which apparatus is attached to a

10 generally vertical support member.

SUMMARY

The present invention is an apparatus which is located in a vessel to

be loaded with a particulate material. The invention facilitates adjustment by

15 joining a plurality of extended leaves about a central pivot point to provide
synchronized control of all arm aperture areas and simultaneous locking of

uniform aperture sizing with one or more simpie latches or clamps. Therefore,

there is no need to remove the apparatus from the vessel for adjustment of flow

rates. The apparatus serves as a container for particulate material vlvhile the

20 particulate material flows downwardly into a rotor having a multiplicity of elongated

hollow arms from which the particulate material flows and is dispensed to a bed



20 particulate material flows downwardly into a rotor having a nulti@lég&@x
~ of elongated hollow arns fromwhich the particulate material flows B

di spensed to a bed 10 DEC 2003 6 | ocated bel ow t he apparatus. A preferred
enbodi nent of the present invention is an apparatus for dispensing
particul ate material which apparatus conprises a particle container having
an opening at one end for receiving particulate material into an upwardly 5
directed end and an outlet end at an opposite end for flow ng particul ate
material. A rotor having nmultiple elongated, hollow arns, an opening at
one end for receiving particulate material fromthe particle container,
the multiple arnms each having at | east one aperture |ocated in a | ower
portion thiecad bajpwdhe @hpagitug particul ate material, wherein the rotor is
rotatably positioned bel ow and adjacent 10 to the outlet end of the
particle container to permt the flow of particulate material fromthe

particle container ta drBferfef é’rﬁbo&in@’ftfdf%é)hgs%nhﬂ%gﬁom A Bpﬁ%r%h%nf% ted

| eaves, rotatably positioned around a verti centr axis o he rot or
and havi ngq:.di [ a redycin he flow.of parti.culate materi al
from the rasEPing e faR o MARH MRsalS oafbhnes B okl omalRe
apertures of .the rotor. A 15 fas Fni ng means i s provided on the rotor for
r el easabl Y9429 &fi FRETING ahoNe %mi) AtreCevng priticyaier materalinto ay upwardly | s
al sg provided for rotating the rotor in comunication with the particle
confai ner fife@edendiancesr putletdens at Buopppsite £od fartfowingipasicutateandtedabel ow.
It is therefore an object of the present invention to provide an
A rotor having multiple elongated, hollow arms, an opening at one end for
receiving particulate material from the particle container, the multiple arms each
having at least one aperture located in a lower portion thereof for discharging
particulate material, wherein the rotor is rotatably positioned below and adjacent
10 to the outlet end of the particle container to permit the flow of particulate material
from the particle container to the rotor. A baffle plate having multiple elongated
leaves, rotatably positioned around a vertical central axis of the rotor and having
dimensions capable of reducing the flow of particulate material from the rotor
apertures is located in close proximity to each of the apentures of the rotor. A
15 fastening means is provided on the rotor for releasably fastening the baffle plate
to the rotor. A rotating means is also provided for rotating the rotor in

communication with the particle container in order to evenly distribute particulate

matter on a bed below.

It is therefore an object of the present invention to provide an
20 apparatus and process for loading particulate material into a vessel to produce a

bed of particulate material which possesses a high apparent bulk density (ABD).
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20 apparatus and process for |oading particulate material into a vessel tanm
produce a bed of particulate material which possesses a high apparent B
density (ABD). 10 DEC 2003 7 The use of the present invention is

particul arly advant ageous for |oading reactor vessels with particulate

catal yst. Another enbodi nent of the pregsent invention is a nethod for

| oading particulate material into a vessel and distributing the particulate -
material at 5 substantially the sanme rate, uniformy across the area of the
vessel by neans of a dispensing apparatus conprising: (a) introducing the
particulate material into a particle container of the dispensing apparatus

t hr ough i nl et opening at, an upwardly directed end; (b) flow ng

parti cul S?Be FSee? ﬁ'le ?rﬁgﬁFhWVSUFQféts RECHArly Relvap@gepes dot nadiitheactasr ough
an outlet opening into a particle feed opening of a rotor 10 having

mul ti pl e eesaeigwel panidulaiw catalgst. (¢) passing particul ate material through
the hollowinterior of the multiple arns and through at | east one aperture

|l ocated in a lower portion of each armto discharge and distribute

particul ate materialsndthert B%Ho@‘rﬁént}[ l%? %@?pfe%'eﬁ I \ﬁ'efﬁtfbnt e an%é"h%lf'iefor

container; and (d) controlling the ow 0 particulate materi a romthe

i i bt o SREcatieER haRbndtidly ARRGH! SH Bt Pg Rt pafickiatd il Eadl
sel ective ngal er]'e:}é of a fastener that fixes the |eaves in variable
0c ! udi noe Rl 1e SR FAlepuiorly asess H1e 21k ol as Vereal Y MERBS Pheor

BRI EF DESCRI PTI ON OF THE DRAW NGS
dispensing apparatus comprising: (a) introducing the particulate material into a

particle container of the dispensing apparatus through an inlet opening at an
upwardly directed end; (b) flowing particulate material from an outlet end of the
particle container through an outlet opening into a particle feed opening of a rotor
10 having multiple elongated, hollow arms; (c) passing particulate material through
the hollow interior of the multiple arms and through at least one aperture located
in a lower portion of each arm to discharge and distribute particulate material as
the rotor rotates relative to the particle container; and (d) controlling the flow of
particulate material from the multiple arms by unitary pivotal positioning of a baffle
15 plate and multiple elongated leaves attached thereto relative to the rotor and
selective engagement of a fastener that fixes the leaves in variable occiuding

positions with respect to each of the apertures of the rotor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a vessel and the particulate
20 dispensing apparatus.
FIG. 2 is a cutaway isometric of the particulate dispensing
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FIG 1 is a schematic view of a vessel and the particulate 20 dispensdﬁg
apparatus. FIG 2 is a cutaway isonetric of the particul ate dispensiﬁb L 2003
DEC Z003 8 apparatus. FIG 3 is a side view of the rotor. FIG 4 is a plan
view of the rotor. FIG 5 is a plan view of the baffle plate. 5 DETAILED
DESCRI PTI ON The present invention may he used to di spense nost types of
particul ate matter which are typically® oaded into vessels and any ot her
confined 10 spaces. A particularly advantageous use of the present

invention is to load catalyst particles into a reactor vessel. A

particul ar advantage for the use of catalyst charged with the apparatus of
the present invention is in various hydrocarbon conversion processes such

as hydr og@PRE HHS- ref or ni ng, hydrocracki ng, pol ynerization, 15
hydrodesulfurlzatloqq@ﬂ%ig%ﬂygggggﬂﬁqhg??mﬁpr exanpl e, wherein such

hydr ocar bon conversi on processes aré c I'eéd out in a non-fluidized

catal yst bed react dfiG. whis @plameiewdeisthtirged bed reactors and novi ng bed
reactors. This inVﬁﬂE%on is particul arly advantageous with

hydr odesul f uri zat i orf, Shyd? dtat kiewgo! thayaffisgelate.i on and ref or ni ng

progesses. A particularly preferred application of

DETAILED DESCRIPTION

The present invention may be used to dispense most types of
particulate matter which are typically loaded into vessels and any other confined
10 spaces. A particularly advantageous use of the present invention is to load

catalyst particles into a reactor vessel.

A particular advantage for the use of catalyst charged with the
apparatus of the present invention is in various hydrocarbon conversion
processes such as hydrogenation, reforming, hydrocracking, polymerization,

15 hydrodesulfurization and dehydrogenation, for example, wherein such
hydrocarbon conversion processes are carried out in a non-fluidized catalyst bed
reactor, which includes fixed bed reactors and moving bed reactors. This
invention is particularly advantageous with hydrodesuifurization, hydrocracking,
hydrogenation and reforming processes. A particularly preferred application of

20 this invention is with reforming and hydrogenation processes. The various
process conditions of temperature, pressure and space velocity vary according to
the process and such conditions include those well known to those skilled in the

above-mentioned processes.




20 this invention is with reform ng and hydrogenati on processes. The QDEC 7003

various process conditions of tenperature, pressure and space vel oci 1

vary according to the process and such conditions include those well known
to those skilled in the above-nentioned processes. 10DEC2003 9 An
addi ti onal advantage of increased bul k density of |oaded catalyst is that
catalyst life my be extended for the Sane t hroughput and severity. This
extension of catalyst life is a result of the tangible effect of the

i ncreased weight of catalyst in a fixed reactor volune as well as the |ess
tangi bl e effect of uniformgas, 5 liquid or gas-liquid distribution which
coincides with the re . form voi dage of a densely-|oaded catal yst bed.
Longer catal yst |i fM‘ﬂ@qi Adyantagg &f ingieasadipulk densithof IPaded sriatyss,
dense loading of all reactors in an integrated refinery would provide a
means for i§r'@ai ealalpt likomayove emgnded fopthiersameghtdughparand eeeerigl Tifls
turnaround, based on the prem se that catalyst |life in each reactor of the

refinery eetensiok ofwatalydtditonea ositasites ol Wieki Qﬂh@finééﬁ%@%iiﬁﬁor S
such as catal yst properties, throughput and operating severity. Inhtangible

L S T AL G A LA
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to a reactQr witp tcpe agtp?ratus of the present _
ensely-loaded catalyst bed. Longer catalyst life results in a longer unit run

length.

Furthermore, dense loading of all reactors in an integrated refinery

would provide a means for predicting, controlling and optimizing the occurrence of

10 tumaround, based on the premise that catalyst life in each reactor of the refinery
network would become a predictable function of tangible factors such as catalyst
properties, throughput and operating severity. Intangible effects associated with

maidistribution, setiling and hotspots would be minimized by dense catalyst

loading.

15 In a particularly preferred embodiment, the utilization of this particie
dispensing apparatus provides for an improved reforming process wherein a
reforming catalyst is charged to a reactor with the apparatus of the present
invention; then hydrogen and a dehydrogenatable organic material, for example, a
petroleum hydrocarbon, are contacted with the reforming catalyst and a reformed

20 organic material is recovered. Thus, the reforming process provides for allowing

more throughput at the same severity for a given reactor vessel and for greater




I nvention; then hydrogen and a dehydrogenatabl e organic material, EDDECZW3
exanpl e, a petroleum hydrocarbon, are contacted with the refornlng

catal yst and a reformed 20 organic material is recovered. Thus, the
reform ng process provides for allowng nore throughput at the sane
severity for a given reactor vessel ang,for greater 1 0 DEC 2003 10
cat al yst wei ght per volune of reactor ssel. The increase in catal yst bulk
density, therefore, allows for the construction and use of snaller and | ess
expensi ve reactor vessels for a given throughput. The apparatus of the
present invention is used in one enbodinent 5 to charge catalyst particles
to a react oW onshlp the r eact or e

general , r gét&ﬁ S@Lé'g gﬂ&\e@%éa&yf nAgC?% St BCEHN (1 q%ﬁy% !jlf”f()
preferably fro o0 13 ft) in dlaneter and fron11 5to038.1m

to
(5 to 125 F?”?' n%PéEfBF%f gﬁéﬁ yJOF HBfn @onsrustion (and tusert s smallem angnigss can

be charged. The rate of fill of the reactor vessel can be non-uniform
However, | BXPENSIYR Rasterviesgeisiat a givenrttaugbput.i || be uniform and that after
a given rate of fill is established, this rate of fill be maintained while

preparing the catal yst bed. The cat aI yst particles are introduced into the

reactor vessel at a Foerppigtistdiabe bheserflificMEen i %QJSEBQn%eaéﬁﬁ%Edﬁ’érgace

formed as the catal yst particles are introduced rough a gaseous nedi um

proy des ap, @Hﬁ{g%gé‘atéf g%n%‘esdtbsé ?@&ﬁoppegsaetl ?Tll %135%&5@2 é’%ia? Pﬁ%{; Bftogl’lel east

0.3m (1 ft. e prefer an average ree

5571 0 (2 A i Ok bt RS S LSS 46 23 3D (30,170
an inert 16 ft) preferably from 0.61 to 4m (2 to 13 ft) in diameter, and from 1.5 to 38.1m
(5 to 125 ft.), more preferably from 3 to 23m (10 to 75 ft.) in length can be
charged. The rate of fill of the reactor vessel can be non-uniform. However, it is
10 preferred that the rate of fill be uniform and that after a given rate of fill is
established, this rate of fill be maintained while preparing the catalyst bed. The
catalyst particies are introduced into the reactor vessel at a point such that the
distance to the catalyst surface formed as the catalyst particles are introduced
through a gaseous medium provides an average free fall distance of catalyst
15 particles of at least 0.3m (1 ft.) more preferably an average free fall distance from
1.5t0 38.1m (5 to 125 ft.) and still more preferably from 3 to 21.3m (10 to 70 ft.).
The gaseous medium in general is air or, depending on the catalyst, an inert
medium such as nitrogen. Thus, in general, the catalyst particles fall individually
to the catalyst surface as the catalyst bed is formed. The catalyst particles are
20 distributed over the surface area of the catalyst bed as it is formed such that the

catalyst surface raises at a substantially uniform rate. The catalyst particies are

distributed in order to produce a substantially flat catalyst surface defined as a




medi um such as nitrogen. Thus, in general, the catal yst particles faH# ¢ 1003
individually to the catalyst surface as the catal yst bed is forned. ﬁg
catal yst particles are 20 distributed over the surface area of the catal yst
bed as it is forned such that the catalyst surface raises at a
substantially uniformrate. The catalyig particles are distributed in

order to produce a substantially flat talyst surface defined as al d UE
C 1043 11 difference between the highest portion of the catal yst surface

and the |l owest portion of the catalyst surface which is |less than 10
percent of the dianeter of the catalyst bed, nore preferably |ess than 5

percent and still nore preferably less than 1 percent. One of the nost
comonl y GEerepenfigiueani Bashighest pedioasolsthee sawliyst purfasacand she Jowpst
vertical cylinder with a circular, horizontal cross-section. It is also

cont enpl atedtiarhat theesstalyst fiafaaegriaichds lezentar 10messeraed the dizphdrer of ihan
circular may al so be | oaded with the apparatus of the present invention.

Hovever, tchealpiPeedt mere brdfBrRadl f58Mthahny pBIdei dndt SIORIoYe Phbferiie 1d<ar
| oading particulate matter into a circular vessel. 10 The term"rate of

fill" inpl i€ i [ ABY P it h.units of
mm(ft/ h;(';s'%&]g%qééat erdnhé)(&gr??c%%% ?Cl%% i slyclgﬁﬁ}]gﬁp’éﬁ@&ggoe%c h"lzgllllgé(;q eaEi ze
t he_.features of the | oadi speed . and js defined as the mass of catal yst
parti ol es ‘GrOHPAY GACENT 51108 YBFIGh YIRS MBrr CREHIRT INZRpio FroseIseetion i )
It has been found that there is a certain particle flux nost favorable for
opti mal 1% s plsgaeorgewplaeqitianvassels having rdrarizental ioress-semlionagteenthan; | |
are related by the catal yst
circular may also be loaded with the apparatus of the present invention.
However, the apparatus of the present invention is highly suitable for loading

particulate matter into a circular vessel.

10 The term ‘rate of fill" implies the rise in bed height and may be
expressed with units of m/m (fthr). Another term, particle flux, is convenient to
characterize the features of the loading speed and is defined as the mass of
catalyst particles dropped on an area of one m® in one hour kg/ m? hr (Ib/ﬂ2 hr).
It has been found that there is a certain particle flux most favorable for optimal

15. loading of a given catalyst. Particle flux and rate of fill are related by the catalyst

loaded bulk density:

b
Flux ( kg ) / B
’ t -
=t > \;t; h\r = Rate of FI”, m/hr (ftthr)
Loaded ABD, /K&

() ,

it is preferable that a flux between 488 to 7320 kg/m2hr (100 to 1500

20



| oaded bul k density: Flux, L_M~~Ibg_r Ib ft 2-hr Loaded ABD, b ng aE(sl00
Rate of Fill, nlhr (ft2/hr) 20 It is preferable that a flux between 488 to
7320 kg/ nm2hr (100 to 1500 10DEC2003 12 Ib/hr-ft2) is used for increasing
the catal yst | oaded bul k density, and that nore preferable results are
obtained for nost catal ysts using a fl bet ween 1464 to 4880 kg/ nR2 hr
(300 to 1000 I b/hr-ft2). The above rat of fill, free fall distance, and
uniformdistribution of 5 the catalyst within the above preferred ranges
are preferred since they provide for approaching substantially the nmaxi num
bul k density achievable for a given catalyst bed. The reactor vessel sizes

whi ch arelmﬁﬁfﬁ?‘?riéQﬂ;e@r%rtiﬁ@éﬁsmga{ﬁb%a‘iai mo%l?sed'&lﬂedb‘?{s , daﬁ&?hé{f hidged in

comerci al processes such as hy rogenat ref ormng rocrackKi ng.

i 115, oxPridarEs S SRdEa y e cé?tw%%‘” & esfé“’“bﬁ%%‘%é 3P4 %hne
particle ep . sh Leater than 3% of the bed dianeter and,
preferably g@\ﬂz&m ng i cttoefooqorlgﬁ’lr%ﬁh to 12.7mm (1/64 to 1/2 in.), nore
preferably from1l.6 to

The above rates of fill, free fall distance, and uniform distribution of

5 the catalyst within the above preferred ranges are preferred since they provide for
approaching substantially the maximum bulk density achievable for a given
catalyst bed. The reactor vessel sizes which are preferred are those reactors

which, in general, are utilized in commercial processes such as hydrogenation,

reforming and hydrocracking.

10 This invention is applicable to catalyst particles which are spheres,
pills, extrudates, crystals and cyfinders, for exarhple. In greneral, the particle
diameter should not be greater than 3% of the bed diameter and, preferably with
a diameter from 0.4 to 12.7mm (1/64 to 1/2 in.), more preferably from 1.6 to
6.4mm (1/16 to 1/4 in.). Catalyst particle diameter refers to the nominal particle

15 dimension in the case where the particle is not spherical.

A wide variety of solid catalysts may be charged to catalytic reaction
zones with the apparatus of the present invention such as oxidation,
hydrodesulfurization, hydrocracking, reforming and hydrogenation catalysts. The
composition, preparation and other characteristics of such catalysts are well

20 known to those skilled in the art of catalysis.



6.4mm (1/16 to 1/4 in.). Catalyst particle dianeter refers to the npurnaallﬂﬂﬁ
particle 15 dinmension in the case where the particle is not spherical. A

wi de variety of solid catalysts may be charged to catalytic reaction zones
with the apparatus of the present invention such as oxidation,

hydr odesul furi zati on, hydrocracking, rfg orm ng and hydrogenati on catal ysts. |
The conposition, preparation and other” characteristics of such catal ysts
are well 20 known to those skilled in the art of catalysis. 10DEC2003 13
Commerci al separation zone vessels are also suitably | oaded with adsorbent
particulates in a manner utilizing the dispensing apparatus of the present

I nvention. Comrerci ' one vessels vary in width or diangter
fromo 3 1o 4 6m ( CABTERIRT 9Tl Rl ale s avatel abG etV RPask WB 51 am
(5 ft 5_to 70 {te‘b'; .or_nmore. The apparatus of the present invention is

pr ef er abRYSPGERE REMiGHIENRS TpBeManpel LthEinghine, dispansing Beppide fwiren
particulate matter and, of course, has an overall diameter |ess than the
vessel tBrasent bu@etion TRemaersial separmtice zore vessels vape midihesr ginetetzrabl y
have a total length as. nmeasured in a radial direction in the 10 range from

about 2%rom @b®ud 458%0(of td he fili ammibes, @fd e RAGHCIrembed.tolan . 3@dds fi on,
the particle outlets or rotor apertures are generally tapered and have an
| ricr easi Rg7@WHdtdE hBredn outwardly extending direction. The area of the
apertures which is available for flow of the particulate matter is
adjustable by rotating the baffle plate around a vertical central axis of

the rotor in relati to the a tures. .. o .
THE appara&is &e {he present invention is preferabiy located in an

upper locus of the vessel to be loaded with particulate matter and, of course, has
an overall diameter less than the vessel to be loaded. The particle outlets or rotor
apertures preferably have a total length as measured in a radial direction in the
10 range from about 2% to about 50% of the diameter of the particle bed. In
addition, the particle outlets or rotor apertures are generally tapéred and have an
increasing width in an outwardly extending direction. The area of the apertures
which is available for flow of the particulate matter is adjustable by rotating the
baffle plate around a vertical central axis of the rotor in relation to the apertures.
15 The minimum width of the available and usable rotor apertures is preferably at
least about 125% of the nominal diameter of the particles being distributed. The
loading apparatus rotor is preferably rotated at a speed sufficient to directly
deposit at least some of the particles upon the outer periphery of the resulting bed
of particles. In a preferred embodiment, the baffle plate is held in a central
20 position by a shoulder bolt which passes through the central axis of the baffle
plate and is fastened by threads to the bottom of the rotor. In addition, the baffle

plate is also held in position after suitable adjustment by one or more rotor clamps




15 The m ninum wi dth of the avail able and usable rotor apertures is

preferably at |east about 125% of the nom nal dianmeter of the parti 310kt C 100

bei ng distributed. The | oading apparatus rotor is preferably rotated at a
speed sufficient to directly deposit at |east sone of the particles upon
the outer periphery of the resulting bﬁg of particles. In a preferred
enbodi nent, the baffle plate is held in"a central 20 position by a shoul der
bolt which passes through the central axis of the baffle plate and is
fastened by threads to the bottomof the rotor. In addition, the baffle
plate is also held in position after suitable adjustnment by one or nore

rotor cl ampirla-DEaaAds 1d nicRlirPb i 1AEhoth Loolhe BOLAM Gt SpEot o

In a preferred enbodi nent, the rotor IS ed an 'to hol d

an adj ust ! vanced to cl t he baffl | ate to the
bottojmuzf EFe cféérﬁ@ﬂs}“@l%{&eg@ ttgf%ee@q? g-toi(fiaé‘nagllusfﬂé“tbﬁ?rﬂ”ewﬁfc}t E"a\)ﬁ PH
respect to the rotor during the |oading of the 5 particulate matter. This

r ot or ape?g‘(ﬁ?%ceégﬁ? rQﬁmﬁe%‘%aH@@ﬁ] pateniq dhey bottem ©f dhe roterel amvest rbeat

whereby the baffle plate masks the rotor aperture so as to control the
flow of petaiien it enaafiflerplate aiithf mspact tooth irotes clrimggtheh eaatirey bitke The
baffle plates are sized so that different plates are matched to different

si zes of ppdictlatelmakenaTherotofhegierure coptrolumethahiB pekrdits hSsiSiplPbMe @
matter of installing the 10 appropriate baffle plate. The apparatus of, the

present . i BiePNdjQRnRIH WiRSeb e b E{a@@%{é&é%é’?&m agﬁeéwg;s&b S {odgm}oﬁa'

which is critical since even a slig varitation rn erent apertures
bed. i s S T gt AR Ral REBUPES Blocd: opdberthe.” trTas’ ©
plates are sized so that different plates are matched to different sizes of
particulate matter. Then the set-up of the rotor is simply a matter of installing the
10 appropriate baffle plate. The apparatus of the present invention ensures that
each aperture opening will be identical which is critical since even a slight
variation in the different apertures can have a dramatic difference in the levelness
of the loaded particle bed. This simultaneous adjustment of multiple aperture
openings is an advantageous benefit enjoyed by the present invention. This strict

15 control of the aperture dimensions, both length and width, provides for a simpler

and faster loading process as well as a more level particle bed thereby resulting in

a more dense, uniform bed.

It is desirable to minimize the loading rate such that the hopper of

the particle loading machine remains nearly full at all times which allows the rotor

20 to operate as designed, instead of an on-again, off-again mode where particles
may be selectively diverted into one region of the rotor, and preferentially loaded

into one region of the vessel. The reason that transient loading rates should be




openi ngs i s an advant ageous benefit enjoyed by the present invention. The 7033

strict 15 control of the aperture dinensions, both |ength and V\,idth,‘tUUE
provides for a sinpler and faster |oading process as well as a nore |evel
particle bed thereby resulting in a nore dense, uniformbed. It is
desirable to m nim ze the | oading rate,such that the hopper of the
particle | oading machine remains nearly full at all times which allows the
rotor 20 to operate as designed, instead of an on-again, off-again node
where particles nay be selectively diverted into one region of the rotor,

and pref ersvidad |3y tHavadetari VPt ik S t sg&liatich hat
transient | oading rates should be 1é z(\%iooﬁ)rgbec?iéties t Sgtg %%ﬁ%tfoar{]n?ro\bg%?’gﬁajm in

| oadi ng r bl i . flLows ich.leads, to bed
profile iﬁogvgsﬁl@\gﬁr?m_ ilhzés ot E(F:cg;rq% S’géé@%h?he@%g'@ tcoqtrr‘f\féﬁtﬁh@npﬁﬁsleﬁ\t/\s f or
fast and adj ust nent .of | oading rate so that adjustnments are nore

li kely toq@%ﬂ'oﬁ aﬁ@é"% %ré%?ﬁ?e’}ff-’%ﬁ glasitgntiof Jeading ratene? Khajtasdivsigents 5
generally viewed as undesirable. Adjustnent is a matter of |oosening the
set scre¥eiMoinikalvioiaka pIaps in cormernigl e seltingsevipbrat worknstogpage én t o

the rotor to achieve a larger or smaller aperture and re-tightening the

set Sscr ewgenesalyf viewedsgs cindesiratid. adfjustrnenmt isod ragest of CocHRMd &% isBt
cranped reactor spaces is very difficult to acconplish so the accuracy of-

the apert uceewk BNAE OR%or Slaltfs! Instabiflg | BT 48 ;?%tgt fﬁgré!aﬁ% 6 Fo‘?%rofo

&
aperture control of the present invention. As
adj ust ed tRhERECH 14 yad pcle - lift] acity, the haffle
pl ate adj ust ment pr@\%{ ?es n’b%? r%rp%g@?é %Bgréteu%@t%ﬂg@gﬁ?hsaeﬁ sﬁr@fvﬁs Qa[ﬁf'é{t
particle hed R ddCadjustment of aperture openings in cramped reactor spaces is very

difficult to accomplish so the accuracy of the aperture dimensions is vastly
10 improved by the simplified rotor aperture control of the present invention. As the

particle loading rate is adjusted to match the available particle lifting capacity, the

baffle plate adjustment provides the proper aperture shape that vields a flat

particle bed profile.

Referring now to FIG. 1, particle dispensing apparatus 4 is shown
15 located and suspended in an upper locus of vessel 1. Particulate matter inlet

conduit 2 supplies particulate matter to particle dispensing apparatus 4 which

dispenses particulate matter to bed 3.

Referring to FIG. 2, particle dispensing apparatus 4 has a generally
vertically oriented particle container 5 which receives and stores particulate
20 material before it is dispensed. Particulate matter is loaded into the top of

particulate container 5 and flows downwardly into rotor 6 which is in

article loading rate is



Referring nowto FIG 1, particle dispensing apparatus 4 is shown %%gfﬁ’mm
| ocated and suspended in an upper |ocus of vessel 1. Particulate mat't p
inlet conduit 2 supplies particulate matter to particle dispensing
apparatus 4 which dispenses particulate matter to bed 3. Referring to FIG
2, particle dispensing apparatus 4 has generally wvertically oriented
particle container 5 which receives and stores particulate 20 materi al
before it is dispensed. Particulate matter is |oaded into the top of
particul ate container 5 and flows downwardly into rotor 6 which is inl 0 O
E C 2003 16 communi cation with particle container 5. The particulate matter

IS transpmdtnichié®ueth bakiele BofBfher %Gi m_F{?gB%ﬁiﬁglaité'trﬂ?t{é}t@W{%ﬁ%d@d"w ch

are in open comunication wth rotor articul at e mat ows from

a | owner i on _of o] r 4 r,oL rqtor_aperiures, (not shown). A
not or 139&;&;& é@ﬁédétéﬂén%‘ gﬁtg%dpt}ﬁ%pt !ﬂgb;r/&%t%r Ssu-{)p‘ﬂﬁ'lchlélr%lncrﬂp n turn,
is attached to and supported b particle container 5. Mtor 13 nounted on
not or  suPEHTURIEALGH &F‘gﬁpyjrt%r%Eecﬂqrtxlfé“a@ﬁ'ﬂ?mflﬂp%fré’ﬁ" AJower geriea @o rot or
support 15. Rotor support 15 is attached to and supports rotor 6. As drive
shaft 14 reer &es 4 irgugh ovonepertuesdnotsippeont Agnaad 1 3ristattacBed doamdar dl y
flowing particulate nmatter is dispensed via rotor arns 7. 10 Referring now

to5FI G 3uppotted by imoterugympdreds asitcti,oihafuet iBYattRABE tonfid Shepbrenty
receives flowng particulate matter through the top opening and flows in a

gener al | yarqné zeniaimer.r RGtdrorB HYLAKH R PA&br &1 rg ! g are
utili zed)pto imobilize a baffle plate 9 (not g%% ?Ggg{agéblgi@@teﬁ%%e 12 is
central | ¥naft 14 which is attached to rotor support 15. Rotor support 15 is attached to

and supports rotor 6. As drive shaft 14 rotates in unison with rotor support 15 and

rotor 6, downwardly flowing particulate matter is dispensed via rotor arms 7.

10 Referring now to FIG. 3, rotor 6 is supported and rotated by means
not shown and receives flowing particuiate matter through the top opening and
flows in a generally horizontal direction through rotor arms 7. Rotor clamps 10 are
utilized to immobilize a baffle plate 9 (not shown). Rotor pi\}ot hole 12 is centrally
located in the vertical axis of rotor 6 to serve as a positioning and pivoting means

15 for baffle plate 9.

Referring to FIG. 4 which is a plan view of rotor 6 which has equally

spaced outwardly disposed rotor arms 7. Each rotor arm 7 has a rotor aperture 8

which communicates with the interior of rotor arm 7 for passage of particulate

matter and a rotor clamp which is utilized to adjustably fasten a baffle plate 9 (not

20 shown) to rotor 6 in order to adjustably mask rotor aperture 8. Rotor pivot hole 12

serves to position baffle plate 9 during rotation thereof with respect to rotor 6




R R R R ——————EES

| ocated in the vertical axis of rotor 6 to serve as a positioning aqgl C 7003
pivoting neans 15 for baffle plate 9. Referring to FIG 4 which is %a?}
view of rotor 6 which has equally spaced outwardly disposed rotor arms 7.
Each rotor arm 7 has a rotor aperture 8 which comrunicates with the
interior of rotor arm7 for passage of 7particul ate matter and a rotor
clanp which is utilized to adjustably Fasten a baffle plate 9 (not 20
shown) to rotor 6 in order to adjustably mask rotor aperture 8. Rotor pivot
hole 12 serves to position baffle plate 9 during rotation thereof with
respect to rotor 6 1 0 DEC 2003 17 when rotor clanps 10 are rel eased. FIG
5is a plan,view of baffIS |late 9 which has equally spaced baffle plate

| eaves 18. "ReBdPIAT&'ENAE d pﬁ%(’)’?'eﬁ%‘?% 17 is positioned at a central

| ocation of baffle plate 9. Each baffle plate |eaf 18 is positioned to mask
at least a 5 portion of rotor aperture 8 and is releasably clanped into a
fixed position by rofd@. Scisaamld.vidw cbridefie prate @ alradH Yaposqdallorspeebd! e
plate 9 with respect to rotor 6, rotor pivot hole 12 is pivotably |ocated

in direct bhffienpeid lvdvds baf f hevatatRal Mokt Relee 13 7is ﬂos@tic?’é@l 20%3cd@rai

CLAI MS: 1. An apparatus for dispensing particulate materi nto a vessel,

sai d appar gl bl NG 4 @ ' ! Y fini
S hpar Riddfoft OTBiE e ¢ 2kaBnifld fbfe €8N 81 \5SsifHed R 1ALRY: Rast 2
S portion of rotor aperture 8 and is releasably clamped into a fixed position by rotor
clamp 10. In order to rotatably position baffle plate ¢ with respect to rotor 6, rotor

pivot hole 12 is pivotably located in direct alignment with baffle plate pivot hole 17.




portion for receiving particulate material into an upwardly directed end
and defining a container outlet in a |lower portion for discharging 100t 3
particulate material; (b) a rotor (6) rotatably positioned adjacent to the
container outlet and defining an upper opening for receiving particul ate
material from said particle container, said rotor having nultiple

el ongated, hollow arnms (7) and said nltﬁtiple arns (7) each defining at

| east one aperture (8) in a lower portion thereof for discharging
particulate material;; (c) a baffle plate (9) having nmultiple extended

| eaves (18) joined about a common pivot point (17) and positioned for
partial occlusion of the apertures (8) by relative rotation of said baffle
plate (QLAIMSitive to the rotor (6); (d) a fastener (10) for adjustably
securing said baffle plate (9) to said rotor (6); and 10BEC 03 19 (e) a
means for rotating (13) said, rotor (6) in comunication with said

part i ol g, contil Wpefdthe for HaBeARRA! BLiBulo Chalehal iheivRssal Sahar! ol e

container (5) Is I cal . he appar at us erein,

said rotor ( i four elongated hollow arns (7). 4. The appar at us
of Cains 1, %pg%qgé\%%%%&sﬁg'sai d apertures (8) are

(a) a particle container (S) defining a container opening at an upper
portion for receiving particulate material into an upwardly directed
end and defining a container outlet in a lower portion for discharging

particulate material;

(b) a rotor (6) rotatably positioned adjacent to the container outlet and
defining an upper opening for receiving particulate material from
said particle container, said rotor having multiple elongated, hollow
arms (7) and said multiple arms (7) each defining at least one
aperture (8) in a lower portion thereof for discharging particuiate

material;;

{c) a baffle plate (9) having multiple extended leaves (18) joined about
a commeon pivot point {(17) and positioned for partial occlusion of the
apertures (8) by relative rotation of said baffle plate (9) relative to

the rotor (6};

(d) a fastener (10) for adjustably securing said baffle plate (9) to said

rotor (6); and

I



positioned in a generally horizontal, surface of the rotor (6). 5. The
apparatus of Clainms 1, 2 or 3 wherein said apertures (8) are tapereqﬂl}iﬂdiﬂﬂﬁ
increase in size towards: the outward ends of the arnms (7). 6. The
apparatus of any of Clains 1 to 5 wherein said baffle plate (9) conprises
four elongated | eaves (18). 7. The appgtatus of any of Clains 1 to 6
wherein said baffle plate (9) is rotatably positioned around a verti cal
central axis (12) of the rotor (6). 8. The apparatus of any of Clains 1 to
7 wherein said | eaves (18) are positioned against the underside of said
arms (7). 9. A nethod for loading particulate material into a vessel (1)
and distributi(ey theganst focudtatieg ftd)esadidlrotdr (Sl bstammuitatidnnwits aad r at e,
uniformy across the area of the vessel (1) conprising: 1gOEC2003 20 (a)
i ntroduci ng the pargartitieaiogtdimérgel.al i nto the apparatus of any one of
Claims 1 to 8; (b) flowng particulate material fromthe outlet end of the
particle container (4) through the outlet opening into the particle feed

(10 (D Zassr e B QB R W gl SRS DR Rl Che

multiple arns (7) and through one or nore apertures (8) located in the

| ower portion ']911: each armto.di scharge and djstribute particul ate
3. € apparatus of Claims 1 of 2 wherein said rotor (6) comprises four

elongated hollow arms (7).

4. The apparatus of Claims 1, 2 or 3 wherein said apertures (8) are

positioned in a generally horizontal surface of the rotor (6).

5. The apparatus of Claims 1, 2 or 3 whérein said apertures (8) are tapered

and increase in size towards the outward ends of the arms (7).

6. The apparatus of any of Claims 1 to 5 wherein said baffle plate (9)

comprises four elongated leaves (18).

rotatably positioned around a vertical central axis (12) of the rotor (6).

8. The apparatus of any of Claims 1 to 7 wherein said leaves (18) are

|
|
7. The apparatus of any of Claims 1 to 6 wherein said baffle plate (9) is
positioned against the underside of said arms (7). !

|

|

|

9. A method for loading particulate material into a vessel (1) and distributing
the particulate material at substantially the same rate, uniformly across the

area of the vessel (1) comprising:




mat eri al

(7)

by unitary pivotal

as the rotor (6)
and (d) controlling the flow of particulate materi al
positioning of a baffle plate (9) and nultiple

rotates relative to the particle container, (S
fromthe rrultiﬂlne Erwgs

el ongated | eaves (18) attached thereto relative to the rotor (6) and
sel ective engagenent of a fastener (10%(# hat fixes the |eaves in

occl uding positions with respect to ea

(6).

(@)

of the apertures (8) of

introducing the particulate material into the apparatus of any one of

Claims 1 to 8;

flowing particulate material from the outlet end of the particle
container (4) through the outlet opening into the particle feed
opening of the rotating rotor (6) having muitiple elongated, hoilow

arms (7);

passing particulate material through the hollow interior of the
multiple arms (7) and through one or more apertures (8) located in
the lower portion of each arm EOTdischarge and distribute particulate
maternial as the rotor (6) rotates relative to the particle container (5);

and

controlling the flow of particulate material from the multiple arms (7)
by unitary pivotal positioning of a baffle plate (9) and multiple
elongated leaves (18) attached thereto relative to the rotor (6} and
selective engagement of a fastener (10) that fixes the leaves in
variable occluding positions with respect to each of the apertures (8)

of the rotor (6).

vari abl e
the rotor



