1 Process and device for unloading particulate material from a vessel The present invention
relates to a process for removing a particulate material from a vessel containing such material. 5 The
process of the present invention is particularly suitable for removing particles of spent catalyst from an
industrial reactor containing them. The present invention further concerns a device suitable for
implementing such a process. 10Many industrial processes require the use of solid material in the form
of small particles. Examples of such material commonly,used in the form of small particles are solid
catalysts such as those used in chemical, petrochemica]f and petroleum refining processes. Such solid
catalysts are often used as one or more bed(s) of 15 particles arranged in a reactor. The reactor can
contain one single bed of catalyst particles, or several beds of the same or of different kinds of

catalysts. When rBore than on aed.i%pviesent in a single re?ﬂctor v?ssel the.b c;s are eneral:ly

separated in the verfE&PaiftitionS Wiihith 2R BY" 885 ecd‘l)% ﬁs%%ﬁ%ﬁpdr?% .‘éﬁfi‘?ing its
use in the reactor, the catalyst becomes progressively de-activated, and the spent catalyst must then
be unloaded from the reactor, for disposal.or recycling thereof. The unloading of catalysts from a

single bed reactor, or from RIS Bed T & MR bR 2t TorR g%n@rréﬂ?/%%?fom{ed“ﬁ b5
simple gravity flowai&i dubhapenoaaless iaithosne pressseih clog taiito mohe sddifethia keactor. The
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unloaded via the boloh '(gilgmpo F02 e ahixtlte'd aﬁ%hé‘"@!e? HusB'hs |Sn0c(f) Ls th&Botom bed

starts emptying, the s &l Badd®M flow via the transfer pipes into the bottom bed.
The present invention further concerns a devicetahle for

implementing such a process.

10 Many industrial processes require the use of sahdterial in
the form of small particles. Examples of such ma&kcommonly used
in the form of small particles are solid catalystsch as those used in
chemical, petrochemical and petroleum refining pEeses.

Such solid catalysts are often used as one or nbme(s) of

15 particles arranged in a reactor. The reactor camt&im one single bed
of catalyst particles, or several beds of the samef different kinds
of catalysts. When more than one bed is presentaisingle reactor
vessel, the beds are generally separated in théicadrdirection, and
with each bed supported on its own support tray.

20 During its wuse in the reactor, the catalyst becomes
progressively de-activated, and the spent catalystist then be
unloaded from the reactor, for disposal or recyglithereof.

The unloading of catalysts from a single bed reactmr from
the bottom bed in a multi-bed reactor is generaplgrformed using

25 simple gravity flow via dump nozzles which are pees in the bottom
head of the reactor.

The unloading of catalyst from the upper beds inltmbed
axial flow reactors can pose additional difficulsieln some cases,
inter-bed transfer pipes are used, in which cadetla¢ catalysts are

30 unloaded via the bottom dump nozzle as a mixtureadfthe beds,
because as soon as the bottom bed starts emptynegupper beds will
flow via the transfer pipes into the bottom bed.



2 This mixing is often not acceptable, in particular when the catalyst is to be recovered for re-use.
In this case, the beds must be unloaded individually. The usual design practice is therefore to
install side dump 5 nozzles at the bottom of each of the upper beds, which protrude through the
reactor side wall. Whatever the design of the reactor (one or more beds of catalyst, with one or
more dump nozzles), an inventory of solid particles will gnly flow under gravity through a dump nozzle
once the 10 nozzle exceeds a certain minimum slope (called the angle of repose). This angle of
repose varies for different catalysts, and is dependent on several physical factors such as size, shape
surface condition, but is often of the order of around 45. However, the design and construction of

sloped penetration 15W L[ux;[h |cl§ WéaIJ %(ili t}ﬂnpge é'ﬁ? El'sgg(ljs ﬁ ?Lgbm%pe{rﬂl ve,

and thus designers often ins aII ofiZORtal dump nozzles in t ese dump nozzle

cannot serve theif fH@HRId ISuffo e tb%%%?uﬁ%a@ﬁgréfﬂfeebeﬁ’pmw Qréiﬂgﬁﬂowulﬁﬁé&l as
explained above, dor aatletp inakizialwadlpw catalyst to flow 20 under gravity, it needs to be sloped

downwards at a minimum3gie, G4e. G, noy'get 46 angleLiBROSto_indfalfedig featalys

particles from a bed equipped with a horizonta nozzle is therefore maé)ractlce usually done by
vacuumlngthe pdfidéErorthtBp BPINeBe® M plocREstHEs SHYRGErd S H AR OV Biming
of the catalyst ustialg ugdulth in s=vete bheddieageadl. the catalyst particles, in some cases as much as

50% but seldom less than@Raelf e INEntinad R regoverthecatalyst feuss thiobecakage
represents a very sg?l%cant Iosnof material, as the broken 30 catzf t particles ca I{]g& be rE éi
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and must be segr% cr}gléh d 0 & 5p5‘§88 \%%[IU?mHé’ e cé@gﬂ\m |r?18
the duration of th@@hﬂt‘d@\&n\wﬂ ke yaEtory viHIEH € aBr RSt |Fhé%@ﬁ|@atﬁtl8 EhoRidRes dieto

reduced pductigravadabiiteefdbeainiestavhion thenieante i@ parted angfacoumivgosenlly

;‘j)%‘;}'igisczt”et{jy“'f”frm% VERGFL (BPIc0 R SPGAIY ST AL AR BN R WNSHETEE e nt on
several physical factors such as size, shape sarfmndition, but is
often of the order of around 45°.

However, the design and construction of sloped peateon

15 welds through thick-walled, high pressure vessess difficult and
expensive, and thus designers often install hortabmlump nozzles in
the upper beds. These dump nozzles cannot server timended
purpose, to allow unloading of the bed purely wigravity flow.
Indeed as explained above, for a dump nozzle tovaltatalyst to flow

20 under gravity, it needs to be sloped downwards aniaimum angle
value, corresponding to the angle of repose.

Unloading of catalyst particles from a bed equippedh a
horizontal dump nozzle is therefore in practice aldy done by
vacuuming the particles from the top of the bed.isTiprocess has

25 several drawbacks:

- Vacuuming of the catalyst usually results in sevdreakage
of the catalyst particles, in some cases as muclb@% but seldom
less than 20%. If the intention is to recover thealyst for reuse, this
breakage represents a very significant loss of mateas the broken

30 catalyst particles cannot be re-used and must lygesmted (screened)
and disposed.

- Vacuuming is a slow process, which impacts on theation
of the shutdown of the reactor, which can result ansignificant



5 support equipment and procedures, and specially trained personnel. Even then, inert entry is a
hazardous activity, and there is a strong desire to minimise this work as much as possible.

Vacuuming of a bed of catalyst can also be done by inserting the vacuum hose into the bed via a
dump nozzle at the bottom of the 10 bed. This largely avoids the third of the above-mentioned
problems, viz, there is reduced need for entry into the vgssel, but does not address the first two, viz,
the breakage of the particles and the speed of unloading. In addition, it adds a complexity in that, when
inserted into the bottom of the bed, the vacuum hose can easily become 15choked. As an
alternative solution, an Archimedean screw type device, called a catalyst auger, can be used in the

horizontal dump nozzle ysically extract t lyst i is devi antage
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the particles are ¢psded o0l at gdlighamedoaisy thed difegtion the above-iened problems,

viz. there is reduced need for entry into the veésdmut does not

address the first two, viz. the breakage of thetjghes and the speed

of unloading. In addition, it adds a complexity that, when inserted

into the bottom of the bed, the vacuum hose canilgabecome

15 choked.

As an alternative solution, an Archimedean screwetydevice,
called a catalyst auger, can be used in the hotizlodump nozzle to
physically extract the catalyst. While this devibas the advantage of
extracting the catalyst without the aforementioniekrt entry, it is

20 still very slow, and also creates significant bragk of the catalyst.
Safety concerns have also been raised due to saneeelxperiences
during use.

A further alternative solution is described in patepplication
WO 94/20396, which describes a vacuum apparatus pcamg a

25 suction pipe connected to a vacuum apparatus. Tk af the suction
pipe comprises jetting means, arranged to provigduaality of jets of
gas all around the tip of the pipe and directediadg into the pipe, in
order to agitate the catalyst around the tip of fhpe and allow it to
be sucked up by the vacuum hose.

30 However, such a device is not sufficiently effictert requires
applying a high vacuum to the outlet of the suctipipe, to induce
particles to flow along the pipe. Furthermore, agl@ volume of gas
needs to be injected at the inlet end of the suttpope to keep the gas



5 changes such as bends and elbows in the system will result in particles being impacted against the
outside wall of the conduit. In essence it is simply a method to make traditional vacuuming of the bed
easier to control, by supplying additional gas to avoid choking, but does nothing to mitigate any of the
other problems associated with the 10process of vacuuming. The present invention aims at
providing an improved process, which allows the unloadjng of particulate material from a container
vessel in a rapid and effective manner, while minimizing the risks of breaking such particles. 15The
present invention further provides a removable and portable device for implementing such a process,
which can be used in a simple, effective and safe manner. In particular, such a device can be inserted

into existing hOI‘IZHgW| qllgpé) n%zﬁ%[)d%wgﬁg rkgélsmg "}-96@& ah ct% BC Olétdneclaarpﬁ%l
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the particulate material flows by simple pressure diiferential in Idized”state vesse

without any 10 sWHtahti& H@&d@?t%@ﬁ%@ e RAHIGUAABI R BEE B RofR MR Bethe
extraction pipe, itve seriinunuslyapdeniakied iy additioms mmedeial haleapsimgifvgn hiee pakised bed

above, into the in[e,tesgegpgogﬁpneﬁtéqgggg Pipe.
15 The present invention further provides a removabdad
portable device for implementing such a processicllcan be used in
a simple, effective and safe manner. In particulsmch a device can
be inserted into existing horizontal dump nozzlegs\pded in existing
industrial reactors, without mechanical modificatsoof the reactor in
20 guestion.

The present invention therefore concerns a procdes
unloading a bed of particulate material from a vessvhich comprises
inserting a removable and portable extraction pipe the lower part
of said bed, injecting a fluidization gas upwardhto said extraction

25 pipe from the bottom part thereof along the entiength of the
extraction pipe, and applying a positive pressurdedential between
the inlet and the outlet of said extraction pipe.

The purpose of said fluidization gas is not to emtr the
particles in a high velocity gas stream, but rath@rcreate a localised

30 dense fluidized phase of particulate material imsithe extraction
pipe, along its length. As such the flow rate oetHuidization gas can
and should be advantageously controlled to the mim required to
achieve this fluidized state.



The process of the invention is very efficient, and allows 15 unloading of beds of particulate material
in a safe and quick manner. Furthermore, by transporting the particles at a relatively low velocity in a
dense phase, it avoids the breakage that is associated with the high velocity dilute phase vacuuming
process. The flow rate of particulate material exiting the vessel can be 20 controlled, in
particular by adjusting the pressure differential betweengthe inlet and the outlet of the extraction pipe.
At the outlet of the extraction pipe, the particulate material exiting the vessel is simply separated from
the fluidization gas, using any suitable means. Such means of separation are well known to one 25
skilled in the art, and include for example cyclone separators or any other gas/solid disengagement

device. By 'dense fluized piase gloparticuifis mioterial i is meant that sfficient fdjgation gas
is injected to maintain the particles in a vertically suspended state, but without any Significant vertical
30transportation 8/HE@pHARIEPE WiHeBRIAXRidA s RSRjSded ARy the léntite ieAnth dfithe
extraction pipe, tHiéd ve torsdyy ftdra ita fnketr(itsidd thieevensed)storiés difflet @itiselrvefdhe tvass@l)o This

insures that the flyidizatign i%@airétg{r?ggt%ﬁr tﬁ%g]tirﬁeléggm é)ggheoq.a%wit. iR die pﬁ(gagigré 6 pipe.

Indeed, if S\t/any point the fluidization Is lost, there is a risk that theﬁ)_artlcles will slimp back to create a
|

local bed, Yhich ¢BGIY FHES HPATBRIALe U @ EESLHBNAGHEI Niahaitad) | RfehdtR a2 LERE in the
invention can be amylgdsafhitie istcantpatiblel péth the nenvienddihe paritzlat matéridk and lof the
process that was ¢gias Adigdhe ¥essglet. It can be chosen in particular from air, water vapour,

Mudzaton gas i preferaty cRoso o e Gastl oo Rt 1€ DA QLo o= SIS re
particulate materiBl 85& éperfl (ied95t i tHel0sa dfdined giate MutitRibregesss préfepticiatause
it avoids a0y risk ofipelf aghitian phearapaatyybeadhe gas eostaeisdngdsethertalysd (heaterial
flows out of the extraction pipe, it is continuoysteplenished by
additional material collapsing from the packed babove, into the
inlet scoop of the extraction pipe.

The process of the invention is very efficient, amdlows

15 unloading of beds of particulate material in a safed quick manner.
Furthermore, by transporting the particles at aatedely low velocity
in a dense phase, it avoids the breakage that so@dated with the
high velocity dilute phase vacuuming process.

The flow rate of particulate material exiting thessel can be

20 controlled, in particular by adjusting the pressukiéferential between
the inlet and the outlet of the extraction pipe.

At the outlet of the extraction pipe, the partictdamaterial
exiting the vessel is simply separated from theidlmation gas, using
any suitable means. Such means of separation ailé kmewn to one

25 skilled in the art, and include for example cyclomeparators or any
other gas/solid disengagement device.

By “dense fluidized phase of particulate materiaif',is meant
that sufficient fluidization gas is injected to nmadain the particles in a
vertically suspended state, but without any sigoait vertical

30 transportation of the particles.

The fluidization gas is injected along the entirength of the
extraction pipe, that is to say, from its inlet ¢ide the vessel) to its
outlet (outside of the vessel). This insures thhae tfluidization is
maintained over the entire length of the path withihe extraction



15 latter being potentially self-heating and pyrophoric), which could be hazardous, and damage the
catalyst particles as well as the equipment. According to the invention, a small positive pressure
differential is advantageously applied between the inlet and the outlet of the extraction pipe, to keep
the flow of particulate material out of 20 the vessel. That is to say, a pressure is applied so that the
pressure remains higher at the inlet of the extraction pige (inside the vessel) than at the outlet of the
extraction pipe (outside the vessel). By small pressure differential, it is meant a pressure
differential of at most 1.104 Pa (that is to say, not more than about 0,1 25bar). The pressure
differential can be applied either by applying a higher pressure inside the vessel, while keeping the

outlet o the extiaglon PIRe 2LAMOSRNSIE UG T8 FASERG N UESTRLALIT R prpostre

while applying a vacuum e outle xtr ction p er embodiment, the
extraction systent BetRa el het %WBCQ%%F%u%Ei%ﬁ@yﬁe'rﬂca%' tﬁ&@ 'I%’ib\ﬁﬁ %Cihéeﬁr‘l’dF art,
where removal ofithe galidiclesge eskehtaix tlerstilnvaqueming. These vacuuming systems require

applying a relatively 7 deeR a5 h'a MLURSY RHORAPRIRMTTACER M A0 i

the particles as a dilute phase in a high velocity gas stream. As noted earlier, thesé systems are not
very efficieht, quits HEORIABILL B TBORE B cAlif R BFURKIGEESTHE pretbied biiFative
consists in applyipgeckighdhpdsiias prassi@d insidenttib @egsels &his is to ensure that, in the event of

a small eak n the system tog plankeding i Wl Bapuivardraioush i (eak bs eyahagiment

h h ff ! Il leak I I b ked
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could induce selfexBAGt I fise spent catalyst. Such a positive pressure can be applied at the top

of the paft@ulate materiafied, fipiietRtatiboattgabiedopref e pepseh bas herand Sisgaledsyvidua h
temporary lid. Thlg £an B%ﬂegqll&){ E”?F(B' grq gas (which can be of the same nature as the fluidization
as

gas, such as preferably an iner Into the up er part of the vessel, above the bed of particulate
material. When the partlcula materlal is a spent catalysg use of an

inert gas as fluidization gas is preferable becaiis®voids any risk of
self ignition phenomena when the gas contacts theducatalyst (the
15 latter being potentially self-heating and pyrophodti which could be
hazardous, and damage the catalyst particles akagethe equipment.

According to the invention, a small positive pressu
differential is advantageously applied between thket and the outlet
of the extraction pipe, to keep the flow of partiate material out of

20 the vessel. That is to say, a pressure is appliedhsaat the pressure
remains higher at the inlet of the extraction pifdaside the vessel)
than at the outlet of the extraction pipe (outsitie vessel).

By small pressure differential, it is meant a pness
differential of at most 1.10Pa (that is to say, not more than about 0,1

25 bar).

The pressure differential can be applied either dpplying a
higher pressure inside the vessel, while keeping dutlet of the
extraction pipe at atmospheric pressure, or by kegphe vessel at
atmospheric pressure while applying a vacuum to thelet of the

30 extraction pipe.

In this latter embodiment, the extraction system tfe
invention is not a vacuum or suction system as ehé&smown in the
prior art, where removal of the particles is essalhy done by
vacuuming. These vacuuming systems require applyangelatively



Such a pressure can also be applied within the bed of 20 particulate material, at the inlet of the
extraction pipe. This can be done for example by injecting an additional amount of gas (which can be
of the same nature as the fluidization gas, such as preferably an inert gas) at the inlet of the extraction
pipe, so as to create a localised region of high pressure at the inlet, and thus the pressure differential
25 between the inlet and the outlet of the extraction pipg. The system for injection of this pressurisation
gas is separate and independent from the fluidization gas injection system. According to a
further preferred embodiment, a part or all of the fluidization gas is removed along the length of the
extraction pipe, 30 in the upper part thereof Thus, according to this embodiment, the injection of

fluidization gas crgg%ﬁ)% § rasS ogv a§ofr%r8 dlg% b$ ig%té) géoH okoth ?ﬁ[&acéq%nen th %lﬁfg its

length. 8 Thise Imen av0|ds aving a cumulative®increase oﬁg@as alo
extraction pipe. €NtrAINHBoBRAESH AFtRSK ﬁll@%@ HehdpBoktrdl b ?féﬁsﬂ?%ﬁH@ﬁuﬁUlz‘éﬁ
phase of particulate tedtegial htong tthe dengthsticthes Saestraction pipe.dffgasietitar, Hezdaosyf the

fluidized phase o tﬁp@}g,@&age%rllg%] weTapTe e Tplecly syrgg%gggconstant along the length of the

extractlonrglpe This embodimen er faC|I|tates garatlo of the particulate material from the

fluidizatiogas, at the outl®fRAE @)Elrrﬁgtlé‘ﬁtﬁfé@tib?h% NRAPASOh RO %8 S MRk ction
pipe from the botfore pautrtheesfcantbe diresteel pefppeadisultrlyeto shia et ptbtiiiee @vs of safd pipe. It

can also be inJ’eCt@n%Hllarl UNgd dirpetiQy WA dSt‘I"F@ opiieh fe&m@xga@owmn g @ Rrgfarsed
embodiment, the fluidization asds jnj cted into 15 the extr ctl In an inc direction towards
the outlet of the e trgclﬁ%h |1pg% ﬁllf ejﬂn ﬁa?g?]a I@ﬁ/ﬂ %Sfé) %ﬁﬁeﬂ'&ﬁﬁfﬁkﬁuse gQi%Pé%ld pipe
ranging from 0 to&]@)ﬂi@;‘ﬂe@y prafa Ay o@Méﬂrééﬁanmeg the Shibclion&iF MadisHede Babfurther
helps, in 120 combfiratinghvithehie pesitive fiesswertlifiefeatialdsitwgensibadniat andh e guiiehef the
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catalyst.
Such a positive pressure can be applied at the d¢bpthe
particulate material bed, preferably after the wipthe vessel has been
15 sealed with a temporary lid. This can be done byecting a gas
(which can be of the same nature as the fluidizatigas, such as
preferably an inert gas) into the upper part of thessel, above the
bed of particulate material.
Such a pressure can also be applied within the lodd
20 particulate material, at the inlet of the extractipipe. This can be
done for example by injecting an additional amowftgas (which can
be of the same nature as the fluidization gas, sashpreferably an
inert gas) at the inlet of the extraction pipe,&a®to create a localised
region of high pressure at the inlet, and thus pmessure differential
25 between the inlet and the outlet of the extractpipe. The system for
injection of this pressurisation gas is separatel amdependent from
the fluidization gas injection system.
According to a further preferred embodiment, a partall of
the fluidization gas is removed along the lengthtloé extraction pipe,
30 in the upper part thereof.
Thus, according to this embodiment, the injectionf o
fluidization gas creates a cross-flow of gas, frome bottom to the top
of the extraction pipe, along its length.



As already stated, the extraction pipe is inserted into the lower part of the bed of particulate material,
and more preferably at the 25bottom part thereof. The extraction pipe does not particularly need to
penetrate too deeply into the bed of particulate material, only deep enough for the inlet to be entirely
covered by the bed of particles. This will ensure that there is a continuous supply of material from the
bed of particles 30to replenish the material that is beinggextracted. The present invention can in
particular be used for removing particles of a solid catalyst (such as a used catalyst) out of a reactor.

In this case, for inserting the extraction pipe into the bed of catalyst particles, use can advantageously
be made of the side dump 9 nozzles (such as horizontal or inclined dump nozzles) which are present

on some reactors and Whilc}l;]i Brotmdgg%mm%gn tgsl é&r‘agtqu é{\(ﬂlfésg’a%ﬂ&% R%]t%m (f%eﬂ%‘r ?%% f%f]].lcrhgtalyst.

The extraction pipe can be inserted through such dump nozz and's e sealed tightly to the
flange thereof. 2lTRE PRI RS rEIBR VAR dBE ot particularly require that the extraction
pipe be inclined downwartis s eande thengarticulath enatdtmhvte Bowenyeof doe vesiselieTHeredorg the
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the horizogrtal that Is inferjor or e%ual to 45 degrees, prefera I% Inferior or équal to 30 degrees, even
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when used througraat houizdetaiatepi abzekenit ddemn tagizontzly 1 5Fhik egirst@mts aloimgpditant

advantage of the RrggeRt BVeALORHIRIAE EhSpYpE aliMis asreHisteinh and $avislyad (weading of the
particles_ even lthrou ho {zonta}]q mp_no Izle_ that are pres nftron some acﬁ?rs. , tThe
present invention THALA LiHEeTke DEAVRIG SNAbTE FAF S0 A g ST SSL 8% 1R fi8ent
invention. In pathetaf, the mEsemeimBritieconcerns a device for unloading particulate material
from a velggel, comprisingrareeKiyagigatpine which sopsigemaong dhe ritietiyigp of dmbettem part
injection means syiianie for ieeiig &JMIdER100 PHRYA BL N8ndiculadythe lengthwise

axis of said pipe. It can also be injected in arclined direction

towards the outlet of the extraction pipe.

In a preferred embodiment, the fluidization gasingected into

15 the extraction pipe in an inclined direction towarthe outlet of the
extraction pipe, with an inclination angle with =g to the
lengthwise axis of said pipe ranging from 0 to 9€gdees, preferably
of 45 degrees.

Inclining the injection of fluidization gas furthehelps, in

20 combination with the positive pressure differentia¢tween the inlet
and the outlet of the extraction pipe, the flow fédidized particulate
material towards the outlet of the extraction pipe.

As already stated, the extraction pipe is inseritetd the lower
part of the bed of particulate material, and moreefprably at the

25 bottom part thereof.

The extraction pipe does not particularly need enetrate too
deeply into the bed of particulate material, onlgegp enough for the
inlet to be entirely covered by the bed of partslerhis will ensure
that there is a continuous supply of material frome bed of particles

30 to replenish the material that is being extracted.

The present invention can in particular be used femoving
particles of a solid catalyst (such as a used gatalout of a reactor.

In this case, for inserting the extraction pipeanthe bed of
catalyst particles, use can advantageously be mafdthe side dump



25said extraction pipe. Preferably, the injection means comprise means for injecting a multiplicity
of small jets of gas into the extraction pipe. Such multiple jets can be obtained by different methods.
According to a first embodiment, the injection means comprise 30 a chamber present along the length
of the bottom part of the extraction pipe, in particular an injection chamber delimited by the inner and
the outer surfaces of the bottom part of the pipe, such opamber being provided with a plurality of jetting
apertures protruding through the inner surface of the bottom part of the pipe. 10 The injection
chamber is connected to a supply of pressurized fluidization gas. According to a second
embodiment, the injection means comprise a set of high pressure tubes which are provided with small

5holes over their he ( SSLH:?H hg] 18?:8?%6%{%)?’ Iar(?rp ﬁﬁ%r?:} a §1e e&gi fe{ﬁﬂﬁlﬂ of tltbe

bottom part of the ex ractlon ressure U|d|za ion gas. e sized oles In the
pressure reason&BKIFGH Sﬂés%%%?dr%@ﬁéloz I@EG WQUB*‘P%%W ge dppriehiaactae wWeds to
create a high pressutiealioptover ihe éaividvetveftdmiasytetequalise the fluidization gas flow over the

length of the extraction pipg,¢L 2REFLT|B% 1B i BreleH §rbeMuetBa NG MG iz 2 les,

5 and should be sealed tightly to the flange thereof.

The system of the present invention does not patady
require that the extraction pipe be inclined dowmds to cause the
particulate material to flow out of the vessel. Tafore the extraction
pipe can be either kept horizontal, or inclined dwardly, with an

10 angle with regard to the horizontal that is infarior equal to 45
degrees, preferably inferior or equal to 30 degreewven more
preferably inferior or equal to 15 degrees. Accaorglito a preferred
embodiment, in particular when used through a honial dump
nozzle, it is kept horizontal.

15 This represents an important advantage of the prese
invention, that is to say, it allows an efficiemdsatisfying unloading
of the particles even through horizontal dump n@szthat are present
on some reactors.

The present invention further concerns a devicetahle for

20 implementing the process of the present invention.

In particular, the present invention concerns a idevfor
unloading particulate material from a vessel, commprg an extraction
pipe which comprises along the entire length of hsttom part
injection means suitable for injecting a fluidizani gas upwardly into

25 said extraction pipe.

Preferably, the injection means comprise meansifgecting a
multiplicity of small jets of gas into the extraon pipe.

Such multiple jets can be obtained by different hods.

According to a first embodiment, the injection mesacomprise

30 a chamber present along the length of the bottom phthe extraction
pipe, in particular an injection chamber delimitbg the inner and the
outer surfaces of the bottom part of the pipe, switamber being
provided with a plurality of jetting apertures prading through the
inner surface of the bottom part of the pipe.



device further comprises means for removing fluidization gas along the length of the extraction pipe, in
the upper part thereof. Such means can comprise for example a collection chamber located along
the upper length of the extraction pipe, such as a 20 chamber delimited by the inner and the outer
surfaces of the upper part of the pipe, such chamber being provided with a plurality of apertures
protruding through the inner surface of the upper part ofghe pipe. Such chamber is advantageously
vented to the atmosphere, separate from the main extraction pipe outlet. 25The collection chamber
can be connected to gas extraction means, such as a vacuum system, in order to increase the amount
of fluidization gas that is removed via the collection chamber. In a further embodiment of the

device, such collection Chﬁﬁ@%hjﬁ&ﬁgﬁe&l‘aﬁ%%g¥ (Lgec%rrm%r t%u#)e{%w'thsp&g@gﬁ,sl%ﬂgg' the

30upper part of the extraction pi ese tubes can be connected together te a'more efticient
fluidization gas reMBPAT &/LeEnPas. |n a less preferred embodiment of the device, no fluidization gas
removal system is provideéc; @nctiimeyfluidizadiors gas iscall@neloldd iexi the edtiieictiongpie togebiea with

the catalyst. 11 o Hitidavige oL ihgryeHigs 33 aFeiBasous)K (LS RSARDHSS RIPSERIAlP

means for injecting an additional amount 0f gas at the inlet of the extraction pipe, so as to apply a
pressure differentd GO HHEGHIdEA™ e outlet of the extraction pipe. 5The extraction pipe of the
invention can be made ofSugthdrcbWwepriagauaceiiah ssch s pretakio tralerigl, threhaebitivg diningf

plastics. The otheh@esng Shthslevire AEIRSIRIIIOR (Sird as high pressure tubes) can be made of
the same type of material Accordirgéto an aéjvanta eous emb%dig nt, the tranj:}//ers
adgﬁ rt t

dimensions of the extracti nepu%%? {Ight[H FhePipe AN HeiHedred t?irc?db%p e 85%%%9@5 of

an industrial reactti] @izRsEdled aightly onto the flange thereof. A tight sealing of the extraction pipe
unto the mozzle of the rearips is prefesteth én ppdestabea iadlpie skate anh BwiswiBELS RIessUEe

differential betwe?ga@%“ﬁg%tﬁnﬂitgﬁ Objltl{faésure (around 2.11® 6.1F Pa) can be applied
inside the tubes, to create a high pressure droprawe individual
vent holes to equalise the fluidization gas floweowhe length of the
extraction pipe.

15 According to a preferred embodiment of the invemtiothe
device further comprises means for removing fluatibn gas along
the length of the extraction pipe, in the uppertpthrereof.

Such means can comprise for example a collectioandher
located along the upper length of the extractiorpegi such as a

20 chamber delimited by the inner and the outer suefaof the upper
part of the pipe, such chamber being provided wahplurality of
apertures protruding through the inner surface lod tpper part of the
pipe. Such chamber is advantageously vented to atmosphere,
separate from the main extraction pipe outlet.

25 The collection chamber can be connected to gas aexiton
means, such as a vacuum system, in order to inerehse amount of
fluidization gas that is removed via the collectiohamber.

In a further embodiment of the device, such colientchamber
can be replaced by one or more tubes with apertulesated in the

30 upper part of the extraction pipe. These tubes dmn connected
together to create a more efficient fluidizationsg@moval system.

In a less preferred embodiment of the device, noidization
gas removal system is provided, and the fluidizatgas is allowed to
exit the extraction pipe together with the catalyst



150f the extraction pipe. The inlet of the extraction pipe can be advantageously scoop-shaped, in
order to facilitate the entrance of the particles into said pipe. The invention will now be further
illustrated in a non 20limitative embodiment and by way of example only, with reference to the
accompanying drawings, in which: Figure 1 is a schematic illustration of the principle underlying
the present invention. Figure 2 illustrates a longitudinal section of a preferred 25embodiment
of the device of the invention. Figure 3 shows a longitudinal section of another preferred
embodiment of the device of the invention. Figure 4 illustrates a transversal section of the devices
of Figures 2 and 3. 30Referring to Figure 1, a vessel 1 such as a reactor comprises a bed 2 of

particulate material such 3s, atad)@i% rtic gs. eTqﬁ\;%% %rnfur@§ﬁ comgﬁlsaagg%qgtahg?{np
nozzle 3 protruding outside of the reactor 1. 1? According to the invention, an exiraction pipe 4
has been inserted HARIJAGNB GRAB RIEIE'S A8 Y 1HNECHHIEoR tha BdbEIRawRbIRH 8RB Ble

nozzle by meansthe inlet of the extraction pipe, so as to applypr@ssure differential
between the inlet and the outlet of the extractppe.
5 The extraction pipe of the invention can be madeaafy hard
wearing material, such as metallic material, orcharearing plastics.

The other means of the device of the invention {swas high
pressure tubes) can be made of the same type oémads.

According to an advantageous embodiment, the transs

10 dimensions of the extraction pipe are such that fhee can be
inserted through the dump nozzles of an industredctor, and sealed
tightly onto the flange thereof. A tight sealing tife extraction pipe
unto the nozzle of the reactor is preferred, ineartlo be able to create
and maintain the pressure differential between ithet and the outlet

15 of the extraction pipe.

The inlet of the extraction pipe can be advantagdpuscoop-
shaped, in order to facilitate the entrance of ferticles into said
pipe.

The invention will now be further illustrated in aon

20 limitative embodiment and by way of example onlyithwreference to
the accompanying drawings, in which:

Figure 1 is a schematic illustration of the prinl@punderlying
the present invention.

Figure 2 illustrates a longitudinal section of aefarred

25 embodiment of the device of the invention.

Figure 3 shows a longitudinal section of anotherefprred
embodiment of the device of the invention.

Figure 4 illustrates a transversal section of thevides of
Figures 2 and 3.

30 Referring to Figure 1, a vessel 1 such as a reactonprises a
bed 2 of particulate material such as catalyst igdes.

The reactor further comprises a horizontal dump ziez3
protruding outside of the reactor 1.



The extraction pipe 4 comprises injection means (not shown) 5 along the entire length of its bottom
part. A fluidization gas is injected upwardly into the extraction pipe 4 through such injection means, at
a rate that is just high enough to create a dense fluidized bed 5 of particles all along the length of the
extraction pipe 4. The pressure P1 in the bed 2 at the inlet 6 of the extraction 10 pipe 4 is higher than
the pressure P2 at the outlet 7 of the extraction pipe 4.12 Under this pressure differential between
P1 and P2, the fluidized particles 5 flow from the inlet 6 towards the outlet 7 of the extraction pipe 4,
out of the vessel 1, where they can be separated 15 from the fluidization gas using gas / particles
separation means not shown. Figure 2 show a detailed longitudinal section of a preferred

bodi t for th tragti i Fi T t] i [
jecting a 20 multpicity o SO of oat S A e AL, TP Eorand Beflom
length thereof. It {hRSE @ENtAIFRUHEEaRE 8 10 FBERAT] € iME Qe §aso WIRE RS §BS Hagd 2,

transversed the talved sealdwe exitactioe pipeZl éulthemesntair®. means 10 for injecting an additional
amount of gas at the nletfof the PXKRINIRE & Yo ABASIACIAIACAREd aBETHE

region at t%e inlet 6, and thus a small pressure differential between the inlet 6 and the outlet 7

extractionPipe 4.23089 mihs QAR B h Predisur® AILRE1 P WhicH bnl AR Bd@fichdSyas at
the inlet 6 of the pipe dtenl thepaerick Yof iRituré® texineatio 0 greddesigribddn guctha iBewtp that the

fluidization gas isiHisggied RAMRENAIFEIaHY fodg &%ﬁgm\g{]ﬁe@%%fﬁhﬁ)pi@%t@enféglﬂfﬁiaiﬂws
apother embodi entcgth deV|tce|ofth |n\/|ent|o which is |mp r.to%%%f F?urg %.Wlth the
difference that th Fiband b AL UEEnEY iR SIS Ikl il ind vl het SiOgLE1ee,

The pressure P1 in the bed 2 at the inlet 6 of ékxéraction

10 pipe 4 is higher than the pressure P2 at the oufletf the extraction
pipe 4.

Under this pressure differential between P1 and RRe
fluidized particles 5 flow from the inlet 6 towardse outlet 7 of the
extraction pipe 4, out of the vessel 1, where themyn be separated

15 from the fluidization gas using gas / particles aegtion means not
shown.

Figure 2 show a detailed longitudinal section ofpeeferred
embodiment for the extraction device of Figure 1.

The extraction pipe 4 comprises means 9 for injegtia

20 multiplicity of small jets of gas upwardly into thextraction pipe, all
along the bottom length thereof. It further contaimeans 11 for
removing the injected gas, once the gas has trarsg&dethe tube.

The extraction pipe 4 further contains means 10 ffgjecting
an additional amount of gas at the inlet 6 of thd@raction pipe 4, so

25 as to create a localised high pressure region atithet 6, and thus a
small pressure differential between the inlet 6 ahd outlet 7 of the
extraction pipe 4. Such means are made of high sures tubes 10,
which only inject additional gas at the inlet 6 tife pipe 4.

In the device of Figure 2, the means 9 are desigmeduch a

30 way that the fluidization gas is directed perpendaly to the
lengthwise axis of the pipe 4.

Figure 3 shows another embodiment of the device tbé
invention, which is similar to that of Figure 2, thithe difference that
the means 9 are designed in such a way that thalidation gas is



directed in an inclined direction towards the outlet 7 of the extraction pipe 4, with an inclination angle of
45 degrees with regard to the lengthwise axis of said pipe. In both Figure 2 and Figure 3, the
gas removal means 11 can be 5 omitted, in which case the injected gas from means 9 will flow
together with the particulate material out of exit 7. As shown in Figure 4, the means 9 for injecting
a multiplicity of small jets of gas upwardly into the extraggion pipe 4, comprise a set of high pressure
tubes 12, which are provided with small holes over 10 their entire length, and are connected to a
supply of pressurized fluidization gas not shown. In the same fashion, the gas removal means 11 is
shown to comprise a set of tubes which are simply vented to atmosphere, or connected to a vacuum

system (o increase e e Of 9 [RHIONEh JFFIAER 2 A pard hiber ghaw e Meagz o can

be made of two hlg pressure tubes ich inject an a al amoun as at the'inl
extraction pipe 4.PiReCAAIMSth an, WBFU@Q@%r%’hQJ&dl% é‘@ed’?gr&‘%r‘%ﬁ%é‘mat@ha‘ihl%m a
vessel (1), which leomgptises ssetin® & saritbyaple.and portable extraction pipe (4) into the lower part

of said bed, injecting a 5 flpigizatien éjgﬁé@v\@ﬁ(yyr_i%%%efx ﬁ@tl&gé)lp@ng@\jmnﬁggﬁﬁ?g}{nwrt

thereof, along the entire length of the extraction pipe, and app ying a positive fEéressure differential

between tRe inlet dMtHES outlet ¥HUSH eﬁﬁ‘ﬁ@tloWﬁlpénJeCt% T BrollQd8 of REFRS IR the
fluidization gas istd@ehfeztedish d benpralitid fitat eateadwotad sato tcefaeeX i dense fluidized phase (5) of

said particulate material ir,agdgﬁWt{ﬁcﬁ@g@@ez(@”?éongéhﬂgngtmor in I%C'I{hqa TQGRSH St pny
preceding claim, WrrerelnI all pressure differential |ts applied between the n let (%z and the ou Iet (7)
15 of the-extracti S Lo 11a lecht oS LS gy PR LEBRE: et BT pipe

(inside the vessel‘?fchhigé.\t ﬂhée@ﬁlét%ftthlé@(tﬂa%tldﬁfp@b (@U@s@éQMéd\%és‘e@tha” bhorRs prY€dss of
the preceiding clatme iwhesgtirte| pregahre gifterential soanndiecldy applying @gpeyer peasstiredtside
the vessel fluidization gas not shown. In the same fashiong thas removal

means 11 is shown to comprise a set of tubes whichsimply vented

to atmosphere, or connected to a vacuum systenmd¢oeiase the rate of

gas removal.

15 Figures 2, 3 and 4 further show that the means 410 lse made
of two high pressure tubes 10 which inject an adbdial amount of gas
at the inlet 6 of the extraction pipe 4.



20 (1), and preferably within the bed (2) of particulate material, at the inlet (6) of the extraction pipe (4).
5. The process of any preceding claim, wherein a part or all of the fluidization gas is removed along
the length of the extraction pipe (4), in the upper part thereof (11). 256. The process of any preceding
claim, wherein the fluidization gas is injected into the extraction pipe (4) in an inclined direction
towards the outlet (7) of the extraction pipe, with an inclination angle with regard to the lengthwise axis
of said pipe ranging from 0 to 90 degrees, more preferdfly of 45 degrees. 307. The process of any
preceding claim, wherein the fluidization gas is chosen from air, water vapour, oxygen, hydrogen, inert
gases such as nitrogen, and mixtures thereof in any proportions, and is preferably chosen from inert
gases, such as nitrogen. 15 8. The process of any preceding claim, wherein the particulate
material is a solid catalyst, and the vessel (1) isar€dctorMS 9. A device for unloading particulate
material from a vessel (1), comprising a removable and portable extraction pipe (4) which 5 comprises
along the entire length of jts bottom part injection means (9) s it%bl for injecting a fluidization gas
upwardly into said extraction ﬁpgr(gfsz_ess%r L‘;l@!%a'agvi e%? Ia?%)Qf)g{/}%"f‘é ﬁ%@i‘iﬁeéﬂaﬁergﬁ'@éns
(9) comprise medi9 (12 foe fgedtih) a wblghiiciyropsinals jetsef tag 19inmamkee Rtnat ooy ik e
11. The device ofdherpra¢sHing ﬁi@m(d‘)heﬁﬁ'ﬂ the énjaelipa rm?%l'ﬁ (@fccﬁ_ﬁﬁ)ﬂ'sﬁbé' b‘éftm Rressure
tubes (12), prese tal(gn%{héa entire length roéthe b%tt?g' pag(tcr) tC (—;,'Oextra@t@nﬁn e ( ,whloc are
provided With small'holes ovet #dit RYHR! %Wﬁlc_h Fe GO 1BIBY s 6%@5 Ergss fZed
fluidization gas. Parti2henecfeviedwianybee endidind ongtin, ffrtHé&ecompiamg Phegns 10 for
injecting an additigppl wneunt o g8 iatdhe iRlet(Beof dinf erdiagion i Cdnsa it @ appl atpsessure
differential betWGSﬂfhgetiBlFE@gaQQHEC‘?}BlﬁtﬁQ gf the extraction pipe (4).
2. The process of claim 1, wherein the fluidizatigas is
10 injected at a controlled flow rate such as to ceeatdense fluidized
phase (5) of said particulate material inside thdraction pipe (4),
along its length.
3. The process of any preceding claim, wherein aaltm
pressure differential is applied between the inl@} and the outlet (7)
15 of the extraction pipe, so that the pressure remahghtly higher at
the inlet of the extraction pipe (inside the vegswlan at the outlet of
the extraction pipe (outside the vessel).
4. The process of the preceding claim, wherein firessure
differential is applied by applying a higher pressunside the vessel
20 (1), and preferably within the bed (2) of partictdamaterial, at the
inlet (6) of the extraction pipe (4).
5. The process of any preceding claim, wherein & pa all of
the fluidization gas is removed along the lengthtbé& extraction pipe
(4), in the upper part thereof (11).
25 6. The process of any preceding claim, wherein filnédization
gas is injected into the extraction pipe (4) in arclined direction
towards the outlet (7) of the extraction pipe, widh inclination angle
with regard to the lengthwise axis of said pipe garg from 0 to 90
degrees, more preferably of 45 degrees.
30 7. The process of any preceding claim, wherein filnédization
gas is chosen from air, water vapour, oxygen, hygenm, inert gases
such as nitrogen, and mixtures thereof in any proipms, and is
preferably chosen from inert gases, such as nitnoge



2013. The device of anyone of claims 9 to 12, further comprising means (11) for removing fluidization
gas along the length of the extraction pipe (4), in the upper part thereof.

15

8. The process of any preceding claim, wherein plaeticulate
material is a solid catalyst, and the vessel (1aiceactor.

9. A device for unloading particulate material froan vessel
(1), comprising a removable and portable extractipipe (4) which

5 comprises along the entire length of its bottom tpiamjection means
(9) suitable for injecting a fluidization gas upwddy into said
extraction pipe (4).

10. The device of claim 9, wherein the injection ans (9)

comprise means (12) for injecting a multiplicity emall jets of gas
10 into the extraction pipe.

11. The device of the preceding claim, wherein tihhgection
means (9) comprise a set of high pressure tube$}, ([i*2sent along the
entire length of the bottom part of the extractipipe (4), which are
provided with small holes over their length, andiwoth are connected

15 to a supply of pressurized fluidization gas.

12. The device of anyone of claims 9 to 11, furtltemprising
means (10) for injecting an additional amount okgs the inlet (6) of
the extraction pipe (4), so as to apply a pressdiféerential between
the inlet (6) and the outlet (7) of the extractipipe (4).

20 13. The device of anyone of claims 9 to 12, furtlt®@mprising
means (11) for removing fluidization gas along thength of the
extraction pipe (4), in the upper part thereof.



