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WO 2006/021662 PCT/FR2005/002035 DEVICE FOR LOADING A
VESSEL WITH SOLID PARTICLES AND METHOD USING SAID DEVICE
5 The present invention relates to a device and a method for loading a

WesSsshRepssiBdY 2 large vessel, the height of whichgpay pR2@0e sS85

tens of meters, with solid particles whose physical integrity must be 10
maintained. The device and the method according to the invention apply
more particularly to the loading of fixed-bed reactors, of the chemical,
electrochemical, petroleum 15 or petrochemical type, with solid particles
that may be in the form of beads, grains, cylinders, disks or rods, or in
anp DMTErHOFOROMORBINGaZt hey $8€& Df WEEHVSI9IsImal PARENCLES. AND

solid particles are in Rasticidar reddtive\sKagilegQligparticles that do 20

not well withstand a free fall from a height of several meters. The invention
will be described below in the case of inert beads, generally made of a
Teranyo; estwEch aren 28rdaded intolfixerbcatalyst béelvchesnical deactorsthod

Howevier s theApplicaptdaes notmean-tohe mited tq this padicsdar,  the
application %inc thehdevice and the method accordling to the inz_/er}%iog <
H’l%ﬂ‘/%]etus fof ﬁq?rodﬁncélwg ar(ley o%ﬁer%ﬁpesﬁvp%rr |culatfee Matérial into 30"
ai/ebset At iscknowh thatlmany-afgeechehiedl Faactarst /¥ féxample fromPe
5 1q 304neters. in height and about 3 to 6 meters in diameter, contain, at
the bottom of the 35 vessel, beneath the catalyst bed, a layer of inert

beads, for example having a high alumina concentration, which are larger
iAhsizedREA Bfe catdlyst Partid1es Lod s¢ 46 ¢F Preventtthe faht8r frdhy %%%rfgon
aggidentallyre particularly to the loading of fixed-bed

reactors, of the chemical, electrochemical, petroleum
or petrochemical type, with solid particles that may be
in the form of beads, grains, cylinders, disks or rods,
or in any other form, provided that they are of
relatively small dimensions. The solid particles are in
particular relatively fragile solid particles that do
not well withstand a free fall from a height of several

meters.

The invention will be described below in the case of
inert beads, generally made of a ceramic, which are
loaded into fixed <catalyst Dbed chemical reactors.
However, the Applicant does not mean to be limited to
this particular application since the device and the
method according to the invention may be used for
introducing any other type of particulate material into

a vessel.

It is known that many large chemical reactors, for
example from 5 to 30 meters in height and about 3 to 6
meters 1in diameter, contain, at the bottom of the
vessel, beneath the catalyst bed, a layer of 1inert
beads, for example having a high alumina concentration,

which are larger in size than the catalyst particles,
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discharged via the bottom collector of the reactor. These beads generally
have a diameter of less than 5 cm 5 and they form, on the base of the
reactor - or at any other point therein, for example on the bed support tray
in the case of a dual catalyst bed reactpr - a bed with a thickness possibly
exceeding two meters. 10 When loading these beads, it is essential for

them t& be deposited mtact or thé dottem of thenre&ctonor oacthedsetcally

YPporiray. gs Jfithey preakjntosmall flagments they fun the Jisk of

obstructing the outlet collector of the reactor or the support tray, thus 15
resulting in a pressure difference between the inlet and the outlet of the
réhetoe, Wisiell is exareswely Lprejurlitialao tieefficiency of thesreattorand cm

therefore dy finestenthe gperatar. 20, Several methods gtleading reactgrs 5ny

v(\éighsurch rellar;(i%/elxé ra i(Iee Qead% are kn}ggvn. gadirplg, Q%indigiggallg .
intro&ucin’a%ags or buckets' filled With beads ifto the reattor, which aret "

théR Y25 8emptied By af operatordn thecBétidrvi of theefbakfor Céonistitutés Bed
techinique that i vieryJeliable bul tooe stove toi bey nermaliyeexpleitable.
Another technique consists in loading the beads using a 30 flexible duct,
with a diameter from 10 to 20 cm, operating fully laden, that is to say filled

Wit Beakie@ fidrPone Etftotké Bther. Tthe ohefitsrdistibhites e bealds to
over thepbatiom of thetreactonrbytrhanually tadjustingtthe dicsaetepof the on

apening attheslowes epd 35 gf the duct while moeuing the. lafter within the,, 1,
reactor. This method, which does not u%r%ntee almost 1000 s%‘ccess in
a

04GR TAtAE: ball§ Yalso¥und the risk® ajo? SE&idENt Rhp&hihg t0'theS ©
opeldtor tthis i9 hedause, sheultahe openihd systempbe impréperty, - 3thus

hanslled-amghould the figxiblesducd supporin@ace between the inlet
and the outlet of the reactor, which 1is extremely
prejudicial to the efficiency of the reactor and

therefore in fine to the operator.

Several methods of loading reactors with such

relatively fragile beads are known.

Loading, by individually introducing bags or buckets
filled with beads into the reactor, which are then
émptied by an operator on the bottom of the reactor,
constitutes a technigue that 1is very reliable but too

slow to be normally exploitable.

Another technique consists in loading the beads using a
flexible duct, with a diameter from 10 to 20 cm,
operating fully laden, that is to say filled with beads
from one end toc the other. The operator distributes the
beads over the bottom of the reactor, by manually
adjusting the diameter of the opening at the lower end
of the duct while moving the latter within the reactor.
This method, which does not guarantee almost 100%
success 1n loading intact balls, also runs the risk of
a major accident happening to the operator. This 1is

because, should the opening system be 1improperly
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substantial load be torn or disconnected, it may drop or empty, completely
and suddenly. This not only results in the beads breaking but poses a
considerable 5 safety risk for the operator. The Applicant has recently
proposed, in its patent application ER32 829 107, a sinuous or helical
semirigid duct in which the beads descend by rolling 10 along the internal
facedif¢lde dact, it bemglpbssibie to fegulatelthe speed of desgent andg  a

Eh%%f%%@@a kineti,anergy %Tcﬂ?% epd Otﬂ%\@%a{@e@@éﬁadlgm %45}9 drop
slope. device desi:lbed in that a pllca complﬁf ly satlsfactor
e

|s
Béth f?orﬁ%ﬁ/é standp&int 8&%@ 157ate of I%a la%ﬁd th nlli%g dh% ty,
it hay the dqcawﬁéw dﬁ%éd@rabsi@@ﬁelaﬁedbprbblémge S‘Sp@cm@allsll@@rable
sinveus or-helicat shape, ef thee daviee and the relative rigidity of the '
material of the duct make it difficult to transport the device and to 20 install
and disconnect it through the manhole of the reactor. The Applicant was
d&ahe’dhjdctivert providingts cevViceYforldading ateacior with-SoliPatent
panticlesdbatb25 hasrthe aglvantages, butanot tke drawbkackse ef therdaviee: 1

g%ﬁ%{&bféj’ i F%@C%Zgl]IQ?’\A’H other words, 2, devicefor Intredycing, gnto,

the bottom of a vessel, at a |gh rate, relatively fragile particles without

Breaikihg tHEm 1 54if ttice 18Ry Bp a'shalFkifibunt of 36%hAge,POssible
equivatent ta tivat of laestraigheductcds  dizseribed above. Comseqdently, the

Qﬂ%é%@l@%@!é?%@r%@% inventien issa @J%X{F@lfobméfogH@”% sQlid ent of
gﬁrtlclei into a vessel, 35.es egilally |nt%a chemlc reactor, rising a.

which Ts ptje eralglleeX| le anoccfﬂ %I?llcélnthg Sém%g%oﬁ/ gon is
theougresaid dueefromihe toy dowar lehareterized is trar dfaithér of the

inglusles rinside dhe duchatdeast pne hetigalqagpifagtened t0 and meaungn e
drawback of several size-related problems.
Specifically, the sinuous or helical shape of the
device and the relative rigidity of the material of the
duct make it difficult to transport the device and to
install and disconnect it through the manhole of the

reactor.

The Applicant was set the objective of providing a
device for loading a reactor with solid particles that
has the advantages, but not the drawbacks, of the
device described in FR 2 829 107; in other words, a
device for introducing, onto the bottom of a vessel, at
a high rate, relatively fragile particles without
breaking them, said device taking up a small amount of
space, equivalent to that of a straight duct as

described above.

Consequently, one subject of the present invention is a
device for introducing solid particles into a vessel,
especially into a chemical reactor, comprising a duct,
which 1is preferably flexible and c¢ylindrical, the
particles flowing through said duct from the top down,
characterized in that it further includes, inside the

duct, at least one helical ramp fastened to and wound
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- 9 around a central shaft, said ramp having a width such that the

distance between its outer edge and the flexible duct is smaller than the

size of the solid particles to be introduced. 5 Another subject of the

invention is a method of loading a v_esieli especially a large reactor, with
solid particles using such an introduction device. 10 Each of the helical
ré%ﬁr@ the d@é’?@r@‘ gh%k{%\i@@,ﬂog receivesithe _ﬁ%‘@iﬁ’_& t'%les_w'li‘H%PlUC@Qch
via the upper end of the duct, stopping or preventing said particles from
fﬁ]% frelgﬁ/ein taé %%8{‘ tc):ye makﬁ(ientgg?ﬁgm Stid& or 8 ‘Under fﬁ'eeeffeacrf%f the
gravity fat 8 15/9péedithat &8sentially dagendslon thelsiepecdt sdibicrampl 1d

This device thusomakes i ppssiblestor the kinetic energy imparted to the
particles during their descent in the duct to be limited in a controlled

manner, by modifying several of the parameters of said 20 duct, such as
thé Sidperof I helical PAmBES and/o? "theHunitser 2lefi§th &t/ Grfspeeatyi ng
of therzanesl of the sguct cantajning sudhe adelicaldanmtp, or else the pitelv 11 d

qf 1he helical ramp(s), Itheing Nossible for these, parametets to be

modified separately or in combination. 25 The space requirement of the
device according to the invention is determined by the external
dimmehsions of the flexibleidiurct sunrempding thfe helical ratap,iard isof  the

copsequently identical e dhat of a cenventional dpJlexible; duct and smaller; 4
th?én that of a sinuqus ar thellcal duct as escrlb_ed in FR 2 829 107. The . q
opaFatidharéatéty of 3 devits adbbiding o thE L ihVertiontis CoRSiG&rkbIy> 2L

Highier cohfisaretnwith thatldf1i89 a Eégmvehtionial flekilste dlict Bis PHoe8atotng
oenerally pperate tlly-taden, theseby considermtdy-tedygingtherity, at a

speed that essentially depends on the slope of said
ramp. This device thus makes 1t possible for the
kinetic energy imparted to the particles during their
descent 1in the duct to be limited in a controlled
manner, by modifying several of the parameters of said
duct, such as the slope of the helical ramp(s) and/or
the number, length and/or spacing of the zones of the
duct containing such a helical ramp, or else the pitch
of the helical ramp(s), it being possible for these

parameters to be modified separately or in combination.

The space requirement of the device according to the
invention 1s determined by the external dimensions of
the flexible duct surrounding the helical ramp, and 1is
consequently identical to that of a conventional
flexible duct and smaller than that of a sinuous or
helical duct as described in FR 2 829 107.

The operational safety of a device according to the
invention is considerably higher compared with that of
a conventional flexible duct as it does not generally
operate fully laden, thereby considerably reducing the
weight of beads or particles present in the duct at any
cne time. Moreover, the weight of the Dbeads or

particles to be loaded is not, as 1s the case with a
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weight of beads or particles present in the duct at any one time. Moreover,
the weight of the beads or particles to be loaded is not, as is the case with
a 5 conventional straight flexible duct, supported only by the flexible duct
but mainly by the helical ramp that is fgst_ened to the upper part of the
reactor by a suspension mechanism independent of that of the duct. 5 The
r&%q{jéh% g:@&igd@ @gkﬁlﬁm of ?@ﬁ%i{)&g Q_@ger?n%@ﬁ%li&th% oné y by
nsiderably reduced. The central shaft bearing the helical ramp may be
e Tl B il 11 Tl b o DA el 10 of AP Ehat
thérmbprisHE ®f thértoséting TBBIAL or hidde of & reldtively fiédbler by a

rsateriah dar-example aplasticized gesinderan el@stamer; oglse-de duct.
mposite_material, h fibersreinfqrced or_textile-reinforced rubber.

g??%@ir% ET%FS c%rﬁrali%gaft arﬁf% ?gr% (—;‘lxeam é[éctgke %Hgéa E115nf((]5rm80];f adﬁj%%ocg[}l "o

sHliaFea v 8Add 8f the'ential SRAE Giiat Yed<t thissef a shaft element

supporting the helical ramp, may also be mounted on pivots so as to allow

said shaftstp.rotate, 2¢ fregly-under tf@]\e/ehggmfc@sgflgﬁla while they afg g

being loaded, thus mak,iréi1 it possible to speed up said loading.

Ritofhaling e Fstafion-Gding Shotor, 18P Ekaftiplé a prbamatic niitser+at
may alsbtberemidagedl 25dn atdrefeneeeermbodimens ohthecdevicedsf the a

ipwantiony the cental shaft isformed by a plyrality of shaft glepents, which g
are flexible or rigid,é eseC beirp articulatﬁd one with resgect to another. .,

NS la?rtic%fatica)n is pagritlscu(farf}ﬁ/ Beneficial when ?hecﬁnge.rﬁrla? Shaftisa *° L
reltielyFigid thibeor 166,145t iP thed advaritagéddsly rRtedsesIRe ovaraller
flexibitisys 0f therdevicecand-makessith gasiemtoyhandle. thadpsign tofiee the

%gyﬁl shaft Up.of %eé/ﬂa(q e]!%rggnts articulated one with respect to

another also allows the

The ends of the central shaft, or at least those of a
shaft element supporting the helical ramp, may also be
mounted on pivots so as to allow said shafts to rotate
freely under the weight of the beads while they are
being lcaded, thus making it possible to speed up said
loading. Automating the rotation using a motor, for

example a pneumatic motor, may also be envisaged.

In a preferred embodiment of +the device of the
invention, the central shaft is formed by a plurality
of shaft elements, which are flexible or rigid, these
being articulated one with respect to another. This
articulation is particularly beneficial when  the
central shaft is a relatively rigid tube or rod, as it
then advantageously increases the overall flexibility
of the device and makes it easier to handle. The design
of a central shaft made up of several elements
articulated one with respect to another also allows the
length of the device to be adjusted according to the
height of the reactor, or allows the device to be
progressively shortened as sald reactor fills up with

particles.
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35 length of the device to be adjusted according to the height of the

reactor, or allows the device to be progressively shortened as said reactor
fills up with particles. - 6 The length of each of the articulated elements is
preferably between 5 centimeters andgd meters, depending on the type of
reactor to be loaded. 5 In a preferred embodiment of the invention, the
dtteulatiomadflthese elements be@ringthe keticalrahay esipreférmants  is

99%%9'&_‘3&5‘?9 by intermediate glemeatsy %@ggqgatiogg@megts. Thesey s,
g]terme iate eIemeplts are prefe{rabl flexible ele entj Whi&ﬁh do not form
h

RAY SHRECIE Yo teStrde Fall &t thé SBfid Bﬁrti%iaes, Snsidé e

e flexible duct,
between two helical ramps. The beads or particles to be loaded thus pass,

i, succession aadalternataly cdraughzonss in which they; slide onroll the
along a heljcal ramp and in zones in 15 which they are in free fall. The

férr@ C8f1 t?'nJ%a ?ene-f%% Z(t)ngsS ﬁase anin uesn,tc}(%eoéﬁr Xegfi%rifgera(-:ftlee.f}Jhcea igﬁ%fn b
ihe propofrioatand the cgreater the feritith oFthefrasifall Zoned, afehigher o
20 the filing tate. Hielengthsof the &ee-falhzenase must Bowaverdwts are

gxeqed an upperlimit yalye, abqye, which thare is,a rigk of the beads.gr -,

particles breaking or becoming damaged. This maximum length of the

Pkericdliste lBmentS deBafide, oftotrseon Hes2s RAGH o RE B
tonbse doadedheT hé Applitdrt hasdoundibatiatermediate etehernts witkaps .

length hetwsensy-ceptimeters and 3 metges, prefesably bhatween @.5.and 3,
meters, generall¥1 Ilo(_;/yL rapid figing with a very Low bead breakage r%te. 0

%Hg%‘?/%reﬁloﬁopa)or iof of aff the fereé/-‘faIde:nOeusg Pel&REtD the té’faﬁ%ngtﬁ ot?
theldévice accordihg ®long a helical ramp and in =zones 1in

which they are in free fall.

The length of the free-fall zones has an influence on
the filling rate. The higher the proportion and the
greater the length of the free-fall =zones, the higher
the filling rate. The length of the free-~fall zones
must however not exceed an upper 1limit wvalue, above
which there 1is a 1risk of the beads or particles
breaking or becoming damaged. This maximum length of
the intermediate elements depends, of course, on the
fragility of the objects to be loaded. The Applicant
has found that intermediate elements with a length
between 5 centimeters and 5 meters, preferably between
0.5 and 3 meters, generally allow rapid filling with a

very low bead breakage rate.

The overall proportion of all the free-fall =zones
relative to the total length of the device according to
the invention 1s preferably between 20 and 80%, in

particular between 40 and 70%.

Examples of intermediate elements that may be mentioned
include slings, ropes, cables, chains or flexible

tubes, bearing, at each of their ends, suitable -means



10

15

20

25

30

35

the invention is preferably between 20 and 80%, in particular between 40
and 70%. 35 Examples of intermediate elements that may be mentioned
include slings, ropes, cables, chains or flexible tubes, bearing, at each of
their ends, suitable means - 7 for fastening them to the shaft elements
bearing a helical ramp. The helical ramp may be made of any material of

5 sufficiert rigiditydor stpporting thehaeighb af the dbadsor particles. ifhis a
may be-a shegl,of metal, plastic or rubber, or else a brush-type system. In

a preferred embodiment, the helical ramp has a 10 brush-like structure,

the number and the rigidity of the bristles that form the brush being
Sufficiehtetbl sapportthienwveightof the partcles tobe intraducedtwhen the of

leading sateris atrmaxiguy. The brisflegsgpay ibejinserted iniq grsuitable +he
Igrgggt, ngch cgntl)lec%Se gondfg .vsveldead or {)aesteged irﬂ]gg%t]her %zva¥r"tot 1
the “Céntral shatt. Tn one particularly pré?e%ed embodirment, the Relical® =%~
rakTSis & bRish fofmed by eimPintfresintBiistiesinee 26 v shaped
section, said section then being welded to a central metal shaft, preferably

aﬁﬂ‘etg' e Adyushytyng felieal iamp m%als%%f&vﬁag%damgwf}\%@ a
t ct to the

e bristles are held between two rods wound one 25 with respe

Sthers e h&mR ferimetFby e two WouRd oS coRsituting Shetdentrdt sHafto
dfteebattiel HrustetypenstructuremT hehlvelicad wamp ot thegdewicé according to

t9.the present, 30 ipventign is, Pre@{@b%a&m&q@s"&@utﬂéﬂs 3l8@ roduced
pijIble (i? enyisage doubletor m,ultlplet elixes. The sgrew %tgh, which

JElEMIES the oplengf tHe' ra?’npl, Sand corﬁgédﬂ“élﬁ?ly the %peedlastt&/v fich MY
the particlesrsild into a suitable element, which can be
bonded, welded or fastened 1in anocther way to the

central shaft.

In one particularly preferred embodiment, the helical
ramp is a brush formed by crimping resin bristles into
a U-shaped section, said section then being welded to a

central metal shaft, preferably a metal tube.

A brush-type helical ramp may also be envisaged 1in
which the bristles are held between two rods wound one
with respect to the other, the helix formed by the two
wound rods constituting the central shaft of a bottle

brush-type structure.

The helical ramp of the device according to the present
invention 1s preferably a single helix, but it is also
possible to envisage double or multiple helixes. The
screw piltch, which determines the slope of the ramp,
and consequently the speed at which the particles roll
or slide, is preferably between 5 and 100 cm,

preferably between 15 and 80 cm.

In order for the ramp to be able to reduce the fall of
the particles and effectively slow down their descent

in the duct, it is essential for the particles not to
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or slide, is preferably between 5 and 100 cm, 35 preferably between 15
and 80 cm. In order for the ramp to be able to reduce the fall of the
particles and effectively slow down their descent in the duct, it is essential
for the particles not to - 8 be able to drop via the top of the outer edge of
the helical ramp. To do this, the outer edge of the latter is preferably in

eentagh wath the flexigle duct. When dbe particles have adelativehelarge the
ize,.for example 5 about a few centi ters %qtaé ap may
toﬁflrét%%? bertsvﬁé%h tﬁ%ogtoer%\%glg én?fhe gdlitt but, ?Jljsg alrg]%yt@l%;l%icgtaetd%er

this RLERES ARISY be! Sighifiedritly sniaheR thdifthé hiedPdifmeAsioh of ieen
particlps soasltesprexvert themefiam faking vieatheeedge 0f theframe xinpl e

The flexible dyct may bejoade of agy materialhaying SUMICIERT « o1 crateq
mechanical strength to withstand being torn during the loading process.

B S&TRpIe Hm&BPBE R tExE matstialt Preférably knittdl or fdvet bpady
élsel 15 shibet ohplastit] sptionally meinforéed yifiyers ordytd textlealler

materialc The teroy rflexiblg duet’ds _U%Qersﬁ@lféd "b%tﬁr@%%@ ing%_nt_i%g 0,
mean no%onlp{ a dyggtr:napg%elo%bem cogg:)letel flatteped when it is
St Blt &IS58 semifigit § rigitP50 ahnlidFeiibnts

uct réinforce
placed at regular intervals, which elements allow the duct to adopt a
auivatyredait prevent dtromkheing flatigned. Jihe dnsjdendiameter f fieving
f'seuxi-@?9%8%%”%%{99'“&%?fhes*%%'!%?' (-f%mpcsoa”&"t{‘ﬁs”%tgﬁﬁeds%tf g torn
elements preferably does not excee a few tens of centimeters and s in

ﬁé%ﬁéﬂ]gr BetfeerP56 aRd 460 RinG Sprefefably BERTEEIT100%HNd™200 nif. 2
3 Acddrdingdo @neqireferred emtzddimenindfithe dnvention; vthe Joading=1 se

qgﬂﬁ%@%“%%a%ﬁ%@%@%mb%%ngﬁqwf§'reinforced by fibers or
by a textile material. The term "flexible duct" is
understood in the present invention to mean not only a
duct capable of being completely flattened when it is
empty, but also a semirigid duct reinforced by rigid
annular elements placed at regular intervals, which
elements allow the duct to adopt a curvature but

prevent it from being flattened.

The 1inside diameter of the flexible duct surrounding
the  helical ramps and the intermediate elements
preferably does not exceed a few tens of centimeters
and is in particular between 50 and 400 mm, preferably
between 100 and 200 mm.

According to one preferred embodiment of the invention,
the loading device is made up of a number of modules,
each module comprising (i) a flexible duct segment and
(ii) a segment incorporating a central shaft bearing a
helical ramp and, optionally, (i1iii) an intermediate
element, as described above. In such a module, the
length of a flexible duct segment (i) 1is preferably
substantially identical to the length of the segment

(ii) containing a central shaft or to the overall
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each module comprising (i) a flexible duct segment and (ii) a segment
incorporating a central shaft bearing a helical ramp and, optionally, (iii) an
intermediate 35 element, as described above. In such a module, the
length of a flexible duct segment (i) is preferably substantially identical to
the length of the segment (ii) containing a central shaft or to the overall - 9

leagthof thersegment i) gentaining & central shaftnand:of the intermediate «
elegen%(iiTii)h'erhe vgrigus Qﬂiodules §remfag§§ngditg ether both by 5
Soncatenation of ?heeln?grnaﬁglgm%n?s ?centr I'shdft with helical ramp and
intermediate element) and by joining the ends of the flexible duct

segmentsr Ssifabledastening aad ioining sneansaredypwimiadthe bartrandy
%8%%%’9&@‘1?90'9 the art,will h%‘ﬁ%@?&&’fm%‘?'&d@ SPQOS'P&Wg%S fhat gre;
suitable. For example, the internal elements may be connected together

By &PpropriateattacHiiBm syteins dHcethReflegibre dict SB§ments At foPY
examplede connectedddy callars joiming tégethep langesuprovided anthet s .

ends: 15 of each;etthe flexibleduct segments In.a preferred empbodimenty, o
of the device of the present invention, the flexible duct (or a flexible duct

Sogment) McludesPEver Part BF att bf fts I&Agth: o 20 Strafyht foldB Wifich™©
drediarmetrically opposetlitodnet hnether ahd tlosedat theiribagellsy a For

line-afstitches waach fold defining a hanshexdendingladiallyto the: quiside e g
i%ﬂhe QHgtf Thg lateral bands .tthJsé cr%act%d Oﬂm%%%h side of the du%tnrgak n

Sgs%er to grip the it 25Fand alSo serve for msertingsgé iional fastenin%g ©
rhéars, sheh a8 EyeletIStichadafionAFfasteiihears® nitRRABCIRTdctPY
keslotated in thienflexible: dyett tisalf, as thigwouldrinerease thetiskivéit ends

tgaring, 30 The loading dewieq acgording todhe present invention

In a preferred embodiment of the device of the present
invention, the flexible duct ({or a flexible duct
segment) includes, over part or all of its length, two
straight folds which are diametrically opposed to one
another and closed at their base by a line of stitches
each fold defining a band extending radially to the
outside of the duct. The lateral bands thus created on
each side of the duct make it easier to grip the duct
and also serve for 1inserting additional fastening
means, such as eyelets. Such additional fastening means
must not 1in fact Dbe located 1in the flexible duct

itself, as this would increase the risk of it tearing.

The loading device according to the present invention
is used in a method for loading solid particles into

large vessels.

This method comprises:

(a) the fastening of said device via 1its upper
end at an opening (manhole) in the upper part of the
vessel; and

(b) the introduction of the solid particles via

the upper end of said device.
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is used in a method for loading solid particles into large vessels. This
method comprises: 35 (a) the fastening of said device via its upper end at
an opening (manhole) in the upper part of the vessel; and (b) the
introduction of the solid particles via the upper end of said device. - 10
The vessel is preferably a reactor, generally a cylindrical reactor with a
height between 15 and 30 meters and a diameter between 3 and 4

metersyEe dead 5 such greactarait i necessarydor-an-ppergtarde he19n 5
the bottom of the reactor at the. lower end of the loading device,.so as to

%?&rﬁ?uté the [.i)art?cﬁéafsc gealrting‘f \l/i% healoweerlef*lnhgt o?ggi%‘gc?e%Pce%\?ser ne(5 30
BRfikIsUrfaBE ofthe baRBATET the VEssal oPofaRe 19 I188difg frontTo load

Hovrever, H‘l@a@ﬁ@t@)’ miaty also beea_mﬁﬁtgpe fea_ctcnrncwls'tstiag oftato be
plurality ofiyertical tupes, @ach \haying.a simjilargiameter. In a&{%feg{%d 1Re
implementation of the method for loading such a reactor, the filling device

IOGSEPRithSRAHE Stexilsi@ duPsurrBunding te-fitdiRal &iBments (&t s
shaft with helical rathp anibimtermediate efemeat)din dthrer wordsthe the

bglical ramps fastened fo 20, and,woung aroend gcentral sbaft, and aso ¢

Rhe interm%diatetelements, are introduced directly into the tubes of the
resctor, the walls of which therefore fulfill the function of the flexible duct,

which is absent in this embodiment, consisting in preventing the 25 beads

poparisies fromedrepping via the puten edgef the helicalreae The yidbr
of the.hetllfal ramo|%W|I!,:1 prefflrlarb%lgg chosen sQ etg%titgg Plst%ﬂ%eeggtweeegch

onsils n O
the outer ed%e of the ram% an wall Of the reactor is
a

having similar diameter. In a preferred
implementation of the method for 1loading such a
reactor, the filling device 1s used without the
flexible duct surrounding the internal elements
(central shaft with helical ramp and intermediate
element). In other words, the helical ramps fastened to
and wound around a central shaft, and also the
intermediate elements, are introduced directly into the
tubes of the reactor, the walls of which therefore
fulfill the function of the flexible duct, which 1is
absent in this embodiment, consisting in preventing the
beads or particles from dropping via the outer edge of
the helical ramp. The width of the helical ramp will
preferably be chosen so that the distance between the
outer edge of the ramp and the wall of the reactor 1is
smaller than the size of the solid particles to be

introduced.

The invention will now be described with reference to
the appended non limiting drawings in which:

- figure 1 1s a perspective view of a portion of
a helical ramp of a device according to the invention,
surrounded by a flexible duct, seen in cross section;

~ figure 2 1is a schematic view of a preferred
embodiment of the device according to the invention,

with two helical ramps;
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smaller than the size of the solid particles to be 30 introduced. The
invention will now be described with reference to the appended non

limiting drawings in which: - figure 1 is a perspective view of a portion of

35 a helical ramp of a device according to the invention, surrounded by a
flexible duct, seen in cross section; - figure 2 is a schematic view of a
preferred embadimnent of thesdevicesaecording tosthednventien, pyithrinored

L%%acldfﬁr@ﬁ Lk figyre §1'%>"2‘1% rgpeciyeviey of 8 pd?fr?”e@'he device

ment of a flexible duct use in the device according to the
?rﬁiéﬁﬁ%%tﬁ@ 448 % SERYiIBRAAEW of a module of a 5 loading device

according tbithe ireventians and shguredchisla seictional View showirig:thet a
egeenmgne%qu devige ageording todhe dnvention in ithe uppgrpart of the

vessel. 10 Figure 1 shows a portion of a device accordlng to the present

invention, Wit AHelical wra§ (2)fastened 16 ard wdiiTd arctma"s 8&ntrai e
shaft (Bywhith hére & adsulidrodaThe hélical randp mayg belbordedion in

welded ya ity hase torthercentrakeady This spiral structure is 15 encased
by a flexible duct (1). This duct has a diameter such that the distance

between the outer edge (4) of the helical ramp and the duct is smaller than
tHesize of thé particles t&pE téadedo The oGieY e (4 6ftHeRamp¢2)the
prayske tn rubbiagcontact withithes 2Rdnteraal surfage afthe flaxiblenduct.t o

E I‘Qﬁ”‘%«%&'Pr‘&”%t?éEﬁ@e“Aat'Eélrl}‘t@&COQB%t?Qat'Pﬁ‘ of Jwoshaif glements

each bearing a helical ramp (2) and separated by an intermediate

&ﬂ?ngh iRferATediate elEMERYEPR dORREERd S thediigt via
Emm@)bganmtlwmmnaﬂlean%@) Toriexampleral structure 1is

encased by a flexible duct (l1). This duct has a
diameter such that the distance between the outer edge
(4) of the helical ramp and the duct is smaller than
the size of the particles to be loaded. The outer edge
(4) of the ramp (2) may be in rubbing contact with the

internal surface of the flexible duct.

Figure 2 illustrates schematically the concatenation of
two shaft elements (6), each bearing a helical ramp (2)
and separated by an 1intermediate element (5). The
intermediate element (5} 1s connected to the shaft
elements (6) by an articulation means (8), for example
a ring/hook system, allowing the device to be easily
and rapidly fitted and/or unfitted. In the zone with an
intermediate element (5), between two helical ramps
(2)y, the beads are 1in free fall. This allows the

loading rate to be increased.

Figure 3 shows a preferred embodiment of the flexible
duct (1) wused 1in the present invention. In this
embodiment, the flexible duct 1includes two straight
folds (7a, 7b), diametrically opposed to one another
and closed at their base by one or more 1lines of
stitches (8). Each fold defines a lateral band (9a, 9b)

that extends toward the outside of the duct. One or
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a ring/hook system, allowing the device to be easily and rapidly fitted

and/or unfitted. In the zone with an intermediate element (5), between two

helical ramps 30 (2), the beads are in free fall. This allows the loading rate

to be increased. Figure 3 shows a Qre{%rre_d embodiment of the flexible

duct (1) used in the present invention. In this 35 embodiment, the flexible

@M%ﬁﬂc&d@fg}ﬂ@ Sér@mztiﬁlgs lé%a,ﬂm,vdiawtriﬁ@”)é QBfﬂOS__LQQﬁ@r@E; band.
other and closed at their base by one or more line stitches (8).

it o cronia i S S S S Gl e R

dfthe Bct YORE br P22 tTm6rk eyefets @Y hiedy beSprovibied Wi 8ach latefal to

kand. rEnese @yeletsraretusethfor attaching thesftexible ductdinthe upperthe

RAIL,OLthe Leactqr(See figure 5) or tPn@Qﬁ%rfosf?CH@efé_St%ri“QQP% e, The

various modules of the 5 device according to the invention (See figure 4) .

THe Width 'of e latet 4F5ands 6 hdPa kéy PittorbutSy isfgenieraity Put it
between randL 10 bt Whehatérad band® may. b&tined avithaareinfarciiyg may

stdp {nofeshowm)ywhichds ondedor fastengd by additiopallines of s -1, 15
titch s(.]1 10 W(%h flgure 4, the fle(y%lgl,e duct has_not been manufactured as
giﬁaee comporent. €t figtir8 25 but 3 fade U St sebefat Hexibfe duct

segments (la), only one of which is shown here. This segment includes
twotdb laterahbands (9a, Iphtormed by spraight folds; as rexplainaskin been
fiosis 3. Asries of evelets,(10) is plaged along each Iaferaliband The ¢
uct segment fla) includes, at each of 1ts enlas,’a ﬁange (1 i?astened’ to
thé dietiSegtRertt{laj BY ardlampirRyddtta (F2)CFhé 2616RérSant@)of &1 1Y
frsedust segment may betfastenee te therupper flange of themextiflanget wo

Segment Py means of g guickyfit fastengr.(d3),,The first agdlastgyelets
explained in figure 3. A series of eyelets (10) 1is
placed along each lateral band. The duct segment (la)
includes, at each of its ends, a flange (11) fastened
to the duct segment (la) by a clamping collar (12). The
lower flange of a first duct segment may be fastened to
the upper flange of the next flange segment by means of
a qguick-fit fastener (13). The first and last eyelets
(10) of each lateral band (9a, 9b) are used for
attaching a security cable (14) intended to prevent the
lower module from becoming disconnected if the system
for joining the duct segments together, formed by the
flanges (11), the clamping collar (12) and the quick-

fit fastener (13), were to fail.

Finally, figure 5 1illustrates another possible way of
attaching the device of the present invention in the
upper part of the reactor. In this figure, a hopper
(14) 1s installed in the manhole of a reactor and
firmly fastened to the upper part of the latter. An
adapter (15) 1s attached at the lower edge of the
hopper (14). A transverse attachment bar (16) 1is
provided 1in the adapter. The flexible duct (1) 1is
fastened by a clamping collar (17) to the adapter (15)

and also attached via a suspension system (18) to the
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(10) of each lateral band (9a, 9b) are used for attaching a security cable
(14) intended to prevent the 25 lower module from becoming disconnected
if the system for joining the duct segments together, formed by the

flanges (11), the clamping collar (12) and the quick- fit fastener (13), were

to fail. 30 Finally, figure 5 illustrates another possible way of attaching the
deppeerof thempresertt inveérdionnadbhe cupper plagt ofdhe reactor. dnthis  (3)

figure.;a hopper (I4)1s installed, i the manhale gfa reactor agd firmly 1,4y
fzil?ened to the uf@per part of the latter. An 35 adapter P%{Sé is attached at
t

SwePedd& of tha " REFEEr (147 A trafdverde AtScHRER ST (16)i5-

provided in the adapter. The flexible duct (1) is fastened by a clamping
¢ollan (LA to the adapter (15) and also attached via a suspension system
(f,82>toltge J 13 upper Hf?rt of the reactor. The cegtr%lnshg% éf)(’/) bearing the

hélical ra?npl&g is attached Via & hook r(isfitootHe transverse 8§rs(31%§] of' +*

theadapter 53 NS Exaniplé Two eadirgyittifissvefd cariebrdut moove  the
sticsession sth twie diterent dusts, the heights;abwhieb abevedhers .
ground were the same, both being equal to 16 meters. 10 One of the ducts
was in accordance with the present invention of the type described with

Bférerftk to- Higurdg 1 ® 4 f Sontisted G A GARBRcalrdidatht pfade b sent
wowvemceadtton with a thicknesy pt2 mimsandiér dnside diametef of 246 ammto

$aid ductwas fepmeg from 15.gight madyles 2 m indengthgach.af theses
modules éonastlng of a flexible sheath and, jnside the flexible sheath, two

Rftial Blemints 5t equal-BRgth: that fs t'5a 'S Eible &5 interfddiafed an
dlamene ardilarshiadtiielepdent ltherformbefia hollewttubeawithf@ 20ed  from

diameter afc3b: M, madg ofigrdinary gtegl. Thadelicale these modules
consisting of a flexible sheath and, inside the
flexible sheath, two internal elements of equal length,
that is to say a cable as intermediate element and a
shaft element in the form of a hollow tube with a
diameter of 35 mm, made of ordinary steel. The helical
ramp supported by the hollow tube had a brush-like
structure formed by crimping resin bristles into a U-
shaped section welded to the central metal shaft. The
intermediate elements and the shaft elements equipped
with helical ramps were conventionally joined together

via their ends using snap clasps.

The helix pitch of the helical ramp was 300 mm,
corresponding to a slope of 45°, i.e. preferably
between 10° and 80° and even more preferably between
20° and 60°.

The other duct was a flexible c¢ylindrical sheath, of
125 mm inside diameter, suspended vertically, in which

the beads were left to drop in free fall.

For these trials, inert beads made of alumina,
manufactured by the German company Vereinigte

Fillkorper Fabriken GmbH and sold in France under the
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ramp supported by the hollow tube had a brush-like structure formed by
crimping resin bristles into a U- shaped section welded to the central metal
shaft. The intermediate elements and the shaft elements equipped 25 with
helical ramps were conventionally 'Loil?_qld together via their ends using

snap clasps. The helix pitch of the he

ical ramp was 300 mm,

eerrespondingite a slepeofids die. preferably <30 betmeen dQand S0 and ng
gven more %teferably between 20 and 60. The other duct was a flexible
cﬁlnlglrical sheath, of 125 mm inside diameter, suspended vertically, in
which 35 tife Bead&'wére HIB ldrop i fréé fAIF Fof Bhseahals, imert /
beads made ofedluntina,( *manutaciured by dles Gemart eampanyow by B;
Vereinigte Fullkorper Fabriken GmbH and sold in France under the - 14
name Duranit, were used. These beads had the following diameters: -

6.35 mm (Linch): Tials' défoted Below by L5 267 ik Firkh):SHaky C-
denoted below by B; 5 and - 19.05 mm (3/4 inch): trials denoted below by
&. iemetal plate simuatingathebottonrofiihe reacteywas, placed de.frop s

the lower end o
e PR o

wing: - tria

t. 10 In the i trials, t
e 1ol e e il

hg mass of the beads

uct

kg, and 15 - trial C, 10

kg. Results Table 1: Number of beads broken or damaged with the two 20
types akloadipng d vial tNunaber, of bradsi¥skyoken dfhe beads used was

the following:
- trial A,
- trial B,
- trial C,

Results

25 kg;
25 kg; and
10 kg.

Table 1: Number of beads broken or damaged with the two

types of loading

Trial

Number of beads

broken or damaged

Q

% broken or

damaged beads

0/66000 0.00
0/8000 0.00
5/2000 0.25

Table 2: Comparison of the results obtained with the

duct according to the invention and the flexible duct

known in the art

Trial % broken or damaged beads
Duct according to Flexible duct
the invention according to the
prior art
A 0.00 10.00
B 0.00 35.00
C 0.25 22 .00
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broken or damaged damaged beads A 0/66000 0.00 B 0/8000 0.00 C
5/2000 0.25 Table 2: Comparison of the results obtained with the duct
according to the invention and the flexible duct 25 known in the art Trial %
broken or damaged beads Duct accarding to Flexible duct the invention
according to the prior art A 0.00 10.00°B0.00 35.00 C 0.25 22.00 - 15 It
may therefore be stated that, in all the trials, the percentage of intact
beads is almost 100% with the duct_according to the invention, while it

VarideHetvR8h 8594 § dnG 9098 With th8 FExibie ditt ActSrRingtHAne pribPe
eI This is essenfialiyiéxplained Hyshe siffelencechét@@en wthelspebds dfict

discharge0f the,beads fromdhe twa 1Q,dyats, this speedbeing.eply aboyt o
3.1 dm/ Ovgith th%gtr%ight dﬁllct ac?ﬁrding to tEhe inventi n, for beads with a,
didmeter of 19.05 mm(3/4-inéh)-whereas it is 6.5 mi/s With te flekibld ™ +OF

dudt-according to the prior art, placed vertically. 15 These results clearly
illustrate the advantage offered by the device and the method according to

He.invention. for loading {he hottom parf of & chemical readiar or a.bed o .,
support tray, with inert beads. S indicated above, this device and this

ethod BfE Howder ribt fifti@e46 thisfappiicatioReBittmay & the two

ducts, this speed being only about 3.1 m/s with the
straight duct according to the invention, for beads
with a diameter of 19.05 mm (3/4 inch), whereas it 1is
6.5 m/s with the flexible duct according to the prior

art, placed vertically.

These results clearly illustrate the advantage offered
by the device and the method according to the invention
for loading the bottom part of a chemical reactor, or a

bed support tray, with inert beads.

As 1indicated above, this device and this method are
however not limited to this application, but may also
be used for loading or unloading a vessel with solid
particles, such as catalyst particles, the integrity
and the physical qualities of which have to be

preserved.



10

15

20

30

35

be used for loading or unloading a vessel with solid particles, such as
catalyst particles, the integrity 25 and the physical qualities of which have
to be preserved. WO 2006/021662 - 16 - PCT/FR2005/002035 CLAIMS

woALRYIEE0PN B@ducing solid partiglgs into a vessecasneriAlly 4)0c2035
chemical reactor, comprising 5 a duct (1), which is preferably flexible and

cylindrical, the particles flowing through said duct from the top down,
characterized in that it further mcl%s\ g&'slde the duct, at least one helical
ramp (2) fastened to and wound around a central shaft (3), 10 said ramp
having a width such that the distance between the outer edge (4) of the

ramp (2) and fhe duct £L) isi smadanthandhessize of tb@ selidpadiclesita, 4
he |ntr9duced 15 2. Tpe device as cI imed |n Elalm %Irﬁaracterlzed 'Qsm
that the éentraﬁ)shata erxﬂgle or rlg od or tube. a3 e ‘device as d
elainf@dq claimt 1, chardbiefized ihsS20 tRacthe et shaft fsfobrhed bypad

plurdlityl of shaft elements {G); ivhietsare flexiblegor tigidothgise being duct
auticylated one with respect to.another. 4. The deyige gs.claimed inclaim,

3, characterized in 25 that the length of the shaft elements (6) is between

5N Cartfifisters s meteRe priférably BetweRATS &RtF2 &fP b, TP
deévicefas tlaimdd incclamd3 orodn30 elraractérizeddartthatethe shafftt (3),

glgﬂaﬁ%&@ arg ar uI%tlaﬂlteftqmesam{ge&@qn@ﬁ@s afi I%Eegg@@laé%tween
ment era exible intermediate, elem ic rm
obgt 5%% ﬁé"ﬁeé EII% th%H Solid pa?tlc s> ms@jét\%duct %ttvﬁé
3Q®Né¢%mcéh@@np§@9. size of the solid particles to be
introduced.

2. The device as claimed in claim 1, characterized in
that the central shaft is a flexible or rigid rod or
tube.

3. The device as claimed 1in claim 1, characterized in
that the <central shaft 1is formed by a plurality of
shaft elements (6), which are flexible or rigid, these

being articulated one with respect to another.

4., The device as claimed in c¢laim 3, characterized in
that the length of the shaft elements (6) 1s between 5

centimeters and 5 meters, preferably between 0.5 and 2

meters.
5. The device as claimed in claim 3 or 4,
characterized 1in that the shaft elements (6) are

articulated to one another by means of intermediate
elements (5), preferably flexible intermediate
elements, which do not form an obstacle to the free
fall of the solid particles, inside the duct, between

two helical ramps (2).
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- 17 6. The device as claimed in claim 5, characterized in that the
intermediate elements (5) are slings, ropes, cables, chains or flexible
tubes. 5 7. The device as claimed in claim 5 or 6, characterized in that the
length of the intermediate elements (5) is between 5 centimeters and 5
meters, preferably between 0.5 and 2 meters. 10 8. The device as claimed
. one Dhthedereceding sclaihsi rchdracterizealin that thé helicat eampg2) in
pas ra hriysh-like strycture, the runahenanrd the yigidity ofs the, Bristles thats,
form the bruig peing suffi'g:lient.tgl suep%rt the weight of the particles to be
fiftfoduced 15 Whan the foading rate is at maximum. 9. The device as
claimed in any one of the preceding claims, characterized in that the helix

pitch ofrthe heliealiramp (2)is betwesnkiandi 100 con, preferably 20 ¢,
between 15 and 80 cm. 10. The devic claimed.in one of the ..
Brgeac%%lcﬁtge rcf‘azlr%(g, c grajg?éﬁged%eth% %1%69 t"iaéxib?ef duec%%s rﬁa{l(?ee %T%dlate
AOVBA B knitted textie Maferiabor madeaftd B8 pidstic 6ptionallymeters,
reinfoseedby fiberswarday @ textilendnaterialt dtsThe device as claimed in
any one of the preceding claims, characterized in that the flexible duct (1)
30 includes, over part or all of its length, two straight folds (7a, 7b) which,

ire diahi¥tricERY dposétto 6hé t8idthet AndlGsed bt theif baké by 9
line ofistitchies (8); each foid definind atbande9ac9b)extendimyp radiallyhtas
thepputside of the dyct. 35 12.The deviggias claimed incdlaim-llidity of
charasterized In thal the band (92, 9b) carties, o indludes means. (1g)for
as?enlnrg the duct. - 18 ' °

support the weight of the particles to be introduced

when the loading rate is at maximum.

9. The device as claimed in any one of the preceding
claims, characterized in that the helix pitch of the
helical ramp (2) 1s between 5 and 100 cm, preferably
between 15 and 80 cm.

10. The device as claimed in any one of the preceding
claims, characterized in that the flexible duct 1is made
of a woven or knitted textile material, or made of a
plastic optionally reinforced by fibers or by a textile

material.

11. The device as claimed in any one of the preceding
claims, characterized in that the flexible duct (1)
includes, over part or all of its length, two straight
folds (7a, 7b) which are diametrically opposed to one
another and closed at their base by a line of stitches
(8), each fold defining a band (9a, 9b) extending
radially to the outside of the duct.

12. The device as claimed 1in claim 11, characterized
in that the band (%a, 9b) carries or 1includes means
(10} for fastening the duct.
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13. The device as claimed in any one of the preceding claims,

characterized in that the inside diameter of the duct is between 50 mm

and 400 mm, preferably between 100 mm and 200 mm. 5 14. A method of
loading a vessel, especially a reactorlWith solid particles, which comprises
fastening a loading device as _claimed in any one of the preceding claims
via'its uppér étfti’at=h Gpeninginhe 16TuppBY paE6f thée vessel Rirfceding
inttedurcing thé sokd: tparticlesivia the tipper endeof said ddwicelilbndher of

method gf lgading;a vegsel as claimed;ip claim 414, chgragterized,in that jf ;
further |nclud§§the 1.5 dis rébutlng, by an operator, of the particles exiting
Vg THEBWer BRABR saioadihgW-vice over the entire surface of the

bottom of the vessel or of the loading front. 20 16. The method of loading

a essehas glaimedin claim 14.chargctedzedin dhatithe vesselto he filled ;
is a myltitube reactor consiﬁting of a pIu;’CaIigiof vertical tubﬁzs, as claimed
.reactor, Wlt?i f? 1 particles, whic comprilses
in any one’of claims'1 to 13.

fastening a loading device as claimed in any one of the
preceding claims via its upper end at an opening in the
upper part of the wvessel, and introducing the solid

particles via the upper end of said device.

15. The method of loading a vessel as claimed in claim
14, characterized in that it further includes the
distributing, by an operétor, of the particles exiting
via the lower end of said loading device over the
entire surface of the bottom of the vessel or of the

loading front.

16. The method of loading a vessel as claimed in claim
14, characterized in that the vessel to be filled is a
multitube reactor consisting of a plurality of vertical

tubes, as claimed in any one of claims 1 to 13.





