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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 vessel, especially a large vessel, the
height of which may be up to several 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 any other form, provided that they
arppyIcmtivoly SheabDAN@MIONSS Tht SolidpasiladaRARTISOLEGSIaAND

relatively fragile solid pakigis Hatfe 288 Wathwigastand 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 25 loaded
ihte fixew cataty st bed hémitakrebetors. Howeved stheApplicant aloss hopd
H&ahn 1o be iiﬂéjte@ tovﬁ'@% ear,tic@%@@% Ls:amigré s;in@ath@ (;dewi@% aad ,t:l]ethe
et according to the invention may,_be used for .introducing any other
{pyepleggf%paﬁﬁulg?g rcr:o%terﬁgyin%e 30'R vggseﬁ?t\ﬁgrl_(%%)wr% that ,m%ﬁy }ﬁaergg "s
chémicalrebgtors forl exampleions 5 B8 36 heetérs in hefyht hid BBGUt 3°C
#6 nmeters 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 in size than the catalyst particles,

Thego &8 o Prevehfthe Rtter Mk caEidEmally *Gischafged Vi the o
bpttam collector pkthe readterrly 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 1in the case of
inert beads, generally made of a ceramic, which are
loaded 1into 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 inert
beads, for example having a high alumina concentration,

which are larger in size than the catalyst particles,
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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 reactor - a bed

with a thickness possibly exceeding two meters. 10 When loading these
beads, it is essential for them to be deposited intact on the bottom of the
reactersor bn thyerbee suppontetray cas i they break lirtdrsmak dragieents 11y

they run, the-risk,gfohstu CH BQ_E%O Wilat ggl{q_;;oroqf the éeafcggrccgrotpe
support tray, thus 15 resulting in a pressure difference between the inlet
and the outlet of the reactor, which is extremely prejudicial to the

dificiencyrofthe reactor and vtheesferesindinene tiee opératers 20 Severdl cm
mﬁtﬂ\doeﬁﬁploadeiﬂaﬂ,rﬁ?ﬁior\s%@thbw@@b r@ﬁtivgwkfrﬁg%l%bd@@di %Eﬁciawnany
Loading, by indivi introducj ags or buckets fi Wi ads into
tﬂqéé}}ga(:téar>,é which gr%e{ﬁ%ﬁn% é‘er]%gﬁtie ﬁ/mgﬁ%pe?gtor%}lethéb ngtorsnugip ort
thE38actBr, EdfAstats Plechnidue thads verpreliabié bit 36 Sow tetbeed
naraally exploitahles Anpthes iedhnigue-censists in leadikg thesheads

using a 30 flexible duct, with a diameter from 10 to 20 cm, operating fully
laden, that is to say filled with beads from one end to the other. The

Jpeiator ARttt esthE Shedds s thetbottdmSGriRa rédctort BY mang&ilyt©
adjustimgdhe déameter ef-the wpenimg at dhie fower £nd!85 of¢he dact whileon

mauingibg latigrwithip thggg@gto_r.a J hi&fnetmgyw%%qckes PRto  small
géjaranteetalm?j‘t 1000 success in Ioidlngflnt ct galls, also rur%%the nskl .
of & mé:]{)]r ccident harﬁlﬁlenmgeto %ﬁesopeoratoﬁ |§:}§C558§use, Shouldr —©

the bpealirsystém be dmpreperhor3 Randledicor ShaRe te flexidle dugthus
suppeItingg substantig) lead he dor or discennectask fwvay,drepe 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 technique 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 1s to say filled with beads
from one end to 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 in loading intact balls, also runs the risk of
a major accident happening to the operator. This 1is

because, should the opening system be improperly
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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 FR 2 829 107, a
sinuous or helical semirigid duct inwhich the beads descend by rolling 10
along the internal face of the duct, it being possible to regulate the speed
btdesScent and therbfore the kiretic fenexgyp atthedendtof travebviattheg a
gradient;of ithe slope. The devige, describeds inthataprlicationisnay drop
completel satisfactor;ibgthlfrom the standg int f)f the ]ﬁ]rate of Iotadin 1
Shd the Rilidg quatl PGt iEhas the” drawBAck ot sbveral Sizé-refdted 1Y
prRobIerhs. SpedificallpcthesirkictorHeliballshape ofthe devicd dad v e
relative rigidlity offthe materiabeftheoduct make it difficult to transport the '
device and to 20 install and disconnect it through the manhole of the
reactor. The Applicant was set the objective of providing a device for
fosRlindg R éacBF With'sbfid petfices tat R25IRRIRE advaitagdss bupabent
thepdrawdiacks, of the deviee deserbed iFR 2 829407 ; in other wosds, & 1
deyiee forintroducing sontq,the hottom.of gvessel @l adigh rate, 10111 ng
relatively fragile particles without breaking them, said device taking up a

&mall Amidtint of 36 §pade, EGifvareht tothatorcd strdightfutds Possible
tescrilbethdbdve. Comsequerttly, oné suliiectaofthegprdsentiaveritoreis ahe
device Ifiar i@%%%“%%qlgl@argﬁ@? MQ@EV@\%%EI{V%% F%B%Ci%lb’aiﬂﬁ%%t of
emical reactor, comprising a quct, wnicn.IS prerera
st b DA e T e R Fhe
eraraERrized irf tat Rfarherivclaes, ifside thé cduet atdeastbhecf the
helical samp fasiened tnandweuld : Ding quality, but it has the

drawback of several size-related problems.

fgeXiqk?L aggion is
hepﬁ)p (fown,

Specifically, the sinuous or helical shape of the
device and the relative rigidity of the material of the
duct make 1t 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 is 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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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 vessel, especially a large reactor, with solid particles
using such an introduction device. 10 IézLach of the helical ramps of the

devigenef the invention regeives, the selid E%ﬂiﬁ'?%!mfﬂ@?lc%d ViadPg such
ypper endhof the ducﬁ‘té stogpln%gr greventlrtl% said Partlc es from fglrlllgg h

frély in theTuct by making them'siide orroll, uRderthe effedt of Gravity,” ™
ditlkers Bpeedibattessentiamadegends barthetsiepeséfzaidofamph Fhisolid

gevicel thus snakesdepassibledfarthe. 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

the Rfdperofihe hefical PAmplSy aht¥G thePRunhBerd Ié?’@’fﬁ] SAd/of spaciAgng
of therzened of the sguct icohiaining suth agrelicakbranym or elseithie pitehl id

qf4he hehical ramp(s), It heindpossikle for fhese pajameters to be

modified separately or in combination. 25 The space requirement of the
device according to the invention is determined by the external
dimensions$ of tthe flekibleldudt surraupdingdiie helieal ramp;ard issf  the

consequenily identisakodhatiof a sgnventignak3Q-flexdble duetantbed via
i%)%ller than that %f aosflngét%ues cg hgllcaéggct as described in I;R 2 829

TH@%%Erae[i%nal safety of a device acc8Pq1|ﬁl8 to the Pinvention is® Séid
donsiderdisly higkercompated @ith thae oF 35 B coirentibial fleXibletiuet ng
asitfloesineigenerally, operate fldly laden, thereby: cansidgrably teducing a

tQEe‘g‘éigh&Pi pe%soerrpca{g(i@?/ prgégg‘niagheoqluc%efltean%lope of said
ramp. This device thus makes it possible for 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
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 is determined by the external dimensions of
the flexible duct surrounding the helical ramp, and 1is
consequently i1dentical 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 1t does not generally
operate fully laden, thereby considerably reducing the
welght 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 1s the case with a
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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 fastened to
the upper part of the reactor by a suspension mechanism independent of
that of the duct. 5 The risk of the flexible duct tearing or becoming
gél%f?ﬂ@@i%@lthg&%%%a@¥éng®: aib@@,entﬁlpslds@%mriegi\l Re py
ical ramp. m of a rigid material, for example of.a metallic
ol T8 o ot Gl o Moo ERIng o o e et hat
refativielys flexiBié miaterial) for &Rifiple &pldsticiZed resin spastor by a
elasiosiesi ohelsealconpasite materéal dstieh as a fibercreinforeadeorduct .

lle-rejnforced.ru or. ' Is central s or mple take
o T o B s sofis e oS ottt REAt A st oS¢ i

HoEE DR Aesh&tefefndnt SBppoRingtRE Hefidal r8MpCRithy also be

mounted on pivots so as to allow said shafts to rotate 20 freely under the

weight-of the beads while they,are, being leaded, thus,making it pogsible. 4o
to speed ,u<§> said Ioadln% Au:ﬁmatlns%the Jefotan n using a motor, for

Sanfiplé BreuRidtic hotor, M3y afds B Shiviedgsd. WBHR A prefdirde r1al
embedientvbtheadgdvice oftthehipwention, the ¢cengalishaftds forake It a

a plusality «afishaftslementsywhichiare flexible exHgigithese eiBg i cized
articulated one with esgect to another. This articulation is.pﬁarticulatrlé/
5 ;

n, Or, an, e Tome r ‘else."a compo ial,
beneficial when the 30 central shaftis a re?atlvely rlgllaptugé or ro ?as e

theRadvantagédisly incrdaseanne dveralltfhexibility ~afthe Hevicacangubber
rmakessit easierrtoiandien The desigar of aneentrab shafkmagde eiptofke the

several elements, gr_t'gylaggq pRe with respect to another also allows the

35 length of the device to be adjusted according to 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 loaded, thus making it possible to speed up said
loading. Automating the rotation using a motor, for

example a pneumatic motor, may alsc 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 o©f 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 said reactor fills up with

particles.
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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 and 5 meters,
depending on the type of reactor ta.be loaded. 5 In a preferred

embodiment of the invention, the articulation of these elements bearing
theehellcal ganp stpreferably a¢corhplished by intémiediatecdlementss oris

grticlatiomelements.,Ehgse intermediatg glements argnpreferablyflexible

Iengergs whi%f}ld(gkrlwot ftormearclj 0 oebgta}cccljer totth f(ree I;ac_lal C%‘ éhe solid
p%ﬁlc]ilesl,ni%&de the flexible duc , bétween two helica ramps. ‘The beads

or particles to be loaded thus pass, in succession and alternately, through

zanesain whichr theye slideconyoli adangra helical ramep andhinezanesdn 15 ne
which thfé/ are in fr%e Eeﬁlé The |9103%h og th%gger-{e}ll zanes has,an

m Iﬁle%lée o%lt e flcfllng rate, The higher the proportlgn and the lglr(égtlerfﬁem P

fehgfirt 61 hecfrdeLfafl ZoreB Ltheltigheét 20! the Mt ratd. eThe UBAGIRTST the T
freeifall zanes rmust bowever. natlexceedi an dpperdinit ¥alee caloves are

which.thers i a fisk of iebeads.grparticles bregkingor becoming - 4
damaged. This maximum length of the intermediate elements depends, of

BBGISECOR thé 25 fradility'dithe obfects t& be 1688ed SfHe AppRéant Hrd<E S -
foundthattihternfediatelelemehts with adéngth nbetween!sdantimetersmps .
?ﬁ_g 5 5%%@, p&@fer%»f%fzgﬂ%%n Q.8 a%gor%@hgecﬁ%cgerﬁ@{a&y a}?_@\é’sf?pil?in
IHNng with,a ver W _Dea rea e rate. € overall proporton o

B e e 19l B S ok e SRt ey

friel dwertibn isPréferabRisetween 2D1@#I 8096 and 1in zones in

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 value, above
which there is a risk of the beads or particles
breaking or becoming damaged. This maximum length of
the 1intermediate 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 1is preferably Dbetween 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
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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 telical ramp. The helical ramp may
be made of any material of 5 sufficient rigidity for supporting the weight of
therbeads oe particles.hkmis nay beteesheetditmetalepastis ororeibbén or a
else ahrush-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 sufficient to support the weight of the particles
tBhise inrpdiuced whiemthe adingTate Bedtsmaxium.TThe Brstiesimay of

ke inseredinto a syitableelement, whighhean hg 1% hended; welded or +he
fggtegled igranotgertvlvg# 1o, the I%elntral sgaft. {)neong pasrﬂ%uel%rly &efenqreéjal
em%ogiment, the helica ramp is a brush formed by crimping resin bristles ™’

iRie 20'& Ushapeattion fsaid SBcorPthembeing efdett o central

metal shaft, preferably a metal tube. A brush-type helical ramp may also

he enyisaged #, whigh the pristles.are helgihetween fwo yods waund.one
25 with respect to the other, the helix formed by the two wound rods

Edristittihg the Cantrat SHAf of &B6tle BrRSH-typE Strdcife. FrHéielicl ©f
raimep df the tdéviee accordidgtorthe peesemtu 30 invention is pfdferabiya to

singlselix, byt it iscalse possible tr.envisagedaublers mudtiplehelixgsced
Trkll%nscrtehw pitch, which det%rénines tg% slope of the r

nd.
(‘:Nonsequer?tly ﬁ)éél gpl)er}gd at-which the parﬁ% exslﬁ)ﬁmérasﬂ]g%, %ﬁ%e%r%%?y may

stweehB ah¢d00ichiec a suitable element, which can be
bonded, welded or fastened 1in another 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 Dbrush-type helical ramp may also be envisaged in
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 1is also
possible to envisage double or multiple helixes. The
screw pitch, which determines the slope of the ramp,
and consequently the speed at which the particles roll
or slide, is preferably Dbetween 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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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 contact with the flexible duct. When the particles
havesnelatively dJarge sizeafor gxample Scabouha feyw eentimelgrs, atf the
ertai p be tolerated, hetweep, the outer ed d the t, but
glée ﬁg%ﬁ fng%éteg?#hig%is%gr?cse' mggg beggiEg(r{l icé9r§ty srr%}a%lle?Ht%ar? %% e

rea ! .
ok BRSASN B (he pafitle o ATbh prebBnt SO fofifGhvia thee ™
edge obtheiraimss 10aFhe flexibie ductvmay beamade sfiamy materiatxample

haying sufficientmeghanical stength ta withstand.being torp dyring.the, . 4
loading process. For example, it may be a textile material, preferabl

KISt&E OF woih, SHEBE 15 3%hedl 't piditic, Bptibnally H&infofced bt ©ady

filvats o tieyra teitilesmaltesibh The terns tiekiblesdyett is1 andérstoodna e r

e wnen | 5 ermoty. bt lso & semit et rernfopead by i 20
attened when it is. empty, hut.also a semirigi ct reinforce rigi

Snnufar’ etlertn(?é%rf‘s Sﬁ%}é%é k;(E:-iglulfaqr i\ﬁﬁear\%%% ﬁ%j eeloegne{n S af%ﬂvrvn He

duct to adopt a curvature but prevent it from being flattened. The inside

dinmeter of thel #exible duch surreundingd 25 the heligal ramps aad theaving

intermediatg elements Jreferably dogs not excegd ATEWIERS BL s g torn

centimeters_and is in_particular betweéen 50 and 400 mm, preferably

etivern 160%nd 286 W%, 30-REESTEing 10 Bné prdtErTEd enbodifiéntst @
thexinventiona tlkee icadingudeyicerisimadeup of achumberwofrmodules, else

gachpedulg comprising (i) aflexible duet segmentandeq 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, opticnally, (iii) an intermediate
element, as described above. In such a module, the
length of a flexible duct segment (i) 1s preferably
substantially identical to the length of the segment

(i1i) containing a central shaft or to the overall



10

15

20

25

30

35

(i) 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 length of the segment (ii) containing a central

shafty and ot therintersaegiaierelement (Hpnkhe vanpps nadelasare snaft
far%engf tgagthfr P;e)thm%y i58{%oencea(_jf(;:-anaetir(l)tn of fh‘i internal elements

(%:entra shaft with helica ramp an wﬂermec‘ia%e %I'ement) and by joining
the ends of the flexible duct segments. Suitable fastening and joining

means ase kpown imthe: Bl andreepersostskilled in the atiwilt have e 10y
trayhle in chaasing thesethat arg suitable. Earo gxample, the jntemnal o) ¢

elements may be connected together by appropriate attachment systems

&ndthe Hekibfé duct é&8meftsmaytoFeRErpRIse cohrdddd by edifarsPy
jomimg tagethendlangesiprovidéd at the enfdise 4 blof @achiotthe flexiptents .

dyct segments, b a preferred embgdiment ofthedeviceof the-present he
invention, the flexible duct (orgﬁﬂe ible duct segment |nclud§ , over part

&Y alr of REtength, BWS 20%tral fds which %ﬁje digmétrichlly oppbséa to™°
GreodEnbtheriand clbseebattbieir base by alivetof stitchesseaclafolg . For

defintpg a pand gxtending sadially todhe ruiside ofthe dugk Thelterat ted
%%nds hlej% created on egcr}: ls!,jdteeof thg datljct marlfg it %assi(%re to §ripa%h the
uéiez. and alsd ser\%)f%rzl)nsertlng ad iifionar]f%stenin means, such as
dyetetsPSacHadditiciRaTasteming MeahRr mBSEAGLIR fate betodmed it Py
theflexible duct niiself, asthis weuld fncregse theriskiefditearingt 8@ Theds
lgading device aceording 10 fhe prasent Lygntion Js used in a method for

loading solid particles into

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 inserting additional <fastening
means, such as eyelets. Such additional fastening means
must not in fact be 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 wvia 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.
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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; @ reactor, generally a cylindrical
reactor with a height between 15 and 30 meters and a diameter between
3 and 4 meters. To load 5 such a reactor, it is necessary for an operator to

beeon theshettom ekthegeactorabthe lower endefithbe, loadiag eyicey So 4
as to distribute the particles exiting via the.lower end. of said deyice over

i gytei 2 :
e ler}l(%%e% gﬁriacé 0 %}%eolgottgrlntgf the v%%gﬂ?r 0 tﬁgwf(? foa %/g fér‘gr(lf 30

TMovRever, 3RE reactdr 8150 Be EimeititubedBactdr Bériststihg ofa 1oad
plurality ofrvertical tybest edch haviagsasimildodiametecdn aapreferred be

45 implemeptation of themethod forloading sygha reactar, the filling .

device is used without the flexible duct surrounding the internal elements

teatrdt $hafl WithHelicaPfamp andifterfbdiate Licmend m ofheF ivbrd<Es
¢hre helical ramps faktenedbtos20 anddvowrid aseunt acsentrabshafteand the

&lsoithe interpediateglemgnts aredatiodyeced dikectly inte the, fubss ot ¢

m)e r iactor trhoenwalls of which therefore fulfill the function of the flexible
duet, which is Absent in this embodiment, consisting in preventing the 25

beads or particles from dropping via the outer edge of the helical ramp.
Hbeanidth, of thehelisaloamp will ypreferablydee chosen so thatéhereactor
dist che%?%téﬁ"eeé‘f‘hea"“t&[ 8?_%? P{ye ramp and ghe wall of the reactaris;,
smaller than'the size of the solid particles to be

having a 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 is
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 1is 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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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 ip cross section; - figure 2 is a
schematic view of a preferred embodiment of the device according to the
inventien, withitwe helicad rampse r 3pefigures3 isfaepersipgcta/ep&%/f@fraed

F{n%fgé@ﬂeﬁ@bog%“e%t of & flexihle duck ysed in Q!?dde ice_acgardingin o

e invention: figure 4 is a sectional view of a module ofa 5 loading
%%9&%%&%@% td e iRVERTor? and - figure 5 is a sectional view
showing thei gttachment of & device accertlingite thecihventiondu lthe of a

HPRER H@rt@émec\ée%s&olpdﬁggrecé shows @ peition of a deyice
according dfoéthe %rescgnt invention, with a hellcal wrap (2) fastened to

and wound- &BUha a centraf shdft (3 Wik Hefe is'a SBlid ROl "HHed  the
hetiealramptmaytbedboAded orwelded Wit s base tbltke centeabtdchn  in

diis sRifR! strysture isr15 pacaseagkhy 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 the size of the particles to be loaded.
Fhe'sifterledge oW ofthET&ampIR2) May e e Fitbing?Cortact With the Zoe
inteat surfacecafttherflexiblecduct. Figurecz illustratps sehenfatically ghie to

£rAcatenation of Jwoshaft elements (62%%%‘33‘ b fing,g hefical ramp (2 4

and separated%an intermediate element (5 e 25 intermediate

Hement(Bis ebfed't63he SAER é‘i@ﬁheﬁ?s 6%%9%‘?1 dficuigasied via
Meansd 8% farexamplecamringtook systelit) aflowing the devicelto-bee 1s

&aslsed 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
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 intermediate 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}, the Dbeads are 1in free fall. This allows the

loading rate to be increased.

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

embodiment of the flexible duct (1) usg d in the present invention. In this

35 embodiment, the flexible duct includes two straight folds (7a, 7b),

elia@flﬁtr&;a@yf@@@o§qd) t)O)@@Q/aE%ﬂllg% ca::nﬂoré@slqd]ateltaeifﬁdb@ge @){@Dﬁ&fnd .
re lines_of . stitches (8). Eac efines a lateral hand (9a, 9h) . that

D BT e St thedct s P Ty ol Bt e

rhay bBHroARis inkath |atéral BEnd: STRESE eyE&ts afel Gseffor) ©or to

attachirg the dlexiblefduct dn the upper pad of thel reaston(seelfigure5) arhe
Qe 6OSWe securefagienipg of the various modplesofdhess deyice 4y gy o

according to the invention (see figure 4) . The width of the lateral bands is

KOt L ReyPFactol Sout - RrgenePal Bethen 3and 16°cm e RferaPut 1t
Bandsemay e inédewitk arreihfereihglstrignotTslsowr) | which is abaideda y
oyfastened by;additionallings.of stitches: 19 \With figurers, the flexjRle.n 1<
%uctorllag not b§entmangfqé:tureg s.a singlle clo,mponeng, astintficq?ure 2,
but" s hadé upao several fiéxible dlucjt%régmenfsnﬁas), %nlys one of Which is
shown here. This segment includes two 15 lateral bands (9a, 9b) formed
by straightifgldscas explained in flgwe i3 Aeseries of eyelats (1)ds  been
I each lateral . The duct segment (1a). Inc teac
g‘igli%s%gn%g%rflegﬁg%%(lf) f%:g% le% %)%ﬂ%oj‘u%qt{‘gégrééntlﬁa) qua? glgam%ingDUt

dollal e, FRe 26 IGweiSHagelorar it Bust e mett Ay e fastdnedtolY
theeuppér flangelof the next flangessegmetit by meascofta quickdiies two
fagtener, (13), 5 The firstand lagt eyelets, £10) f pach lateral pand(Pas9b) 4 5

are used for
explained 1in 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 quick-fit fastener (13). The first and last eyelets
(10) of each lateral band (9a, Sb) 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 illustrates another possible way of
attaching the device of the present invention 1in the
upper part of the reactor. In this figure, a hopper
(14) 1is 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 in 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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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_3Q finally, figure 5 illustrates another
possible way of attaching the device of the present invention in the upper
pan et thepreactoroln thisskkgurecadiopper (T4kis instaled in thetmadanholé3)

%feaagt% or and t{'Hé;}b’g@%t%‘%%%the(dee% ﬁ]arg Eéwétlﬁi;v;\l\@ 3% hook
er is attached at the lower edge of the_hopper :
A8 b SEoHERFEAT (16) R providc i anb MiapaAZTA fbtile
duct (1) is fastened by a clamping collar (17) to the adapter (15) and also
atfaghedevia a suspension system (18) to the - 13 upper part of the

actor. The central shaft (3) bearing the helical ramp (2) is attached via.
o (57151 Chsaorea BB 16} o e aciblor T1o) b Eoaaiie tag: 1
[bading irfaf$ Wehe caftfed-Sut ik SGccdssien with o différehnt dueey ehethe
heightscofwehieh aheve the: grourdhweed the same,1batb beingrequal $q 16
meters. 10 One of the ducts was in accordance with the present invention
of the type described with reference to figures 1 to 4. It consisted of a
&rrﬁdri%gl sheathmabe of Revehtofiir (iAa thickiess of 2#Fm BAG 3R ©
insiderdiameteraf 140hmm. Sagi¢ dudtwas forased fromhl5 eight modotes to
4 myinlength, eagh gof these madules reonsisting;of & flexibie sheath andq th
inside the_ flexible sheatch, two int rEaI eletnplent of egual Fn%h, that is to
énéay a céﬁe gg?frﬁgrm%%latig%leﬁlen afid a shaft &idfmert'in the orn?%?ja a
Aol Ibe Wathes 20 diafmetet Of B8 mnt arhddedofBrdinary steefmie from
keligat rampisupported hy the hallewsttibe hadabrush-likehese modules

consisting of a flexible sheath and, inside the

n

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 Jjoined 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 cylindrical 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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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 joined
together via their ends using snap clagps. The helix pitch of the helical
ramp was 300 mm, corresponding to a slope of 45, i.e. preferably 30
hetweenukdand 80 asd evers awre preferabhebetwesn i20-ard 60.1Thesing
8&@159%'8&"5"@5 a flexible cylindrical sheath, of 125 mm inside diameter,
suspended vertically, in which 35 the beads were left to drop in free fall.
For thee thals 2indft beadsHhdde of atidifa  RishiufactGRby the A/
German campéiy vereirigte rfedllkorper Fabgked€BrmbElcand sotdinby B
Erapce under the - 14 name Duranit, were used. These beads had the

following diameters: -

mm (inch):triars d8hote

6.35 m
Beloh By B:

m (1 inch): trials denoted below by A; - 12.67

afd S 1905 MR (3718 k) Aials:

denoted below by C. A metal plate simulating the bottom of the reactor

wageplacedh1 m Fomithe jowerend-ateashidugh 106N the imRact tials,ya s

the ma(tj%s f the_beads
1 a

Rg anc

“hri

sed was the fallo

ing:_ - trial A, 25 Kkg; - trial B, 25
geJ. JRoews%ﬁsel'rzﬁ Iecyf: I%ﬁr%%e?%}p%e’ads broken or

damaged with the two 20 types of loading Trial Number of beads %
brokemer brgkentor damaped damaged beadss the 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
0.00 35.00
C 0.25 22.00
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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

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~ 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 varies between 65% 5 and 90% with

fe MsibIE HLEE4E0TdinG t6 Hie Hror” RATThislls 8ddenttiafly Explaihied by*e
trerdiffetence befweert ahé speeds ofidiseharge of tHeBeadstfromttke tivat

10 duets; this speed, beinganiytabaut 3,4 m/s with the straight dugleen 654

according to the invention, for beads with a diameter of 19.05 mm (3/4
ik, URLrAALE i 65 i SURCRG Tiuble dLGC BeEtig 15 e i ™o

artplaced vertically. 15 These results clearly illustrate the advantage
offered by the device and the method according to the invention for

loading. the boit rt of a ical reactor, Qrt tra ith
e o AL e LS Ph8 L Sl A etillen

hbfevePRGEIimited to tHis dpplicatior?, butTay akst? Be udedPfor 16adingtwo

dnunloadind a vessebwith ¢alilng 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 1t is
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 methocd 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

25

30

35

particles, such as catalyst particles, the integrity 25 and the physical
qualities of which have to be preserved. - 16 - CLAIMS 1. A device for
introducing solid particles into a 5 vessel, especially into a chemical
reactor, comprising a flexible duct (1), which is preferably cylindrical, the
particles flowing through said ductfroh# tite top down, characterized in
that it further includes, inside the duct, at least one helical ramp (2)
fastened to and 10 wound around a central shaft (3), said ramp having a
width such that the distance betwe&hAEMSuter edge (4) of the ramp (2)
and the duct (1) is smaller than the size of the solid particles to be
frlsrodu%ed and the f}EHCEﬂ Jamp | %lntended to be fasten%d t?S&Id vescsel
by means SOt 5 Suspension mechanis mﬁependeﬁt of that ‘of the duct.
YeRedevisas elaimed inldlaim & charattededtif hbPihe RPN IR

is a flexible>oerigichrad or120 tu,lﬂei<ShT|’1€sdqyi@f@S:§I@]rperipleiﬁﬂ@fDEal
aims 1 Qr- 2, agterizs t a r
g e e S LA e fbne | wor

&iﬂh’@late%lh&?@\%ﬁﬁ?é‘gﬁé%t ke aotior . P ABGiEs ARCIRRN Lahde
3 lehadacterjzedtin 1ias theoleagtiedfithe shaftredent@nts {6} issretween S5and

%ﬁ%@'%@@rﬁpdé %ﬁ@ﬂef%@b‘cbq‘g?en Q;g’ﬁf'd}_zarﬁ’ﬂﬁt@@v%ng a

The device as claimed in claim 3 or 4, characterized in that the sh

RS BT Are 5t artiBEl o S alSthEPEY nidkhs Bf b (%Ste
elémehts (5)apreferably fdedibletintednediatél élemnt@nwhmrdotﬁmﬁorﬁhe

an obstagte tolhe §6€14 particles to be introduced, and the
helical ramp is intended to be fastened to said vessel
by means of a suspension mechanism independent of that
of the duct.

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 in either of claims 1 or 2,
characterized in that the central shaft is 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 claim 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 in 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
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- 17 fall of the solid particles, inside the duct, between two helical ramps
(2). 6. The device as claimed in claim 5, characterized in 5 that the
intermediate elements (5) are slings, ropes, cables, chains or flexible
tubes. 7. The device as claimed in claim 5 or 6, characterized in that the
length of the intermediate 10 elententd (5) is between 5 centimeters and 5
meters, preferably between 0.5 and 2 meters. 8. The device as claimed in
e of thE pretRding didinte® Eharactstized IS Hik thtehﬁe|i§éﬂcr5mp Sy KEs™
t%a brash-dike strawise, tAe number and the rigidity of the bristles that
form the brush being sufficient to support the weight of the particles to be
igtrodu %d wcpen. the Ioadinq rateei% at Iryaé('irgurry. go Qék'[h%ade%/ice.azs d.in
claime meanyeé)fr}eC of the pcregel&fng c]Ialms, tharacterized in that thé helix
fitehtof e héhde ¥aepiaf s behpasmband 100 2AF prefdrahy ropes,

betwees 15-anrd 88 cor: 251 1. Pie-devipe &s claimed in any one. of the
preceding claims, characterized in that the flexible duct is made of a

woven or knitted textile material, or made of a plastic optionally reinforced

By fiber§R% by da¥kite matrial. 3bPL1Fhe d&lice 5< efined’in afy one®
aftthe preeeading claims, tharactetizedlinthatttheoffexibteduch fhrmediate

ineludes.«qverpart arall gLits lengthstwa straight - folds (Za,4b) whigh@es,

diametrically opposed to one 35 another and closed at their base by a line
&%?if&fé%bé'}, BEEN 7SR defiring ¥'band't8£ 86y extending radially to the

outside of the duct. - 18 12. The device as claimed in claim 11,

¢haractefigeddevice as claimed in one of the preceding
claims, characterized in that the helical ramp (2) has
a brush-like structure, the number and the rigidity of
the bristles that form the brush being sufficient to
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) is 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 is 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.
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in that the band (9a,9b) carries or includes means (10) for fastening the
duct. 5 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. 10 14. A method
of loading a vessel, especially a reactSr, with solid particles, which
comprises fastening a Ioadinf device as claimed in any one of the

drécedihTlaftfid VifitstiopEréndatan-Bpehitg Th the "upFBAFAT bF e S
viessehand iteodvoi theesdid)15aeartidles vier thengpes endrotaaid (10)

deyices i which, ghe helicalsamp is fastened to the upper part of the
vessel by a suspension mechanism independent of that of the duct. 20

15. The method of loading a vessel as claimed in claim 14, characterized
ih 3hat iTRethérintlitledthe IasHBating? by an operatel ofthe pargelesing
exitingnyja the lowertend eksaidilpadintg devigecoventhedentite sugdaee ofof

tQﬁél’r?g%c%f the y esﬁ%’t‘%&g"éﬁhe ding front. 1%, The method Al .y,

I
loa a vessel as claimed In either of claims 14 or 15, characterized in
thatihecledt t6Bedledd 79 1 Mftitube reactor consisting 30 of a plurality
of vertical tubes, as claimed in any one of claims 1 to 13.

14. A method of loading a vessel, especially a
reactor, with solid particles, which comprises
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 vessel, and introducing the solid
particles via the upper end of said device, in which
the helical ramp 1is fastened to the upper part of the
vessel by a suspension mechanism independent of that of
the duct.

15. The method of loading a vessel as claimed in claim
14, characterized in that it further includes the
distributing, by an operator, 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
either of claims 14 or 15, 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.





