
;e3e l ipB>6tTFX5ANNEX New process for the homogenous loading of solid
particle into a chamber  'This invention relates to a new process for the
homogenous loading of solid particles into a chamber. This process relates
more specifically to the filling of chemical or electrochemical, or
petrochemical type reactors with solid particles is a divided state, that
may be in the form, of beads, grains, cylinders, pellets, sticks, or other
shapes but a!1 relatively small in size. These particles many namely be
molecular slaves or solid gains of catalyst, usually extruded, either
irregular in shape or in the form of beads, or mono- or multilobar,, whose
dimensions vary, as applicable, from a few tenths of a millimeter to a few
centimetera It is to this application in particular that we will refer in
the reminder of this description, the process as set forth in the invention
naturally applies to the leading of any other type of particle is a
chamber. It is known that a fixed bed reactor has a better reaction yield
when its catalytic mass is loaded in the most homogenous way possible. Thin
homogeneity, which, far reasons of simplicity and efficiency, must be
obtained during the loading phase of the catalyst, makes it possible to
guarantee a uniform and constant contact between the various catalyst
grains and the liquid reaction medium, withour creating preferred paths for
the latter. Today's most commonly used loading methods consist in loading
the reactor's fixed bed using x flexible tube, still called "sleeve" or
"sock', frixom the term "sock loading", or using buckets filled with
catalyst) whose contents are a successively poured into tire rector through
the Bole of the upper part o the chamber to be loaded (called man hole" or
"filling hole"). These methods lead to charges lads done in a
point-to-point manner n the reactor, usually favoring flee creation of
slopes and tale' on the surface of the bed being loaded. The   1   Various
directions of the grains and the segregation of the heavier ones as they
m11 along said slopes or tales naturally lead to heterogeneities that are
harmful to tile proper Further operation of the reactor_ Indeed) prefixed
paths, followed by the liquid reactive phasc, then became apparent in the
catalytic bed, because of the random presenoe of significant spaces between
the catalyst grains thus loaded. Consequently, the contact of the liquid
with the various catalyst grains, $s well as the daration of Said contact)
decrease and lead to an incomplete chemical reaction~ that may lCad to an
obvious deactivation of the overall caxalytic mass. We have also known far
soma time that) to correct this problem, end therefore increase the
honogenity o~ s catalytic bed that is to be loaded, wo cart use a loading
process that is no lodger point m-poitat but rafter distributed over the
entire section of the chamber to be loaded, similar to rain. This
distributian of solid particles using a rainlike effect is usually carried
out using unit: placed above a catalyst grain feeding device, sad
comprised, fnr example, of a rotataing cone, for a distribution of
particles using a centrifuge effect) as described in tbie US patent A-3 804
273 ) or using static elements) auto which the catalyst grains fall and id
~~ whose direction air is sometimes blown sideways, as outlined ~, the US
patent A-4 091 019. other types v equipment have also been suggested i~
order to obtain an overall homogonous distribution aver the entire surface
of the bed to be loaded, Fax example iu FR A-2 3I9 427 and, more recently
its DIrAI.-198 35 693. The applicant has patented a process and a device
for -the uniform distributon of a :solid in divided form into a chamber,
which ire namely the object of EP-A-007 854 and EP-A-116 246 as well as
EP-A-769 45:Z. Unfortunately, if all these loading processes, which are
grouped under the lame "dense loadings" have a tendency to increase the
homogeneity of the catalytic mass, they .al;~o favor irt considerable
proportions a gain in the density of the load itself" This g~ in density
may be greater than 10 %, even. 20% when a method of 2 



dense loading is used instead of the method cabled "the sleeve". 'The
result is inevitably that the spaces between the catalyst grains, in which
the reactor's reaction fluid must circulate, are smaller, which increases
the difference in pressure between the input arid tire output of the load
to be treated in the reactor, where said difference is called AP of loss of
Toad of the reactor. However, it toms out that in some cases and fox some
processes, the industrial eatrepreneur treed only benefit froth the
improved homogeneity of the catalytic bed so obtained) without being
subjected to the increase in tb~e loss of load of the reactor. In pursuing
her/his work im this field, tb,e applicant established that it is possible
to obtain this result by distributing the particles in the chamber to be
loaded over s liquid contained iu said chamber and compatible with, said
particles, where ties bed of particles is thus formed within said liquid.
The applicant has indeed noticed that) during traditional type deltas
Ioadings,  meaning ~ a chamber that only contains a gascous phase) tbe
increase in the load density is most Iikely linked to tie free faII
velocity of 'the gains, arid therefore to their impact energy when they
arrive p11 the bed being iced, associated with n preyed, angle of said
grains in the catalytic bed. Therefore; it appears that by using a liquid
as an, intermediary to reduce said fal( velocity, it is possible to resolve
ixt a. simple way, both the problem of the homogenous distribution of the
grains and that of the increase in density. Therefore) the object of this
invention is a process for homogenous loading of solid particles into s
dianib~) characterized ip. that Said chamber is filled) at Ieast in part,
with a liquid, and i~o~ that tb~e flow of particles introduced iii the
chanber is divided, then distributed iua a homogenous manner ~ a gaseous
phase over the surface of said liquid, within which the particles move
downward by means of gravity aid. come to settle while forming a fed bed. A
first advantage of the process that is the object of the invention is
therefbre to obtain good Homogencity of the formed bed) without increasing
the 3   ,density of the load. indeed, iu limiting the speed at which the
grains fall into the liquid, it is possible to liztit $ta energy of them
impact, and thus favor the creation of sufficiently significant voids
between the grains and, in t~;e case of catalyst grains, a better contact
;cud freer passage of the reaction liqduid between said , without creating
preyed paths, tlxus reducing by such the loss of load of 'the reactor. A
second advantage a5 set forth in the invention is the possibility of
loading grams, tamely catalysts, with s mach fragile mechanical strength,
for example extrudates i~a the form of cylinders whale length is several
times greater than their diameter, fox ~oGa~oaple a length that is greater
then 5 ~ millimeters or nore, for s diameter of approximately 1
millipaeter. indeed, these extruded grains have a tendency to break wheat
the dense loaded grains undo gaseous atmosphere knock against each other)
during their impact upon arriving on the catslytic bed. Indeed, the liduid
phase used is the process as et ortlx in the invention limits said striking
energy ors the bed) which is thve cause of ~aua brealoige while also
deoreasing the phenomenon of attrition between ~e latter, thus xeduc'vng
the quantity of catalyst fine6 or dust.formed during tho loading of the
catalyst, A third advantage of the process as set forth in the invention is
licked to the decrease of the gaseous volume in the reac,~or doe to the
presence of the liquid itn a quantity that is more or leas significant:
Sale decreases may be a favoutsble element for implenting the loading
process in tb,e caq~ where the particles, namely the catalyst, show a
chemical reactivity with the loading gds, for example the air's oxygen. It
Gain also be sn important economic factor, because of the lesser quantity
of gas that needs fry be introduced ~to the reactor, when it lnvolves a
tare opt inert gas, such as frs example argon or nitrogen. .All types o
liquids as mall as heir mixtures may therefore be used in implementing floe
process that is the object ~f the uav4ation, provided that fb,e catalyst
grains that arrive at the upper level of the liquid may freely pass through
said liquid up to the surface of the catalytic bed. 4   ~'Ete man of tlae
$tt will therefore choose a liquid ar a mixture of liqusds that sure
physically and chemically compatible with each other, es well as with the
nature of t3te particles to be loaded) whose constitution and
physico-chemical characteristics, such as for example density and
viscosity, vary based on the parameter: end precautions surrounding the
loading. >;tl the cases of a chemical reactor and catalyst particle~ the
liquid being used may be tt~,o reaction liquid, a hydrocarbon such as an
oil, water) vx any other type of aqeteous product. ,A liquid that
evaporates rapidly, for example an alcohol, may also be used so as to
evaporate at the cad of the loading. . 'The distance needed fair a solid
particle, such as a grain of catalyst used to load reactors, to read its
speed limit in a liquid it in the range of a few centimeters, and it is
therefore not necessary to have a large quantity o liquid over the surface
of the catalytic bed. However, the height of the liquid in too reactor
varies based rat the quantity of loaded catalyst, this height must
constantly be maintained greater that! that of the bed throughout the
loading) to make it possible 'to limit the fall velocity of the grains as
proposed in this invention. The dart of the art will calculate the quantity
of liquid diroatiy necessary far the loading) or will use known mesas to
adjust Bald height based ors the quantities o loaded catalyst. Preferably,
the height of the liquid above the surfsce of the catalytic bad of
particles will be greater than 10 cm) The landing process that is the
object o this invention makes it possible to use various typr.8 of gases ua
chemical reactors whose nature may vary based on the reactivity 4f the
catalysts with said gases. Namely) the ambient am is generally used to load
r~ato~rs, for example hydrotrestment reactor; in the oil industry, and said
air could be dried out or dehydrated to adapt it to the specific conditions
needed to load cottaiat tylxs of catalysts. Neutral or inert gases, such.
as for ~xatnplo argon or nitrogen, can be used to load specific catalysts '



intended for specific processes, such as far example isomerization
catalysts for Iigb:t gasolines in an oil refinery. All methods of dense
loading implemented in the traditional way, meat~g whose grain distribution
device allows for a homogenous distribution~ of the graip~4 all along tire
transversal section of flee reactor or ~e chamber to be loaded) ever the
surface of a liquid, err likeIy to be used m accvrdanso with the
invention:, In particular when the reactor mast be loaded pup to its upper
part mould use devices that can crests a homogenous rain in the small
gaseous space available over the liquid at the aid of the loading.
Advantageously, rotary devices that can spread out undo the effect of the
v;f rotation in the highest part of the reactor over at least half the
transversal section of the lain' will places at the man hole or filling
hole level arranged undo a catalyst l~ feeding sievo, Preferably) we will
use the device described in $P-A-769 462 or its equivalents indeed, this
device includes a mobile axis, do which flexible deflector elements, each
shaped like a vertical strap in resting position, are arranged at various
levels and articulated av as to ba able to lift up tinder the effect of the
ceutrifugal ~co. $sid flexible detlectoXS, which ~sy for example be made of
a rubbery matter and be animated with a slow rotation speed) ge~o,~y less
than 200 rotations per minute and preferably less than 150 rotations per
minuto) make it possible to limit the breaking of the catalyst grains ~t
laxock together wk~en failixtg piu the deflectors aid the attrition
phenomena that Lead to th,e creation of catalyst ~ta5. Fax some ~e~ the
~"icc may he put ~ ply is a fixed manner Ie~'~ti with the maa hole) or
lowered unto the reactor and they be brought back up at the same time as
the catalytic bed during the leading, Of Coarse. other ~i~ distribution
devices can also ba used such as those described above, whose distribution
device is coulprisad of a rigid rrtatta as described in 0 470142 or FR-A 2
'721 904. Q   Various types of solid particles can. ~ loaded using tine
process that is the object o this invention such as beads, grains,
cylinders, pellets) stinks, mono or trlultilobar shapes, or any voter
shapes whose various dimensions go from a few tenths a millimeters to a few
centiuo~etets. It could ~ catalyst grains, molecular sieve grains) contact
mass grains for the needs of the chemical, oil or petroahemucal industries.
Other types of solid particles) with the dimensions indicated above and
requiring a botriogenous loading into a chamber, can of course be used:
'line process Bs set forth iw tib~G irivexttioz~ allows for the loading of
particles with a reactivity to the gaseous fluid, because of their short
residence time tart the latter, as the particles quickly egad up in the
liduid n0.vdiutrr) which cart be chop to be chemically compatible with the
nature of the particles. liquid impregnations can also be made on said
catalyst grams) prior to being loaded into the reactor) where said liquid
can be of the same nurture as that cautnified is the r, or simply
chemically and physically compatible with it. Artrangements known to the
man of the art, such as for example liquid Flows in the form of sprays are
then necesssry upstream From the distribution, to break the grain
aggregates and carry them through tie distribution device using a rain
effort. The attached drawings represent a non restrictive manner of
implementing tire process as set forth tai the invention and results of
comparative examples that will be described hereafter. About tire drawings;
li figure t is a schematic view of a chamber during loading using the
process as S~yt forth in the uava0.tio;tt; Figuro 2 is a schematic view of
a c~mbei' prior to loading; - Figure ~ is a schematic view of tie ~.~
cb~8atber after loading; -Figcrres b, 5 and 6 ere repr~enta~tlq~s of photos
of the surface of tire catalytic bed niter successive loadings of the same
catalyst grains) using the process called    "sleeve" under gaseous
atmosphere, after a loading under the same conditions as prer~iausly
mentioned,. but replacing the sloaye with a dease loading device and lastly
following a loading in liquid, as set oxth ixf, thp invantiam respecaively.
Figure 1 xeQxe9etlts a chamber t) ~ for example a Chemical reaetdr, whose
diameter slid height may reach several meters, ~ vvkticb~ the rstalytic bed
6) whoso mass is supported un rite reactor 1 by inert beads 7, is being
loaded. As set forth inn the iunvcntiom) a liquid 2) for example water, is
arranged over said bed. Over said liquid, the gaseous phase eau ba
comprised o various gases, namely air. 'file catalyst grains xre
continuously introduced into the upper pant of the reactor, for example
through a feeding Slove 3, thaw a11 o~pto a distribution device so as to
lath obtain a homogenous distribution of said grams is the reactor 1. 'xhe
devioe represented 2nd used ~ ~ a preferred way, commercially called
"Densicat", is described is detail in EP-A-0 ?'fi9 462, Said device is
comprised of rubber flexible deflecters, i~,tegrat with several levels of a
mobile axis, whose rotation speed is variable, to adjust the quality of Ghe
loading. 'Iho deflectors move ~ and further away tom the aobile axis as the
rotation speed of the latter increases) where said speed cart reach mae
than a hundred rotatians per minute, The grains o catalyst, alter falling
onto said rotation deflectors, are dispersed lid rains iaa the gaseous
pb~se aver tile attire transversal section of the reactor, above the
surface of tho liquid 5, 'flee fall velocity of the grains passing through
the liquid 2 i$ thr~ slowed down, thus making it possible to reduce the
grains' str~g energy when the litter come into canted with tho surface of
the catalytic bed 6. 'Thanks to this decrease ~ energy, the grains can
settle more softly and in a morn homogenous mangier oa the catalytic bed,
without grouping together, thus creating yen spaces between them, reducing
Siy 8$ pouch the density of the loading. It is important to make sure that,
during the loading) the heights of the liqiuid over the catalytic bed
remains at least at its ' 8   minimum level) and it will be adjusted by any
means known if necessary. The liquid phase introduced into t114 reactor
before the loading can have any height, but is should preferably be greater
than, ten centimeters, which corresponds to the minimum level 8 indicated
it1 Fgure 1. At the end of the loading, flee liquid teaches its highest
level 9, indicated in 



figure 3. T'he previously described .device comprised of deflectors makes
it possible, through nts small overall dimensions, to be operational event
i the maximum level of liquid 9 is very close to the upper extremity of`the
reactor. In figure 4, we see the aspect of the atalytic bed surface,
following loading with a fooling sleeve, which makes it possible to
distribute the catalyst grains aver the surface of tho bed, at best in a
point to-point manner and using human means, The spaces between the grains
are distributed randomly and the Gains are riot packed down, offering
numerous and important preferred paths fax the reaction liquid, chat Iead
to an incomplete alteemieal reaction. The loading is not homogenous and not
dense. do the other hand, in figure S) the catalyst gi~aiaa,3 acre very
much grouped together and take up the maximum availab[e space therefore the
voids between the par4icles arc very small. The lease loading carried out
for this test made it possible to land the reactor in a homogenous and
dense manner, meaning with a maximum of catalyst grains in the reaction
liquid) but leaving very few spaces for the lee circulation of tho liquid
wb,zrb loads to strong losses of charges inside the reactor. Iii gua-e b,
we gee the aspect of the surface of the catalytic bed aflt~C loading of the
same catalyst as that used far the rHa previous loadings, but now carried
out usitag the process as sot forth ua the invention, moening in a liquid.
The grains ire distributed iu a homogenous manner and on the whole event
spaces ere distributed ground the grains. Tlierevre, oa the whole the
molocules that make up the reaction~a liquid leave the same probability of
meeting the same quantity of catalyst grays, without belttg deviated by the
presence of preferred paths. 'p his results in art even and su~ci~t flow,
m$de easier by a presence that is also 9   homogenous o spaces evenly
distributed around the grains, making it possible to optimize the desired
chauical reaction. 'Ihe loading is homogenous ead dense, The examples
provided below axe Mended to Illustrate the inventions and not limit it in
any way. Example 1 'three caries of tests were earned oft in a laboratory
using the same catalyst, ovet a transparent column, whose dimensions ire as
follow: - diazueter 440 mtn, - height 1400 mxa. The catalyst used fox the
tests is comprised meanly of alumiua and prescmts itself in the frnxu o dry
extrudates whose average dimensions are as ;follows: - l~gth; ~ ~,,
diameter: 3 mnt. rat i '1'be catalyst is loaded in the traditional vvay)
meaning in a gaseous phase (gj~), using a sleeve comprised of a flexible
tube with a diameter of 1 O ~, Test 2 'Ihe same batch of catalyst is loaded
inn the air using tbo distribution device with a Iyensicat typo rain effect
(dense loading), meaning includinig flexible rubber deflectors, integraI
with several levels of an axis animated by a variable speed rotation
movementt. est 3 Prier to loading, we added a volume of water whose height
is 100 mm in the column. 'Ihe same batdt o catalyst is loaded into this
liquid with a distribution devise that is identical to the one used in Trst
z) rng flavoring a dense load, as set forth iz~ the inventican. The results
obtained era su~arizea in Table 1 below_ 14   



aT ble 1 Test !Test 2'ftst
3LeadingDaaseMethodSleeveLoadltlgLlquid_.mediumAir.A,irwater~Cl$~lt
Dwateraoloo m~,leaded46,39 kg46,39 kg46,391sgcatalyst - ..Denusity oftba
catutytia4,780,900,77State otb~eSec ~;Iguro 49oe figure 5See figure
6catalytic bed We see that the density of the catalytic~ic mass obtained)
with a dense type loadlng method in sir ('Test 2), is greater an the whole
by 15 aYo than butt obtained by Loading with a sleeve in gir (Test 1 ).
Loading in a liquid (Test 3), carried out tang the same device as that used
for too dense loading (Test 2), but ~ a liquid, as set in the invention,
makts it possible to significantly reduce the density whose vaIue is
considerably closer to the value recorded with a sleeve loading.
'Therefore, when using the process as set forth in the invention, wo obtain
a dense type loading its .which the presence o the liquid makes it possible
to significantly reduce the increase in density of the catalytic mass
inherent to this type of loading. When checking figures 4, 5 and 6, which
are representations of photos of the surface of the catalytic bed obtained
i~a each pf the above loading tests, we see that the loading process as set
forth h1 the invention, while reducing the density of the 11   catalytic
mass to a value atone to that obtaine with the sleeve, it is also possible
to obtain a mostly homogenous distribution of the grains, as only the dense
type loading in air can do currently, which, in counterpart) led to a
si~nnftosat increase in the d~dsity of the load. 'therefore) the process as
act forth in the invention provides a solution to the problem caused when
obtaining a hamogenous distiibutiotx that usually results from s douse type
loading, but whose density of the loaded mass here is far the must part
identical to the density recorded with a sleeve 'type distributioit, aad ,
le 'lie above mentioned tests are done ovex) but, in Test 3, the liquid
h,es been replaced with, an aqueous ethylene-glycol solution with a
viscosity that is 17 to 18 times higher than that of water, to study the
influence of the viscosity of the licittid being used 'tee results obtained
sra shown ~ TablO 2 below. Tab t 1~z3Nlet)xod
ofloadingSleetreloadingt,iquidhoadittg-.~stee +'~ediuril
..A,irA,irethylene-81yco1Height of the -Xiquld0D100 nhcuQ~tity ofloaded45,
27 kpd5,27 kg45,27 !cgcatalyst "pity of;tb~e cat~ytic0,780,900,79bnd (tlms)
We see that a greater liquid viscosity has no affect on the results
obtained and that the process as set forth in the invention does not lZ
depend on the viscosity of the liquid used for loading the catalyst grains,
13    i t , Process for the homogenous loading of solid particles 'unto a
chamber ( 1 )~ characterized in that said chamber (1) is fiIled'at least in
part with a liquid (2), and in that tile flow of particles (3) introduced
into the chamber (I) is divid4d, tb~e~ dispersed itn~ a homogemous manner
iit a gaseous phnso (4) over the surface (S) of the liquid, within which
the particles move downward by means of gravity to settle and foam a ;fixed
bed 2. process as set forth in claim 1, characterized that the liquid phase
(~) is comprised of a liquid or a mixture of liquids physically and
chemically compatible with the che~oieal nature of the solid particles, 



3. Process as set forth in arty one of claims 1 through. 2, characterized
in that, throughout the lvadiz~ 'the height of the liquid (2) through which
the solid particles pass, over the bed of particles being created, is
greater thaw 10 cm . A. Pi'oeC3s as set fat tlf it1 any oue a~f claims ~
thorough 3, characterized in, that the gasoous phase is comprised of a gees
or a mixture of gases physically and chemically compatible with the
chemical nature of the solid particles. 5, Process as set faxdt itx any one
of claims 1 through 4) characterized is that the flow of particles (3)
introduced into the chamber (1) is divide) theft distributed in a
homogenous wanner) using a device (4.) that makes possible a rainlike
distributlon of said particles over the attire transversal sectio~u of the
chamber (1). 6. T~rocess 'as set forth in claium 5, ch~tgot~i~d is that the
distribution. device (4) is cabtprised of flexible deflectors integral with
several levels of an axis animated with a rotary movement. 7. Process as
set forth iaa claims S arid 6, eb9~terized in that the deflectors axe
mrtitculatod o~n tire mobile axis so as to be xble to aaove upward under
the effect of the centrifugal force 8. Pxocass as set forth m nay ofle of
claims S~tboraugh ~, eharaaerized in that the rotation speed o the mobile
axis is less than 200 rotations per minute and preferably loss than 150
rotativ~ns prr minors, 9. Process as set forth in any one o claims S~
tltroe~h 8) character ix< that each o the defleci:ors is c~om~prised o a
flexible strap. 14    10. Process as set forth in any vise v claims ~
though S, characterized in that the particle distril~tion devise is
comprised oa rigid matter. 11. Process as set forth in any one o Maims 1
through 10) characterized in the the liquid phase (2) is the reaction
liquid o n datmical reactor. 12. Process as set forth iat any ane of claims
l~ through 1 l, characterized iu~ that the liciuid pose ('Z) is a
hydrocarbon, an aqueous phase, $n alcohol or them derivatives. 13. Process
as set Earth in, sttY one of claims 1 throughb 12, characterizad in that
the gasewn phase is air_ 14. Process as set forth in, any aria of claims !
through 12, chacacterized in that the gaseous phase is a neutral~a~ a inert
gas. 15. Process ns set forth in claim 14) characterized in fiat the
neutral or inert gas is argon, br nitrogen. 16. Process as set forth in any
one o claims 1 through 15, characterized in that the gas used is dritd or
dehydrated. 17. Process as set Forth in claims 1 throw 17) characterized is
that the solid particles have dimensions that range between a flaw tenths
of a millimatac and a few centimeters. 18. Process as set forth. iu claim
i'7, characterized in that the solid particles are saturated with a liquid
prior to being loaded. 19. Process as set Earth in claims 1 through 1$)
charaeterized in that tide chamber (1) is a chemical reactor) whrareas the
particles (3) are grain of catalyst. 15 .A.ASYY.Af( .A.Al.A N9.AhL.A.A.A.A{
.AE.A s.A2.ANOCE'LPTcd!      
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