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Spherical agglomerates based on zeolite(s), process for their production
and their use in adsorption processes and in catalysis 5 [Technical field]
[0001] The invention relates to spherical agglomerates based on
zeolite(s) and clay(s), of controlled size and morphology: size less than or

equal to 600.pm, very good sphericity. havin a‘t|‘1_i content of zeolitic
O RSP He s o hEfrcase for
aggihdr RESAGHHiCH My Sadifitag stiR iktapplieaidiisinRerrocesses
controlling morphology in teyms dfrsizes hrageaneity and/or sphericity is
important, in the same way as the high 15 content of active material

(zeolitic material), and in processes which require high mechanical
crUSHiRG ané LattritiorStrength and controlled pressure drops, _n

pEMiQGar irtadsorptiemprocesses) andsmare particulady in pressure=rates

madules, or in, catalysis: 20 [Prigr eﬁtlakppgﬂ Ingeneral, syathetic zeglites ,, 4

are obtained at the end of a process of nucleation and crystallization of
gois o SiicoZaluminatés: thesize ot e afgul&Fids tryS@allites thid s very
pisdutedis of the bidor of'@ hictometertod few mitrometers: theeclitic
expression powdershisithep used-These pewderssare difficult to use

i ially: difficult to handle because of their poor pourability, in dynami
r:@)%gé es i%%‘%wﬁf freeorS‘L?) frcé‘“\?vcfchrfglflﬁ?q%? ?ﬁnei/‘gae%r?eér)atel ?liglﬂn%?eres“én}léf a% Y
dPEPS and 4Spe6T distfiBution®aTithe flews 3 the bedst [0004] Fhabse bt ing
grantiarcaggiomerated foemsds peeferred these agglarenatas; whethes /o
theyaren the. farin afplatesheads, fhreags oL gxrudates, commonly. 35,

consist of zeolite powder(s), which cons{titute(s{)%t e activ materlai, and a
bitider SMbstfteddn ihert Binder: drterdéd to-brirg BBGGthe tohesibA of 1
the: erystalsof zedlité(s)withieaeh dther: Bindetszarecgeénetallyschiosen and
syeh that they offerthe agglomerates,c -o11ed pressure drops, in
particular in adscrption processes, and more

particularly in pressure modules, or in catalysis.

[Prior art]

[0003] In general, synthetic zeolites are obtained at
the end of a process of nucleation and crystallization
of gels of silice-aluminates: the size of the angular
crystallites thus produced is o©of the c¢rder of =&
micrometer to a few micrometers: the expression powders
is then wused. These powders are difficult to use
industrially: difficuit to handle because of their poor
pourabkility, in dynamic processes involving free-
flowing fluids, they generate high pressure drops and a
poor distribution of the flows in the beds.

[0004] The wuse of granular agglomerated forms is
preferred: these agglomerates, whether they are 1in the
form of plates, beads, threads or extrudates, commonly
consist of zeolite powder(s), which constitute(s) the
active materizl, and & binder, most often an iner:
binder, intended to bring about the cohesion of the
crystals of zeolite{s]} with each other. Binders are

generally chosen such that they offer the agglomerates
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2 “a mechanical strength sufficient to withstand vibrations and

movements to which they are subjected during their various uses. [0005]
The agglomerates are generally formed from a 5 pasty mixture of

zeolite(s) and of binder and optionéll)ﬁof_one or more additives intended,
for example, to fagitate the handling of the naste by modifyingthe, .. .,
T eology‘ah /or the tackiness orto confer on the Iﬁf_"\al aggcfomerafes‘ )
shfistadtory 1B properties? risartisularcof pérosity iieH isiefy iporeaitsc
inladsorptioh applications. f00063 I he processes for forming the solids are

VRigosiverse, as %I@%}M@% Leference book -Size, Enlargement By .,
Agglomeration” by W. Pietsch, John Wiley "15 and Sons, Chichester.

[G007] Tn thE-Feid 6f zeofite aggfotierafidn, persond skitfed i the 3t use® 4

- processes fdriforming by.spressingrincpartisgldr by extrusiont #heed, for

agglomerates ithusrebtained.are cylindrigal and nopsphericahwhich-2Q. 1
makes the homg%gnequﬁ fgl'irg}ggof adsr?&egtign cc}%l_gmns+ dfiﬂigult.iOOO%]rlt IS,
possﬂ%léytjongchnd e cyiln%rlcal Scﬁggﬁ‘)m rates ini order to obtan finer” - -°
paftieles; but dHe mdrpRology ofcthese paHiiEsss dET verys25 ikegularry
apdalet-of dust isfarmeg-{0009] dtris also copipen o usedformind s very
Pragesses by agiatlen and eallsigns, ot example granulating drums,

granulating dishes, operating, for e ample, “contintously, or
MBI randiborsgériatany isetin 30°BAER thoblB Ssofrdiries @ss  very
called:iodulators”. [0} T hesetechnigues heweverreach theirdimitssize

winen. agglomerates of yery small size, of E&Q ular aorpholagy, sonn wiley

possessing mechanical properties acceptable for their uses in industrial
aBB6rptioh protessesFieed to be 35 obtained. Indeed, the operation of
@087kl granutation Plants bedomesdifficult, the teoycling irates arersons
high; thereby cansidetably.increasing therocesses  for forming by
pressing, in particular by extrusion. The agglomerates
thus cobtained are cylindrical and nonspherical, which
makes the homegeneous £f£illing of adsorption columns
difficult.

[0008] It is possible to grind the cylindrical
aggiocmerates in order to obtain finer particles, but
the morphology of these particles 1s then very
irregular and a lot of dust is formed.

(0008} 1t is also common to use forming processes by
agitaticn and ceollisions, for example granulating
drums, granulating dishes, operating, for example,
continuously, or mixer-granulators generally used in
batch mode, sometimes also called “nodulators”

[0010] These technigues however reach their limits when
aggiomerates of very small size, of regular morphology,
possessing mechanical properties acceptable for their
uses in industrial adsorption processes need tTo be
obtained. Indeed, the operation of industrial
granulation plants becomes difficulf, the recycling
rates are high, thereby considerably increasing the
production costs, the morphology of the agglomerates is

lrregular and their mechanical properties are poor,
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production costs, the morphology of the agglomerates is irregular and
their mechanical properties are poor, - 3 because of their residence time
which is too short to allow sufficient compacting. [0011] Moreover, is often
necessary to at least partially dry the agglomerates before carrying out
the 5 selectiofn %sievin%the ggrticles in the d%s,ired particle size cut. It is

Wet partic siélVe nétting Todt¥] "~ *°

also noted tfvat the wet particies oftén bIoRk the
Another teeRAibieconsisis reausitg the powder to flow continuously, by
qe0ty] inta:a vestical fube <10 inswhich-afapidkvertical tyrbine With  least
aglystable angle bladss is placed, Unsiream, fhe bipdet s confinuougly .,
sprayed onto the dispersed powder stream. The particles thus forme

cofe intd ebllision with Bthetvet® particksstih ordérto fofm smigll desired
aggtamerates.stheir 15particlesize is fing, Hut they: are natvery danse, wet

are ,shapeless and are nafvery solid,;which.is ysefylin applications
gﬁﬁa%gasy and rapid dispersion of the agglomerates is sought but is not

whehthese dggiomerates ard'Gsed in processesfor adsBrption™er

foro 20 exampte: ofiindustribl gases. [D018] Moreover cprecessesiexist farube
forming Ly dispersionsingbe ferm of drapsiof.suspension.:followed by.a.1 ¢
%t%nglldsatlog phﬁg‘iggg geﬁgngtgolgrmen;?tlo , %sr?l gllflc%téon orncjgylng. 0

e soﬁ-gef‘pro@ess"es wor %y §gel1ing” of dr psin suspengl%n“iﬁ%\ Uy
irARTisciblé lijuich THIS tethigues withough effectives isiparficgladyrtLcles
expensive: {094 Anether pragess consistsiis epirapping the pewser inwg:+
continuqus memprane o!ymerizeg in situ_at §9 the interface of a .
gartLCies in rﬁ%_ Lo O SHia .%gqiemera es Thelr
suspension. The particles obtained are small in size; 1n genéral with a
vBftine dan® dignéter (D56) of18ss tham20°Fn. [0015) ARbtHeF Aiéthod £ €
isshased en thezcoating.cof acpowderwitha filh, of ypolyraer precipitated  in
from,a; 33 destabilized.colloidglsplufign of this-POYMEL o - <3 6n o the
agglomerates 1s sought but is not suitable when these
agglomerates are used in processes for adsorpticn, for
example of industrial gases.
[0013] Moreover, processes exist for forming by
dispersion in the form of drops of suspensicn, followed
by a2 consolidation phase by gelling, polymerization,
solidificaticon or drying. The sol-gel processes work by
gelling of drops in suspension in an immiscibie liguid.
This technique, although effective, 1is particularly
expensive.
[0014] Another ©process consists in  entrapping the
powder in & continuous membrane polymerized In situ at
the interface of a suspension. The particles obtained
are small 1in size, in general with a volume mean
diameter (D50} of less than 20 um.
[0015] Another method 1is based on the coating of a
powder with a f£ilm of polymer precipitated from a
destabilized colloidal sclution of this poiymer.
[0016] Another process, called “prilliing”, consists in
solidifying molten drops by free fall in an ascending
air current, so as to form pearlis of a few millimeters.

Their mechanical resistance 1s low. Furthermocre, the
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[0016] Another process, called "prilling”, consists in solidifying molten
drops by free fall in an ascending air current, so as to form pearls of a few
millimeters. Their mechanical resistance is low. Furthermore, the 4

height of (fall required is great, such tHatthe investments are expensive.
[0017] Finally, the_spray-drying technique simultaneously performs ,
c%%ﬁ tSus grgling*gfi‘the 5 g&é?sgspr?ﬁed it§ an‘atmosphere ofhot t€
gases sndethe forming of Hee 86l in suspension in the droplets. The
deergent industries, use it a lot, by spraysdrying- gomplex mixtures chnique
cgntquiipgnsur@sc ants prgyiginrgntpe q:eoter enc Ussequ%gte[;in% ageorgs he
such &s zeolites, 10 cafbonate or phosphate salts intended tosincréase tfie =
FICIBRG)-6f e Saifactants by séftenirigitheniiater afd inefdasingihe and
atkadinity,elaysyof-the hentanite: typenfor fagilitating theisuspessiongf the s .
sofling r . of the montmarillonite. type having softening 15, praperties.y... .« 5
neutral soluble salts for adjusting the density or promoting the = N
det&tgenty, Bt Srganic additivés-suctaserlitifiseidervatives foP 1ne  the
preventing redeposkignseptical correctgrs, stain removers; senzymes; tes,
@Q%%ﬁégéfog;ming@%ﬂoméff%%g@tigg 29}%3%@@53@69@@@&% the
a s or d spersants. e forming of laundry detergents or of
O SR ey conatiarts it the Jor 51 Sl eiels dpersas. wacer
agglbmeratetkobjocts iakes it pobsibleto inapreve thefpourabilinzofthiel te
powsiersand talimit 26thein gaking, thatisda saytheiragaregation duwing. »
storage, in particular under. atmospheres %_t high relative humidi
I—Fo“vvever“,:{ﬁe spféy‘-cfrylng]techhlgﬁe app il othe“(?eterg‘ént
fori&fidnsRas especialy theddvantagé ef manufacturing’ usting the
aggtomeratesdhat are 30oniyvery shightly glensegeften/hollows organic
meghanically anly.slight~. y.resistant, capaple, ot disitegrating very .., ;

rapidly without forming lumps. The apparent density of these
aﬁ@ﬁﬁﬁ&%ﬁ&f@ﬂesstﬁﬁ?%@@bﬂﬂ correctors, stain removers,

enzymes, antifcams o¢or Zfoaming agents, flocculating

%%ftening

polymers, rheofluldizing agents or dispersants.

[0018] 7The forming of laundry detergents or of some of
thelr constituents 1in the form of small relatively
spherical agglomerated oblects makes it possible to
impreve the pourability of the powders and to limit
their caking, that 1s to say thelr aggregation during
storage, in particular under atmospheres at high
relative humidity. However, the spray-drying technigus
applied to the detergent formulations has especially
the advantage of manufacturing agglomerates that are
only very slightly dense, often hollow, mechanically
only slightly resistant, capable of disintegrating very
rapidly without forming lumps. The apparent density of
these agglicomerates 1s less than 500 g/L.

[0018] The following documents are cited by way of
illustration.

[0620] ©Er-Bl-1 215 277 thus provides surfactant carrier
particles based on zeolite, water-soluble polymer(s)

and salt{s), capzble of rapid disintegration.
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[0019] The following documents are cited by way of 35 illustration. [0020]
EP-BI-1 215 277 thus provides surfactant carrier particles based on
zeolite, water-soluble polymer(s) and salt(s), capable of rapid
disintegration. - J [0021] To limit cakiRg turing storage and to improve
%EHCVTOEPIA%El 229 833 recommends mgnufacgturigg agg(l)omerat?geg,{rEE
constittents of Iaﬁn‘éry de?er@eﬁt, with “16% to 54% 6t zeoﬁjte ard 895 to
7595 OF 8&fH0Xylatd 8 polymertatd 8ptionally ad@iives suckagufacturing
sutfactamts,s theofluidizing-ageris;-chelating agents;salis,r seffening wich
cive. 10022 Jlus sametimes:desiablg tojpanulaciee & JBundtpoxyiate

detergent which is more compact than that 10 obtained by the
SprayRingftethniglie- AloRg ] yet preddmingihespropertiés Ghtameatviiy s -
thensprayadried jonly veryglightly densenagglometateszineorderto  salts,
increase the,density, post-treatments are performed: for example,

\ﬁléﬁé -2000/077140 and WO-A].-2000/077141 15 propose the

i ration” of 4 fracfioH'oF a§glometates 6btafned by pfotessas other @
thamspray-diyirigs 0628] Andtherindustriat sector whighefréquently  that
regiires-the forning: by spray-rdryingy pf mixtures-gantaining zeglte is et

that of catalysis. The mechanical 20 strength of catalysts, in particular
LXC{ CNne r %agn M ! r

eSS T VLY r PDIrCRErTIe ith T rav-—dried
tﬁelﬁaaﬁrltlon Tesistance, I% pa?t}cuﬁar Yy |mporFant %ecausen%e)sl%rgyused@

uRder exifemely Sevére condifiGiss Suchiis forcasaniple in Huidized!bed to
catatytic-eracking=prabesses.y [0024]sFo-cenrfer suitable nmeechanisals o rmad:

Properties gn 29 catalysts, JLIs cystamary,to limif the guantity of, OZ%J% 141

active material to less than 60% of the agglomerate, as shown In
dotfiiehts UBSA-4 622 7242 USA-4 3857 265 2EP A0 P12 956 afgerates
US:-A=4 828 793. (|0025Arcther way torohtaindigh/méchanigal strengths
3fbeoapistsip binding zealite, with silica o glumina sols ;which arethen, . ,
e Se0oC 2085 D IAORE Ny, SSLPXaTPIS BB AN 49,002,
US:A“4 283 688! G, bY spray-drying, bures
contalning zeolite is that of catalysis. The mechanical
strength of catalysts, 1in particular theilr attrition
resistance, is particularly important because they are
used under extremely severe conditions, such as for
example in fluidized bed catalytic cracking processes.
[0024] Tc confer suitable mechanical properties on
catalysts, 1t 1s custemary to limit the quantity of
zeolitlic active material to less than 60% of the
agglomerate, as shown 1in the documents US-A-4 022 714,
Ugs-A-4 357 265, EP-RA1-0 112 956 and US-A-4 826 753,
f0025] Another way to obtain high mechanical strengths
consists in binding zeolite with silica or alumina scls
which are then dried or gelled s0 as to harden them,
ses for example GR-RA-1 145 40F&, US-A-4 252 688,
Us-A-4 542 118 anca US-A-5 164 073. In US-A-4 612 298
and EP-AL~-0 112 956, clay is introduced 1into the
formulation which acts mainly to trap the possible
catalyst poisons and to thus increase the catalvtic
efficisncy.

[0028] In some cases, the catalysts are prepared from

beads of clay(s) or of mixtures of clays that have been
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US-A-4 542 118 and US-A-S 1647073. In US-A-4 612 298 and EP-A"-0
112 956, clay is introduced into the 35 formulation which acts mainly to
trap the possible catalyst poisons and to thus increase the catalytic
efficiency. [0026] In some cases, the catalysts are prepared from beads

of clay(s) or of mixtures of clays that have been 6 calcined and subjected
t& ﬁjtfll/ﬂ gﬁ%n?&?co%%ﬁsﬁ?&*r?od aZeofitic-materfai 8o al'to creufé tie ©n t©
agtivematérial fox thhe catalysis and tochardentthe agglomerates. Thererial

may-be mentigned far example GB#:1 256 1ile 54SARD83 067, YSe e
2004/235%42 and gnSt-A-AhS%O 119. This technique does %g%rpgk% 't6 171
pré‘%gible t6 Obtaif’ verylﬁ)lgﬁ zeolite Contents becatse th(é conversion'to '’
zE6liteis only partial ard is Félétiviehy Stow. J0027F Thaférming ofthe This
zeelitimagglemerates hy: 10 speay:aryingsis very: seldomsed.indbe field: oh
of Adsorpiion, [0028] GB,855 301 proposes a metag.for fhe synihegjs of
zeolite, optionally fo Iowea%y forming by spray- drying; the binder isedto™
aggibnérate thielz&dlite 15 chystallitesss fighitsbdium silicate. This type of
bl@@&7inakes it passibie teyobtain suitablezmechanical. aproperties; bet by

t to.hlock access.to the porosi he meyates, whichi
eggigag ing};ds@grptiosn pr%cfe%sgsg%(gﬁgozg%%gewﬁ?e, Eg%l-o E%Gsl c2i82Qf

damagin

p%i)socglég fomerates of 40 um to 800 pm, manufactured by
sp8&lryingBrom zevlite andbiromer09% to80% wf pdrticles o callpidatesis
amorphous silica whish serves s binder:[0930} With the ain ofgbtaining.,
m xIﬁe(E,LuI!a\r.sieveig 2% po S(?:ssin% Qodt%ttrition gfgisé%réc;te and lEla_\/in a, ..
mean Size oftlgetweennbg(? pm %ng‘éoo pm, ‘%ﬁeqopfpmum for utseeln soLLtLe
flGidiZeeeBed, TFR 1 565 184and USB 472 6 7 brepose uskigiparticies ofo £
stica-auminaios of kaoliso sarmedkby-spray-drying, calcined at &echanical
tgmperature 30 gregter han 425G ang subjecting them 0 a RUSUC e ¢y
of the agglomerates, which is damaging in adsorption
processes.

[0029] i1:kewise, EP-Bi-0 506 282 proposcs agglomerates
of 40 pm to 800 pm, manufactured by spray-drying from
zeolite and from 10% to 30% of particles of colloidal
amcrphous silica which serves as binder.

[0030] wWith the aim of obtaining molecular sieves
rossessing good attrition resistance and having a mean
size of between 50 pm and 200 um, the optimum for use
in a fluldized bed, FR 1 505 184 and US 3 472 617
propese using partlicles of silica-alumina or of kaolin
formed by spray-drying, calcined at a temperature
greater than 425°C and subjecting them *to a caustic
digestion that can be divided intc an aging phase at
moderate temperature and into a crystallization phase
around 100°C in order to convert them to zeolite, in
pvarticular to A, X or Y zeclites.

[0031] The conversion is slow and partial, which makes
the process uneccnomical and the long caustic ftreatment
risks Jjeopardizing the integrity of the particles.

[0032] The document US~A1-2006/0148642 presents

adsorbents for removing CO, from fumes, comprising one



10

30

35

digestiori that can be divided into an aging phase at moderate
temperature and into a crystallization phase around 100C in order to
convert them to zeolite, in particular to A, X or Y zeoiites. 35 [0031] The
conversion is slow and partial, which makes the process uneconomical
and the long caustic treatment risks jeopardizing_the integrity of the

paRicloe: [0035] The dORTMEN? US-ATIZD0BML46642 prsants = Toonates

adserbents fohremovirigeC02:immdlmes zcomprising one 7roemorend  an
activa-gempeunds.capablerefforming sadionates .and of thusJetaining v : 5
CQ§4$§oro%§garri§érgpg n inorganic binder. The adsorbents . or onl

manufactured by this mathod are sémisﬁ:ﬁéricaf?ﬁe porous ca‘rﬁer‘onlf/) 5y
cOAStHlifesUA Stafl pFdpottiorP&Tthe dggldmeratesiande tHel miaehanieal and
strength isprovided by the dncosperation of alumina er-ebealciumsilicate; ne

which, .at the and.of he reactiqns in a basic. mediym, form. yery hard,;
pinders 10 [0033] US 5 856 264 p#r%poges ﬁ(r’%]%%%rglsogréieﬁﬁ%f' dnicn,
aflomeratés cefdsphbfes)for dotibleTylazingprodiced Bypdtum, form
sprayydryingdfrodnrmiixtares of zeolite and clay. The desired effects are the

regogtion injthe:propartion.of adsgf%?%%@terial Jhthe.agglomerate.and -
a low fi Ilneg 15 densg. The amount o clz?/ig inactive material is at least
2096 THE a§g15Mmetates HEVRSUTH a limited Mictanitat srBRgth TRALERSS

nbtymeasearable; wis indicated iniecclumnsd, lifnes282 13 65. Fhis typeaof. The
agglomeratesds complefely unsuitable ferusein 120 dypamic adsomtion of
processes. A[Qosg]tég J{Janfat;i%ﬂed neeg %&ists to h&\a/e S geric I W Fillin
aggl%mera?es based on zedlite ssléﬁaw%g‘a? ﬁﬁ%ﬁaconteng of zeoﬁte(g), +ing
typicelly (greater that 7% by fiass Lmeasuréd a8 caicindthéquivalentls at
havingta size){voluma5 mean diameter)-of lessithan e egualio 0.6iMM ed
and -having a.goqd mechanical strength,suitable for usen adsorption
processes, in catalysis. [0035] The appTlcant as |scoverea that was '
indicated in column 6, lines 52 to 55. This type of
agglcemerates is completely unsuitable for use in
dynamic adsorption processes.
{0034] 2An unsatisfied need exists to have spherical
agglemerates based on zeclite(s) having a high content
of =zeollte{s), typically greater <than 70% by mass
measured as calcined equivalent, having a size {(volume
mean diameter) of less than or egual to 0.6 mm and
having & good mechanical strength suitable for use in
adsorption processes, 1n catalysis.
[0635] The applicant has discovered that it was
possible to overcome the disadvantages mentioned in the
prior art and to economically manufacture by spray-
rying agglomerates having a high content of zeolitic
active material, which are dense, mechanically
resistant, having controlled morphology which is as

close as possible to sphericity.

[Disclosure of the invention)
[6036] VUnless otherwise stated, in the text which
follows, the proportions indicated are proportions by

welght, measured for the solid constituents as calcined
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possible to overcome the disadvantages mentioned in the 30 prior art and
to economically manufacture by spray drying agglomerates having a high
content of zeolitic active material, which are dense, mechanically

resistant, having controlled morphotogy which is as close as possible to
sgherjcigy 35 [Disclosure of the invention] [0036] Unless otherwise stated,

in the text hich follows, Shé Broportions iaticated are’propbitions By =
wWEIght. measuted:forthe solid constituents as calcined 8 equivalent, on
thiedzergis ofrcalcinationsperformed at «950C for-1 houe 0037 The o1 i+ 1 ¢
present i%veggigg relates to zeolitic agglomerates: 5 having a content of
zedl?t“éfsfg S?r'ICTIS/ greater than or equal to 70%, preferably greater than or .
etjual to'B0% 8ndPadvaritagesusiyigresterithan ot ) eqaalkto 0% by nasser
and containing at mest30%-+as preferably atrmesth20%aRttar than or
advaniaggausly atmast, 0 1% of ert,binder, megsured as calcined

equivalent, said inert bipder comprising, preferably consisting of, a agf/ioror
a mixturdBtediays RAving & Voldme héar- Siahetei (B550) of Tessthaf or o T
15 equabto=6€0 ai; Ipreferaloly sandging froemb0 anwton 500pm sareferablycst

still fromy 5@ um t@ﬂoo%rmor%ﬁrﬁé@@ply from, 90 pOyto 230 UMy 1 4 e
having an apparent density ranging from 0.5 g/cm3 to 0.8 g/cm3; 20

having & BUlk Erushing streffgth (BCS) Figakured *ac&tiding t& HEASTHI S -
7084-04rstafdardrangingn fromc0.5MRd to 3:MPaz preferalsly rangingre of
from 0.75 MRa to 2.5 MPa, having a mean roundness ranging from 85%
tQ 100%, 25 preferably from 90% to 1-00%; having an elangation §Lf‘ch
fava ? a2 velume mean diametsr (D) 0T 1ess chnan or
that the percentage o
equal to 600 ypm, preferably ranging from 50 um to
500 pm, preferably still from 50 um to 400 pm,

more preferably from 50 pm to 250 um;

® having an apparent density ranging from 0.5 g/cm’
to 0.8 g/cm’;
& having a bulk crushing strength (BCS) measured

according to the ASTM 7084-04 standard ranging
from ©€.5 MrPa to 3 MPa, preferably ranging from
0.75 MPa to 2.5 MPa,

® having & mean roundness ranging from 85% to 100%,
preferably from 90% to 100%;

® having an elongation such that the percentage of
particles having an elongation of 0% ranges from

10 te 100 and preferably from 25 to 100, and th

[y

e

percentage of particles having an elongation of

less than 10% ranges from 70 to 100 and preferably

from 80 to 100.
[0038] In the 9present invention, the agglomerates
comprise a zeolite or a mixture of zeolites
advantagecusly chosen from the A zeolites, faujasites,
preferably Y, X, L3X, chabazite and clinoptilolite. The
zeclite({s) advantageously has (have) c¢rystal sizes,
measured uslng a scanning electron microscope (SEM),
comprising between 0.5 um and 20 um, preferably between

0.5 ym and 10 pm. Zecolites which are less than 0.5 um
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particles having an elongation of 0% ranges from 10 to 100 and
preferably from 25 to 100, and the percentage particles having an
elongation of 30 less than 10% ranges from 70 to 100 and preferably
from 80 to 100. [0038] In the present ifivention, the agglomerates
comprise a zeolite or a mixture of zeolites advantageously chosen from

thé A zBofftes, fAGsitesC 45 Préferably Y, K 13X Chabazitéand®s  moF

clineptiloliteaThe zeolite(s) advantageously has (have) crystal sizes,
npegsyred usiag a scanping electrgn micrasgope (SEM), gamprising, 1 5 ¢ 1 ¢
between 0.5 inn and 20 pm, preferably between Q.5 pm and 10 pm. -
Zeofited Which are 18ss than 095 pm-g’ in &i2€ May Fowevdrbe ghserved™a©
but arechot epredsmibant J0039] The binder cohtainedlintthigzesliticclays .
agglomerates obthemqresentinvention-comprsesythat: 5 is toisayis based ,
on) 2,dlay.or a mixtyre. of elays. Thes are referably chosen rom aalins,
kaolinites, nacrites, dickites, halloysites, attgpulglteé, sepiolites;” g"_'"f ’
niGitrfofifloRites, beffunitas rites Antldtmetaka6iinsS fioré preferably + tes
fromiKaa'insnand kE@ halleysites: {8040-Aceording:to & particidatdy ins and
plrledfﬂrggﬁpggt.of the invention, the binder present in the agglomerates
Wéﬁ solely of one or more clays, preferably of a_single clay. 15 [0041]
litic" dggtomerites Scéording 't te Predert Fertiohimay ekt ©f
cohprise: vne 'or pnore dther ccomigonents; irea guamtitychetween Ocand-ates
5%, referably. hetween, 8 apd:l%, preferably stil hetween 0.and.0.5%. £

b weiggt relative to the weight of the zeolitic 20 agglomerate. These other

corlrl%%nenf% a‘r%'generally the residues of the additives, and other
B8, agehss frerrthetsynthesiodfssd ze6litic ayylomeiates, sueh agie
those-described later {0042} Examples efsyeh sempenents argfee other
eé%%%%%gﬁ%s, in & guantity between 0 and 5%, preferably
between 0 and 1%, preferably still between 0 and 0.5%
by welight relative to the welight of thes zeolitic
agglomerate. These other compeonents are generally tThe
residues of the additives, and other auxiliary agents
from the synthesis of said zeolitic agglomerates, such
as those described later.

[0042] ©Examples of such components are for example the
ash of the additives after calcination, silica, and the
like. It should be understocd that these other
components are generally present in  the state of
residues or traces and are not used to give any binding
or cohesive character to the =zeolitlic agglomerates of
the invention.

[0043] 7The volume mean  diameter {Dso) of the
agglomerates is determined by sieving. The apparent
density by weighing of the guantity o©of product
contained in a glven measured volume, which was filled
by a free fall of the agglomerates from z known height
from a funnel of known ocrifice.

[0044] 2= indicated above, the volume mean diameter
(Dsp) of the zeclitic agglomerates according to the

invention 1s less than or equal to 600 um, preferably
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25 ash of the additives after calcination, silica, and the like. It should be
understood that these other components are generally present in the

state of residues or traces and are not used to give any binding or
cohesive character to the zeolitic aggldmerates of 30 the invention. [0043]
The volume mean diameter D30) of the agglomerates is determined by
STEVING: *Fhe appatent Hehsity by Weighing 6 thé Homntity“of produbE “veen
cbhtaimeddnad giwehn measudeevalame, witich wastHilled=35 byefreevfall afie
the agglomeratesfrom a known, bejghtstronya funnel afdknown ogfiee. more
[0044] As ipdlg:@ted abO\Ize, the dvqu e mean diamgter gDSQ) of the -
z%%ﬁtl“clggdglgmé\r/atepsraecc%%i%g'tot s“fnvention is féssﬁﬁ%ﬁ%?éq&a?%e Ch
600<unE Spreférably2ckD- Yetwadr S0vpre and B0, preferablyatifiter is
betweesnrb0um and 460 pa Zeglitic agglomeratesswhose volume mean

fagipr ispeiween 50,pm and 180 pm.gre more patioylarly preferred.
According to another aspect, 5 the zealitic ag jlomerates whose volime

&4 dfamcter isS betNESR 2505 pnTafid 4005pMT7E Préferred [0025] The!™
nethod $e[E@:te1ttnmfxaan‘a‘cteﬁZekﬁheslme@ahﬁtcagbsﬁ_em@theofﬁbg determine
agglomerafes is-theASTM 0 7084-04 standard which.makes it.possidle ¢

to determine 10 the bulk crushingwstrengm of solids consisting ofd beads or
eXfriidates of ESSTHAR oF 8qlal to 2°8 mm " Iéngts Rt increasig fofde 17
istimipgused stepwise:by smeans of &cpiston ors a samplesof 2Gcmbof se by
agglomerates; placed im asnetal gyinder obknown inper Cross; dp3ectighe
[00l4a64€;rhe fines obtained a{the v ri%ducf pressure %Eeps are _segarated b
s%vmg and \:/Lvneighaed. The Sieves'used” are suitable ?oc?wanggloinr”}efaa es “TV%°

ha@ifgiesize of less than 1000 pm. Sieves of 200 pm, 80 pm and 40 pm
afecaBlsed for agglomerates:hawng meain sizes respestively of Lbefweesp s
599@%%@% 1909 pm, between; 180 pm and 500.pm and, tespegtively .. 4
between 50 pm and 180 um.

are sultable for aggiomerates having a size of less

than 1000 pm. Sieves of 200 um, 80 pm and 40 um are
used for agglomerates having mean sizes respectively of
between 500 um and 1000 pm, between 180 pm and 500 um

and respectively between 50 pm and 180 um.

h

[0047] On a2 graph representing the cumulative mass o
fines obtained as a function of the force applied to
the adscorbent bed, the bulk crushing strength (BCS) is
determined by interpolation of the load applied to 0.5%

=

by mass o¢f cumuiiative fines and calculation of the
corresponding pressure 1in MPa, Dby expressing the
interpclated force in terms of the surface area of the
inner cross section of the cylinder.

[0048] The elongation A, expressed as percentages and
sometimes called 1in the literature Melliptical form

factor”, is calculated from the ratio between the large

and the small axis of the ellipse of inertia of the
particle a and b, according to the formula
A = 100 (I - a/b). The elongation is equal to 0 for a

spherical particle; 1t increases for forms departing
from sphericity and tends toward 100 for an elongated

particle such as a fiber.
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[0047] On a graph representing the cumulative mass of fines obtained as

a function of the force applied to 25 the adsorbent bed, the bulk crushing
strength (BCS) is determined by interpolation of the load applied to 0.5%

by mass of cumulative fines and calcdlation of the corresponding

pﬁﬁfi ein l\k/llPa, by expressing the interpolated force in 'germs of the
SANTACE ared Gf thé O30 iHher Bross S8ttion ot the &ylinder [OBUSFFRE+  *S
elongation & cexpressed abperventages amd’ sodistimesoallethin the  the
literature sellipticakfopm factor” - isccalculated fromdhe ratiolhptween the ve
Iarggn%gd 'E)hp S{naell axisn%f the ellifpsg,_of inertia?“Qf t£1e SSaparticlg aand b,
a%cordlng {0 the formula’ A'= 100 a- gifb) The Jé(foneg'atiorcf Cfsoé:ql}éjlc-{o o° @
f6roa spterical pafiele:itincreases férsformssdaparting dfoni Spheticity the
andiends towasd 100 for anglorgaied particle sueh asa fiber. pdlcicles
[0049] The raundness, expresged as pereentages, is, cajculated frqm the

moments of distribution of the circles mscribec%?r%he particle and tangent
t& B Points of the ComBur ot tRE paftitle! AccBithify t65 tohipiex than
filtering 1tgs Yepresentative. ofithe ovariation:of theradiusof eurvature ehape
the partclesaad eflects be matyiofagiain 0;an abragion - pIAcesS che
The fine roughness is, more significant than the highly projecting
rgffdﬂh%é%.s‘%hé Eloser tHe shape 10 of the particles to perfect sphericity,
th8d8er the croandnesstto 100%: 40050} The subjectoftherprésent lso &

inventionds alsgra Rresess-for producingrgglomerates.descrined abgveye |
com risgnsgitrt_le fgLIlc)eWi_pglth_%QTsl:AS lémgéing and suspending in water

crys éalﬁt*es of%ne* or more pow(féred Ratural or synthetic zeolites, at least
oné binderbdsedasita el Erbaursiof elags, sptionally Up1e 5% one
preferabiy frapt-@. 1§ dad % ofthe total mass solidsas calcinedi2G =5, at

equivalent of one, oL mote additives, preferably 1. oy = mixture of

clays, optionally up to 5%, preferably from 0.1%
to 1%, of the total mass of solids as calcined
equivalent o¢f one or more additives, preferably
crganic additives, facilitating the dispersion,
the maintaining in suspensicn, and opticnally up
to 5% of the total masss of sclids as calcined

equivalent of a source of ligquid and/or solid

silica, preferably representing from 1% to 5% of
the total mass of said solids;
2/ forming by spray-drying the suspension obtained in

1/ in order to produce spherical agglomerates in a
hot gas at an inlet temperaturs ranging from 110°C
to 300°C, preferably ranging from 130°C to 250°C,
optionally foliowed by a step of sieving and/or
cycloning;

3/ calcining of the agglomerates obtained in 2/ at a
temperature ranging from 500°C to 600°C,
optionally preceded by a drying phase post-spray-
drving;

47 ocpticnally bringing the product resulting from 3/
into contact with an alkaline Dbasic agueous

scolution followed by washing;
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organic additives, facilitating the dispersion, the maintaining in
suspension, and optionally up to 5% of the total mass of solids as
calcined equivalent of a source of liquid and/or solid 25 silica, preferably
representing from 1% to 5% of thetotal mass of said solids; 2/ forming by
spray-drying the suspension obtained in. 1/in order to produce spherical
ag lom&rates IH'a “Rot as at &h infet Eifperatire rafgiRg oM 410830 ¢
to 300Cz preferably rangingrfrons 186C to250C 2 dptionallyEfollowed by.a 4/
step of sigving.and/er, cyeloning;; 3/ calcining of the agglomerates
ogpaine%in 2/ata teénpera%ure rgnging from 500C to GOQCﬁ1 35 optionally
préceded By adryilg phase post-spray- drying; 4/ Gptionafly bringing the ¥
product f&salting’fforn 3¢ Inté é8nfactadithtdrealkalimdUsasicdmuevas ~rom
solutiondfelewed bywashjng; 12 5/ optionally partial or complete ion
€ ge ofithe zeoliti lomerates obtained.in 3/ oy in 4/ followed b
ashing; 6(75 r%ing%r%d ggigv%?ihg a%%eletdemr;"glratu“re ran |ﬁ§ 5 from SC%C%S ©
600C-OFthe product deRvet-fiemP step 461 5710051]Fhe Zeolite{s) uiseds -
infthejprocess pf therimventian are preferably choSen fromiAizealites, and

faujasites, preferally Y, X, LoX, chabazite and 10 clinoptilolite, as
|§g§5§d above. [0052] The zeolite (s) used in step 1/ are in powdered
f

d genéralffHave crydtal 5265, mEastréd using SEM b betwien =
0B pm ard-200pme prefeérablydetwesry 0.8 pmsarmke:0 pme 25 {0653] Theng
binder(s):used comprise(s)s and. preferably gensisiskof: 088 0f MOLE: ycen
cldayg, thz? latter Ezginlg preferably chosen from kaolins, kaolinites, nacrites,
dICkIteg, haalfé)y& es, é%t'apulgites, sepiolites,

[0053] The binder{s) used comprise(s), and preferably

o

consist(s) o©f, one or more clays, the latter being

praferably chosen from kaolinrs, kaclinites, nacrites,

dickites, halloysites, attapulgites, sepiclites,
mentmorillonites, bentonites, illites and/or
metakaolins, preferably still from kaclins and
halloysites.

[0054] The additives, preferably the organic additives,
intended teo facilitate the dispersion, the maintaining
in suspension and the flow c©f the aguecus preparation
are of any type known to a persgon skilled in the art,
and more particularly are chosen from <cationic,
anionic, nonionic or amphoteric surfactant molecules.

[0085] There may be mentioned, preferably, but without
being exhaustive, methylcellulosgses and their
derivatives, lignosulfonates, polycarboxylic acids and
copolymer carboxviic acids, their amine-containing
derivatives and their salts, in particular their alkali
metal salts and the ammonium salts, buffer solutions.
The additives are introduced in an amcunt of 0 to 5%,

oreferably from 0.1% te 1% by weight of the total mass
of the mass of solids as calcined eguivalent.

[0056] The quantity of water introduced is such that
the dry residual matter of the suspension after

bringing to a temperature of 950°C for 1 hour 1is
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montmorillonites, bentonites, illites and/or 20 metakaolins, preferably still
from kaolins and halloysites. [0054 The additives, preferably the organic
additives, intended to facilitate the dispersion, the maintaining in
suspension and the flow of the aquecbls preparation 25 are of any type

own to a peég,on skilled jn the art, and more particularly are chosen
;j% ¢ 'a é n%é

it Eatiohic; “anidiit ionic’ot ahpibtedc stirfadtrit moteturess 8% -
[00B5] There mayrbe. mentiéned: preferably; bl withods beingrexhaastivehe

methylcelluloses and their=30 dedvatives, lignasulferates; palycaghoxylics .,
acids anld c%polﬁmer, carboxg(lic acids, their amine cont%in n.
= s T S

23 en .Lh ; enslo 5.5 Leparo 1ith '@ large
derivatives and their saellts, in ﬁarﬁcuﬂar their alkall ‘metar salts and the 9

afROGIuRY salts, Biffer Soluticrs. THE deditivesate inrodbesdinane not
amotint of 8r10 5%, Shrpreferabiv fronr0. 1% te:1% by weight of the tatak k1 e

mass, of the mass of gglgq%gs: calcined equivalent. [0056] The quantity of
v&z{a}é@erﬁtioduée Is such that the dry residual matter of the suspension
a

ingifigd atémpetaiiré of B50C fof Fhédr is 13 I56twesr 4056 ahdc”
60%; preferabliriyetween G084 and: 58%: V‘(/Iaeriﬂmé;agumitygﬁma:tem than
introduced is such that the, dry residua) matter;(sqlids) '@!Lee;éatb}%%é%% a

for example when the suspension is prepared with a large 5 quantity of
wallér- the dggiomeratéd obtaingd ‘are fiot sUHRGBATN Compact ameror YTy
denseto exhibit saitable pmethanical properties: (0057 Avheéretheguamdtityo r
of-waterjatroduced is such that the dry residual matter (solids) is greater

1854 0%, for,example when the suspension.s prenated with a small,
gbianti gof water, sald sdspension gecomes%ery viscols, of 6ven pz?sty,
aRAtanWsibngerbe pimpeddE cofveyed HDO58]TFHE mixing Ak thes ous
suspensien of steprdl are 15 performedswith stirfingise@s thebtain 8ch 1=
homogengys syspension which canbe easily.pumped.and whichis 7.
constituents o©f the mixture may for example be
intreoduced individually or as a mnmixture in water
previously supplemented or otherwise with organic
surfactants.

[0059] The mixture is optionally kept stirring in order
to aveid sedimentation of the solid particles. If
necessary, the suspension 1s filtered before spray-
drying.

[0060]1 Among the constituents of the mixture, it is
possible, but not necessary, to add a source of silica,
as indicated above. This addition of a source of siliica
is however not preferred, or else only in small
proportions, for example in a range of 0.1% to %,
preferably of 1% to 1.5% of the total mass of the
mass of scolids as calcined equivalent.

[0061] The suspension derived from step 1/ is sent into
a spray~dryer by means of a pump, spraved and dried so
as to form spherical particles having sizes of between
40 pm and €00 pm. The hot gas, for example dry air or
nitrogen, enters intc the spray-drying chamber at a
temperature generally  between 110°C and 300°¢C,

preferably ranging from 130°C to 250°C.
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preferably not highly subject to decantation. The constituents of the
mixture may for example be introduced individually or as a mixture in
water 20 previously supplemented or otherwise with organic surfactants.
[0059] The mixture is optionally kept stitring in order to avoid

imentation of the solid particles. If necessary, the suspension is
A eton oo 8 BB b 105601 Aifong e CBP Rt o mae 5et
naixteite, iths possible, M horhscdssaryptocadd-a$ource ofsilical casently
ingicated abgve;ckhis addition of a soutcerof silicaris:howeyer pakc water
pjrmeqfererg{d,ﬁr.geelae 9@' in [geall 30kprop%r,ti ns, fo&eéargd[‘lgll%in arange of ing
0.1% to %o,*prefera T“y of 0-1% 10 1.50 6f the fotal mass of the” mass of - °
sblids &s caleinedequivBlent [0061) ThBXuspehsibf défved fidh atep 17he
igysentrintob aspray-dryer byaneans:of apumpy speayed-angrdrietese: B3Hect

as £o form spherical particles,haying sizes of hetween 40.,gym, and 600
hot gas, for example dry air or nitrogen, enters into the ,
:ﬁg %c}yina%%ambqe?%ﬁl%”ijé?ﬁr}élr%ture% rally Betweef 110C &fd 2Sted

300C; mpreferabiy rangimg frormd80€ taw250C: 44 0062 The temperaturehe

of the-hot.gas shoyld bg set l%h that the égg@ﬁl%@te%ﬁ@d‘&%gt%@t of
su flfi,ently dry, sQ as not to stick to each other and so that water is

eXpellét froi the Spherical grains Wwhite pres&rving B e physical e =V
intéghty, thatisié saywithoatthe Ngraipissorgstingror becoming-perforated 1n
upder the-gffect ofan excessivelysudden:explosionsofwater ¥apek, make
gBbmet St o <pray Shyer aud (e 10 /58 of dhedy nozsibecror T the
eREAMPREITRE EBfitent BF solids andthé viscosity of tHe sdsgensioi dhe ok
flaw ratesand presditre of theisuspension arfdhe gas irsdhe chamber &
and in the nezzle ifjs {win:flujd, make it possible to adjust the mean size

© 34] The use of commercial spray-dryers, of
industrial spray-dryers of larger dimensions c¢r the use
of other types of spray nozzles would not depart from
the scope of the present invention.

[0665] At the end of step 2/, the finsst particles may
be removed by cycloning and/or sieving and/cr the
excessively large particles by sieving.

[0066] The duration of step 2/ should be such that at
the end of step 2/, the agglomerates are sufficiently
dry so as not to stick to each other and so that the
water i1s expelled from the spherical grains while
preserving their physical integrity.

[0067] According to one variant of the invention, the
agglomerates obtained in step 2/ may also undergo a
finishing treaatment, -accerding to conventional
technigues known to a person skilled in the art, such
as cecating with a paste having & composition similar to
that of the core (i.e. mixing of step 1/) and/or with a
different formulation. Such zegiltic agglomerates
coated with a paste having a composition similar to
that of the core (i.e. mixing of step 1/) and/or with a

different formulation form an integral part of the
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15 agglomerates, as the book "Spray Drying Handbook", K. Masters, 5th
edition, Longman Scientific & Technical, (1991) teaches. [0064] The use

of commercial spray-dryers, of industrial spray-dryers of larger

dimensions or the use 20 of othertypes of spray nozzles would not

depart from the scope of the éEresent invention. %0065 At tt%e end of stzp

o7 'th&Fihest parlicies may Be femoled B%}%?/CIO fiiy-and/or SieVing &Ndror -
thheekeessivély largepartiele’s byrsievingo25 [0066] The duration of step
%f?@]ldl b@é@élcftmgﬁﬂhg erla(@@é@eg/%/, the aggjgr_{@éqt§§ afferformed
sufficiently _dry so as not tp stick to each.ather and so that the wateris |
e?bel!%d gg%ﬁ%éas%ﬁ%%cag%%ﬁg I\ﬂ}vhii)e&]oprgse‘?\tvx?rcf‘g t%é% p(fﬁysiclwaﬂ in?gdrity?e
30006 TFACCOrdIHG fF61é! vafiant BF tHe fvenfions e ag@lomefatesoray -
obtamed; in step 26 mayaisa updergo ad finishing treatment, ageerding toout

cgayentignal techniques knawp 1o a persan skilled in fhe art, such as

o %%(thna paste having a composition similar to 35 that of the core
(L8%%king of Step 49)-aR GO With a0 Giffetént formtlation®Buch z&oiitic =
agglomeratesy coated) with<apaste havingascompasitionsimiar te thatlofne
the, care (b6 mixing ofstep;1/), and/orwith & different formulation-form any, o

integral part of the - 15 present jnvention and in this regard form anather
ERLEP TR predont HobRIan. (0GRt e Eaiaii o 3 & ety "
pefforiedaata temperature betweehH00Caisd 600C Nefriay beygroxide,
gpgl@rﬁaé%w;eped_@% bYadrgé'ﬂﬁiHLﬂddiHQ'@/i% %ﬁr@a dra;izmtmgﬁdd&ékonain a
'vin glng carrie Q‘_Ut‘_ metweegste and ste escriped above. .

e T e P o e R i e
stibjeeted t6atfastieht it an- dlkaline T $0 Hasic agliesis solGticr(step> M-
4hsthis tresdment may be petformed forexamptei by, Aot macesatian ifsa i on
sqlutiog 9%f/ajbglg§l_i metal or alkaline-earth metal hydroxide,

[0070] rFollowing such a treatment, and in particular

when the binder is based on kaclinis), kaolinitels),
nacrite(s), dickitel(s), halloysitel(s), and/or
metakaolin({s), there is obtained the at least partial

conversion of the inert binder in terms of adsorpiion
to an active material in terms of adsorpiion. The
agglomerates are then washed, in general with water.
[0071] The agglomerates derived from steps 2/ or 4/ may
optionally undergo one or mcre exchanges of all or some
of their cations by contact, in the cold or hot state,
with a salt scolution, for example of lithium, sodium,
potassium, calcium and/or barium salts. The ion
exchange (step 5/; is followed by a step of washing, in
general with water.

j0072] Step €/ of drying and activation is performed on
the products and/or agglomerates derived from steps 4/
and/or 5/. The aim of this drying and activation step
is to at least partialily remove the water present in
the zecolite crystallites, =so as to confsr on  the
adsorbent its customary properties. This step 1=

usuelly carried out between 200°C and €00°C.
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preferably in a sodium hydroxide solution or in a mixture of sodium
hydroxide or potassium hydroxide, 15 whose concentration is preferably
greater than 0.5 M, as described in international application WO
1999/05063. [0070] Following suctt atfeatment, and in particular when

t inder is.based on kaolin(s), kaolinite(s), 20 nacrite(s), dickit_eés),1
Iﬁﬁg’te(sihencﬁgr“ r%%?g[kabzlgi‘rz?sﬁj%ﬁ]%rrle |£sSl ()S'b%ai*n%a}aa[ﬁg(sat féast partafe ©f
chbhersiohlof the ineacBintierinte imsiefadsotption Y6 an Activésmareriabn -
intesms of agsarpiionchhe agelermerates argdhemwashes: in general o7
W'@t\g%@gi@ [0071] The agglomerates derived from steps 3/ or 4/ may
optionalty undergo one or more exchanges of all or some of their cations
bﬁ’@&ﬂact,?ﬁlﬁqe ToR-GFRGESER, With Alkalt BEIGH6R For'ekampléoF are
lithiem j sediaml, ypotassiuit, caleium. afidtor barignpsdlts: Theqien 30 where

exchiange (step, S/)is.followed by a step of washing, in; general yith water, ,
[0072] Step 6/ of drying and activation is performed on the products

ahdfor ggftthérates de-rivéd froRPSteps 4 antd/ors7. THE aint'6fthis> the
dnyiing and activation stép 35 éstol atileastpartially removethe watemd  in

prasent ins dhe zgolitecrystallites, so.asto confer onithe 1adserbentis,  ang
customar Cpropegties. Tjgqu sgerfdis usrl{%\%(ﬁréi%d out between 200C and

600C- T 1 ibof?] I:Iﬁhnegpresen invention also rélatss 1o the Gse of e’ "

zesliticl &gyl6metates Hefinad abbve in ablserpioRcbasedseparation ses .
pfooes}es and inthe-field of, catalysis -5 [0074) Theagglometates of theand
PLeset invention,are. paricylarly suitable for appliegfionswhere oc  cpe
controlling morpho ogﬁf/ in‘terms of size, homoge %lty and/or sphericity is
imBEANT T thE Sameswayf 4s e High' Eonte Motz eoliticdctive PRaterar o
apddn 46 grecessesrwhichorequiré highy mechanical crushing aneks atttitionor
Sﬁﬁaquﬁng§PQHH%ed§He%%ﬁe§gBB%§@ed_ or tc be purified is
important.

[0076] There may be mentioned 1in particular the
gaseous-phase pressure-modulated adscrption processes
such as for example pressure swing adsocrption oxr PSA,
or alternatively pressure parametric pumping or PPP, as
described in “Gas separation by adsorpticn processes”,
R.T. Yang, Butterworths, (1%87), Chapter o, p. 201 to
235y, gaseous- and/or liguid-phase temperature-
modulataed adsorpticn preocesses, fixed bed adsorption
processes without regeneration, separation processes
where the species removed from a mixture by adsorption
are displacecd by means of a third constituent such as a

solvent, 1In particular in simulated fluidized bed

technologies.
[0077] The agglomerates of the invention are
particularly appropriate for pressure-modulated

adsorption devices based on very short cycles, for
example in oXvygen concentrators for respilratory
assistance.

[0078] According to  another  aspect, the present

invention relates to a fixed adscorption bed, which can

be optionally regenerated, comprising at least one
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particular in pressure-modulated adsorption processes. [0075] By virtue

of their nonangular, regular and spherical morphologies, the

agglomerates of the 15 invention may be advantageously used in any
separation processes where controllihg the flow of gaseous or liquid
streaT}s to be separated or to be purified is . important. [0076] There may
beentioned inparticUlar the” 20 %%8U§-b%§se préssure-Moduldted =+
adsurptiohProcesses! suctkas! fobeganisle prassire swing adsoiptiohesr 2
Pc%,t@ﬁa@@matiV@gh@r@:sma;para@etric@@Q}ﬂi&g@r PPRfas d%@@éi@?@ic
in "Gas separation by adsorption processes”, R.T. Yan tterworths

A5 R B S 1055 2955 oo, A e cher
tempéfature” frictiiidted atisorptiohPTocésses, fixdtbbed diserpoRous LY,
ptocesses withoutreégeneration, sepafatiaoprosesses wherg:the-speeiesc £
removed from a mixture by, adsorption sare ,'Spagsgﬁa@?gnsloé thitd, 5,

constituent such as a 30 solvent, in particular in"simulated fluidized bed
techfiblogies® [6077 The Sghlomerates of fiinvitition -are Tpatticlifaiyt Lty
appropriate forlpressureimadulated adsorptiom dévwice’s basgd ontvery than
shert cycles, for 35 example.in oxygen cgpcentrators for respiratory

ce. [0078] According to anather aspect, the present invention
mﬁﬂo asf[&%% ;d%orp%}ﬁ%bed, ﬁ/%?c%r&}fr?’ ‘be OE% ?{ally‘“r]erb%ﬁeraefed,mo“c’t
cofiprisimpatieast one 17czdédlitic agglonterateeaccordingstotthepresent-or
im@%@@@agaﬁﬁmeﬂ§§?%@%W@@QQGEMQY§§H?¥§ﬁ§éti?ﬂgéga?ortable,
containing a quantity of zeolitic_agglomerate(s) of less than g,
TEELTy s et 5 1 Ko oAby A ookt & ko

geduishy Tthe fixed adsofdtiort bed kdihtaifs Bsglantityof Present
agglomerate.of-less than 3 kgaprefetablyiless thane 1ikg) preferably still, 2t

less fhan 500 g, Jhis quantity Js geperally qreater han, 10 g, preferably, -
h
ggﬁgg%%fg% and at least one polymer matrix, for example

chosen from thermoplastic polymers and heat-curable
polymers. The composite of the invention may Dbe
obtained according tc any process known per se, for
example mixing, compounding, dry-blending and the like.

[0081] The composite  material according  to th

o

invention generally comprises from 5% Lo 95%,
preferably from 20% to 95%, preferably still from 75%
te 95% by weight of at least one zecolitic agglomerate
according fo the i1nvention, relatlve to the tota

welght of the composite.

[0082] The =zeclitic agglomerates of the invention, and
in particular the composites described above containing
said agglomerates, are entirely suitable as adsorption
compeonent in the oxygen concentrators for respiratory
assistance.

[0083] According to a particularly advantageous aspect
of the invention, the zeclitic agglomerates, in
particular the composites containing them, constitute
the active material of a disposable zecolitic adsorbent

cartridge which can be inserted into an oxygen



10

15

20

25

35

10 25 g, generally greater than 50 g. [0079] Such a fixed adsorption bed
finds a most advantageous application in oxygen concentrators for
respiratory assistance, in particular transportable, mobile or even portable
concentrators. 15 [0080] According to-yet-another aspect, the present
ine/entionkrelates to_a composite material comgrisin% at least one zeolitic
agglonierats hcording t6 the preseht invEntion ahid 4t 1east ohe polyhter 1=
mataR Stor ekambte choisén froby thiarrioplasgticypapmerscarid heat-curable
ZEDoeMmerﬁsTT(@ com@ﬂa@g thea&ﬁwenltﬁqrgg@ym @btade%% acgordingy sy
to.any process known per se, for _example mixing, compounding .
dry: )f/é%dlsr?g and thgqiﬁgeg l[(ff)%81ﬁ'hel§)m rrggll egma?rgrialbéqc%orgi%rﬁ% e ©
ifertiBh Henerally ‘corfstisésflon? 5% 16 9596; 25 prederabiefibm 20% fecd
98¢y preferably still from 75% to 95% by weight of at least one zeolitic

agsgerate.according to the joventiop. telative 1o the fotal weight afibe o,

comlﬁ%site. [0082] The zeolitic agglomerates of the invention, and 30 In

paftictitarthe Composites Has abOVe Cottainms S&itcayglomeratés L ©
aresgptirely suitablecas adsorption tomponestsintheoxygen assistance
cengentrators forrespiratory assistance, {0083] According to a particularly,

advantageous aspect 35 of the invention, the zeolitic agglomerates, in

pgﬁiac%Tar the Conposites coftaining tém, Cotstitutd “the Active matéerial” ™S

of ardlispposablaizdatitic adsorbent tartidge which caaberindered into have

OXygen &-concentsatpr faraespiratory assistapeewhethersdtishe present

trans%ortable, mobile or preferably portable. [0084] As a variant, the
Inventiomn, o, T " :

disposable cartridge may comprise in addition or in place of the

composite 5 material, a. fixed bed of zeolitic adsorbent defined above.

[O088]} Accoeding te e =ranothersaspect, the invention relates to a

”Rﬁﬁﬁﬁ”ab#%fnoPH%ap@%@ﬁ?b@%o”éﬁ%%h follow, the applicant
used a spray-dryer whose main characteristics are given
below:

[0087] The suspension 1is spraved by means of a twin-
fluid pneumatic nozzle, with external mixing, attached
te the top of a stainliess steel chamber in the form of
a silo having a height of 5.25 m and a diameter of
0.7 m. The hot gas circulates cocurrentwise, in an open
cycle and is distributed by a plate for distributing
gas over the entire surface of the chamber. The flow of
not gas is slightly turbulent and a slight depression
1s maintained in the chamber by means of ventilators.

[0088] It is available at a pressure of between 0.1 MPa
and 0.6 MPa and at an output of between 0 Nm’.h™¢ and
260 Nm’.h*. The inner diameter of the nozzle is 2 mm.
The suspension i1s introduced by means of an eccentric
screw pump and spraved at a pressure of between 0.1 MPa
and 2 MPa at a flow rate of between 5 L.h™ and 25 L.h™*
[0089] The physical properties of the agglomerates are
evaluated by methods known to persons gkilled in the
art: the loss on ignition 1is determined by weighing

before and after calcining at 950°C for 1 hour.
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oxygen concentrator for respiratory assistance 10 comprising at least one
zeolitic agglomerate, or at least one fixed adsorption bed, or at least one
composite material, or at least one cartridge, as have just been described
in the description of the present inveatforr. 15 [Embodiments of the

[ (on] [0086] For the examples which follow, the applicant useda |
j;i?‘r@t?/agryer% vgvﬁosecrﬁgi%tc%)géc aridtics Are giveh belg@?@@ T5087 She +°
suspensionds sprayed by Mednsiofzetvin- igidipriéumaticindzzleawith the
exterpal-mixing, ;attachedy o thertopref a,stainlessssteel-ehambes in the ;i g
f%r{‘&% %IIO haa’é/mg%h?{gbtpf g].:25 moaipdeandlamgégoofo(%jo@' Th\fearl]m%tes
gas circulates cocurrentwise, in an open 5 cycle and'is ditributed by a
pl&teRéFdistiibuting Gassevertha'entife surface 6ftfie chamber. THe-AGW e
of thotgaseis slightly turlkulert ahd azslight deptessigie ds:maintained i, the s

chamber by megps of ventllators, {0088];IL s ayailable at apressure of .,
between 0.1 MPa 30 and 0.6 MPa and at an output of between 0 Nm3.h

and-380 N3~ fThe innér diamefRF ofthd hoZZiis 23himt TRESOrPtion
suspension iscireduced by meanscafarpedcentrico Screve pamp antker  a

SpeayegLala prassyte obbetween(d.1,NPajand 2 MRaat aflowalgof ¢
between.5 L.h and 25 L.h 35[0089] The ,physicqupro%)erti%s of the _
i : o

aggiomerates aré “evaltated by methods kndwn s skiilled'iri the®®

afte B [ge8ontignitioh s detsrminad by Weighing befereSand after

CEo®g atr950Cifar1-howr. 191[@090]{khe erystallinity:of the:cording to
omerales is_estimated by conventional methods such as the .. :

%%gagsu}r?n%%?tﬁ‘sﬁf I%u thi%v% umes (a&s%%%t%olr? of liquid nit(?oegse"n* éif? ol K),””

oF t8lGiere Adsdrption Vallles S @apasity Bt adsorptiort ftolfenecdtigls and

rélative mgs@rem@é at25C after-an exposurenof 2bras describedint e r

patentapplicalipn ER-A-1 116,691 ot thes 1 45-145:

2

- . F
iog V = log Vg - D(log;—-)“

i

which links the wvolume V of nitrogen adsorbed in the
adsorbent material to the relative pressure P/Py. The
velume Vy 1s the maximum volume o©f nitrogen vapor which
can be condensed 1in the micropores of the adsorbent
material. It is expressed in com’ of nitrogen vapor

{adjusted for normal conditions}) per gram of adsorbent.

[0082] The Dubinin volume is then calculated from the
volume Vg of gas, which is then converted to volume of
liguid: 1t is expressed in om” per gram of adsorbent
and corresponds to the microporous volume available for
adsorption.

{0083] Prior to the measurement, the sample 1is
pretreated at  500°C  for 12 hours under vacuum
(P < 5x107° Torr, that is 6.7x107% Pa). The measurement
1s then carried out on a Micromeritics ASAP 2020 M-type
apparatus. The isotherm is plotted with the aid of a

pressure table of at l=zast 33 points between (0.01 and
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patent US-B-6 464 756), or else the water adsorption values (capacity for
adsorption of water after a 10 residence time of 24 hours in a closed
vessel at 232C, whose relative humidity is equal to 50%, as described in
patent application EP-A-1 223 147). [8091] The Dubinin volume is
calculated according to th% Dubinin-Radushkevich equation, as described

by 15 Lowell&t al-ih"CharactafizationhofPorous Solids &nd Pofrs: 5 2
Stitface MreasPore SizeFarith DensifyicCRapten 9; "MicroperelAnalipsis’ ned
pflg@ﬁ 1635135:— !%gi(;é =:leg V- Qéquggﬁ)ﬂ) 2 fZP;W@r:CMHlﬁﬂéé the:volume:\V on
of nitrogen.adsorbed in the adsorbent material to the relative sure
P om0 Rive aimont vatme Spbogan Cadsy ehn 12
caf B&Edhdensédth the niefsdoresof thetatsorbent 2Bimateriat. itis  The
expressedria cm' of nittogen viapor (@ejusted for normal conditions) per

o] adsarbent, ,[0092] The Dubin 4M.volume is thep calculated from

the volume VO of gas, which is then converted to volume of 30 liquid: it is
eXBreSIBE i th3per giéim 6 adstibént &Rd cotresponds tdthee ~atio
mii¢roporousvalume avallable for adserption i [0093f Priorto thee Dubinin

measwrement, the sample,is, pretreated at 500C for 12 hours under
\Y; 35 %Pa< 5x10-6 Torr, that is 6,7x10-4 Pa). The measurement is
o}

theR Carried oo AMicronertics ASAP 9BZ0M-type” afparailis: The" "
isotliermiis plotied it thesaidof a préssura tableotatleastds poidts the
between@.01-and - 20 1 P/Po. The value of log V is plotted on a diagram
Sfoobinclion.of (ag (B/Re))2 The Rubinin.yolume js.obteined, from the
-axis at the origin o T]e“\{lfnear'regressmn s?raith fifie 6f thé points ’
whose U8§EIPofj23s-5 befweenE &Rd 2 (hat isE39-&1F/Po <0.1)2 TRES S
measutermnenteror is 106340094 The content of zealite factive, £ the

material) of.a0 agglamergte may he evalyated by caleylating the ratio. ; ...
exlist: by way of examples, there may be mentioned the
apparatus Morphologl G2 frem Malvern, Camsizer Ifrom
Retsch, Alpaga 500 Nano from 0Occhio, described on the
Internet pages www.malvern. com, wWww. retsch-
technclogy.com, or else www.occhio.be.

[0087} By means of the Rlpaga 500 Nano apparatus,
acguisitions are performed for each sample tested on
10 GO0 particles and the elongation and roundness
parameters are calculated for each particle.

f0088] The mathematical tocls used for their
calculation are develcoped in the doctorate thesig by
E. Pirard (19293, University of Liege, 253 p) entitled
“Morphométrie euclidienne des figures planes.
Applications a 'analyvse des matériaux granulaires”
[Euclidean morphometry of plane figures. RApplications
to the analysis of granular materials]. The document
entitled “The descriptive and guantitative
representation of particle shape and morphology” is
available under the reference ISQ/DIS 8276-6.

f0089] The elongation A 18 defined above. Figure 1
presents projected shadows of 9 particles corresponding

to different elongation values.

=
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of the Dubinin volume of the agglomerate to the Dubinin 10 volume of
zeolite powder alone. [0095] Scanning electron microscopy allows
observation and visual assessment of the morphology of the

agglomerates. [0096] Morphometry; based on the video acquisition and

1 image analysis, makes it possjble to access quantifiable ‘
p@fggnd ters%(%heara“%t/:ct)élrri1 ic"ofthe %oﬁlﬁhgdlgaé‘: ofafﬂ%‘%ea‘rtic?ésg%?io%s SNOWS
cormnéErcia devidesdexist: byiway of examples, there wnay bementioned to
the appasatys Mesphelegi G2 from Malvern, Camsizer from 20 Retsch,
Alpaga 500 Nano from Occhio, described on the Internet pages

[ eans ol A @500 Nano apparatus, acquisitions are
pirfidriled fos each sampleitested opr25:10 000 partdclesrandithe 1ed  in

elongatign and, roundness . parameters-are cajculated for eﬁ&(@@@%%yinby

[0098] The mathematical tools used for their calculation are e_veTope
tieadctorate thdsisby & ‘Picart (1995 Univéisity of Liege; 253 pyous Ly
entitted 30 "Morphomdtriezeuclidienie dés digures plarres: dApplicatiohs aned
I'analyse des matdriaux granulaitesy (Euglidean morphometry,of plane .,
fiqgrﬁ,. Appli%ati]gnsﬁto the analysis of\;%ranular miterlalsl The _olocvu_}men%l
entitled “Thé destriptive and glrantiaive 35 epréséntdfioh of patticie =7t »
shépe @nddiorpheldgyl ds: lavailabledamderahe referbnceni$SOIDIS 9276rGne

[0099} The elongatien Axisdefiped; akovey, Figueas 1 presents projeeted;ater
sh?glows gggpgrt}q%%_gorreg%qq" ing to Qifferent elongation_values. -21
[Oll 0] Theroundness is defined above. Figure 2 shows projected
sHHRIs of i patticleseorwspondirRB difféte Atitindiessvaltes a1 L
Exampte 1 {comparative} {0101 disintrtechriguesknown tora persansh by
skilled in the art, agglomerates age formeddn the laboratary by . ... che
desired size. The fines are recycled in the granulating
dish. In this way, agglomerates having & mean size,
determined by sieving, egqual to 600 um, are obtalined.
They are then dried at 80°C and activated for 2 h at
550°C in a ventilated oven.

[0103] At the end of the agglomeration, the bottom of
the granulating dish 1s dried at 80°C and then sieved
between 200 pm and 500 pm. By sieving, the mean
diameter of the agglomerates thus selected is estimated
at 300 pm. They are then calcined for 2 hours at 550°C
in a ventilated oven.

[0104] Figure 3 shows two photographs taken under a
scanning electron microscope of the aggliomerates of
600 pum {figure 3a) and of 300 um {(figure 3b) thus
prepared. The images show that the agglomerates have
angular forms and, what 1s more, 1t is observed that
the 300 um agglomerates are dusty. Moreover, the bulk
crushing strength of the 300 um agglomerates 1s only
0.2 MPa, whereas that of the 600 um agglomerates is
1.8 MPa.

[0105] The example shows that the traditional

granulating dish agglomeration technigue does not make
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means of a granulating dish operating continuously, from a paste
containing 8300 g (expressed as calcined 10 equivalent) of zeol_te NaX
powder of D50: 2 pm to 5 pm, 1500 g of kaolin (expressed as calcined
equivalent), 667 a of colloidal silica marketed under the name Klebosol
30.containin _39% by{nass 0 §i02ﬁand water in an.a propri?te quantity.
145t[0105f‘?' é%g%lome?ates%et%%ne bigag%? §%e§rﬁiow yall etfect ahdare™ "
Separited fror the geariulating dishbyesverfiowing e thehisievingiasole
seeniasrthey reachrthe; desied size1 Thefines are recygled in the
granulating dish. in this way, agglomerates having a mean size, 20

ed at 80C-and-activated f01=2 h at 550C in a ventilated oven. [0103] At
tfietd&] of the agglomerationsthedottom of she granutatingrdistzistriedt he
at 80¢.and then gieved 25/between 20Q.pm.and. 500 um. By S'evgggloéll%ed

p}

mean diameter of the agglomerates thus selected is estimated at 30 um,
THeY afe i calCiheF oH2-hburs &t 55GC HiR aWeniified-6Ven® fo109f =
Figure Srshowsttwocphidtographs takensunger ah39 scanning 8lectronmolar
migroseopeof theragglomerates of £00 pm (.figure, 3a)and-of 300 URY s - + ¢
(f:ggu}ge r:%b% éfé%s presparegﬂyj]gl ‘iergages %q%w Ehat the ag%gmerates have _
a gu%r 6forms and’ What s more,’it is"observed that 'the’300 pari’%pro?r”“e
aggmerates afe dushE Mofsoverh e biilkedbiérushing sfréagthisidtheover
300 pm agglomeratessisionly ;012 MRa, wheieasdhatiefdhe 600-ume .
grerates is 1.8 MPa. [0105] The example shows that the traditional
granulating cﬁlsﬁl?h a@ébgjlbmeera'[%or% te&%?qusee?ggeé 1nc<)§t) vr%gkeS 22v|:tLr[1)%s.giBItef’\it%Em
obtain Aggl6iierateLofFegdar niotSRolety-cl6Seth spheficify ard bfshing
stitable mecharicalstrengtla at-srmathpartictensideésExampte 2st imated
(campayatiye) [0206] An,Eirich.mixer-granulatarisysed hege for the o ¢ pen
calcined for Z h at 550°C in a ventilated oven.
[0108] The bulk crushing strength of the agglomerates
thus obtained i1s 0.1 MPa, which is poor. Figure 4 shows
a photograph taken using a scanning electron microscope
cf the agglomerates obtained. The agglomerates have

irregular shapes.

Example 3 (comparative according to US 5 Bhe 264)

[0108] 2 suspension is prepared by successively
introducing into delonized water 8000 g of LSX zeolite
{as calcined eguivalent), 2050 ¢ of halloysite f(as
calcined eguivalent)} and 200 g of sodium carboxymethyl-
celiulose containing 30% of water as additive. The
quantity of water introduced is adjusted so that the
loss on ignition of the suspension is ©5%. The solids
content of the suspsnsion is 25%.

[0110] The suspension is kept stirring, with Thigh
shearing, for 3 h, so as to make 1t homogeneous. Next,
it is conveyed at the rate of 9 L.h™ to the spray-drysr
described above by means of a pump, sprayed and dried

in hot air. The viscosity of the suspension 1s 300 cP.
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agglomeration. 8700 g (expressed as calcined equivalent) of zeolite LSX
(acronym for Low Silica X) powder 5 pin to 1-0 um in size and having an
Si/Al molar 10 ratio of 10.03 are mixed with 1300 g of halloysite
(expressed as calcined equivalent). A?r‘?aﬁpropriate guantity of water is
tﬁ%@a gradually in rod%cred over aa]l_ooutC eior m& uatdgs Iiﬁ_{n orggg torfoggwtg\;oduées} <
0 ‘éste.ﬁblﬁﬁ e nodales are then selecte 5y C%ieving jetween 150.3 7
n%r&oaﬁ\ﬂ“&@ mnF&Ad thén pblisHed 6 pélishing: dish By sieving, the
Villihid mean<diametesis estimatedes at:5300 prn The @gglomeratesares is
diied;at 80C;and then calciped for 2.h at 550C.in a ventilated oyen.,, -
[O£O8L>}ghe bulk crushing strength of the agglomerates 20 thus obtained Is
07t MP3S which® 5 P Bfgure™d $hovis @ photogfapit takém using a& o
stahning electeort microsdope of the agglomerates obtained. The
qudleperates have irregulay shapes; 25 Fxample 3 (camparatives canning
accor Jn%to US 5 856 264) %OEOQAA susgensmn is rqured b -
sticcesdivaly Tntroatcing intd de=" Gniz8d Watsr g oF L 8% zeolits (HE€
cafciedlagiivaent)2 2056 g offhallbysitec(asadaleined Buaivatantpand ates
200.g:of %%djdmc@iboﬂgﬂ@thyb% gd@@ﬂ%&ef c%m{@m%}gﬁ@ﬁj»yofhmlt@g as to
additive. The quantity of water introduced is adjusted so that the loss on
ig%%tfllgrjf”éf'fh“eys'uspér%ion f?@é&?%ﬁ@éoliﬁse%%ﬁféﬁ? g?fchse sugpénsion i
3595701 £6] TRe suspension Ts ket stitfifg wifltHigh> 85 shearingoforsent
hysoasatbanake it homoegeneaous. Next,pit isseonveyed at r thes--are of 9
Lipedhe spiy-C..er. deseribgd above by meansaf a pump. sprayed and, .

ried in hot air. The viscosity of the suspension is 300 cP. 23" The flow
r&t&"of hotdirGirduléting EbEGitentiise i 200°NM3.haFahatetiflets 15
temperaturelis 400@ cf011 1 Fhespreissare of the air sent intettheaiozzle isat

30 kPa.fihe agglemerates,are calcylated at the.bottom 15.98ther o have

Sgg@g%@@g%ﬁgNerggdéﬂ%g@ﬁ%%%%%rOCfggrength and are not

appropriate for uses in dynamic adsorption processes.

Example 4 (according to the invention)

[0114] 2~ suspension is prepared by successively
introducing into deionized water 8000 g of LSX zeolite
(as calcined egquivalent), 2000 ¢ of halloysite (as
calcined equivalent) and 20 g ¢of a polycarboxylate-type
dispersant marketed under the name Acumer 9300 by the
company Rohm & Haas. The quantity of water introduced
is adijusted so that the loss on ignition of the
suspension is 48.3%.

[0115] The solids content of the suspension is 51.7%.
The suspension 1s kept stirring, with high shearing,
for 3.h and is then conveyed at the rate of 5 L.h™ to a
spray-dryer by means of a pump, sprayed and dried in
hot ailr. The viscosity of the suspension 1is & Po. The
spraying chamber and the spraying nozzle have the same
gecmetries as in example 3.

{0116} The flow rate of hot air circulating
cocurrentwise is 230 Nv'.h™t and its inlet temperature

is 200°C. The pressure of the air sent into the nozzle
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2 h'in a ventilated oven. [0112] Figure 5 shows an image taken using a
scanning electron microscope of the agglomerates having a volume
mean diameter of 180 pm thus obtained. The agglomerates 10 thus
produced have a regular morphology<fose to sphericity. The photograph
npve%}ielegs shows the presence of cavities as described by the -
dotument 'Us 5'656 264 ‘a8 Wer a5 thé presenice of tritkd [0118] PRE o
apparent densityyis Oniy.0.47 g GM-3 Fe dSthulk cruskingstrengtieofveen
the agglemerates is) practically notdneasurableitis estimatecbat 02 »
MPa, which, means that the agglomerates have practically no mechanical
noa ventlilate Ly . . .
strength and are not” appropriate for uses in dynamic adsorption
pkdtbEkes. 126 Exampled (accordinglothe sivenstion)o2 143 agiomerates
suspensiorris prepared:bysuccessivety datreducing inie deignizeghwater
8p004.0f Lo zegllte {ag caldined equivalany, 29009 gt alioysite, (Be2>
calcined equivalent) and 20 g OF a po ycar%ox ate-type &spe ant
niarketetiitier tﬁe*lﬁéﬁaew%?m BySthé SCBmpanyRehnt B3 Haas L -
Theiguantity-obwater introdugced tiSsadjusted sothatithe tessdoniignition afhe

the, suspension is,48.3%.,30,[0115] The solidg centeqt of the suspension
Ii‘fﬂl@%o 0. The susJE[)ens‘ion iS kept stirring, with high shearing, for 3 h and
[

convdied af e fate 615 L.h"A-- td 4 spray-drys? by fieanS of a t11e
paEtp; epeayedeand driedtinahot aif. Thesviseasitytafithe suSPensionds6 1s
PgoThe 35spraying chamber and the, spraying nozzle haye thesameys ¢
geometries as in example 3.43{)11?6 The flow rate of hotwaig circulatin the
cocUrrentwise is 230 Nm3.n "3 and its inlet fempefatore 55 266c. THe 7
PRESELTBIOF B air séitinte B Aeazle 9245630 kPa. Thebgglomerates he
are tellected @ theybottere of the speay-dryingrtawer, selected Ry sieying re
betueemL80.um. and 500 um and fhen activateth 3t S30CIAL 2155 1y the

conditions for using dynamic adsorption processes.

Example 5

[0118] Morphometric measurements are performed by means
of the Alpaga 500 Nano apparatus on LSX zeolite-based
agglomerates marketed by the company CECA under the
name Nitroxy 51, having a wvolume mean diameter of
620 um, on agglomerates selected by sieving of another
batch of Nitroxy 51 between 315 pm and 630 um  (Dgg:
510 um), on the agglomerates prepared by a granulating
dish according to example 1, on the agglomerates
prepared by a mixer-granulator according to example 2
and on agglomerates produced by spray-drying according
to exampie 4 {invention).

[0120] ‘Figure 7 presents for each sample the cumulative
percentage of particles as a function of  the
elongation.

sample a/: Nitroxy 51 agglomerates,

sample b/: agglomerates selected by sieving of ancther
batch of Nitrozy 51 between 315 pm and 630 pam  (Deg:
510 um),
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in a ventilated oven. 5 [0117] The volume mean diameter of the
agglomerates thus produced is 310 um. Figures 6a and 6b show two
images of the agglomerates using a scanning electron microscope. Their
morphology is regular and spherical. Neither cracks nor cavities are now
observed due to the 10 emission of water vapor as in example 3. [0118

j & BASIRITOTGhE bf B Ugfoinerited 16/t of i Bartigs "
L&Xcpowdevist equaldm0.8, whichindieates the presence of 80% of

aghy@ mateyial inlerms of adsarption inythe.15 agglomerales. The. 1 5o
angy is O.GTQI#;cm . The bulk crushing strength is 1.3 MPa,
which makee the agyiomeratés capabie gt meéhanically withstanding the
céafifieAs fok (1sing dyramitcadsorptionprocesses. 20cExanyse 5{04191 ng
Maorphemetric measutements are perfornedby means of the Alpaga 500
paratus or., LSX zeolite-based agglomerates marketed by the
’;?ra(ga?ﬁy CEI’EEDIOC}?A,{:3 urii(?:ilg'“rn'[heg 8rfarr?ejzﬁb Nﬁ%xy%%%vﬁﬁigiae %B%%m gﬁs have
didméterBE2S 620 pi, ohSdgyldiaratés selected 15y sievikg 6fanothér: of
batch of Nitraxyl 5% between3ib pry and 630:pmi(050:510:pm), er they 4
agglomeraies preparad by.a granylating dish ageording to.example, 1, gn..
the agglomerates prepared by a mixer-granulator- according to example
2730 afftiordggfoiiErates Froduce B Spiay dring 4eeerding Sto Such as
eNampled (inveritiem)p[0120] Figure Tpresents for édchsampleltheted by

cumuiative percentage of particlesas a functign of the, glongation,. 35 ..
sgta‘nggleag/: é\!Litrox A ]ia glopgrgtes, §§mple; bl agglome;ate_s selected by
sieving of another bateh oF Nitroky 51 betweer 315 3 ant630 Britbs0:2¢
516 um); 925- sample c/: agglomerates produced by a granulating dish
ajeteding to example I{coraparative), sampled/spaglomerates produced -
b¥§%§ﬂ§§“%ﬁ”“@%8r b/ and ¢/ to e/ defined above, the
distribution cf the calculated roundness values,
expressed as percentages, as a function of the size of
the particles and, in figure &, the mean roundness
values as a function of the size of the particles.

[0123] The commercial agglomerates Nitroxy 51 and the
agglomerates selected by sieving Nitroxy 51  have
roundness values mainly betwesen 60% and 85%, with mean
reundness values of about BO0%,

[0124] The agglomerates obtained by a granulating dish
or by a mixer-granulator have smaller sizes but have
irregular morphologies, with roundness values for the
majority between 40% and 80%, with mean roundness
values of about &0%.

[0125] By contrast, the agglomerates produced by spray-
drying almost all have roundness values of between 85%
and 100%, with mean roundness values close to 95%,

which shows their aimost perfect sphericity.



10

15

20

30

according to example 2 (comparative) 5 sample e/: agglomerates

produced by spray-drying according to example 4 (invention) [0121] More

than 80% of the spray-dried particles have an elongation of less than

10%, while less than 30% of the particies produced by a granulating dish

or by a 10 mixer-granulator have an elonq]ation.ofl ss than 10%. By way
is8n. cormareirFagdlon aéf@—s%@ﬁ—la%gi\litroxy 51 (sample a)

oy St sefetted by sieVing of BED: 5106 i (samiplerb)also &

hguggaémql.r@ﬂha% @?/ei@@r@@ngﬁlioﬁafd@gﬁm1@%nlﬁﬁfbfgﬁm%aﬁm:o

size. 15.is larger. [0122] Figures 8a an ow.r ctively, for each.

AT B0 2l 6.2 Gened abab e e Butign Bf (e - nec

calktulatéd tolindness Values O expresded as perceéntagescds afindctionser
thensize ©f 20dhe particles-andda figure:9-theamedn: reundness values:ted

as afunction of the size of the particles, [0123].The.commergial ¢ 5.5
merate_s Nitroxy 51 and the agglomerates selected by sieving
r

51 fde FodrdnEsE vafuedmainly BEtWEEH 6896 arfd 859 Wittt <©
mear: 25 haundness values of tabout 80%0: @124} Tperagglomératés s . The
OQEQEE%% bx@rgf_@ﬂwag@g digh @u%%r@%‘_%%ﬁig@gu@@! haye smaller. s +y
sizes btli'tbhave irregular morp,hologﬁles with roundness valuresJ_for the e
moajority Setween40% and 809, with ?ﬁe‘an otindness 30 values off hbott©
60%:HO125]By contrasE thevagglomerates produced by sprayhdiying With
almest all have seundpess values: of between §5%. and 100%; with,mean ; »
r Lﬁnedn%ssvvaly $ glose t0.95%, which sh%)gv? their almost §rfe.c% inlet
sp eriuty?."o?'sy- 6f-T:nx%mQPe glq%accordlsng 0 the |h\iéhtion?l‘f) 12&] Based © -
oh & pracetife deseribedin exatnplé 25 ausGspehsidifis prépared byt nto
sueecessively introgdusihgidnto. deionized water 8000 g of LSX zeolite (as
Cféqlﬁﬁfi 5 %Vaa!%%lizo%%%% Qg k%q]gl @é f@g&r{eedde%"ﬁva!%%t) bottom of

the spray-drying tower, selected by sieving hetwesen

180 pm and 500 pm and then activated at 550°C for 2 h

in a ventilated oven.

[01291 The agglomerates formed are dense, spherical,

mechanically resistani, with a c¢ontent of active

material greater than 70% and having a small size:

L] volume mean diameter of the agglomerates thus
produced is 330 um; the ratio of the Dubinin
volume of the agglomerates to that of the starting
L3X powder 1is egual to 0.8, which Indicates the
presence of 80% of active material in terms of
adscrption in the agglomerates;

¢ the apparent density o©f the agglomerates is
C.89 g.cm ~;

® their bpulk c¢rushing strength is 1.0 MPa, which
makes the agglomerates capable of mechanically
withstanding the conditions for using dynamic
adsorption processes;

® 29% of the particles have an elongation equal to
0; 86% of the particles have an elongation of less

than 10% and the mean roundness 1s 956%.
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and 20 g of a polycarboxylate-type dispersant, marketed under the name
Acumer 9210 by the company Rohm & Haas. [0127] The quantity of

water introduced is adjusted so that the loss on ignition of the suspension
is 46%. The 10 solids content of the stspension is 54%. The viscosity of
t%exg%i%nsjjon! gs 4«&9 ]’rbe flow rate of tqfe gysension in the

spray-tfyin eHs7E pwrate-o-het air circulating
#ntwiseln atheSsprayBdRfivg eli@nbertis 230Mum3.hi1 and itstmlet 15
temperagyrens 200C. Eie peassura:ef theain sent inte: the:nezzle ds 58+t 1 on
kP2, (01281 The agalomerates are collegied at the bottom of the, o, ..o
spray-gt%/ing tower, seléc?ehdlb siev“lng"”betw%éﬁ 180 pm and B%E)ppm an
tH&Padtiated tB550C for 2 H 20 inr&lentifated 6veAl[0129] THystem is
agglomeratesiforned arerdensesspherical; meechanically resistant, with a
CRuHaA| of agtive material greater than. £0% and haying.a smallisize: ..o,
vo'ume mean diaméter of the agglomerates thus 25 produced is 330 pm;
thE ratib of thie Dubinin Roldhe of fhe"dgtiomerates tdthaf f the stdrting »©
LSXopowederisetuat tae:0.8] which intlicates the presendelo6f80%raf then
a@ﬂ%@:%@”a&i@ terms of adsorption _initilge éggi%’ﬁ%@i%%e@ t@@ep. The
agggr_enljtlgens y ofct eva%glomerqmtesls 0.69 g.cm _their bulk cnushlngc.

S reng’t% is 1.0 MP&; whic r%%gﬁgs“%e“gggfopmeFéetélén%ap%ble [0 I
nfechanfcally Withstsrding the cbhditions: fop usifg dymarieb8351in volume
agsorptien processes: 2996 phtheparticles have anplongationeguadiier,
Oi§6‘3§ozq%f.the particles have an elongation of less than 10% and the

mean roundness is 96%. 27 - Example 7 (according to the invention)
(49387100 Gl afglomeratas bt BRaniple aieimfrierSe i 7B0-AMBF R e S
afiuecusisadium hydroxide:solttion bhaying @concentration of 108 g.lsl, atc

ademperatufe®  Tne morphnological characteristics remain

- AN A & ALiEh
A"

unchanged.

Example § laccording to the invention)

[0133] The procedure is carried cut in the same manner
as in example 7 for 100 g of agglomerates manufactured
in example &. The content of active material in terms
0f adsocrpticn, estimated by means of the ratio of the
Dubinin wvolume of the agglomerates to that of the
starting LSX powder, is 91%. The bulk crushing strength
ol the aggleomerates is equal to 0.9 MPa. The apparent
density is egual to 0.62 g.cm%. The morphological
characteristics remain unchanged.

{01341 Table 1 compares the properties of the
agglomerates obtailned in the wvarious examples. Only the
agglomerates according to our 1invention have at the
same time a high content of active material, an
apparent density greater than 0.5 g.cmf% a mechanical
strength which makes them usable in dynamic adsorption

processes and a morphology close to sphericity.
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5 regulated at 98C. The temperature of the system is maintained with
gentle stirring for 3 h. [0131] The agglomerates are then washed with
water until the final pH of the washings is close to 10. The agglomerates
are dried for 12 h at 80C and then 104&lcined at 550C for 2 hiin a

vgntilateld oyen, The content of active substance in terms of adsorption,
LEAMp e Y laccorclng Lo phe ot ]G

OV A alla' A'ﬂ.,.‘

atfiéfleratds touhacsftherstaiting LSXopowder, big 92%t 1540132]Thd nto
bulkicryshing stiengih of the aggloraerates:sis egual to: 1.4 MPa. The: cineq
agg%rle% ijgrq i}y is egH@IGto 0.58 %c_,;m?:.YTahf1 rg}gr h_ologicil

characteristics rémain unchariged. 20 Example-8 (according to the™ = "¢

ift/eRtiSA)1BB] ThaBtocedlreds cafried ot in the SaffeRrRReR E5ihvPe
examplerZ dort100ng of agglomertates manufacineedrinexample 60 The the

conient af activematerial in;terms  of adsorption, estimated by means of ..

the ratio of the 25 Duginln volume of the agglomerates to that of the
SEFTG hS X powdér:7881%s. The bulk crushing strength of the

alfYi8fleratés ¢s emual to 0y9 MPaw Theapparentdaensity isequal te 062 so
g:m 3. the morphological characteristics remain, unchanged. 3001341

Table | compares thgg%)roperyes of the ?S lomerates obtained in the

varlgussexample%?la)th f/1 Fheo%lgb]ilo?ngr%? ggg’cfo?ﬁinbsto bur invention have

at@Aé7Eamétitne sl high<content 6f dctive miatarialsarprapparentideiisity The
greaer thand.%g.cand, & machapicah 35 strength which/makes them o z»:1 ¢

u§gble indynamic adsorptio . rocesses and arpholagy close to ;
spﬁerig)ify:.} 28 '-Héxamﬁ e% (a?clc%gdinléatbelthecirjic\éllerr?i?o“n) [0 '?5] gorcutating

sGSEaHSIGH I reparetl by ntroBHEIRg Ao DeioRirea Fater 7060 § SfLSX
zeolite {as calcined equivalent); 3000 g ofdvatioysiteasicaleinedd of the
equiyalen) and 20 g of apolycarboxylate-type \dispersgnt, marketed. .. .

under the name Acumer 9300 by the .
are collected at the bottom of tThe spray-drying tower,

selected by sieving between 180 pm and 400 um and then
activated at 550°C for 2 h in a ventilated oven.

[0138] 100 ¢ of agglomerates thus cbtained are immersesd
in 750 mL of aqueous sodium hydroxide solution having a
concentration of 100 g.1™', at a temperature regulated
at 98°C. The temperature of the system is maintained
with gentle stirring for 3 h. The agglomerates are then
washed with water until the final pH of tChe washings is
close to 10. The agglomerates are dried for 12 h at
80°C and then calcined at 550°C for 2 h in a ventilated
oven.

f0138] The nmean diameter of the agglomerates thus
produced 1s 280 pm. The ratio of the Dubinin volume of
the agglomerates to that of the starting LSX powder is
egual to 0.74, which indicates the presence of 74% of
active material in terms of adsorption in  the
agglomerates.

{01401 The apparent density is 0.51 g.cm™. The bulk
crushing strength is 1.7 MPa, which makes the
agglomerates capable of mechanically withstanding the

conditions for using dynamic adsorption processes. 25%
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company Rohm & Haas according to the procedure described in example
4. [0136] The quantity of water introduced is adjusted so 10 that the loss

on ignition of the suspension is 49.7%. The solids content of the
suspension is 50.3%. [0137] The visceS8ity of the suspension is 12 Po. The
flow ra,tre of the suspension in the spray-drying nozzle is5.5L.h-". The ~ _
floi 1ot oF X aiF GF UG L5 GocumnRiiSe i e Siray ey o¢ ©f
chamberist240- N3V and!its inletteniperaturetis 180€. Thepressareand
of the mirsentdtpdhe H9zzle is 28 kPa. The agglomerates are collected

ottom of the spray-drying tower, selected by sieving between 180
100 b e a0 ARyt AT EB0G 161 S A venTiona L2 L
JVBRI3811606 g of aggRiérates this bbtafhed &e imftersedt in 750-1ve
milz okagqueoussedium hydraxide solution-havingsa seerncentratien of 100
g.L-', at a temperature regulated at 98C. The temperature of the system is
maintained 25 thh gentle stirring for 3 h. The agglomerates are then

d-with-water untit thie final pH-0fthe"wadhingglis close to 10. The
afftfiéAleratésare dripd:fomt2 h atc80C and thencalcined atG5QC for2 his
in-a,ventilated; ovien: 34 {9139] sThe mean giameter aﬁt@@%w%&%%ng :
t us produEed is 290 pm. T ﬁ-zratlo f the Dubin-'n volume of the

aygiomersests fiat'ot thestafting 1S X 0owder fs- e§adl t6'0.74 \Which L%
indicatés the presehcetof 749 oft active material in terms of adsorption in
tiie145)aggtomerates (0440t The apparentdensityis 051 gLMr3othe s es
bulk. crushing strength is 1.7 MPa, which makes the agglomerates_ . .
cglﬁgbgle &‘rn%gézgﬁfgrﬁcaﬁy”withél}[ganﬁpﬁg tﬁ%%ondﬁibﬁg f()%’gl[lusin‘c;elhéeynaf‘?nui}g"mm
adSerivn Processes PHW TP b theFarticles have anélohgation-egualsSx
te0wds% of sthe pasticleschaye an, elangation of lessdhar 10%-andrthesnce
meanyroundness.is; 939%., [0141] The agglomerates formed are depse,, .

spherical,
agglomerates.

[0144] The apparent density is (.54 g.cm™®. The bulk
crushing  strength is 1.05 MP=a, which  makes the
aggiomerates capable of mechanically withstanding the
conditions for using dynamic adsorption processes. 15%
of the particles have an elongation equal to 0, 80% of
the particles have an elongation of less than 10% and
the mean roundness is 88%.

[0145] The agglomerates formed are dense, spherical,
mechanically resistant, ith & content of active

material greater than 80%, and having small sizes.

Example 11 (accerding to the invention)

[0146] According to  the procedure described  in
exampie 4, a suspension is prepared with 8300 g of A
zeolite in its sodium form (as calcined equivalient),
1500 g of halloysite {as calcined eguivalent) and 20 g
of a polycarboxvlate-type dispersant, marketed under
the name Acumer® 9210 by the company Rohm & Haas. The
guantity of water introduced is adijusted so that the

ltoss on lignition of the suspension is 47.2%.
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5 mechanically resistant, with a content of active material greater than
74% and having small sizes. Example 10 (according to the invention)
[0142] The experiment carried out in example 4 is 10 reproduced, but
selecting the 80-180 pm cut by sieving? The agglomerates collected are
ﬁqgﬁi at 550C for, 2 hin a ventilated oven. [0143] The volume mean

Ameter of the ajionetate8 thus préduced fs FAS G The'tatic’of the & -
DUbiniv 1E8: ¢6luiie ofithd agglenmratesitorthatof the startitigel SX pewder e
isequaldo 9.8 which indicates thespresenge ,af$0% of active materialin:
terms of adsorption in t eh%ggl%mera;e.s. [0144] The a;ggargnt density is |
0.54 g.cm-3. The bulk’ 20 Crushify strength is°T.05 MP& WHicH hiakesthe
agglorierates capalsie of riecharieslly wWiths@ndingthe condiionstor The
usingsdynamic adspheptionprocesses: 15% rof the particlesshave am ;|

ion equal y 809 e particles haye an elongation of less
teftg?;gig % alr%%Zé %lr%%é%g&)%%dﬁgsés i§ 8833 /cT.TSIﬁg]alIheLa%]geg%rﬁqe:?Ea g of
d &FE 88nSe Sphdrical Mmechaficaly tssiskint, Withaleshtepesreen

activermatediabgreater than 80%e rang-having smal sizesS030 Example A1in
(accardingta the: inyeption) [0146] According to the procedure described
ii%ﬁ pl% 4, a susé?ension is%)repared with 8500 g of A zeol_ite inits
shaidit form (&s caicined eqaivafent 21566 g of Falloyite (as Calcmed=al -
ggaivaientrand 20 g35:0f4 polycarboxylate-type dispeesant, mérketed: ive
undee the name-Aeuner(e) 9210 by the company Rehm & Haas.. The
quantity, of water,introduced is %d'}ustecd so that the loss an ignition of th

suspension isvéf%ﬁl‘%? 388[?)114 & solids content of ﬁw%%ous%]éﬂgi%ﬁ jd-us
52.8%. FIHENHSESsity of 1Hé stiBpension is 4 Po. The flow rate of the
sespensior in the spray-fryirig-nozzleds 6 kdhsb-The flow rate of hetairt e

circulating gocireniise is 5 150 Nm3.h- apd ity inlet temperature is, 4 ¢
200C. The ’ o
equal to 0.85, which indicates the presence of 85%
of active material in terms of adsorption in the

agglomerates;

® the apparent density is 0.59 g.cm™;
® the bulk crushing strength is 0.9 MPa, which makes
the agglcmerates capabkle of mechanically

wilthstanding the conditions for using dynamic
adsorption processes;

@ 34% of the particles have an elongation egual %o
0; 83% of the particles have an elongation of less

then 10% and the mean roundness iz 95%,

Example 12 {according to the invention)

[0150] The experiment of example 11 is repeated, the
only difference being that the suspension is prepared
with 8400 g of R zeolite {as calcined eguivalent),
1500 g of halloysite {(as calcined equivalent), 100 g
{as calcined equivalent) of colloidal sliilica marketed
under the name Klebosol® 30  and 20 g of a
polycarboxylate~type dispersant, marketed under the

name Acumer® 9210 by the company Rohm & Haas.
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pressure of the air sent into the nozzle is 56 kPa. [0148] The
agglomerates are collected at the bottom of the spray-drying tower,
selected by sieving between 80 um and 500 pm and then activated at
550C for 2 hiin 10 a ventilated oven. J8149] The agglomerates formed are
fﬁﬂiﬁf spherical, mechanicall%]resistang, ha¥e a content of active .
OeT greater than'80% ahd Fiale wsmall §287 the volimemean - The
digrdeterof e agglomerates thuse 15tveduceadids 240 pperthieertiossf  1in
the-uratar-adsoyptionvalyeef the, agalomerates tothat of the starting &, 1 n g
Powler 15 eaua) 19 Q.93 whieh. indicales ihe presence of 4% f A¥8 1 o
maﬁerlal“iﬁ}}érms'of adsorptionin the 20 agglomerates: frie apparé)ncf‘
dehsityis O5F G tm3;- theBullertishifp StreABEis 029 Niba, wiichiianical
makesn thenagglomerates«capable:ekmechanically withstanding the
conditions for using dynamic 25 adsorption processes; 34% of the
particles have an elongation equal to 0; 83% of the particles have an
orgatioh-offess= tHar 1% dnd the mean roundness is 95%. 30
Eedddle 12 (@ctordingtto thelinvestion) [0156] Thelexpetimentofiva lent)
eé@@pi%%%g%ﬁm&m t%fége a@%ﬁ@("f@e?ﬁeﬁ%@gg 5@:&@5 éii;%%@%(‘)éf” IS of
epared wi zeglite (as calcined equivalent), 1500 g of
Egllozﬁﬁi 1as c&t 'e%’%i‘iﬁi%aléét)fi 00 4'85 (s catciriddeduivaléhitf of
collididarsiicaimarketed furdef tierameKlebosolnp3Gand26: aof &4 The
pelycarioxylatertype dispersant; saarketed underthg sname AcUmern) the
921000y {he company, Robm £ Hags - 31.10151] The other parameters
remain_unchanged:. The aggtlomerate%eforme(? have the same properties
AP xambie 12 iR FhtiCaT e sathe Bk Grusking Séength: 6. 9AMPEDe
Thespresence.of assmait-propertion brof colipidak sitica deesaot improveling

tm%”@ﬁgwgg%cgdure followed in example 4. The flow rate

a1 69

)

re

F

of the suspension in the spray-drving nozzle is 6 L.h™ .
The flow rate of hot air circulating cocurrentwise is
150 Nm'.h™' and the temperature of the gas at the outlet
cf the spray-dryer is 100°C. The pressure of the air
sent into the nozzle is 9 kPa.

[0154] The agglomerates are collected at the hottom of
the spray-drying tower and then activated at 550°C for
2 h in a ventilated oven.

[0155] The agglomerates thus obtained are shapeless and
have no mechanical strength. Their bulk crushing
strength 1s 0.1 MPa, which makes their use in dynamic
adscorption processes impossiblie.

[0156] Figure 10 shows an image of the agglomerates
under a scanning electron microscope. The particles are
not spherical, the majority are cracked, and some have

cavities.

Example 14 (according to the invention)

[0167] 1670 g of nalloysite {as calcined equivalent)
and Z0 g of a polycarboxylate-type dispersant, marketed
under the name Acumer® 9210 by the company Rohm & Haas,

are ilntroduced into about 10 liters of water. 8330 g of



(82

Z5

30

35

strength of the agglomerate. Examplé 13 (comparative) [0152] 1670 g of
halloysite (as calcined equivalent) 10 are introduced into about 10 liters of
water. 8330 g of Y zeolite and about 10 additional liters of water are
introduced into this suspension having# pH = 4.4. The quantity of water
irgrodu%?g_ism ad?gte_gnso that the loss on igEnition of the suspensionis
7096 S5 0153 The sofids contéRtSrtha stispéndion is™309. FHEPeRsLon.
stisFensiorris cornveyed iitd the spray-diyersatcdrding dtothegtocedurenat
fqimvepbi@se?mm%ﬁif ;I h@rflqvfrfaﬁﬁeofsmgp%:ﬁ@@e%iom dn the spray-drying
n is 6 1.h-". The flow rate of hot air_circulating cocurrentwise is 2 .
150 Nm3.h-' and the %edr%pe“r’g{ﬁ% %?th%fgaéja? thsé%oslﬁ%f “ofthe -° £2. o5
SPray/-dryeris oo The plesstre 6fthiecir sehtinto tHeenozzleris Okpaer
(G54} Adenaggtomerates are cellected atthe bettomiof the spray=deyingrhe
tower and.then activated af apQG for, 25.2.h ina V%fg}#%te%%"e{‘né?l%% le
The agglomerates thus obtained are shapeless and™ have no me anlcaf
stréngth. Thiir bulk'&teishihg “&trength fs 0FMPACWhichimakés fiigirase no
ircdynamien adsemptions pfotesses impossibie. 30:{0156]kigure 1@ shaws: he
apsimage ofthe agglomerates under agcanning electron MICKESCOPE. g
The particles are not spherical, the majority are cracked, and some have
chié)SéS.Léﬁ EXAmpie 14 3(féiﬂccgoeraﬁ‘uglt8ttgrie h%\f%n%ﬁﬁfﬁﬁf 1670 §6¢
hElb8Rlte (d%:calcined uuivaternt) and 200g bba polycatboxyatéstypecm of
dispersant.amarkeled 4ingdethe name Acumer s 9210y the company £ r
hhm J&nH%as aLeiip roggced into about 10 liters of water. 8330 g of - 32

t
Y zeolite are t %rﬁtinﬁgaucedjf?]%fhe clay suspension. The quantity of

WEESGhtroducaais adljustél @8 hat thelBas Bn ighitic st tredsispensiore s
is:b512%. 0158} Thersglids eenteptofrthe suspension isrddi8%m&-Hhe 1ogy

S,u'L%p%jﬂﬁ ESZCOQMSV%E%%“&%W%@W@Ea cks or cavities due to
the mechanical fragility and to the emission of water
vaper as in example 14 are observed.

[0161] The agglomerates formed are dense, spherical,

mechanically resistant, have a content or active

material greater than 80% and have a small sirze:

¢ the volume mean diameter of the agglomerates thus
produced 1s 235 pm; the ratico of the Dubinin
volume cf the agglomerates to that of the starting
Y powder is (.83, which indicates the presence of
83% of active material in terms of adsorption in

the agglecmerates;

el

® the apparent density is 0.5 g.cm™;
® the bulk crushing strength is 0.5 MPa, which makes
the agglicmerates capable of mechanically

withstanding the conditions for using dynamic
adsorption processes;

& 38% of the particles have an elongation equal to
0; 89% of the particles have an elongation of less

Than 10% and the mean roundness is 98%.



according t0 the procedure followed in example 4. The flow rate of the
suspension in the spray-drying nozzle is 6 L.h The flow rate of hot air
circulating cocurrentwise is 150 Nm3.h-i and the temperature of the 10
gas at the inlet of the spray-dryer is 175C-The pressure of the air sent

[ Eﬁ nozhzl ELS 19 ka. [01591 The ag%Iomer tes are collected at the, ]
bbttorfiof thé pray-drying tower and theh activated at 550CTor 2 hiha "
VERtilaft-6vers U5 [0160f Figuke 11asHovpsran ihage obthe agglomeratesus
usdena seanaing-election-mieroseopariheismarphology, is regular and
spherical. No cracks or cavities due to the mechanical fragility and to the
emission of water vapor as in example 14 are observed. 20 [0161] The
agglomerates formed are dense, spherical, mechanically resistant, have

a content of active material greater than 80% and have a small size: the
volume mean diameter of the agglomerates thus produced is 235 am; the
ratio of the Dubinin 25 volume of the agglomerates to that of the starting

Y powder is 0.83, which indicates the presence of 83% of active material
in terms of adsorption in the agglomerates; the apparent density is 0.5
g.cm 30 the bulk crushing strength is 0.5 MPa, which makes the
agglomerates capable of mechanically withstanding the conditions for
using dynamic adsorption processes; 38% of the particles have an
elongation equal to 35 0; 89% of the particles have an elongation of less
than 10% and the mean roundness is 98%. 33 [0162] Table 1 below
assembles the various characteristics of the agglomerates of the various
examples above, including samplesa/toe/./CoLnCm WNo -~
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equal to 80%, and advantageously greater than or equal to 90% by mass
and containing at most 30% or preferably at most 20%, and
advantageously at most 10%, of inert binder, measured as calcined 10
equivalent, said inert binder comprisirg, preferably consisting of, a clay or
a mixture of clays; having a volumg mean diameter (050) of less than or
equal to 600 um, preferably rangirngffeJFn%O -m. to 15 - 500 pm,

preferably still from 50 pm to 400 pm, more preferably from 50 um to 250
pm; having amappareatdensityranging from 0.5 g/cm3 to 0.8 a/cm3;
having a bulk crushing strength (B S) meas c{ 0 accordlng to the
ASTM 76% 04 stand%rd r%anggmg f%om % 6 3 MPa, preferab eater
ranging foMi 0575 MPAte 255°MPAS hating ’%\erﬁ%aﬂzfom*é@{angﬁgﬂ or
from 85%t0=100%;, préferably.fromB0%ita 4000:25 havingtan than or

elongation sych thatdhe percentage %@a&t%eéah%mg; agte'q&aélow or
0% ranges from 10 to 100 and preferably from

percentage oF particieshavitig®an @%hgaﬁ@ﬁo?@@tﬁ%ﬂ%@%’ Jréfng:"és most
from 70 1®100 and preferably 3¢ frone80 to 1002 2uThe zeelitic calcined

agglomerate as claimed in claimy 1, in swhich the zgolite(s) is (al&apch%%g,
from A zeolites, f ) aS|tes referably Y, X, LSX, chabazite and 35
cllnoptlléﬁe tlah %eo(f?c agglo%ﬁqéjratce)fds c?almea in daint1 Or-traim

in which@tha birider comprises, and preferably consists of, a clay or a
mixture phelays chosen fram, m36n kaaliss kaglinites, nacrites; gickitesn or
haIonsﬂggh ita;g%lglg%ﬁ) selglolltegiémontmprlllonltes bent(%nltes 4I5tes

and/or metakaolins, more prefe y “fromkdolins a%arﬁalloya es.
500 pm, preferzbly 'stiill from 50 um te 400 pm,

to

more preferably from 50 um to 250 um;

® having an apparent density ranging from 0.5 g¢/cm’
o 0.8 g/cm’;

® having & bulk c¢rushing strength (BCS) measured
according te the ASTM 7084-04 standard ranging
from 0.5 MPa to 3 MPa, preferably ranging from
¢.75 MPa to 2.5 MPa,

€ having a mean roundness ranging from 85% to 100%,
preferably from 90% toc 100%;

® having an elcngation such that the percentage of
particles having an elongation of 0% ranges from
10 te 100 and preferably from 25 to 100, and the
percentage of particles having an elongation of
less than 10% ranges from 70 to 100 and preferably
from 80 to 100.

2. The zeolitic agglomerate as claimed in claim 1, in
which tThe zeolite{s} is (are) chosen from A zeoliltes,
faujasites, preferably Y, X, LS¥, chabazite and

ciinoptilolite.

3. The zeolitic agglomerate as claimed in claim 1 or
claim 2, 1in which the binder comprises, and preferably

consists of, a clay or a mixture of clays chosen from



n

10

20

30

35

5 4. The zeolitic agglomerate as claimed in any one of claims 1to 3,"
having a volume mean diameter (D50) of between 50 pm and 180 pm. 10
5. The zeolitic agglomerate as claimed in any one of claims 1 to 3, having

a volume mean diameter (D50) of betfeen 250 pm and 400 pm. 6. A
cggteldu: zneoli7i%agglorqeﬁrate, whose core consjsts, 15 of one or more
zediitic-Agglomerates as caimedfin any” dhe St cTaims T to 5 and the“skiF S/
conSidts ofd paste HAWAG BICOTRpOSTHOI-Bifilat iok different frohrthates,
of the eere. 20: A methodkfor preducing agglemerates.asrelaigped:in amyy
oggoqf£%m§ | ‘ohafhgrascﬁ%rézse‘d in that it comprises the following steps:

1/ mixing and suspen m% in water crystallites of one or more powdered
natural or synthetic zeolites, at 25 least one binder based on a clay or a
rdixture of elays;captiohally:up 106, preferably-frarm@.4% #0 2%, obthe of

total mass of sqlids as ﬁgl&m?g equivalent.of gne or more addifives, ¢

preferably arganic additives, facilitating the dispersion, 30 the maintaining
i Sh&pErsion, and éaﬁifé)néﬁ)g no™'to 5% of the total mass of solids as

calcined equivalent of a source of liquid and/or solid silica, preferably

L%prese@@é@ f:E@EE]lliof@it@ 5% et éh%% M@(L;mé%sl @15@%%9"% 3%@{/ fasming,, -
spray-drying the suspension obtained in 1/ in order to produce

s%/%é%‘lgg algglg(r)ne%dtezﬁ%vé" "Hot Gas'atan %Ie??earﬁlpe% 5 f’grigianﬁ‘Hm of
126E7#5306C Opraferably rHgingifrom 130C to 250C, 37 optionally
followed by a step of sieving and/or cycloning; 3/ calcining of the

a@Q'Qm%!aEeéaoé%t%' ”g%c!ﬂ 2lata atc?ﬁlpc?rﬁ'%‘%% fan %%gn from.200C 10,800C+ .
5 oiptlonally preceded by a drying phase post-spray- drying;

of one or more zeclitic agglomerates as claimed in any
one of claims 1 to 5 and the skin consists of a paste
having a composition similar to or different from that

of the core.

7. A methed for producing agglomerates as claimed in
any one of <¢laims 1 to 5, characterized in that it
comprises the following steps:

1/ mixing and suspending in water crvstallites of one
or more powdered natural or synthetic zeolites, at
least one binder based on a clay or a mixture of
clays, opticnally up te 5%, preferably from 0.1%
to 1%, of the total mass of solids as calcined
equivalent of one or mere additives, preferably
ocrganic additives, facilitating the dispersion,
the maintaining in suspension, and optiocnally up
To 5% of the total mass of solids as calcined
equivalent of a source of liguid and/or solid
silica, preferably representing from 1% to 5% of
the tetal mass of said sclids;

2/ forming by spray-drying the suspension obtained in
1/ in order to produce spherical agglomerates in a
hot gas at an inlet temperature ranging from 110°C

to 200°C, preferably ranging from 130°C to 250°C,
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4/ optionally bringing the product resulting ffom 3/ into contact with an
alkaline basic aqueous solution followed by washing; 10 5/ optionally
partial or complete ion exchange of the zeol.itic agglomerates obtained in
3/ or in 4/ followed by washing; 6/ dryirig and activating at a temperature

ranging from 200C to 600C of the product derived from 15 step 4/ or 5/.
8. The p%%ésosna%% im%%linoéﬁ% “In Wihichthe Z&blité(sy UsBd in“tely °*
1/ are ircpewaeredform and have crystal sizes, measured using SEM of

betweer:206:5 payand 26 pa, preferably between 0.5 paand A0pm.o 9. 4

The use of the agglomerates as claimed jn.any one O%focil#alms_#l to 6,

field of catgfflgljé. . 0. The Use ot the agglomerates as claimed in any” 7'
one of ElAIMS 16 bY iNFProcesses fok sepafiting fasebas corligaie-soray-
streams;isuclmas gaseous-phase pressure- modulated adsorption

pﬁgcesssgtq,%%%oy%%'ﬂ%a%assﬁsmg%@aﬁlﬁf&m%%'a&e&%%sOE%% 3/
processes, fixed 30 bed adsorpyon processes without regeneration,
simulated fididiz&EG Ded Separatioh précessés: }%ﬁrjd%?efe?é%ﬁﬁiﬁ oxygerr 1S
concentgators-for respiratoryeassistaneeh3sd 1. A fixed adsorption bed

comprising-atJgastione, zeplitic agglomerate as.claimed.in any.one ofr ¢
claims 1Z t% ?-‘i C_’>§ 12. The fixed bggl as claimed in claim 11 fomprls;nl%a .
quantity of zeolitic aggfomerate(s) 6f les8 thé&n B6%g, lﬁrefé ably fess'than® /
15 kg, pfeferabfystilPlessahan g kg, advantageously less than 3 kg,
peeferably lessb thansl kg preferably still essthan-p0Q g-and Lgreatelying
than 1.0.g. preferaply greaterian 256, preferably sifl greaier than 50,3,
13. A composite material comprising at least one 10 zeolitic agglomerate
as claimeeFin a"h{/ Gite 6f'claims | to 6 and at least one polymer matrix.

8. The process as c¢laimed 1in claim 7, in which the
zeolite(s) used 1in step 1/ are in powdered form and
have crystal slzes, measured using SEM of between

0.5 pm and 20 um, preferably between 0.5 pm and 10 pum.

8. The use of the agglomerates as claimed in any one
o}

to b, in the field of catalysis.

10. The use of the agglomerates as claimed in any one
of claims 1 to 6, in processes for separating gaseous
or liguid streams, such as gaseous-phase pressure-
modulated adsorption processes, gaseous—- or liquid-
phase temperature-modulated adsorption processes, fixed
bed adscrption processes without regeneration,
simulated fluildized Dped separation processes, and
preferably in oxygen concentrators for respiratory
assistance.

11. 2 fixed adsorption bed comprising at least one
zeolitic agglomerate as claimed in any one of claims 1

to 6.
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14. The composité material as claimed in claim 1.3, comprising from 5%
to 95%, preferably from 20% to 95%, 15 preferably still from 755% to
95% by weight of at least one zeolitic agglomerate according to the
invention, relative to the total weight 8Fthie composite. 15. A disposable

2ggitic adsorbeni.cartidige, 20 comprisind. gt least gne 260G, - < n =
agglomerate as claimed “in any one of claims ffo‘%*, and/oratc posilteg

nYateAaFas’ clammed i diaint 18%¥ eraif 4, antlorcd fiked betlas claimed ,
ipelaia Ad-onclaigs 2. 25:16. Potraaspostabies raehile, preferablyportables n

oxygen congentrator for respiratory assistance, omprising at least.one

zeolitic a%glomerate" as claimed in any one of claims 1 to 6, or at ledst
oheFixed LadSorptisit BEE B tiaimettin'either BFlaind 21 and8b €2, orand
atleast ene compositel haterial psefamedlin either of elaims13and 14, g,

of atleast gne cartridge as.glaimed jin. claim 15,

13. A composite material comprising at least one
zeolitic agglomerate as claimed in any one of claims 1

to 6 and at least one polymer matrix.

14. The composite materizl as c¢laimed in claim 13,
comprising from 5% to 95%, preferably from 20% fo 95%,
preferably still from 75% to 95% by weight of at least
cne zeolitic agglomerate according to the invention,

relative to the total weight of the composite.

15. A disposable zeolitic adsorbent cartridge
comprising at least one zeolitic agglomerate as claimed
in any one of claims 1 to 6, and/or a composite
material as claimed in claim 13 or claim 14, and/or a

fixed bed as claimed in claim 11 or claim 12.

16. A transportable, mokile, preferakbly portable
oxygen concentrator for respiratory assistance,
comprising at least one zeolitic agglomerate as claimed
in any one of claims 1 to €, or at least one fized
adsorption bed as claimed in either of claims 11 and
12, or at least one composite material as claimed in
elther of claims 13 and 14, or at least one cartridge

as claimed in claim 15.



