Spheri cal aggl onerates based on zeolite(s), process for the production

t hereof and use thereof in adsorption processes or in catalysis 5[ Techni cal
field] [0001] The invention relates to spherical aggl onerates based on
zeolite(s) and clay(s), of controlled size and norphol ogy: size |ess than
or equal to 600 pm very good sphericity, having a high content of zeolitic
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t he advantageous in appllcatlons where controlllng

morphology in texrms of size, homogeneity and/or
sphericity i1s dimportant, in the same way as the high

15 content of active material (zeclitic material), and in
processes which require high mechanical crushing and
attrition strength and controlled pressure drops, in
particular in adsorption processes, and more
particularly in pressure modules, or in catalysis.

20
{Prior art]
[0003] In general, synthetic zeolites are obtained at
the end of a process of nucleation and crystallization
of gels of gilico-aluminates: the gize of the angular

25 crystallites thugs produced ig of the order of a
micrometer to a few micrometers: the expression powders
is then used. These powders are difficult to wuse
industrially: difficult to handle because of their poor
pourability, in dynamic processes involving free-

30 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 in the
form of plates, beads, threads or extrudates, commonly

35 consist of zeolite powder(s), which constitute(s) the
active material, and a binder, most often an inert
binder, intended to bring about the cohesion of the
crystals of =zeolite(s) with each other. Binders are

generally chosen such that they cffer the agglomerates



form of plates, beads, threads or extrudates, commonly 35 consist of
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modifying the rheclogy and/or the tackiness or to
confer on the final agglomerates satisfactory

10  properties, 1in particular of porosity which is very
impcertant in adsorption applications.
f0006] The processes for forming the solids are very
diverse, as shown by the reference book “Size
Enlargement By Agglomeraticn” by W. Pietsch, John Wiley

and Sons, Chichester.

—
n

[0007] In the field of =zeoclite agglomeration, persons
gkilled 4in the art use processes for forming by
pressing, 1n particular by extrusion. The aggiomerates
thus obtained are cylindrical and nonspherical, which
20  makes the homogeneous filling of adsorption columns
difficult.
[6008] It is possible to grind the cylindrical
agglomerates in order to obtain finer particles, but

the morpholegy of these particles 1s then very

2
[

irregular and a lot of dust is formed.
[0009] It is alsc common to use forming processes by
agitation and collisions, for example granulating
drums, granulating dishes, operating, for example,
continuously, or mixer-granulators generally used in
30  batch mode, sometimes also called “nodulators”.
[0010] These techniques however reach their limits when
aggiomerates of very smalil size, of regular morphology,
pessessing mechanical propertles acceptable for their
uses 1in industrial adsorption preccesses need to be
35 obtained. Indeed, the cperation of industrial
granulation plants becomes difficult, the recycling
rates are high, thereby considerably increasing the
production costs, the morphclogy o©f the agglomerastes is

lrregular and their mechanical properties are poor,



skilled in the art use processes for formng by pressing, in particular by
extrusi on. The aggl onerates thus obtained are cylindrical and nonspherical,
whi ch 20 makes t he honpogeneous filling of adsorption colums difficult.
[0008] It is possible to grind the cylifdrical aggl onerates in order to
obtain finer particles, but the norphol ogy of these particles is then very
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thus fermed come 1Inte collision with other wet
particles 1in order To form small agglomerates. Thelr
15 particle size is fine, but they are not very dense, ares
shapeless and are not wvery solid, which 1s useful in
applications where easy and rapld dispersion of the
agglomerates 1s sought but is not suitable when thsse
agglomerates are used in processes for adsorption, for
20  example of industrial gases.
[0013] Moreover, processes  exist  for  forming by
dispersion in the form of drops of suspension, followed
by a consolidation phase by gelling, polyvmerization,
solidification or drying. The sol-gel processes work by
25 gelling of drops in suspension in an immiscible liguid.
This technigue, although effective, 1s particularly
expensive.
[0014] Z2Znother process consists in  entrapping the
powder in a continuous membrane polymerized in situ at
30  the interface of a suspension. The particles obtained
are small in size, in general with a volume mean
iameter (D50) of less than 20 um.
[0015] Ancther method is based on the coating of e
powder with a film of polymer precipitated from a
35 destabilized colloidal solution of this polymer.
[0016] Anocther process, called “priliing”, consists in
solidifying melten drops by free fall in an ascending
alr current, so as to form pearls of a few millimeters.

Theidr mechanical resistance is low. Furthermore, the



10 in which a rapid vertical turbine with adjustable angle blades is =
pl aced. Upstream the binder is continuously sprayed onto the dispersed
powder stream_ The particles thus formed cone into collision with other wet
particles in order to formsnmall. agglgnerates. Their 15 particle size is
fine, but they are not very dense, are shapeless and are not very solid,

which is usefinhd n appliLat i onsgwhese easy andatapi dudhspersioncet the
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~[0017] Fi nal{d y,d hespr ay-di yi pgt 8EhRHQUE yspension of the soiling or
of the montmorillonite tvpe having softening
15 properties, neutral soluble salts for adjusting the
density or promoting the detergency, of organic
additives such as cellulose derivatives for preventing
redeposition, optical correctors, stain removers,
enzymes, antifcams or foaming agents, Iflocculating
20 polymers, rhecofluidizing agents or dispersants.
10018] The forming of laundry detergents or of some of
their constituents in the form of small relatively
spherical agglomerated cbjects makes it possible to
lmprove the pourabilifty of the powders and To limit
25 thelr caking, that 1s tc say theilr aggregation during
storage, in particular under atmoespheres at high
relative humidity. EFEowever, the spray-drying technigue
applied to the detergent formulaticns has especially
the advantage of manufacturing agglomerates that are
30 only wery slightly dense, often hollow, mechanically
only slightly resistant, capable of disintegrating very
rapidly without forming lumps. The apparent density of
thesae agglomerates 1is less than 500 g/L.
[0019] The following documents are cited by way of

illustration.

(0%
(8]

[0020] EP-Bl1-1 215 277 thus provides surfactant carrier
particlies based on zeolite, water-soiuble polymer(s)

and salt (s}, capable of rapid disintegration.



simul t aneously perforns continuous drying of the 5 droplets sprayed into an
at nosphere of hot gases andthe formng of the solid in suspension in the
droplets. The detergent industries use it a lot, by spray-drying conpl ex

m xtures containing surfactants providing the detergency, sequestering
agents such as zeolites, 10 carbonate or phosphate salts intended to

i ncrease theoehfi Ch%ncylr@ftthgk§ﬁbf actants byosehtenimg tbhe ;waker.and
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- provides surfactant carrier par i cl'es based on zeolite, water-soluble
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manuf acture;(%l Jgﬁéngdr;ld%gtergen‘t 4/\/{1 i &° m) %mg;np Ct t%%:n %a“t%r%% obt ai ned
by the sprayedrying 9 echid Hue af on]’e\aty@tf préservi-Ag The pecperticés obt ai ned

W th the spsaysdidedonl yaverysskight] y.dense aggl onerat es;--i:n-qrder to
increase the density, post-treatnments are perforned: for exanple,
VO Al - 2000/ 0771207 ey V@Afaﬁé(ﬂ@ilé??fﬂfl ISEPOSE t heeFHEDT porati 6Rcof a

fraction ofuaggl anercat esxobtathed oy processes rather, t Bapnhspray-rdryi ng.

exampie Iin fluidized bed catalytic cracking processes.
[0024] To confer suitable mechanical properties on

25 catalysts, it i1s customary to limit the guantity of
zeolltic active material to less than 60% of the
agglomerate, &as shown 1in the documents US-A-4 022 714,
US~-A~4 357 265, EP-A1-0 112 956 and US-A-4 826 793.
[0025] Another way to obtaln high mechanicel strengths

30 consists in binding zeolite with silica or alumina sols
which are then dried or gelled so as o harden them,
sea for example GR~A~1 145 405, U3-A-4 252 ©88,
Us-~A-4 542 118 and US-A-5 164 073. In US-2-4 612 298
and EP-AI1-0 112 9bg, clay 1s introduced 1into the

35 formulation which acts mainly to trap the possible
catalyst polsons and to thus increase the catalytic
efficiency.
f0026] In some cases, the catalysts are prepared from

beads of clay({s) cr of mixtures of clays that have been



[0023] Anot her industrial sector which frequently requires the form ng, by
spray-drying, of mxtures containing zeolite is that of catalysis. The

. mechani cal 20 strength of catalysts, in particular their attrition
resistance, is particularly inportant pecause they are used under extrenely
severe conditions, such as for exanple in fluidized bed catal ytic cracking

processes. {00244eJ0;68ankakspktable nechanical, properbhes QR4S tcat al ysts,
it is custonar% Lo limt the quantity J_ zeolitic active material to less
than 60% of?t he°ahgl OBt at B 2 asSShein “Fn St Ré tGoctfeRts 108- AeFg22 714,

US- A-4 357 265, tEP- Ad: 0] 1d2s 98bcand WerA=4 826 493.1chQe2%ksAnother way to
obtain high nmechanical strengths 30.consists in bingkg%eﬁe%Lite7wﬁth silica
or alumina Sois which are then dried or gei'féd-§o ast a &gnitﬁénl see
for exafpl VGBA 159450405, UUSZ AR 4/ 2520 688anSUA-4-54220181and TUSsA-5 164

073. In US't“é«é‘}inf?' 8%@@%%"&&&9 }%Zggééib%%loi %bit@rifaoqlé?:grdhii 0 the 35

formul ation whjch acts mainly to trap the possible catalyst poisdns and to
thus i ncrea%® the® caPak§iie efficdisencyle [ COZEEER 160m-cases ) 1 the icat al yst s

are prepareshfrom beads oiqclayfs)aoryof, nxtures of clays that have been
- 6 - calcu%gngndm%gbjgcted to a.treatnent of conversion to a zeolitic
o

material s Créat e°the™dct Phe Mt erii< ¥or® t RELCAR NS ahd to

har denithe aggiormerates. There:mmy del dment ioned fior exanplfe <GB Ack 256 171,
5 US-A-5 559 067,.US 2004/ 235642 and US-A-4 520 119. This techni que does
not make it possible to obtain very high zeolite contents because the
conver si on #0828kl iCBe S5 GAly martdss andmies hoel atdwetlyeslsowthesifs0027] The

ctormng of dhe.zeqlillc So0lomeral eshy AR SPEAY Hiyling 15, vely el dom used
the field of adsorption. 10029] 855 301 proposes a net ho r the
synt hesi s drying; the binder used to agglomerate the zeclite

15 crystallites 1s liquid sodium silicate. This type of
binder makes it possible to obitain sultable mechanical
properties, but tends to block access to the porosity
of the agglomerates, which 1s damaging in adsorption
processas.

20  [00289] Iikewise, EP-BI1-0 506 282 proposes agglomerates
of 40 um to 800 um, manufactured by spray-drying from
zeolite and from 10% to 30% of particles of colloidal
amorphous silica which serves as binder.

[0030] wWith the aim of obtaining molecular sieves

25 rpossessing good attrition resistance and having a mean
gize of between 50 pm and 200 wm, the optimum for use
in a fluidized bed, FR 1 505 184 and US 3 472 617
propose using particles of silica-alumina or of kaolin
formed by spray-drying, calcined at a temperature

30 greater than 423°C and subjecting them to a caustic
digestion fthat 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

particular to A, X or Y zeoliltes.

8]
2]

f0031] The conversion is slow and partial, which makes
the process unecconomical and the long caustic treatment
risks jeopardizing the integrity of the particles.

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

adsorbents for removing CO; from fumes, comprising one



of zeolite, optionally followed by formng by spray- drying; the binder
used to agglonerate the zeolite 15 crystallites is liquid sodiumsilicate.
This type of binder nakes it possible to obtain suitable nechanical
properties, but tends to bl ock access to_the porosity of the aggl onerates,
whi ch is damagi ng in adsorption processes. 20[ 0029]Li kewi se, EP-B1-0 506

282 proposes:agghameraties ofordluiast o-B800, pm o rardi-achdr ed s rspray- dryi ng
fromzeolite and from 10%to 30% of particles of colloidal anorphous silica

whi ch serve®™as B ndérS [BD301WT h The af mR5TE OBt aFAFRg =fol cul & si eves
25 possessi ngogoed: at trindeen ress shaecebandshamw@:m sbze wfidet ween
50 um and 200+$ thg optlrrnmm for.use in_a fl U|Od|O{%d bed, .FR' 1 505 184 and
US 3 472 617°p cg%os% Gsi ng paﬁl?cfes of §i'Fi c& AU n& °F 16 kaolih for med
by spr ay-drgrcbzmgx; tatesned satla emperdtivme 30 gneaterlbhama425C wmd

subj ecting them t g.ancaustic di-gestion, {hat, canbs, diyideddint o an, aging
phase at noderat e tenperature_an nto a crysta? I zat1on p se around 100C
in order tol]@@mewath@m 15 zeémilﬁe oFncpartilédlar stid IK20% or Y. &eol | t es.
35 [0031] The copversionr - s:isd ow-and;paktiah, swhiLh drakesithe progess
uneconom cal and the | ong caustic treatnent risks jeopardizing the
integrity of®fRe"partPele3TS[0032] Thedocunent US- Al - 2006/ 0148642pr esents  or
mor e act i ve[0@@3pounds =cazablze 4of qumnstgs&ar bonatescand ofzddurs4ret ai ni ng
002, a porous carrier _an i.hor gani c .bi nder. The adsor bent s rranuf actured
by this net?l%a“%?%rgeﬁfsghg?lo%%?e ‘fﬁze bor ouS Eart i%er GM%y ¢ondtitites a
smal | proporvi eprefy-theiaggliomer at:LeS:ua:mds the mechantcahdstrdengt Wi

provi ded by cotporati an of. a.0 f.ca u IlJ.ca ich, at
t he end of ?%ggjgégct Fo%g %n r}ebag?elc%r?e&T unﬁ[m?o%ﬁn \%g%y%}%rpé) %itr? eré'[s!I [0033]
US 5 856 264pFoposeshthlewadsotbehibcagglentracés eeenaspivet es)l ¥ 6rd doubl e

gl azing, pradyced,by tsRr aymdmw ngs f romyEk XU RS- 0f z@OtEEEsaNd sClay. The
desired effects are the reductlon in the proportlon of adsorbent materi al

in the aggl oRBFat e2aAnd a 16w f3995MRe dherfst t y22The aHbUNt Sof CIWYESF i nacti ve

material | Smat:hheaea:ﬂogfmaﬂa@tlaggﬁmr ates havensucherdimddled, mechani cal
strength that LS. .nat nea urabIe as_1ndi. ated i I|nes 52 to

55. This tyb@dbfaaaal ofer ates s denb:rle‘f%l un‘s%u tsgbfceu?osr ?ﬁ[? i n°dynani c
adsor ption pggn‘,eeses 2(0034] Amngrisatd s i e@hﬁﬂeeralek@ st soto hawe spherical

aggl oner at eg %Z, tﬁgsg%%gge(%ﬂsgggégg a high content of zeolite(s),

typically gr S neasured as cal ci ned equi val ent, having
a size (vol [AfB4earkdi aﬁéﬁéeﬁfefidl €3%2¢ ha it eqial tove. 6 It vl havi ng a

good mchanseahoagneegghbaeetda@ne fori usedn AdsoRPt LOM iPHOCESSES,c i N
catal ysis. [0035 The apg i cant , has_ di scovered that it_was possible to
5

over cone t helfdi é%%ﬁ?é@ neRtt ohety i ndIHe-pri or &t Ahd toY ed®honi cal |y

manuf act ur emb¥s§@éd)’a@ yidig-iaggl aneratesehavi ngvanhi gh scont entobimzeol itic
active material, are dense, _nechani cal | y_ resjstant Eavi ng, cont rolled
I%% . mm n

mor phol ogy WAFEh T osé” asf%%%mﬁael t 6 sphérici ty. °

having a good mechanical strength suitable for use in
adsorption processes, in catalysis.

f0035] The epplicant has discovered that 1t was
possible to overcome the disadvantages mentioned in the
prior art and tc economically manufacture by spray-
drving agglomerates having a high content of zeolitic
active material, which are dense, mechanically
resistant, having controlled morphology which 1s as

close as possible to sphericity.



7a [Summary] [0035a] In a first aspect, there is provided a zeolitic

aggl onerate having a content of zeolite(s) strictly greater than or equal
to 70% preferably greater than or equal to 80% and advant ageously greater
than or equal to 90% by mass and contakRi ng at nost 30% or preferably at
nost 20% and advant ageously at nost 10% of inert binder, measured as

cal ci ned equigvah@Rts said inert binder conprising, preferably consisting
of, a clay or a mxture of clays; having a volunme nmean di ameter (D50) of

| ess than or l, t 0Q-. ferably ranging fromb5 mto.500 pm
preferably s{to;algté%f]rg?ln %O%ﬁ%@ttoparfgﬁck?h érﬁrio@rrge p%%?%?%ﬁye(?r%nggalbg%?o 250
pm  havi nga&ﬁfl@m@a]aé:ﬁt density ranging fromO0.5 g/cnB to 0.8 g/cnB;

having a bulkk cryshijng sirength (BCS) @@éﬁ%ﬁ@@fm%&% ) g?saéél'\/'

7084- 04 standard ranging fromO0.5 MPa to 3 a, prefera ranging from
0.75 MPa to 2.5 WPED HaveEagaa ﬁ@an’mr"founﬁﬁ@ﬁ@ra?aggi 9FeRitem 85%1 00100% .
preferably from 2eUatio D08k, havidnt: @ra ¢l S78aLE 00 swehrkhat e percentage
of particles havin n el ra)ga ion of 0% ranges from10 to 100 and
preferably from ?@gﬁ fﬁ’O% ef‘n%’yt ﬁ@sﬁe@c’%t%‘g"ét%?mp%ﬁt?tcl‘%%S‘ha%%goén

el ongation of | egsefhanbl@Yaranges facem Zhd cad.@@maa@b@.ﬁ@if}gr@bl zlyégaétom 80 to
100. [0035b] In seco as there, i s provided coated zeolitic

aggl oErerat e], vvhogg °éor%ongﬁ§%§ o;b%onndee%r H%F%S%ES% ti%® agﬁ?g%?ﬁfles as
defi ned above an@auh#asking,consizitd of iaepast e Hianday a compossingn si rrihl ar
to or different f < Of I b 0@%@% t hi peet, there
is provided a ne %%g]e%%%é?gdcuc%:rigﬁgﬁ%grlﬁgon%gét gsas i%gdgboﬁ\/ﬁe}{gﬁ]ﬁ%rggteri zed
inthat it conprifd@¥Sthe fol l owi ng steps: 1/ nixing and suspending in water
crystallites of @Eei@g &D%l@i@x\édﬁlre%&ﬁ '@@Fa.%fe@-:'exor(f[ﬁ){{‘t@?tiés%?@lhélltlleér att

| east one bi nder Dbas on ay or a_mxture of clays, optiona up to
5% preferably fro .]F‘%t%o(ioq of PTH e?%]PQY RS 168 ﬁq"gs?%_s“r%ag%i ned
equi val ent of oné&oor umpr epadietabeg, preferattam osganioc addi &ogegm, _ .
facilitating the_disp i e ntai ning i uspensi on, and optionally
up to 5% of gt he ?%F%I E%%%Q%PEQOF?%@ %g lfﬁanl (':g“longg%_e&%i’val ent of a source of
liquid and/ 8r sohpdisgl iagh, appaterablgnseépyesentding f foom 1%. 50 g3%mof t he

total mass of sakd $0ki d9em3;

e having a bulk crushing strength (BCS) measured

according to the ASTM 7084-04 standard ranging
from 0.5 MPa tc 3 MPa, preferably ranging from
0.75 MPa to 2.5 MPa,

e having a 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 to 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 tg 100.

[0035b] In a second aspect, there ig provided a coated
zeolitic agglomerate, whosgse core consists of one or
more zeolitic agglomerates as defined above and the
skin consists of a paste having a composition similar
to or different from that of the core.



2/ form ng by spray-drying the suspension obtained in 1/ in order to produce
spherical agglonerates in a hot gas at an inlet tenperature ranging from
110C to 300C, preferably ranging from 130C to 250C, optionally foll owed by
a step of sieving and/or cycloning; 3/¢glcining of the aggl onerates
obtained in 2/ at a tenperature ranging from500C to 600C, optionally
preceded by a drying phase post-spraydrying; 4/ optionally bringing the
product resuUbPOBAglf foma3/thihtd eepeatt whdreanial kabiidebasi cnagiedus

sol ution followed Pashing; | y partial . | e ion
exchange ofkbﬁe z oI|t|cq%ggld%é$g@%%8%%%%ine%sin §%£%¥%¥ﬂp4/£ ? %bmed by
washi ng; 6/ chpyrag§erpdedctinyihipingiat canpeirpepatbee Lrangivagdf FBAPEO0C to

600C of thejprodpglider bwed ffQOmtieR 4h Yalr crhfscdPORRA dn g dourth
aspect, there is provided the use of "'the aggl onerdtes as defined above, in

the field of cat8Fy§P&e PPHESEELR MRTATEY (H SFEdtetihefP 159t 0@ ded the
use of the aggl omeratesms slieiddiedvabeieoni m pEDELSseEs of ofi:sepas adf ng

gaseous or liquid.streans, .such.as gaseous-phase pressure-modul ated
2dsorption proceSa¥s guBERE Y i i Gophube PERPSFAPLY e ioiuI Gt o
adsorption processes,%figéd ted adsedptmass podcessksdw blsoutalegendr ati on,

i milated f1uidi ged:bedcseparat kon processes, cand oiteter aBlycL, prygen

concentrators for “respiratory assistance. 35f] ' In & si t, there
is provided a figgd2adsSor pelohived  corPprisingtangl ebbe ohbspebtieic

aggl onerate as dehknegh 80OV nd 0935 Gudye ik 88V ENAAGARRG NSS! Bupb S

provi ded a conposite yaterial conprising at |east one zeolitic aggl onerate
as defined abovet8nd®at Afeakbeone it yESSmaPti x8OL¥H038R/] TRt akied ght h
aspect, there isepuovhdedta dfsposallerzeoldft i qiagsar bent/ear tEodge

conprising at |east.one zeolitic .agglonerate as defined above, ,and/or a
conposite naterigﬁaégadeﬁpﬁ% 15%%98,r%%ﬁ?%?ngl??xzﬁxﬁbgihsgaeﬁ°néﬁéabove.

[0035i] In a nintheaspeet, ntker efi sapdogbdédsa transportabl e, nobile,

o eter 2y BT bERZUOED SISO Lt T S, |

one fixed adsor pl¥oAtbeddes def inTeduaisoehenical | RGE oA LT posia e

material as defiped ahevet @h ahilaasdeme Lantd | 006y A%y defdheth gbeve. 7d
to 300°C, preferably ranging from 130°C to 250°C,
optionally followed by a step c¢f sieving and/or
cycloning;

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

4/ opticonally bringing the product resulting from 3/
into contact with an alkaline basic aqueous
solution followed by washing;

5/ optionally partial or complete ion exchange of the
zeolitic agglomerates obtained in 3/ or in 4/
followed by washing;

6/ drying and activating at a temperature ranging
from 200°C to 600°C of the product derived from
step 4/ or 5/.



[ Di scl osure of the invention] [0036] Unless otherw se stated, in the text
whi ch follows, the proportions indicated are proportions by weight,
nmeasured for the solid constituents as calcined - 8 - equivalent, on the-
basi s of calcinations perforned at 9500Q for 1 hour. [0037] The present
invention relates to zeolitic agglonerates: having a content of zeolite(s)
strictly greater than or equal to 70% preferably greater than or equal to

80% and adviamBagdoust yagreateh tdegedt, e@u@fet@@%cﬁ},ﬁmst@@dug@gt ai n} ng
at nost 30% referably at nost 20%. .and. advant ageous at . nost 10% o
i nert bindef{néggﬁr%%gggx%ﬁﬁEFﬁeﬁse j%ﬁﬁ%%tgbgﬁ?d Pﬁeﬁ#%%iﬁﬂ%}dCBEprising,
preferably cersilstiing of, a clay or a mxture of clays; having a volune
mean di ameter (D50) of less than or 15 equal to 600 pm preferably ranging

from 50 pm ti@o36Q1pmn R efierablassddd | fHom 50= UL 01409 PR (BECor
preferably from 50 £n1to 250 pm h%vln% an_apparent density ranging. from
0.5 g/cnb t &6 82gFTHBEI 2B Ravithg B HaIER c*hSkEng 5% r &FGAESEBES) faBasur ed
accor di ng t GepheaASTN 208404 standagdigasgidegnds,onmd MaghgedubPa,

referably r i.n r 0. 75 to, 2.5 MPa,. havi ng a nmean roundness
Panging f?oﬁ?@%&)%g% %g§§}fgﬁﬁg é?%&ﬂ%§%3§§kﬁﬁﬁﬁ?ﬁoi%6@§g'hgeﬁﬁauﬁﬁ

el ongati on such thaguifeppeseent dgenpefragants -cleeillenddg andebopgabdhon of 0%
ranges fronk%gcggsggq aqg}R&§fe5§glyahggg?%icgp ﬁ%gnggg %hewgs%gﬁgtage of

particles having an el ongation of 30l es han 10°oranges rom 0 100 and
preferably regeheration, simulated fluidized be separation
processeg, and preferably in oxygen concentrators for

respilratory assistance.

[0035£] In a sixth aspect, there is provided a fixed
adsorption bed comprising at least one =zeolitic
agglomerate as defined above.

[0035g] In a seventh aspect, there is provided a
composite material comprising at least one zeolitic
agglomerate as defined above and at least one polymer

matrix.

[0035h] In an eighth aspect, there is provided a
disposable zeolitic adsorbent cartridge comprising at
least one zeclitic agglomerate as defined above, and/or
a composite material as defined above, and/or a fixed
bed as defined above.

[0035i] In a ninth aspect, there is provided a
transportable, mobile, preferably portable oxygen
concentrator for respiratory assistance, comprising at
least one zeolitic agglomerate as defined above, or at
least one fixed adsorption bed as defined above, or at
least one composite material as defined above, or at

least one cartridge as defined above.



from80 to 100. [0038]In the present invention, the aggl onerates

conpri seazeol iteora m xtureof zeolites advant ageously chosen fromthe A
zeolites, faulasites, 35 preferably Y, X LSX, chabazite and
clinoptilolite. The zeolite(s) advantaggously has (have) crystal sizes,
measured using a scanning electron mcroscope (SEM, conprising between 0.5
pmand 20 pm preferably between 0.5 pmand 10 pm Zeolites which are | ess
than 0.5 um[Dis*lodutreSicre Uiy ihewemdiorie observed, but are not

pr edom nant . 9] bi nder cont ai.nedi nt hezeol i t,i c | onerates, of the

pr esent inve%o{o%%ﬁ c-c{)-Jh rises O%‘l%ﬁgtm@ei 35%8%5 i%nbagg‘ off*¥% cFByCBr a

m xture of dcywslheslee apeopretéralsl yimchiosered r amek gatoptsrt kand i bist es,
nacrites, digki : j t jt . iolite .

nmont nori | | orﬁgfsh,%s’bg%?%%?s,&ﬁ Iﬁéegg%i’l o?érrlrse%la?g%l%%s%gmg)%cﬁflgger ably
from kaolins and 10 hall oysites. [0040] According to a particularly
preferred aspect of the invention, the binder present in the aggl onerates
consists solely of one or nore clays, preferably of a single clay. [0041]
The zeolitic aggl onerates according to the present invention may al so
conprise one or nore other conponents, in a quantity between 0 and 5%
preferably between 0 and 1% preferably still between 0 and 0. 5% by wei ght
relative to the weight of the zeolitic 20 aggl onerate. These ot her
conponents are generally the residues of the additives, and other auxiliary
agents fromthe synthesis of said zeolitic agglonerates, such as those '
described later. [0042] Exanples of such conponents are for exanple the 25
ash of the additives after calcination, silica, and the



ke. It should be understood that these other conponents are generally
present in the state of residues or traces and are not used to give any

bi ndi ng or cohesive character to the zeolitic aggl onerates of 30the

i nvention. [0043] Thevol unemeandi anet er (050) of t he aggl onerates is determ ned
by sieving. The apparent density by weighing of the quantity of product
contai ned & @k ven: measured wol une, which was:fidled;35-hyasfree fall of
the agglonerates froma known height froma funnel of Enomm orifice. [0044]
As i ndi cat ed” aboveSr the™¥ot une mean di aneter (050) of the zeolitic

aggl oner at ef808¢¢or dihag tor-dhend nvenatkanibs | ess diwan otcequaloltia 1600 pm
preferably _- %0 - _between 50 pmand 500 m preferably still between 50 um
and 400 um“%é ?$§?%Lé§glonerates whose vol une nean dianmeter is between 50
pm and 180 pm arezanwore parteécutar| ywiprekebred.(sAccordi ogl ¢ o caretther aspect,

5 the zeolitic C a as Lu i er.is. between 250 pm
and 400 pm are 39%%2?§£d%gﬁﬁﬁgéf§ng hg?ho sgiggﬁgﬁt% é%%cfé%ﬁngﬁe
mechani cal strengie bf tehe laggl Dn@r a088 N8 JEhE SASTM 13 084 - D4ast axvdar d

which mekes it possiblestoodeternine 104t herbukk:erushi ng st rength of _
solids consisting of beads or extruggges of less than or equal to 4.8 Nnmin.
length. An incredsing-Foree® i s"Phposed’ sEBpwESE 2By 2REaRS Lot & Ficston on a
sanpl ezof 20 cnBlof, aggkonerates phaeedrin argmbtadecyl kbdercaafc:krewn i nner
cross 15section.

eguivalent, sald inert binder comprising,
preferably consisting of, a clay or a mixture of
clays;

e having a volume mean diameter (Dsg) of less than or

o)
R

equal to 600 um, preferably ranging from 50 pm to

500 um, preferably still from 50 pm to 400 um,

more preferably from 50 pm to 250 um;

e having an apparent density ranging from 0.5 g/cm3
to 0.8 g/om’;
20 e having a bulk crushing strength (BCS) measured

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

e having a mean roundness ranging Irom 85% to 100%,
25 preferably from 90% to 100%;
s 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 the

percentage of particles having an elongation of

30 less than 10% ranges from 70 to 100 and preferably
from 80 to 100.

[0638] In the ©present invention, the agglomerates

comprise a zeolite or a mixture of zeolites

advantagecusly chosen from the A zeclites, faujasites,

35 preferably Y, ¥, LS8X, chabazite and clinoptilolite. The

zecllite (s} advantageously has (have) crystal sizes,

measured using a scanning electron microscope (SEM),

comprilising between 0.5 um and 20 pm, preferably between

0.5 pm and 10 um. Zecolites which are less than 0.5 um



[0046] The fines obtained at the various pressure steps are separated by

si eving and wei ghed. The sieves used are suitable for agglonerates having a
size of less than 1000 pm Sieves of 200 pm 80 pmand 40 mare 20 used for
aggl oner at es havi ng nean sizes respectipvely of between 500 pm and 1000 m
bet ween 180 m and 500 pm and respectively between 50 pmand 180 m [0047]
On a graph iepreseati ng:t heheusutat i ve nmassseftvEipes robt ai aed asca function
of the force applied to 25 the adsorbent bed, the bul k crushing strength
(SO8) is détermited by i nterpol ation of the |oad applied to 0.5% by nmass of
curul ati ve [DOB8F af@decal culratdron ofotheivetir espondi ngher esseré iicicM Pa, by

expressing | ated .farce | erns of .the s rea.of .the 30
i nner cross%ihg%%[?%%‘r%% t hé C)H%I nfglé!?g@fooz“gﬁ tel%gll pﬁ%% T]g%gﬂ, atéiﬁgr“essed as
per cent agestantdoseret irfes eadd edni n & held vt eraturrel *tald¢ peEcallafvor-m

factor”, isrcaleubated, frQmthe ratbo-hetmeen fheilaLge and:thesmall axis
of the ellipse of inertia of the 35 particle a and b, according to the

formula A -NABOL (G5~ al bYiCHhe=®l ongatfoh®is=E§tal t 020 “FoM g SHReri cal

particle; idegnereases fonofofioBideparténg froenspherkeity anditerds toward

100 for an el ated_particle such_as _a fiber [ Q049] The roundness
Vereeftage

expressed as’ efit: ,Olilgscal%%f%t égdf%?ed?ﬁqllﬂye hﬁﬁ%nt}é‘?‘% i starpidbhti on of
the ciiél eshanscysbessin the particle and tangent to the points of the

cont our of ggpar ti-cley;accarding 1 5 conpl ex fLlteLi Lt is
representaﬁPge Bf tﬁ%évaf? t?gn Q?bt%kﬁ#%ilug?o? %u%va%%rgggﬁ thg‘particles
and refl ects'® hénHattiPhy o6fca Yraiar i RTaASabr asi ol pr 6GESSMETHE =5 ne

-roughness isofe sigpificant than theqhi-ghly pr0j ectd ng-soughpess. The
~closer the shape 10 of the particles to perfect sphericity, the closer the
roundness to-A96% {9050] The subject of the present invention is also a
processsf or[0pddpucirhg agglcaneriat essgeserd et aboyesccomsi skbg the

fol |l owi ng st eps: 1/nixin9.and suspgpding in_water crystallites;gj one
pr sent InvVen®icn may "also QMprlse Oone ‘O Inerre othel

components, in a guantity between 0 and 5%, preferably
between 0 and 1%, preferably still between 0 and (0.5%
by weight relative to the weight of the zeclitic
20  agglomerate. These other components are generally the
resicdues 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
25 ash of the additives after cailcination, silica, and the
like. It  should be understocd +that these other
components are generaily present 1in the state of
residues or traces and are not used To give any binding
or cohesive charvacter to the zeolitic agglomerates of
30 the invention.
[0043] The volume mean diameter (Deg) of the
agglomerates is determined by sieving. The apparent
density by weighing of the quantity o©f product
contained in a given measured volume, which was filled
35 by a free fall of the agglomerates from & known helght
from a funnel of known orifice.
[0044] 2= indicated above, the volume mean diameter
{(Dsg) o©of the zeolitic agglomerates according to the

invention 1s less than or egual to 600 um, preferably



or nore powdered natural or synthetic zeolites, at |east one binder based
on a clay or a mxture of clays, optionally up to 5% preferably fromO0. 1%
to 1% of the total mass of solids as calcined 20 equival ent of one or
more additives, preferably organic addifives, facilitating the dispersion,
the mai ntaining in suspension, and optionally up to 5% of the total mass of

solids as caleioned eguimal es ofsc seur ce f rdidguid and/or %@tlmqhe%a l'ica,

preferably epresentl ng from 1% ta 5% of 't he t ot al’ rrass of said solids;

2/ f or mi ng b% SPF aydr yFRG Fhe stsperisicon38BLaiféa e 1/ 9% orddr ™o produce
spheri cal agghonmeriaires-din ashobegascat =n dml etnct enper aturerd angixmzg from
110C 30 to 300C f)rqc erablé/rerraré%f ngPLrom 130C Lo 250(@}'%“ onal Iy foll owed

by a step 5T evi e ng “ahd/for cyc‘tl oni ng; g&l Ci ni %g ot° FSirer at es

obtai ned inti2¢ atoh: teqp@g@t@merangﬁ ngh«p@ﬁﬁ@@&l@@O@@@ﬂB@opMeaml liys pr eceded
by a dryi ngg@t@é%pgﬁ SRrays giyi ,afléq%%ggﬁ Y. bringing the product

resulting from3/ into contact with an al'kalTne basic aqueous sol ution
fol | owed byIOR4Shi nghe - methog/ optpbRaFty pafti al<iorratimsli&® i 6Meexchange

of the mechanical strength of the agglomerates is the ASTM
I 7084-04 standard which makes it possible to determine
10 the Dbulk crushing strength of solids consisting of
beads or extrudates of less than or egual to 4.8 mm in
length. An increasing force 1s imposed stepwise by
means of a piston on a sample of 20 cm’® of agglomerates
placed in a metal cylinder of known 1inner ¢ross
15  section.
[0046] The fines obtained at the various pressure steps
are separated by sieving and weighed. The sisves used
are sultable for agglomerates having a size of less
than 1000 pm. Sieves of 200 um, 80 uym and 40 uym are
20 used for agglomerates having mean sizes respectively of
between 500 pm and 10600 pm, between 180 pm and 300 pm
and respectively between 50 um and 180 pm.
[0047] ©n a graph representing the cumulative mass of
fines obtained as a funcifion of the force applied to
25 the adsorbent bed, the bulk crushing strength (BCS) is
determined by interpolation of the lcad applied to 0.5%

by mass of cumulative Zfines and calculation of the

Q)

corresponding  pressure in MP by expressing the
interpolated force in terms of the surface area of the

30 inner cross section of the cylinder.
[00481 The elongation A, expressed as percentages and
sometimes called 1in the literature “elliptical form
factor”, 1s calculated from the ratic between the large
and the small axis of the eliipse of inertia of the

35 particle a and b, according to the formula
A = 100 (I - a/b). The elongation 1s equal to 0 for a
spherical particle; it increases for forms departing
from sphericity and tends toward 100 for an elongated

particle such as a fiber.



zeolitic agglonmerates obtained in 3/ or=in 4/ followed by washing; 6/drying
and activating at a. tenperature rangi ng 5from 200C to 600C of the product
derived fromstep 4/ or 5/. [0051] The zeolite(s) used in the process of the

invention are preferably chosen from A,zeolites, faujasites,preferably Y,
[ 0052] The

zeol i te(s) [gaag] i nTstep bhnakeskn pewdeced for msand.geaerally have crystal

X, LSX, chabazite and 10 clinoptilolite, as indicated above.

si zes, neasure

0.5 pn1and It P

0831 Thé ﬁlﬂ@@@?§}sus%ﬁ CONPriHer)o and pr-

u5| SEM of betmeen 5 pmand 20 pm pre erablé bet ween
%%0 ferabl y

consi st (s)cxﬁgL@melﬁscﬁmbedchaysthéh@dﬁﬂﬂ@meben@guwmﬁﬁmﬁbiy @h@sen from
kaol i ns, kab nites naggltes di cki eﬁhehallqy5|tes atta éy

sepiolites,

p?ﬁﬁl%D?ﬁllomt%%?beﬁtonltes|I3a1%%%nd/or

net akaobi ns;prefer ablysticltifigenkadt i nsiand hapkeysnteQLVEOOBﬁjThenadditives,
preferably 4he; aroani g-addid ives..d nbended Lo facidd take Lhe dispersion,

t he na|nta|n|ng I n_suspensi on an

s
fon]

20

35

and reflects the maturity of a graln in an abrasion

preccess. The fine roughness 1s more significant than

the highly projecting roughness. The closer the shape
cf the particles to perfect sphericity, the closser the

roundness to 100%.

[0050] The subject of the present invention iz alsoc a

process for producing agglomerates described above,

comprising the following steps:

i/ mixing and suspending in water crystallites of one
or more powdered natural or syntheiic zeolites, at
least cone binder based on a clay or a mixture of
clays, optionally up to 5%, preferably from 0.1%
to 1%, of the total mass of solids as calcined
eguivalent of one or more additives, preferably
organic additives, facilitating the dispersion,
the maintaining in suspension, and optionally up
to 5% of the total mass of sclids as caicined

equivalent of a source of liguid and/or solid

N
foi's]
(3]

silica, preferably representing £from 1% to O
the total mass of said sclids;

2/ forming by spray-drying the suspensicn obtained in
1/ in order to produce spherical agglomerates in a
not gas at an inlet temperature ranging from 110°C
to 300°C, preferably ranging from 130°C to 250°C,
cptionally followed by z step of sieving and/or
cycloning;

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

4/ opticnally bringing the product resulting from 3/
into contact with an alkaline basic agueous

soilution followed by washing;

the flow of agueous” preparation



25 are of any type known to a person skilled in the art, and nore
particularly are chosen from cationic, anionic, nonionic or anphoteric
surfactant nol ecul es. [0055] There may be nentioned, preferably, but

wi t hout bei ngexhausti ve, met hyl cel | ul.ogesandt heir 30 deriva ives,

| i gnosul f onates, pol ycarboxylic acids and copol yner carboxylic acids, their
anmi ne- cont ai ni ngoeterdatiyesa antkt het resabisvei Dopaeki-euhae theicheal kal i
metal salts and the ammoniumsalts, buffer solutions. The additives are

i ntroduced in arf&nount® of O {0 HBR"-235 FPefer &6l yFrom 0.9% '8 1%'by wei ght
of the total mas&lofoddre mass=Gfirspl i ds as cal ci ned equi val ent. [0056] The
quantity of ter_intro d.is. h.that the dry residual matter of the
suspensi on %ﬁer&rﬁth{r%i %Hl 0°a" gg%épét u‘I?“e of o1 L thour PSY 13 -

bet ween 540% and B0% ﬁﬂégératm yobetheerd 50% and o58%t VWhenithe duantity of
wat er introducedsds, such,that the dry residual matter (solids) is less than
40% for eﬁ@ Iﬁ when the suspension is prepared with a Iargg__ 5 quantity of
water, the ggF nerafesZ6btalrfed’ ar 8RBt $Uf f FEFenPIPCESApalt af@for dense
to exhibit 5@&%&1@1 rre@ﬂ@nih@alef@k@g@gzti Q;slpé;[e(ﬂl_l057ﬂrd/fllengt hF_egq$@§iSt,y of

wat er introduced is such_that t ry, resjdual nmtter (soljds) is greater
than 10 60%°$-bt° exaipl ep%ﬁgﬁl?ﬁgys épens%bn ilgxprep%%%a%&%fﬁ a2Bffal

quanti fly ofcWatasrs 1 sal ik ssuspenisidicdiesbreswery vi scous, or even pasty, and
can no |l on punpe I, .conveye 0058 1 Xing. an suspensi on of
step 1/ ar ??g'@ger?ggm&%ﬁﬁ% St r‘?slen% glg %gggo%o%t%%\ éqh %&%ﬁ%@us
suspensi on, L&l chnéanshe rédsivl yipumpedvyandl wiiictes,s peeferadl ysiew hi ghly

- subject to decantathonyedhe consti t uant sy of . he JHaddirg, may kor,exanpl e be
introduced individually or as a mxture in water 20 previously suppl enent ed
or ot herw s& wilth Prgarti surfactants. [0059] The mixture is optionally
kept stlisrriBgs8n order dimmymoidd sedifentaliran0fs)t hes 50l bdepartiches. |f

consist(s) of, one or more clays, the latter being

preferably chosen from kaolins, kaolinites, nacrites,

dickites, halloysites, attapulgites, sepiolites,
montmorillonites, bentonites, illites and/or

20 metakaolins, preferably stiil from kacliins and
halloysites.

[0054] The additives, preferably the organic additives,
intended to facilitate the dispersion, the maintaining
in suspension and the flow of the aquecus preparation
25 are of any type known to a person skilled in the art,
and more particularly are chosen from cationic,
anionic, nonionic or amphoteric surfactant molecules,
[0055] There may be mentioned, preferably, but without
being exhaustive, methylcelluloses and their
3G  derivatives, lignosulfonates, polycarboxyviic acids and
copclymer carboxylic acids, thelir amine-containing
derivatives and thelr salts, in particular thelr zlkali
metal salts and the ammonium salts, buffer scolutions.
The additives are introduced in an amount of 0 to 5%,
35 preferably from 0.1% to 1% by weight ¢f 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 8530°C for 1 hour is



necessary, the suspension is filtered before spray- 25drying. [0060] Anpbng
the constituents of the mxture, it is possible, but not necessary, to add
a source of silica, as indicated above. This addition of a source of silica
is however not preferred, or else onlyy4n small 30 proportions, for exanple
in arange of 0.1%to 2% preferably of 0.1%to 1.5%of the total nass of

t he mass Ofbéﬂbé&s asscalei neds ?qlfjr\@ee:%tb | 0961} dhe ssuspensi o zderi ved
fromstep 1/ is sent into, ;é\ E dryer, by neans of a Eunp,_ Erayed and
he¥i cal Cof “hé

dried so 35"4% t 0"F of ¥ St ﬁétretrl &%W% 57 z8 Weer 40 pm
and 600 pmdiThe rmuagpai fettexanpiel tiy) aiirs ofl erist r ogen, &M er Sornto the

spray-dryin a.te Le.g enerally between 110C and 300C,
preferably grj}éngl P?%bn 1%)630”?%&%%%& - 14 pr%@%ﬁ%fTWé’“ JFerrpef‘lL ardrfe of the
hot gas 5sho®¢@ﬂae}$epfsuc&t€tﬂ’}at thke mlmlrm@s plodiced anec suffti ciently

dry so as ”Qﬁﬁﬁcﬁérl*cllﬁ/t@o¢§8h+0t£ﬂ/cﬁ”daégséh%to walernis expel %%@ from the
spherical grains while preserving 5 their physical integrity, isto

say wthoutm?Weargfféﬁﬂ§:f[ﬁR@s11#gsor beconi ng perforated under the ef fect of
an excessi V[GUQT]SUddﬁﬂneX‘.NeOSQQE}]n@fL yater vaper. Mucﬂﬂﬁ‘ $Pr ay@ryi ng

condi tions ust.ed accor di to the the spra er and
the 10 type- g#%ydﬁgzﬂ ésslcg ; Banpf e, Sloﬁg ntJe%t go?ag%ﬁy g‘ nd the

Vi scosiltly %O%hacsmsqz}eamm witdre fhewsnapessand mseﬁsape%@fj tWhensuspensi on
or of the gas.in &Qgﬁglﬂﬁgg%n awnggtéﬁ tE goz&s énsm?n |Be&¥\4nn fluid, make it

= RN "
possi bl e to adjust t nsize of't oner at es, fhé gok Spr ay
Dryi ng Hand‘bo‘é)CR@hSrK olNpStenrsprabth- edindi omn Lfbhgn@mg@fil Jeﬁt pfdm@e?ﬁe@hfnl cal ,

_--( 1991) teach8Sseved.
[0058] The mixing and the suspension of step 1/ are
15  performed with stirring so as to obtain a homogeneous
suspension, which can be easily pumped and which is
preferably mnot highly subject to decantation. The
constituents of the mixture may for example be
intreoduced individually or as a mixture in water
20  previously supplemented or otherwise with organic
surfactants.
[0058] The mixture is optionally kept stirring in order
to aveoid sedimentation of the sclid particles. If
necessary, the suspension is filtered befcre spray-
25  drying. |
[0060] Among the constituents of the mixture, it is
possible, but nct necessary, to add a source of silica,
as indicated above. This addition of & source of silica
is however not preferred, or else only in small
30 proportions, for example in a range of 0.1% to 2%,
preferably of 0.1% to 1.5% of the total mass of the
mass of solids as calcined eguivalent.
{0081] The suspension derived from step 1/ is sent into
a spray-dryer by means of a pump, spraved and dried so
35 as to form spherical particles having sizes of between
40 pm and 600 pm. The hot gas, for example dry air or
nitrogen, enters intc the spray-drying chamber at a
Temperature generally  Dbetween 110°C and 300°cC,

preferably ranging from 130°C to 250°C.



[ 0064] Theuseof conmer ci al spray-dryers, of i ndustrial spray-dryers of

| ar ger di nensions or the use 20 of other types of spray nozzles woul d not
depart fromthe scope of the present invention. [0065] At the end of step
2/, the finest particles my be renmoved by cycl oning and/or sieving and/or
the excessively large particles by sieving. 25 [0066] The duration of step
2/ffS_hogJI d lt[eesajph trhat @admgdies ene: EEfSt"@:ﬂe ﬁé’lot}l hga:agglh@m&ﬁﬁt@@ %@Q _
suf ficient ry.so as, not to stick.to each other and so_that the water is
oxpel Led { I hé: Sphertals Grar ke Ak oo oPaSEraT ft harr PRy ey
integrity. 30/ [€063% Accordi mgitd one asarti amthef &he knvehkiomateme

aggl orrer at es, obLai ned.i b.steR.2/ Jmy.als0 undergo a.lipi shing treatment,

accordi ng to convéentional "t echni ques Known to a person skilTed in“the art,
such as®codtligigr wetiisacpastie tfaitiirig’ a coApositi oh Sian | artiouB5tikat of the
core (i.e. Jixing of-step; 1) 80dier Wi %@xﬁo%ﬁésr gnteformudl atdren.. Such
zeolitic agglonerates coated with a paste having a conposition smilar to
that of thé&tdte TS5 MK hg 619%t ép IS e/ Or Wi T a7 @ T ¥ er ent

formul at i orf006BIM anhient egpakypart iaty t heonpriesents i nvenrt i ordand e thi s

regard form anot her subject of the present_jnvention.. [0068] The, calcining
(step 3/) IS 1Yl | yopertor NBd At & (anperat Gre Hel Vet 50000 4ad 600C.
It maylBe dptponall yspreevedesz byedryitg | pxaddiiti onthe spraysdryiodg, this
addi ti onal Vi being,carrie Ut between, steg ind step. 3/1descri bed
above. [OOG%ET%&elﬁgag Fo?r:efegt es ggrgl&‘j{t/gd%%”r o?n %t§§%~/ n‘asl?“e%ckt"henzl?%pt ii%(réfal ly
subj ect ed t'o%ed reat nBAESFHT&N Cdl KAl § néUIDehasPe &duedustiBodl GEFoRT( st ep

~4/): this tyeatment-dmysbe perigemed for exanpl esby,hot smageratien in a
~solution of, an alkali netal or alkaline-earth nmetal hydroxide, preferably
in a sodi umhydF6xXi*d® Sol utPon ¥ Fh-a. TSt ufE28f sddftim Hyldr oxi‘de or

pot assiiem hygly oxiales t €lb, whose wancentigiat i"apd=8, prefiamrabl yagrkeater ,t han 0h5
M asdescriP?eq%nsitnet% national application .such a treatment,.and in
particul ar s based on kaoli n(s%j, kadl'1 ni t 8F8Y " hal | 6ysit'ecsy- and/ or

met akaol i n(Bchiherk i slobtaitned-itdre. at | east partial conversion of the

inert bi nde{@og@} te@?:g@ of .adsor pt oncg%mggcggtli ve Sg@tag,r_id]ailye!r@,t erng of
adsorption.” The® aggl onerates are then washed, in general "wth water.
industrial spray-dryers ¢f larger dimensions cr the use

20 of other types of spray nczzles would not depart from
the scope of the present invention.

[0065] At the end of step 2/, the finest particles may
be removed Dby cycloning and/or sieving and/or the
gxcessively large particles by sieving.

25  [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 1s ezxpelled from the spherical grains while
preserving their physical integrity.

30  [0067] According to one variant of the invention, the
agglomerates obtained in step 2/ may alsc undergc a
finishing treatment, - accerding to conventlional
technigues known to a person skilled in the art, such
as coating with a paste having a compesition similar to

35 that of the core (i.e. mixing of step 1/) and/or with a
different formulation. Such zeolitic  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 formulaticn form an Integral part o©i the

th



25 [0071] The aggl onerates derived fromsteps 3/ or 4/ may optionally
undergo one or nore exchanges of all or some of their cations by contact,
in the cold or hot state, with a salt solution, for exanple of lithium
sodi um potassium cal cium and/ or barisynm.salts. The ion 30 exchange (step
5/) is followed by a step of washing, in general with water. [0072] Step 6/

of drying gng-aetdi vatiwmdisoperdror mad onrtihe preeduct s rang! omnaggleoner at es
derived from steps %‘lr a@r;d/ or 5/. The aimof this drying and activation step
35 is to at®Peast- partiTal 1N Tembve T He Wwat'er present in the zeol te

crystalli t_e[ﬁﬂﬁ&]) agnto wdnfierirgn (hes@dsdnbent tysicustonmey fproperti es.
This step is “%“aéé:?(ﬁ%{\}%deg%tcw*%%%‘m@@o‘2@091%”%@@9@ 1t 405 £Q073] The

present invention al'so re to the use of t he zeol i'ti ¢ ‘agglonerat es
def i ned>abovet iamadsor pticondsas edy separatd ornpr egessésnarieb i wrrhe fiel d of
catalysis. 5.{0074] Thesagghomerates ofythe present invention arer
particularly suitable for applications wiere controlling norphology in
terms of siZEYHohoyerei 1y drd/OreBpheritity -5 iFRfoftant, in the same way
as the hihgk[goea}ﬁntrp@f laZﬁ}ﬂdnte!ICataiﬁ L&@rm@rmbmawémhﬂﬁ glr:@ca&seaisl ng ch
requi re high nmec cal crushin nd attrition strength an ontralle
Feah SPesture e

pressure drops: OtH par t3Eu Pes&ur e WodUF At ed-'Ad<8r pfidi "prdcesses.
[0075] 1By viatiue ofuthes rsmomangul astepegld ar tand Spheriveak may be _
mor phol ogi %@%P@MO%E("%%%%RE@%' n ,?Et 'm%%ﬁrf@éi%% ajfdryagt ageously used in
any separation processes where cont¥_o i'ng the flow of gaseéous or quid
streans to bk separiateed oretal berpurdfaed g sedfigorrant . [O076F1Tere may be

~nmentioned in-paLticu arithe 20.gasgousyphase pr essunerapdulat ed, adsor ption
processes such as for_exanpl e pressure sw ng adsorption or PSA, or

al t er nat i vel4<pressiite ﬁ&rggﬁ’g'*t i ECpUfpPRg of PPP.S %S HesiBéed s " Gas
separ atlicon bycadsecptcan rpreeesses” prRiEra¥ang,q Butder worths,0.G1987) ,
Chapter 6, p. 201 to 25,235), gaseous-. and/or I|iquid-phase. . .
t enper at ur € frodul &Ced Tadsor pt i on” pr ocesses. i XEd bed adSorption Processes
W t hout redéher@aty on;0separati on processes where the species renoved froma
mixture by odgpr ptian are.di splaced by opans.of a.third gonstiduent such as
a 30 sol ven[?, |];1 particular in sinulat eﬁﬁw di 264 bed t chnol ogi es.

when the binder is based on kaclin{(s), kaclinite({(s},

20 nacrite (s}, dickite (s}, halloysite(s), and/or
metakaolin(s), there is obtained the at least partial
conversion of the inert bpinder in terms of adsorption
to an active material 1in terms of adsorption. The
agglomerates are then washed, in general with water.

25  J0671] The agglomerates derived from steps 3/ or 4/ may
optionally undergo one or more exchancges of all or some
of their cations by contact, in the cold or hot state,
with a salt solution, for example of lithium, sodium,
potassium, calcium and/or barium salts. The ion

30 exchange (step 5/) is foliowed by a step of washing, in
general with water.

[0672] Step 6/ 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

35 is to at least partially remove the water present in
the zecollte crystallites, so as tTo confer on the
adsorbent its customary properties. This step 1s

usually carried out between 200°C and 600°C.



[ 0077] Theaggl oner at esof t hoi nventi onare -

particul arl yappropri at ef or pressur e- nodul at ed adsorpti on devi ces based on
very short cycles, for 35 exanpl ein oxygen concentratorsfor respiratory
assi stance. [0078] According to another. aspect,the present invention
relates to a fixed adsorption bed, whic % can be optionally regenerated,

conpri sing %Q)TEPaStTn%n%rezs%Qx“ 4 p%%ll%eraats%ﬂ%eradﬂé&gtﬁ hepr esent, ¢
i nvention id fixed bed advantageously conprises a

cont ai ner contai AFRgaquantidy6FESal-eti Caggl et ab Bt s) lof 4P tvdnr 50 kg

preferably hessdthaspa-15:kg, preferably sihhl lLess than 8ikga of
Advantageouslgé the fixed adsorption bed contains a quantity of aggl onerate
of |ess than Preferably less than 1 kg, preferably still |ess than
500 g. Bhlﬂﬁ@ﬁébtlﬂ&mﬂsag@hem®i$wegreﬁﬂetn@hanmﬁﬁxg: pretetr abhy sgreat er

than 10 25 G ~general | gregﬁegagﬁgn 50 g. [00; £§%3§Eﬁh<§1 i xed adsorption

bed finds a nost advant ageous application in o en concentrators for.
respirat or ycassist ahte, Narmpartdocul ar transportabd ez e nmobidme genegiien

portabl e copggptratprs,i15:[0080]: Accardiing 1,0 yel apether.aspect,. the
present invention relates to a conposite material conprising at |east one

zeolitic agytdher &PET 3850r&ﬁng4ﬁ9%%ﬁ9%we%%B%v nvBAEF6nZand 28F | édst one
pol ynerLomat piXse § 08 exanplre ebasepef rromit heferpphastic pohkynens and

heat - Curablgttrltlon strength and controlled pressure drops, in
particular in pressure-modulated adsorption processes.
[6075] By wvirtue of thelr nonangular, regular and
spherical morphologies, the agglomerates of the
15  invention may be advantageously used in any separation
processes where controlling the flow cof gaseous or
liguid streams to be separated or to be purified is
important.
[0676] There may be menticoned in particular the
20 gasecus-phase pressure-modulated adsorpticn processes
such as for example pressure swing adsorption or PSA,
or alternatively pressure parametric pumping or PPP, a=s
described in “Gas separation by adsorption processas”,
R.T. Yang, Butterworths, {19%87), Chapter &, p. 201 to
25 235), gaseous- and/oxr liguid-phage temperature-
modulated adsorption processes, fixed bed adsorption
processes without regeneration, separation processes
where the species removed from a mixture by adsorption

are displaced by means of & third constituent such as a

30 solvent, in particular in simulated fluidized bed
technologies.
[0077] The agglomerates of the invention are
particularly appropriate for pressure-modulated
adsorpticn devices based on very short cycles, for

35 exanmple in OXygen concentrators for respiratory
assilstance.
[00678] ~According to  another  aspect, the present
invention relates to a fixed adsorption bed, which can

be opticnally regenerated, comprising at least one



20 polynmers. The conposite of the invention nmay be obtained according to
any process known per se, for exanple m xing, conpounding, dry-blending and
the like. [0081] The conposite material according to the inventiongenerally
conpri sesfrom 5% 095% 25 preferably firom 20%to 95% preferably still from
75%to 95% by wei ght of at |east one zeolitic agglonerate according to the

invention, s&lptime toac%@ﬁoﬁ@iﬁie wei ghtoofihhe cepposihe. [Q082kFhe
zeolitic aggl onerates qof .theention, and 30 in particular the conposites
descri bed abo¥Vd 'cotit ai rifrig sgﬂr%le%géﬂet?ge?%if@§?a§?8uéh¥i retysuitable as

adsor pti on conponent i ncobheaoxygen concengratars for $espi zatonyic

assi st ance. 83] According to a pa icularly advantageous _ aspect of the
hvent fon. 1l 9G6T 11 & bogh oreTat B2 | R kPt i BAFar ERS, coRgoorLEs

cont ai nbng them, constétaivby t hiel bkt ivesmabeni &8l kof addiespesablue lzeol itic
adsorbent .18 f;zg?(@cegglfsgg EiBgr Lespi ratory: assi tagggnt%?t her: it is
transportabl e, nobi e or preferably portable. TOQS4 As a variant, the

di sposabl e ¥&HFtTTHGE" ey ‘corPEFse-iH addiCironP6E APl dcel BF° t hE2Eonposi te
5 material 1 adj xpdebedzof yzealiiti ¢ adsoehent ief inedrabovena-008s]
According to yet anoi)rer gsgect, t he |@vent| on _rel Eie_s to _a transportable,
mobi | e, prefer@bi§- port abl &= ox§ gehedneentr aP6FE6F FESBI FAEGF§assi’$t'ance 10
conpri Sicng 21 ¢ easdneanel zeoltd4diceagglaanes@te, or at. | east one fixed

ccoor piLon gy ol iyl cast Ang comestia tmlenial, olal Leshtte

i nvention. dfantageous application in oxygen concentratcrs Ifor
respiratory assistance, 1in particular transportable,
mobile or aven portable concentrators.

15 [0080] According to yet ancther aspect, the present
invention relates to a composite material comprising at
least one zeolitic agglomerate according to the present
invention and at least one polyvmer matrix, for exanmple
chosen from thermoplastic polvmers and heat-curable

20 poivmers. The composite of the invention may be
obtained according to any process known per =se, for
example mixing, compounding, dry-blending and the like.
[0081] The composite material  according to  the
invention generally comprises from 5% to 95%,

25  preferably from Z0% to 95%, preferably stiill from 70%
to 95% by weight of at least one zeolitic agglomerate
according to the invention, relative tc the total
welght of the composite.

[0082] The reclitic agglomerates of the invention, and

30 din particular the composites described above containing
sald agglomerates, are entirely suiltable as adsorption
component in The oxygen concentrators for respiratory
assistance.

[0083] According to a particularly advantageous aspect

of  the invention, the zeolitic eagglomerates, in

(93]
81

-

particular the composites containing them, constitute
the active material of a disposable zecolitic adsorbent

cartridge which can be inserted intc an oxygen



[ Enbodi nents of the invention] [0086] For the exanples which follow, the
applicant used a spray-dryer whose main characteristics are given below 20
[ 0087] The suspension is sprayed by nmeans of a twin-fluid pneumati c nozzl e,
with external mxing, attached to the top of a stainless steel chanber in
the formof a silo having a height of 5.25 mand a dianeter of 0.7 m The
hot gas cirgyhad s, LOCHr EERt Wiese,: YR 3 QRen 25 cycl e apgdyis distird buted by
a plate for_distributing gas over the entire surface of the chamber. The
flow of hot =g FS 15t ITPR brbut Tert Btk 2057 i M “YepP ession i s mai nt ai ned
in the chanig®84py means ofraventkl at ons. HOGSBkLLlies avaitl-able atusa pressure
of between 0.1 MPa 30 and 0.6 .MPa and at an, output,of_ between O NiB.1-1-1
and 260 NB-HI5The 'hnéF ditamdt ef “of *the®hdz%l 61 s 2 T m-Thé “suspensi on
i s introduced:dylaeans ofiandeceent mifc seréewtpunpandrispriayed fdthea pressure
of between %DQV{I/_Pa and 2 MPa at a flow rate of between 5 L.h51 and 25 14.h
35 [0089] The ysi cal properties of the agglonerates are eval uated by
met hods knodfi#8Bb " pérsersiiski I%edveh eReTAPT: ateedlosstbn ilgmieritami s
deternm ned by yelghifngsbetare-and-aiterneakceni ng-ak250C for-tkheur. - 19
- [0090] The cr%/stal lini t% of the aggl oneratesi s _estimated by conventional
net hods such®¥%°t he WEASGHErEAPS of i ni NEYBFhfeS ¥ ads GrptisdAT¢E i quid
nitrogen atcddpK)simg kel uesesadsorpt izen. ivadluesgftapachty, ofcadser ption of
toluene at a relative pressure of 0.5 at 2pC after an exposure of 2 h, as
descri bed i nopat ent"appl 'cati on"EPLA-1°116891 or“t hé “patent 05°6"6 464
756), or elsempdel watertadsarpt bonavallsest( capacttytfodgadsesptisor of wat er
cafter a 10 feslidence LR Qb 2d Noutse! Baa G 98ad vesselyal 2326y whose
“relative humdity is equal to 50% as describ i n patent agpl i cation
EP- A-1 223 14752%]J@091] The Dubinin volunme is cal cul ated according to the
Dubi ni nsRadushkevi ch equati on, as described by Lowell et al. in
" Char actericﬁ ti ocr, of Porous_Solids and Powders: Surface Area, Pore Size and
Densi ty' , OHABL@1 6" %M Tr Opor o AHaAl ySi's", pages 143-145: P log V = 1og Vo
- D(log--)40B86P0 For the examples which follow, the applicant
used a spray-dryer whose main characteristics are given
helow:
20 [0087] The suspension is spraved by means of a twin-
fluid pneumatic nczzle, with external mixing, attached
toe the tep of a stainless steel chamber in the form of
a sillo having a height of 5.25 m and a diameter of
0.7 m. The hot gas circulates cocurrentwise, 1in an open
25 cycle and 1s distributed by a plate for distributing
gas over the entire surface of the chamber. The flow of
hot gas 1s sligntly turbulent and a slight depression
1s maintained 1n the chamber by means of ventilators.
[0088] 1t is available at a pressure cf between 0.1 MPa
30 and 0.6 MPa and at an output of between 0 Nm’.h™™ and
260 Wm®.h™'. The inner diameter of the nozzle is 2 mm.
The suspension i1s introduced by means of an eccentric
screw pump and sprayed at a pressure of between 0.1 MPa
and 2 MPa at a flow rate of between 5 L.h™' and 25 L.h™
35  [0089] The physical properties of the agglomerates are
evaluated by methods known to persons skilled in the
art: the loss on ignition 1is determined by weighing

before and after calcining at 950°C for 1 hour.



which Iinks the volune V of nitrogen adsorbed in the adsorbent material to
the relative pressure P/Po. The volune Vo is the maxi num vol une of nitrogen
vapor which can be condensed in the mcropores of the adsorbent 25
material. It is expressed in cm of Mnioa_itggo_qen vapor (adjusted for normnal
conditions) per gram of adsorbent. [0092] The Dubinin volune is then

cal cul at ed figpem t heyvol u 0. of - i<h Ls.then,co to.vol une of
30 liquid: q‘opgpjé egggess%yiyﬁ gn%ﬁ%é? V\,;Ba% of§§dso€%%n§&¥§%%@%%rrel\séponds to
t he ni cr opo? s Vot dine “avai Ioé’llfl‘f@nfcépn@gsorﬁﬁféﬁds[OOQBThPri%?r t 3 Nthe

neasur ementpden sanmpl€s | srpr|ety-eat.edvat BRABES orala hqurisunder vacuum 35 (P <
5x1096 Torr, that is 6,7x10-4 Pa). The neasurement is then carried out on a
M cromeriti'cs-ASKB' 2030 Mt ype appirat UL UFHE | sBERBFAT TS pl FELeEwi th t he
aid of & presswetablef ofaatobpastn35cpoi ntsubetween 0201 randcive20 - 1

P/ Po. The v I IS otted on..a diagramas . a function of

(1 og( P/ PO) )%¥%}€J%g?n¥ﬁ Dvoﬂjrr%%i g oqut%‘*ne%gf rom t he -%ﬁi % gt tffe origin
of the |ined@s¢egpessiion straigheppilpeadtonh&hpdint st Whosel (bog(E@PP0))2 is
between 1 and: 2{thal o s Q0039 ¢ P/ Por< D). cFle {pasur entericor 1 +

0. 003. [0094] The content of zeolite (active material) of an _~ agglonerate
may be eval Uat'e®F by caPEul @Y i ng°¥ he@f &t ot 61t hefDubBAEA vEIfime of t he

aggl omenat erd©: dhecDubi i 10r val uresof s zeol i te powsters akane.e [ 0095]

Scanni ng el on m croscopy. al |l ows .observation and vi sual sessnent of

t he nor phol%%%/£ OCP’ tﬁjgogﬁglg%é‘?éf‘ég. ﬁ%@[ﬂt%ﬁﬁho%‘fer ,tffasg@ﬁon *he vi deo
acqui si ti ondeandr % onin megesanatysl scamakesEP+Ap0s8E bl 4T 0. access

guanti f1abl@oggj amgter s ohal ACt el stlc of the Jorphol ogy ofihe particles.
‘Various comrerclal devices exist: by way of “exanples, ere ma§ be

ment i oned thes appak at Uk~ Mod phlokoygic® faoeatMilver ag Camsiczébefr omy20

Ret sch; sAl paga: 500-Nano, fromExchiocdeseribedoenshhe kntennet. pages
www. mal vern. com ww, r et scht echnol ogy. com or el se www. occhi 0. be. [0097] By

means of the* M e 560 NaRo afpar atus Hcthi 31ti 0f§5ard pefféiréd for each
sanpl e tested am 2530000 pardiet espadek thes el opgation and roundness
paraneters are calculated for each particle.

2

log Vv = log Vy -~ D(log—)

EERR

n

which 1links the voclume V of nitrogen adsorbsd in the
adscrbent material to the relative presssure P/P,;. The
volume Vy 1s the maximum volume of nitrogen vapor which
can be condensed in the micropores of the adsorbent
25 material. It 1is expressed in om’ of nitrogen vapor

(adjusted for normal conditicns) per gram of adsorbent.

{0082] The Dubinin volume 1is then calculated from the
volume Vy of gas, which 1s then converted to volume of
30 liguid: it is expressed in cm® 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
35 {P < 5x107° Torr, that is 6.7x107% Pa). The measurement
is then carried out on a Micromeritics ASAP 2020 M-type
apparatus. The i1sotherm is plotted with the aid of a

pressure table of at least 35 points between 0.01 and



[ 0098] Thenat hemati cal t ool susedfortheir cal cul ati on are devel oped in the
doctorate thesis by E. Pirard (1993, University of Liege, 253 p) entitled
30 "Morphonttrie euclidienne des figures planes. Applications 6 |'anal yse
des materiaui f granul aires" [Euclideamn morphonmetry of plane figures.
Applications to the analysis of granular materials). The docunent entitled

"The descriptsye andquantid atd ves2=represeptati gn af gparthel g=shape and
mor phol ogy" _is avai I%Le)l F under the reference | SO DS 9276-6. [0099] The

el ongat i on WG~ ¥t | Hed aBdve! P Rilgur 67F presdit's Voo Ected “ShEdows of 9
particl es corsespoadivrgxte ditf ftereenirieliongati onevabuesr reg2kssif® 1 o] The

roundness igs_defined above. Figure 2 shows projected,sh of 12
particles csts)infrraels ondi %gmf 0 %lgf fig?%ntp?bﬁ%%ne‘gggegl ug%?ggggx%l>rfpl et
(conpar ati vieytwg®101] Usihflg 4 edithizquess kribWwi® o<- péFson skill edThe the art,

aggl oner at gs- are-for.med. i the | aboratory by nmeans of a granul ating dish
operating continuously, froma paste containing 8300 g (expressed as

cal ci ned 109888 valleft )°BF-s760l ¢ e ZREX: pEWdEC G DI L2 Mt b SLpAE 1500 g
of kaolin (£xpressed asmeal ginesdyggukval ept) ,c 867,10 10fn£othoi dalcisilica
mar ket ed under_t he name, Kl ebosol 3? cont ai nhnﬁ\ 30% b% mat;lsé gjf SiQ2, and
wat er in an’appropriate §uant Ty, 15 61697 -TRET4GGI oferafes Beddfe bi gger
by a siaéwbatdlefd ect and are sepasateddid omthe granul ating di sh by

overflow n th eying -as..soqQn as_i ea sire %sgi ze. The
fines are ?[8??/?1 ed%igﬁ%%ﬁ}égg?ea‘?\euq%q ngI%d‘l"”s%s.ec)'(?%%y t %?%%&gy%%é:’gegl %ﬁéﬁg‘t es
having a neandsi 7esug20 detseradsved:tby sf evichg, egualnd @00 pMm  ane

-obtai ned. They; are-ihen dried at 80C and activated for 2 h at 550C in a

. ventilated %égn [0103] At the end of the aggloneration, the bottom of the
granul at i ngo8P8h i ¥cdpreacar vao&adTd tHen-sF evedec acquisition and

15 on image analysis, makes it 9pogsible to  access
gquantifiable parameters characteristic of the
morphology of the particles. Various commercial devices
exist: by way of examples, there may be mentioned the
apparatus Morpholcecgl GZ from Malvern, Camsizer from

20 Retsch, Alpaga 500 Nano from Occhic, described on the
Internat pages www.Ialvern.com, wWwWw.retsch-
technology.con, ©r else www.occhio.be.
f0087] By means of the Alpaga 500 Nano apparatus,
acgulsiticns are performed for each sample tTested on

25 10 000 particies and the elongation and roundness
parameters are calculated for each particle.

[0098] The mathematical tools used for their
calculation are developed in the doctorate thesis by
E. Pirard (1993, Unzxversity of Liege, 233 p) entitled

30 “Morphométrie euclidienne des figures planes.

Applications & 1'analyse des matériaux granulaires”

[Euclidean morphometry of plane figures. Applicatiocons

o the analysis of granular materials}. The document

entitled W The descriptive and . guantitative

representation of particle shape and morphology” is

available under the reference IS0/DIS 8276-6.

{2
€N

[6088] The elongation A is defined above. Figure 1
presents projected shadows of 9 particles corresponding

to different elcongation values.



25 between 200 mand 500 m By sieving, the nean-di aneter of the

aggl onerates thus selected is estimated at 300 pm They are then cal ci ned
for 2 hours at 550C in a ventilated oven. [0104] Figure 3 shows two

phot ographs taken under a 30 scanning -el ectron m croscope of the

aggl oner at es of 600 pm (figure 3a) and of 300 pm (figure 3b) thus prepared.

The images [ mzlth%et he, agalQer at esichave angid-ar. forgerand, sahalk is nore,
it is observed hat the 300 maggl onerates are dusty reover, the bulk 35

crushing stPengthtot tHEBOG priagdi<oméiate<iss orﬂ%r(?s?%“%héroeas t hat

of the 600 pii gyt oneraies4ss vl M.

[ 0105] Theexanpl eshowst hatt hetradi ti onal granul ati ng di sh aggl onerati on

t echni que does not nake 22 - it possible to obtain aggl oneratesofregul ar
nor phol 6gy Etagel ¢ ol sbfrmmacﬁawiw)d of suitable nechanical strength at small

parti cl e Sipdpy Bxample 2 Laarparat i veh,. 01061 An Flopohs il xeca granul at or

is used here the a % rrerat on. (expresse as calcined
equi val ent )LigF  2&81 | taé?@LQXlGGé’@r@@nycrﬁm f e@fflf}@ﬁ/ SNl i 'gee X}apewderts pmto 10 um

in size andhd@vi ng@naSi fAInnokarndoratée of,difi03,ar e Jroied onistiy, 1300 g of
hal I oysite éﬁx ressed as cal ci ned eqé :’0%' ent% An %{)j{ogrl at uantr ty of
water is th fg & Yafou

r 2ddE9Y i HE odted® 50 ™ S| F¥ordeE% o form
nodul eg Cof pastesl eﬁrﬁ)ﬂ)()?@ﬂ'hee@bﬁudaesanreor‘rzhem s¢l ected zbymsicevicngrhet ween 15

0.3 mm and %r:rd th?n Lpol(ltshed quer a poI |Ishr ng. di sqr& BY S S, evr ng, the
vol unme mean er i " estimated m e agg onerates are’dried at

80C and t hemt'cad cimled doorl@ delat B50CH n ma veritdd atuedieoverine 0168k The bul k
crushing stxength, of shhe. aggliomerates: »y mass of 510, and water

. in an appropriate guantity.

[0102] The

effect

15 agglomerates become bigger by a snowball

and are separated from the granulating dish by

overflowing and then sieving as soon as they reach the

desired size.

In this

The fines are recycled in the granulating

dish. way, agglomerates having & mean size,

Lo 600 um,

and activated

determined by equal obtained.

°C

sieving, are

They are then dried at 80 for 2 h at
ventilated oven.

the enda of
dish 1is dried at
By
agglomerates thus selected 1s estimated

in a

AT

550°C
[0163]
the granulating
200 um
the

the agglomeration, the bottom of
80°C and

sieving,

then sileved

between and 500 pum. the mean

diameter of

o

300 um.
in a ventilated
[0104]
scanning
600 um

prepared.

at They are
overn.
Figure 3
30
{(figure 3a)

The

angular forms and,

the 300 um agglomerates are dusty.
of
that

35  crushing
0.2 Mra,
1.8 MPa.

[0105]

strength

whereas

The exampie

granulating dish agglomeration

shows

electron wmicroscope

images

what 1s more,

then calcined for 2 hours at 550°C

two photographs taken under a

the
300 1m

-
oT

thus

of agglomerates

O

i

v
that

and (figure Z2b)

show the agglomerates have

it 1s observed
the

Moreover, bulk

the 300 um agglomerates is

of the

only

500 um agglomerates is

shows that The traditional

technigque does not make



20 thus obtained is 0.1 MPa,~which is poor. Figure 4 shows a photograph
taken using a scanning electron m croscope of the aggl onerates obtained.
The aggl onerates have irregul ar shapes. Exanple 3 (conparative according to
US 5 856 264) [0109] A suspensionis prepared by successively introducing
into deionized water 8000 g of LSX zeolite (as cal cined equivalent), 2050 g
of halloysiie (asgaliciaedequi ¥atenh) ang;200-8:0fssodium garhoxywmet hyl -
30 cel lul ose containing 30% of water as additive. The quantity of water

i nt roduced T%r%ﬂ?ﬁ%?%d Sofat the 1BEE o ighi t FBA of ©t he SSusHenSi on i s
65% The saobedsacont enttodndtie suspensi opatsi 869 s{H0440] The suspension i s
kept stirring, with high 35 shearing, for 3 h, so as to nake it
honbgeneous. Next, it is conveyed at the rate of 9 L.h' to the spray-dryer
descri bed aboverby reapsuofrat punp, sprayed and dried in hot air. The
viscosity qb1bbf S%ﬁP%ﬂ%ﬁQ&'ﬁiégyl anuiats TighﬁsééowégétQOQft@%t_a'r
circulating cocurrentwise is 200 NnB.h-1 and its inlet tenperature is 400C
pl1ll The prEsSUrRrdfithe ai r® S€htdint o CHE LA e | 30 kPalcThec

aggl oner at esqal €= Caheul atedat) itthe ot t oarebnthe rspr ay-#r yi ngctower and
activated at 550C éor 2_hin a ventilated oven. OllzﬁFi gure 5 shows an

i mage takenPUsing a glanfi &3 ef'edtt 6it 4 cFoScopeof esaga‘l*oFP@rin‘t*es havi ng
a vol ul® mean: b anet ek £0f 0180Gipm nhusdobtiaimed30The aggl oreratyes 0 t hus
produced ha x ar rphol.ogy .cl bericity. _-The t.qgr aph
nevert hel esg&é bé\/\gg%%e %ggsggélé‘%dca\%%?rggl%g“géscfrﬁlhbed‘yb%j%}ga%%cunent us
5 856 264, @saieltyasit heapessehte tofercr gk 013 THecdippat ermtvedensity i s
~only 0.47 g..emm3. 30Ne:i A5 byl &, cxushi ngstrengt hoft heaggk anerat esi s

[6107] The nodules are then selected by sieving between

i5 0.3 mm and 0.6 mm and then polished over & polishing
dish. By sieving, the volume mean diameter i1s estimated
at 500 pm. The agglomerates are dried at 80°C and then
calcined for 2 h at 550°C in a ventilated oven.
f[0108] The bulk crushing strength of the agglomerates

20  thus obtained is 0.1 MPa, which is poor. Figure 4 shows
a photograph taken using a scanning electron microscops
of the agglomerates obtained. The agglomerates have

irreguiar shapes.

B
o

Example 3 {comparative according to US 5 856 264)

f0109] 2  suspension is prepared by successively

introducing into deionized water 8000 g of LSX zeolite

£

(as calcined equivalent), 2050 g of halloysite (as
calcined equivalent) and 200 g of sodium carboxymethyl-

30 cellulose containing 30% of water as additive. The
gquantity of water introduced is adjusted so that the
loss on ignition of the suspension is 65%%. The solids
content of the suspension is 35%.
[0110] The suspension i1s kept stirring, with high

35 shearing, for 3 h, so as to make it homogeneocus. Next,
it is conveyed at the rate of 9 L.h™' to the spray-dryer
described above by means of & pump, spraved and dried

in hot air. The viscosity of the suspension i1s 300 cP.



practically not neasurable. It is estimated at 0.02 MPa, which neans that
t he aggl onerates have practically no nmechanical strength and are not
appropriate for uses in dynam c adsorption processes. 20 Exanple 4
(according to the invention) [0114]. Azsuspension is prepared by
successively introducing into deionized water 8000 g of LSX zeolite (as
ggl ci n]gad eqmg/alfegw) ,rla%@OQ)I'Q 0t héhhﬁokﬁﬂﬁcﬁﬂ(@%r@d@@bﬁkﬁ§ﬂ%@§]§éVfi'sint) and
g of a p xboxyl at e-type di spersant narkete er the name Acuner
5308 by the tonBany RO & Taas . The QA S5 ot el & 4t roduced 1<
adj ust ed sd0fnd} t Ae=l psssenrieghift it ofit hesstuspensi ohei 8c4813%i s
30[ 0115] The |, ds t t us SLOR 1.8 7%, The suspension is
kept sti rri%(z?“\)/\%jt h%ﬁ?g%%tsg%g%‘ﬁ*%g,e%f Oa?fé;_ ﬁgaﬁgLﬁgéghegnt cgﬁ%e%é)decgfﬂ the rate
of 5 L.Kh-1 @0 ahspray-alryerying neansr ofard pappivspeayed ahdd dii édrin hot

air. The viscosity, of-ihe suspensi,on is 6 Po. The 35 spraying chanber and
t he sprayi zl e have the sane geonetries as in exanple 3. [0116]
dBel

Thef | ow at ai FeFHER at i%@%c@?réﬁ?ﬁﬁs@%@@@@s%. h1E<amdti"Cs inl et
tenper at ur e216c200C. mihe Presswe ofet R@yBbhe 5N si AEOiLBEeanezzhee= - 24 -
is 30 kPa. The %J?Irgrrergteé a%) 'co] ] ected at tge ggttom gf the
spray- dryi i owet et ect ed” @%Dﬂe My Bet#een~ 180 Fm drd °B66 °m>&nd t hen
activatied athd50@forud imae veatitayedaovenor0t1ZFhecvokene tmean
di ameter of_fhe ¢ LvBﬁ.”er@%%Snéﬂg%gﬁ»ggﬂce%éée%%@ FLgures 6g_and 6b
show two i meEges of the agglonerates using a scanning el ectron mcroscope.
Thei r nor phof oY ¢S regula” andspher i calscINgiacheycr adks RO USEVItt i es are
‘now observegs dues 40 14, 1 eH1SSIAN 10fc WAlLE.VAPOL s as d aexanpl e 3.
' [0113] The apparent density is only 0.47 g.cm™®. The
1> bulk crushing strength of the agglomerates is
practically not measurable. It 1s estimated at
0.02 MPa, which means that the agglomerates have
practically no mechanical strength and are not
appropriate for uses in dynamic adsorption processes.
20

Example 4 (according to the inventicn)

[0114] A suspension is prepared by successively
intreducing into deilonized water 8000 g of LS¥X zeolite
(as calcined equivalent), 2000 g of halloysite (as

25 calcined eguivalent) and 20 g of a polycarboxrylate-type
dispersant marketed under the name Acumer 2300 by the
company Ronm & Haas. The guantity of water introduced
is adjusted so that the loss on dignition of the
suspension is 48.3%.

30 [0115] The solids content of the suspension is 51.7%.
The suspension is 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 & pump, spraved and dried in
hot ailr. The wviscesity of the suspension is & Po. The

35 spraying chamber and the spraying nczzle have tThe same
gecmetries as in example 3.
[6118] The flow rate of hot alr circulating

1

cocurrentwise is 220 Nm’.h™' and its inlet temperature

is 200°C. The pressure of the air sent into the nozzle



[0118] The ratio of the Dubinin volune of the agglonerates to that of the
starting LSX powder is equal to 0.8, which indicates the presence of 80% of
active material in ternms of adsorption in the 15 aggl onerates. The apparent
density is 0.60 a.cm7. The bulk crushiyng strength is 1.3 MPa, wh.ich nakes
t he aggl onerates capable of nechanically w thstanding the conditions for

usi ng dynami€ agsespl i ORe PLo§esEesac20 Exanphe12-+E0110] «Mar phomelyic
measurenments_are performed means of the Al paga 500 Nano apparatus on LSX
zeol i t e- based aggl 5%@5f’8‘§3’ﬁé9ke‘toé’§rby St@f@‘b‘ﬂ%ba%% EECR - LiHder T Réname
Ni troxy 51,1davimgaadveloumemresart dilesaet ectof 2220620 pasoon aggl oner at es
sel ected by. si ev‘;en?gtﬁ}‘%angt her_ batch of N troxy 51 between 315 pm and 630

, on

pm ( D50: 510" pa & ag%Y%nnErat es prepared by a granul ating dish

accor di Ag tl§1@xhnplre=l, vohutde ragyl orerakes rpr epared: by g lmineertgrsanul at or
accordi ng tg,exanplg,.2-30 and-eQ aggl oima% tes produced y=dryi ng
according to exar%gl e 4? inventfi on?. [012 %F?gurg 75{'1%?%6%,[%1%% g}z’ao%:/h sanpl e
t he cunul atiW%r@ént%@% GEIpAFErEl-Es asa-RuUnct i dp2 R L the Seleeiigati on. 35
sanple a/: MNdFoxod. a@@é@@h@&@ﬁol@%%'i@é bfeg@ggh oORBRALeS Sel-gated by
si eving of another bat C}Q of L\lltl‘OX%.5 bet ween 315 pm and 630 um (D50: 510
o), - 25 VSRR o h7C B gui bt & b pr oAUCBA by A G RAUCEEI kg dYeh
accordiing terexanpl eofl {xomparatdveds in example 3.

[0118] The ratic of the Dubinin volume of the

agglomerates to that of the starting 1LSX powder is

equal to 0.8, which indicates the presence of 80% of

active material in  terms of adsorption in  the

15 agglomerates. The apparent density is 0.60 g.cm™. The
bulk c¢rushing strength 1s 1.3 MPa, which makes the
agglemerates capable of mechanically withstanding the

conditions for using dynamic adsorption processes.

20 Example 5
[0119] Morphometric measurements are performed by means
of the Alpaga 500 Nanc apparatus on LSX zeclite-based
agglomerates marketed by the company CECA under the
name Nitroxy 51, having a wvolume mean diameter of
25 €20 um, on agglomerates selected by sieving of another
batch o©f Nitroxy 51 between 315 pm and 630 um  (Deg:
510 pm}, on the agglomerates prepared by a granulating
dish according to example 1, on the agglomerates
prepared by a mixer-granulator according to example 2
30  and on agglomerates produced by spray-drying according
to example 4 (dinvention).
101201 rFigure 7 presents for each sample the cumulative
percentage of particles as a function of The
eleongation.
35 sample a/: Witroxy 51 agglomerates,
sample b/: agglomerates selected by sieving of another
batch of Nitroxy 51 betwsen 315 pm and 630 um  {Dsp:
510 um) ,



sanpl e d/: aggl onerates produced by a m xer-granul ator according to exanple
2 (conparative) 5 sanple e/: agglonerates produced by spray-dry accordi ng
to exanple 4 (invention) [0121] More than 80% of the spray-dried particles
have an elongation of less than 10%_while |ess than 30% of the particles
produced by a granulating dish or by a 10 m xer-granul at or have an

el ongati on gfhess-than 0% y LQmpari soq, r.ci;al oner at es
such as Ni tm%r%sangﬁg%&%ﬁ@t%heﬁﬁtroxy% %u %ﬁgﬁéggb;ﬁ%hevi ng of
050 510 m (%%ﬁ%]lf%”bf? GP stEHAvES at MOPEPE FER! 7% an el ongation of |ess than
10% but theitphean/si zegh%ing dzarkgers r{Ok22] Fbgukes, 8a and-8h 1show
respecti Velé(c for. each sarrgl e. al.and b/ gnd_, ci\to e/ defined above, the

di stributi ohCof " thed cial cuf At r ountiasd vat U85, expressed as percent ages,
as a functiempiet he/si zeapfl20ctheepar tireldescand, biyn fdgure &,y ithe nmean
roundness v u i o] |ze the particles. [0123] The
conmmer ci al %é?%@%ﬁaé |%¢%§2@£1Egﬁﬁ%ﬁé{)§£gl onerates sel ected by sieving
Ni troxy 51 IR4¢d]rotirdresdaraliies ahi ity berweerir60% aad t85% swirthvemean 25
roundness vah UesoRfaabout (80%: [-0124], The. aggl onerates ebtai ned by a

granul ating dish of by a m xer-granul ator have smaller sizes but have

i rregul ar n%?%hBﬁS@Fég?SWHW@%ﬁfan@gs ay ¥ TRkt £ dF L e ke I ordt yrhettween 40%
and 80%0 withxaranrdoungness n3@evalrues] of gabout, 60% 1480425} ,By 1gantrast,

t he agglo ates. proaducerg gy.s ray-drg%%n%.al_;rmst al | have roundness val ues
of between 859% and “100% Wit h° Kean FolRdRess v Ued™ Tl Dse® t 8U65% Swhi ch
shows t hei riatnost perfestpdphericict yhe Nitroxy 51 cut selected by

sieving of Dsy 510 um (sample b) alsc have at more than

70% an elongation of less than 10%, but their mean size
15 is larger.
[0122] rigures 8a and 8b show respectively, for each
sample a/ and b/ and </ to e/ defined above, the
distribution of the calculated roundness values,
expressed as percentages, as a function of the size of
20 the particles and, 1in 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 between 60% and 85%, with mean
25 roundness values of about B80%.
[0124] The agglomerates obtained by a granulating dish
or by a mixer-granulator have smaller sizes but have
irregular morphologiles, with roundness values for the
majority between 40% and 80%, with mean roundness
30  walues of about 60%.
[0125] By contrast, the agglomerates produced by spray-
drying almost all have roundness values of between 85%
and 100%, with mean roundness wvalues close to 95%,
which shows their almost perfect sphericity.
35



- 26 - Exanple 6 (according to the invention) [0126} Based on the
procedure described in exanple 4, a suspension is prepared by successively
i ntroducing into deionized water 8000 g of LSX zeolite (as calcined 5
equi val ent), 2000 g of kaolin (as cal cighed equivalent) and 20 g of a

pol ycar boxyl at e-type di spersant, marketed under the nanme Acuner 9210 by the

conpany Rohmé&ﬂdﬁasg [DH2A a{he qamd ty-efnwader introduced is adjusted so
The 10 sol | ds content

that the | ﬁ gg gnltlon of . the suspensian 1'S . 46%

of the susgé &Pbn &S89 THESVPECOEILY Sof SRS 18G8peRs TR s €4 “Po2 The fl ow
rate of thessyspensions nptéeaspdayydeybngsnozzle batZobuhingWithot he row
rate of hot ul ati rren Se.d- N e spray-dryi G

230 Nn8B. h. th@iér %& watter}glg%%% eré qrgsgl{s é%w@%_ dsregsggrcép% the alr

sent info téeiriozizaei s 580kPa. O[f01t@8>]il'ﬁhe(aa@gtei¥emtees e&meV@élGlnedt ed at

the bottomofsthe spsays Eaashpgat»etee ’a5@L3§'E@d ab¥psi-eving hetween 180 pm
and 500 m and then activated at 550 f or in a ventil ated oven.

[0129] The HYyH oAt BT cFTEE are dense, tispHeriHly Hethani ey

resi stant, [onen}a caat @ﬂﬂttan@f:te@c'[d‘“\/ada[ﬁﬁileriﬁi @d@@é@rlthaaﬂ@%an@ohavi ng a
smal | si ze ovol une, nmean mrretgr Ofﬁé ag% oner at es thu2625p ﬁduced IS
330 pm Hti vt thie Bubf Ai-h" vl u “t RéHgGFofter afe that of the
starti ﬁt@ L%bmmemomtsezequalf tt@e0. e&spﬂms&t@n nchcétes The pmesemaaeyof 80% of
active material,,in tsefégse,logl@,dsq_rsotléprbd n the aggloperates; .30 the apparent

density of the aggl onerates 1s .
suspension in the spray-drying nozzie is 7 L.h™". With

the flow rate of hot air circulating cocurrentwise in
the spray-drying chamber is 230 Nm’.h™ and its inlet
15 temperature 1s 200°C. The pressure of the air sent into
the nozzle is 58 kPa.
[0128] The agglomerates are collected at the bottom of
the spray-drying tower, selected by sieving between
180 pm and 500 um and then activated at 550°C for 2 h
20 in a wventilated oven.
[0128] The agglomerates formed are dense, spherical,
mechanically resistant, with a content of active
material greater than 70% and having a small size:
® volume mean diameter of the agglomerates thus
25 produced  is 330 pm;  the ratio o©f tThe Dubinin
volume of the agglomerates to that of the starting
L8¥X powder 1s equal to 0.8, which indicates the
presence of 80% of active material Iin terms of
adsorption in tThe agglomerates;
30 e the apparent density of the agglomerates 13
0.69 g.om™;
® thelir bulk crushing strength i1s 1.0 MPa, which
makes the szgglomerates capable of mechanically

withstanding the conditicns for using dynamic

35 adsorption processes:
s 29% of the particles have an elongation egual to

0; 86% of the particles have an elongation cof less

than 10% and the mean roundness 1s 906%.



0.69 g.cnB3; their bulk crushing=strength is 1.0 MPa, which nakes the

aggl oner ates capabl e of nmechanically W t hst andi ng the conditions
for using dynam c 35adsorption processes; 29% of the particles have an

el ongation equal to O; 86% of the particles have an elongation of |ess than
10% and the nean roundness is 96% - 27 - Exanple 7 (according to the
invention) 04301400 o ofcagolenes aties ofvexarple 4 are imrersedfi n 750 nmL
of an aque dirum_hydroxi de sol'ution having a congentration of 100 g.L5
, at a ten%ﬁgﬁﬁrelgbr égﬁ%twjﬁm%e%% t%gﬁj%?]aef ugea&e tHEESFECem i s

mai nt ai ned it h7gentll e st 1 ram ngchao h.sdd13l] hhe caggleonerates car e t hen
washed wit t nt il e final pH.of, the washings is.close to 10. The
aggl oner at gﬁéél‘%f% drgi_ eéf%%%mtlj%tﬂlaca% §50 1aéné(; Yhen’ 16 ca‘?citr%n “af B50C for 2 h
in a vehtilated ovven. aThe?Tont efiicof tacpivetsubstancehn terhen ofis

adsor ption,pestimmted by ymeans. of {he.ratdo-of {he Dubinin volunme of the

aggl oner at e that of the starting LSX powder, is 92%
99 ﬁﬂ%g} The agglomezatesg are pihen washed with water

until the final pE of the washings is close to 10. The
agglomerates are dried for 12 h at 80°C and then

10 calcined at 550°C for 2 h in a ventilated oven. The
content of active substance in terms of adsorption,
estimated by means of the ratio of the Dubinin volume
of the agglomerates to that of the starting LSX powder,
is 92%.

15 [0132] The bulk crushing strength of the agglomerates

is egual to 1.4 MPa. The apparent density is egual to
0.58 g.cm™. The morphological characteristics remain
unchanged.

20 Example 8 {according to the invention)

[0133] The procedure is carried out in the same manner
as in example 7 for 100 g of agglomerates manufactured
in example 6. The content of active material in terms
of adsocrpticn, estimated by means of the ratio of the

25 Dubinin wvolume of the agglomerates o that of the
starting LSX powder, is 91%. The bulk crushing strength
of the agglomerates is egual to 0.9 MPa. The apparsnt
density is egual to 0.62 g.cm™. The morphological
characteristics remain unchanged.

30 J0134] Table 1  compares the ©properties of  the
agglomerates obtalined in the variocus examples. Only the
agglomerates according to our invention have at the
same time a high content of active material, an
apparent density greater than 0.5 g.cm™, a mechanical

35 strength which makes them usable in dynamic adsorption

processes and a morphology close to sphericity.



[0132] The bul k crushing strength of the agglonerates is equal to 1.4 Mra.
The apparent density is equal to 0.58 g.cm The norphol ogi cal
characteristics remai n unchanged. 20 Exanple 8 (according to the invention)
[0133] The procedure is carried out imghe same manner as in exanple 7 for
100 g of aggl onerates manufactured in exanple 6.: The content of active
materi al i nEtefnBe 0f adserpiion, testidatedby: seans of the ratio of the 25
Dubi ni n VOlu[I%EE ff ?ﬁhe ggﬁl onerates to that of fhe starting LSX powder, is
51% The bUliSE uski ng Strength or  hé “RagFomerat oo | s Sudto t 6700 MPa.
The apparendesdensity iwsztequal/O06 @. 62Zg. THEI. zddiel wor plead ogiaCalined
characteriséégﬁvéié@i)n unghanged. [QLl34] Eg?kg%ogﬁare%ge raq%%lteidesofthe
aggl oner at es”obt ai ned in the various exanples! Oil'y the aggl oner ates
accordi Ag teYeuraievent i giirthave (aty t hefsane ti e lachirgivxeenttent: vofe acti ve
material, am apparent, dedsiiy-greaher than Onp gonh3, gspechanical 35
strength which nmakes_t hem usabl e in dynam ¢ adsorption procesSes and a

nor phol ogy cPEsE Yo SBRBri &ityieas 28CCOEKaRrpl e O (akldr dibdg 456 e

i nvention) d$8d3b}eA suspensiion 4. s prepared by introducing into deionized

wat er 7000 LSX, zealite.(as calcined equival en 300Qgof

hal | oysi te(@ggg} ci ﬁg% élué&?iﬁ(?% éjnﬁfl)"‘fEgsltnefjr prg‘br ?u%e LF?C&%@B)?}FFQ‘[ &t ype

di sper $ant , t mar ket ed lumderort hegmaneoAc airerc I3 00udyet hec:company .Réhm & Haas

according 9, he, procedure. deses ibed 1o example 4 5o 40136] The quantity
d dj at the

of water introduced is adjusted so 10t 0Ss on ignition of the
suspensi on [0437p. 7% =THe- s6t4°dsy cont ente of UBRENEUSPensi 0A<i 8°50.73% pun The
~Vviscosity ofiihersuspensioR i sk2R0onh8, the spray-drying nozzle

is 5.5 L.h7". The flow rate of hot ailr circulating

15 cocurrentwise in the spray-drying chamber is 240 Nm’.h™*
and its inlet temperature is 180°C. The pressure of the
alr sent into the nozzle is 28 kPa. The agglomerates
are collected at the bottom of the spray-drying tower,
selected by sieving between 180 pm and 400 pm and then

20 activated at 550°C for 2 h in a ventilated oven.

[0138] 100 ¢ of agglomerates thus obtained are immersed
in 750 mL of agueous sodlum hydroxide solution having a
concentration of 100 g.L"ﬂ at a temperatures regulated
at 98°C. The temperature of the system is maintained

25 with gentle stirring for 3 h. The agglcmerates are then
washed with water until the final pH of the 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
over.

30 [0138] The mean diameter of the agglomerates thus
produced i1s 290 um. 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 materiazl in terms of adsorption in  the

35  agglomerates.

[0140] The apparent density is 0.51 g.cm™”. The bulk
crushing strength 1s 1.7 MPa, which makes the
agglomerates capable of mechanically withstanding the

conditions for using dynamic adsorption processes. 25%



flowrate of the suspension in the spray-drying nozzle is 5.5 L. h8d The
flowrate of hot air circulating 15 cocurrentwi se in the spray-drying
chanber is 240 14181.4.hjr and its inlet tenperature is 180C. The pressure
of the air sent into the nozzle is 28 kPa. The aggl onerates are collected
at the bottom of the spray-drying tower, selected by sieving between 180 pm
and 400 pm@andrhbepa20:actikvaked abt 350G a1 hedea venti |l ated cgven.
[0138] 100 g%pf agg{aon?rat es _t hus ob]t ained are inmrersed in 7§§Drﬂ_ of aqueous
sodi um hydr oX§ d&= ot ut Fon "G g & conednt Tat Pon *SI3100° Y LIEF 4%

t enper at ur ecregud at e atd: 988G Thebienperature of the systemis naintained
25 with ge tirring h.. The | rates.are then. washed wth

wat er unti Ilﬁ)bﬁé fi rﬁ{% p?—%%#orf%reab\%ghiiﬂo%gne%rgﬁége C%%nieo’. fﬁg“éﬁﬁlagﬁerat es
are driéd freechinicall 80Crandsthen, calkicithed zat 850Cfor 27h iartaweenti | at ed
oven. 30 [Q]38],iThe sean di anpter; of the agglomerates Lhus, produced is 290
pm The ratio of the Dubinin volunme of the agglonerates to that of the
starting LSX powder is equal to 0.74, which indicates the presence of 74%
of active materiad 1M (erdd-Ofn@dsorpid ondanthen 35 aggl onerates. [0140] The

t d 0.51_g.cnt 3. . The bulk Ri figst thi,sl. 7 NPa, whi ch
Takest he g 8fbr al6S cApHBI G oF moCRANTEd | 7 W t At andrG 'Ehd cord 11 ons

for usilfig dymamdeeesorpti ore processeshe28%-18029m- cot ke spantinel.es have
an el ongat i+ eggglloh%rg;te S%Cogflé@g Cg)arati cles, eqan.el ongati %;&,of | ess
SS 3% erat és T0

than 10% and the“mean roundness 15 f814 e agglonera rmed are
dense, sphetiltaln Frechani bdlldy gegistant, with a content of active naterial

:greater t hap144p0 and-hayi ngnSMald=1Si 2€8meter of the agglomerates

thus produced 1s 145 pm. The ratio of <the Dubinin

)
(93]

volume o©f the agglomerates to that of the starting LSX

powder 1s egqual to 0.80, which indicates the presence

of 80% of active material in terms of adscorption in the

agglomerates.

[0144] The apparent density is 0.54 g.cm®. The bulk

20 crushing strength is 1.05 MPa, which makes the
agglomerates capable of mechaniczlly withstanding the
conditions for using dynamic adsorption processes. 15%
of the particles have an elongation equel to 0, 80% of
the particles have an elongation of less than 10% and

25 the mean roundness is 88%.

[0145] The agglomerates formed are dense, spherical,

mechanically resistant, with a content of active

material greater than 80%, and having small sizes.

30  Example 11 {accerding to the invention)

[0146] ~ccording to  the  procedure described  in
example 4, a suspension 1is prepared with 8500 g of A
zeclite in i1ts sodium form (as calcined eguivalent),

1500 ¢ of halloysite (as calcined equivalent) and 20 g

[ ]
w

cf a polycarboxvlate-type dispersant, marketed undsr
the name Acumer® 9210 by the company Rohm & Haas. The
quantity of water introduced i1s adiusted so that the

loss on dgnition of the suspension is 47.2%.



Exanpl e 10 (according to the invention) [0142] The experiment carried out -
in exanple 4 is 10 reproduced, but selecting the 80-180 mcut by sieving.
The aggl onerates collected are calcined at 550C for 2 h in a ventilated
oven. [0143] The volume nean di aneter of the agglonerates thus produced is
145 pm The ratio of the Dubinin volunme of the agglonmerates to that of the
starting LBigppdernies £quals t 0o0: 805 whi ehhd ndicates: theipresence of 80%
of active qﬂierlal in.terms o%@adsorpthn in the a gI%nerates.’[Q144]The
apparent demsTty TS0 54 §icm§. SHEBRR ™20 Tr ushf ngl &Er éﬁ@f“h_llasel.OS MPa,
whi ch makesot hehaggh open at @s tzapaﬂadaespfa;ﬂe@hgmhgahbﬁgét]Icﬂstﬁ.ndtﬁd._t h;a

condi tions {, si.hg an dsorption processes. 00 e_particles
have an eldﬁgétgéﬁaeﬁhﬁ% E%POEOSOQﬁ% Q%é?%éﬁ 7' egoﬁﬁ6£@3%WéF§ng5&ion of

| ess théan 109 did -25 t ewdreansr oundnesst¢sr8886 uf0145] THE “dggl aner at fes
formed are densg, rixal , 5 Jreghani cal 1y, i e\ - content o
active natﬁriggﬁafig?gr %%éﬁl80@b aﬁ%a%gVﬂ%gstﬁéf?g5|ge%& g% Exanpl e 11
(accor di ng Pd48he I RFe#ASTRC PO 4617 TAc Cot i gt Ot hiepFbeediaréds i bedi n
exanpl e 4, whSUSRENSI-OiisiPr epated Wskh=8508 g-9f A Zeqld t @ddds sodium
form (as caédci ned equ%ggl e}fptc)ii 1500 g_of . hall qysit g_ﬁéas cal C|2ned .
equi val ent )" and" 20"'Y of e PRI yRar bdRyIL REESHy e drSper At | frar&et ed
under flhe rmamesrAculerdd)o©210 by the cghp?ny Rohm & Haas. Tpe ﬂuantlty of
water intr i dj t 4 S n ignition _of the.suspension
e 20 R R S e B et of “Ehe Sspendron s a2, 8h The
vi scosi ty ofedihelsuspensi oAsigstdanpPep. Theef | ow raveteft t hefsuspernsieon in the
/spray-dryi ngi0zzd e d SO dx N8lan 80% and have a small size:

® the volume mean diameter of the agglomerates thus
i5 produced is 240 um;
® the ratilo of the water adscrption value of the

gglomerates to that of the starting A powder 1is

93]

equal to 0.85, which indicates the presence of B5H%
of active material in terms of adsorption in the
20 agglomerates;
® the apparent density is 0.59 g.cm™?;
® the bulk crushing strength is 0.9 MPa, which makes
the agglomerates capable of machanically
withstanding the conditions for using dynamic
25 adsorption procssses;
U 34% of the particles have an elongation egual to
0 83% of the particles have an elongation of less

than 10% and the mean roundness is 295%.

30 Example 12 (according tc the invention)

[0150] The experiment of example 11 is repeated, the
only difference being that the suspension is prepared
with 8400 g of A =zeolite (as calcined equivalent),
1500 g of halloysite ({as calcined eguivalent), 100 g
35 (as calcined eguivalent) of colloidal silica marketed
under the name Klebosol® 30  and 20 g of =
polycarbeoxylate-type dispersant, marketed under the

name Acumer” 9210 by the company Rohm & Haas.



The flow rate of hot air circulating cocurrentwise is 5150 Nn8. 1-9-1 and
its inlet tenperature is 200C. The pressure of the air sent into the nozzle
is 56 kPa. [0148] The aggl onerates are collected at the bottom of the
spray-drying tower, selected by sieving hetween 80 um and 500 m and t hen
activated at 550C for 2 h in 10 a ventilated oven. [0149] The aggl onerates

formed are [0&6$}9 spher ictaler rregmaam@e:aéﬂsy rﬁesm@izant unhamg@aconm@t of
active materi reat er than 80% and have a small_siz t he vol une mean

di aneter of” q(ﬁe Igeg@af ‘orrer ated"s §1abf|§odt1§@d ?%m§463p?ﬁeﬁt%%sré?tsi 0'8f the

wat er adsorgptamnlaal ue ointh@aaggbuﬂtetrat esict 0 ¢dved obubhe strashiing A powder
is equal to I ghgi St n f f i.ve.nmaterial in
terms of ads%Fét?q oﬁrllmlﬁ thfgg LT%] rf%leag&see 8Eeoaa §Z§F{qe%t D%%%}g:ft rg;l%s 0.59
g.cnmd3; 7 t het b@ml@ﬂ@@& n@léli@éngi%‘fi snEL9 Wgrom ctmamk@s:hamcd

t heaggl omr@wbﬁgo&mc&@q&@g%m wi t hstandi ng the conditions
for using dynam c 25adsorption processes; 34% of the particles have an

el ongation equal to 0; 83%of the particles have an el ongation of |ess than
10% and t hezrman. ¢ ouhdnessedsa95%, 30 Exarrpl e 12 (according to the

i nvention 0 experi nent. of .exa S, repeat ed, the nI

di fferencZa hgé ]tt%t %t ﬁepsis&éﬂsfl@é’ﬁll“se g?%ﬁar %1%?%884?%3“8%18“,& zegl ite
(as calléi newtlr@qlm‘wmmgg 1500 grofithall bysete (asweakci.néd3equi vdl ent),
100 g 35(asycalgined equi valent) 19f celloidal silica marketed, ..o

introduced into this suspension having a pH = 4.4. The

guantity of water introduced is adjusted so that the
loss on ignition of the suspension is 70%.

15 [0153] The solids content of the suspension is 30%. The
suspension is conveyed into the spray-dryver according
to the procedure followed in example 4. The flow rate

iy

of the suspension in the spray-drying nozzle is 6 L.h™*
The Zflow rate of hot alr circulating cocurrentwise is

20 150 Nm’.h™' and the temperature of the gas at the outlet
of the spray-dryer is 100°C. The pressure of the air
sent into the nozzle isg 9 kPa.
[0154] The agglomerates are collected at the bottom of
the spray-drying tower and then activated at 550°C for

25 2 h in a ventilated oven.
[0155] The agglomerates thus obtained are shapeless and
have no mechanical strength. Their Dbulk crushing
strength 1s 0.1 MPa, which makes theilr use in dynamic
adsorption processes impossible.

30  [0158] Figure 10 shows an image of the agglomerates
under a scanning electron micrescope. The particles are
not spherical, the mejority are cracked, and some have

cavitiles.

35 Example 14 {(according to the invention)

[0167] 1670 ¢ of halloysite (as calcined egquivalent)

=

and 20 ¢ of a polycarboxylate-type dispersant, marketed

under the name Acumer® 9210 by the company Rohm & Haas,

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



under the nane Kl ebosol 30 and 20 g of* a pol ycar boxyl ate-type di spersant,

mar ket ed under the nane Acuner(r) 9210 by the conpany Rohm & Haas. - 31 -
[01lsi] The other paranmeters remai n unchanged. The aggl onerates forned have
the same properties as in exanple 11, d-n_particul ar the same bul k crushing
strength: 0.9 MPa. The presence of a small proportion of colloidal silica
does not inprave the smechantcal nstoengidh ohcthenagghaperakeenkxanpl e 13

co aratlvg 015 67 of hall.oys te (as calcined equivalent) 10 are
e T bduced 1 oUaBBat 10 ATt Ers ol hreriE0Ts GF IV Iea 116 Shdtabout 10

addi ti onal 4h4 ercssoforwateeri @ren iand rtdtbucsedspemémdrhlm sissgensi on having a pH
- 4.4. The ity of ter, i dj u so_tha e Loss on
ignition ofiﬂ!?ﬁg]t susp%ns:ggn%i S Qﬁllé ?0153 he“lss qﬂ s con%entg ofc t he
suspensPon s 30%%sThessaspens onC@@V@ie)meyetdlthnt Ou11¢le spray-deyer

accordi ng to.the;procedure.folloved. in %@ﬂ%@d“ mTh@x&{nQY\é» ratergf the
suspension inh the spray-drying nozzle is The flow rate of hot air

ci rcul ati ngt EYtUFF ent W séEs WPWQ‘QHB”M ?n%nap%é ferpefaf'GFéL6f the gas

ath t he O:Jﬂﬁ odk:i; helspraMedry@bwlsJ:é@'@C, o?fheh@ltesauwel l@flrtbgAa@lﬁgﬁenL into
the nozzle is 9 kP onerates are collected at the bottom
of the spr a@oﬂfﬁ%”‘fjﬁﬁerl%ndkphg |\?§t€1e§lhet BEHEFOros 9SThH a

venti | ated mven a"i“[ 0t55] ﬂmeeaggjfonmmat espthusdobtai netl are ‘shap&hess and
have nonre fength N cr, stre . 0.1 MPa, which
makes their use I'n (ftnamc adggaférgl g#lé%rocée%g{ecg%llé osglglb J@%O [0156] Fi gure
10 shows ardClf8he eflet I@éfg&@gilee’@éreét w%ml%t@fbnﬁi nghel eetEon mtcr oscope.
~The particles aé;@rQ}QId%pﬂ%' galiert REMBQL ty-alg dacked;-and some have
cavities. 35 Exanple (according to the invention) [0157]1670 g of

hal | oysite {as %al%lwgﬁﬁ%l%YﬁI) and 20 g of a pol ycarboxyl at e-type

di sper sant,[on@0ket edgunder 1t henpage Acunareg9210r by:Hde sgenpanyzReln. &
Haas, are iunr'gcgé)guced into about 10 liters of water, 8330

scanning ron microscope. Thel m% p%oiocy
is regular and spherical. No cracks or cavities due to
the mechanical Zfragility and to the emission o©of water
vapor as in example 14 are ohserved.

20 [0181] The agglomerates formed are dense, spherical,

mechanically resistant, have a c¢ontent of active
material greater than 80% and have a small size:
® the volume mean diameter of the agglomerates thus

produced  1s 235 um; the ratio of the Dubinin
25 volume of the agglomerates to that of the starting
Y powder 1is 0.83, which indicates the presence of
83% o©f active material in terms of adsorption in

the agglomerates;

® the apparent density is 0.5 g.cm™;
30 e the bulk crushing strength is 0.&% MPa, which makes
The agglomerates capable of mechanically

withstanding the conditions for using dynamic
adscrption processes;

e 38% of the particles have an elongation egual to

35 0; 89% of the particles have an elongation of less

than 10% and the mean roundness is 98%.



- 32 - Y zeolite are then introduced into the clay suspension. The quantity
of water introduced is adjusted so that the loss on ignition of the
suspension is 55.2% [0158] The solids content of the suspension is 44.8% 5
The suspension is conveyed into the spray-dryer according to the procedure
followed in exanple 4. The flow rate of the suspension in the spray-drying
nozzle is ORI 1. TEheef | ow r at eedfcwhot akkegbledl atitige cocurrrantus se i s
150 NnB.h-lﬂ%Qg tbewiengggaaggev§g t he %p as .at the inlet of the
spray-dryerig 475C * The pr essure of 1ite AT went into the neZZ1%¢Sis 19
kPag [ 0159]eTdrer gyl orerat esnared vof | soteldeatat hieo bt t om of the
spray-drying tower and then activated at 550C for 2 h in a ventilated oven.
15 [0160] Figure 11 shows an i mage of the aggl onerates under a scanning

el ectron m croscope. Their norphology is regular and spherical. No cracks
or cavities due to the nechanical fragility and to the em ssion of water
vapor as in exanple 14 are observed. 20 [0161] The aggl onerates forned are
dense, spherical, nmechanically resistant, have a content of active naterial
greater than 80% and have a small size: the volune nean dianeter of the
aggl onerates th.us produced is 235 pm the ratio of the Dubinin 25 vol une
of the agglonerates to that of the starting Y powder is 0.83, which

i ndi cates the presence of 83% of active material in terns of adsorption in
t he aggl onerates; the apparent density is 0.5 g.cm-3; 30 the bul k
crushing strength is 0.5 MPa, which nakes the aggl onerates capabl e of
mechani cal ly wi thstanding the conditions for using dynam c adsorption

. processes; 38%of the particles have an el ongation equal to 350; 89% of

~ the particles have an elongation of |less than 10% and the nmean roundness is
98%



10162] Tabl elbel owassenbl est hevari ous characteristics of the aggl onerates
of the various exanpl es above, including sanples a/ to e/. - 3 - Cains
1. A zeolitic agglonerate having a content of zeolite(s) strictly greater

t han or equal to-70% 1 preferabty-greater—than-or—equal—to0-80% and
advant ageously greater than,or-equal to 90%by nass and cantaining at nost
30% or preferablyagt mest 20%|<andz advanfageously at |mdSt |10% of inert
bi nder, nmeasured clal’ci ned 16| equi val ent, |said ineft binder conprising,
preferably consi inng of . a cllay or mxture of clays: avi ng a vol une
mean di ameter (D50,0f| | ess thanjor equal to 600 pm preferably
ranging from 50 |mto 15500 pm rTpre;ferabl;gg still #rom502pmto 400 pm nore
preferably from/50apm to|250 pm havi ng an japparent |densifty ranging from
0.5 g/cnB to 0. 8-glon—-having—a—bulk—crushing—strength—{(BCS) nmeasured 20
according to the ASTM Z084-04 |standard rangiing from 0.5 MAa to 3 Mra,
. =t L) phel
preferably ranglngﬁfrogyo.?% MPa t® 2.5 MPa, © >
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havi ng a nean roundness ranging from85%to 100% preferably from90%to
100% 25 having an el ongation such that the percentage of particles having
an elongation of 0% ranges from 10 to 100 and preferably from 25 to 100,
and the percentage of particles having:san el ongation of |ess than 10%
ranges from70 to 100 and preferably 30from 80 to 100. 2. The zeolitic
aggl onerate as clained in claimwhidpdiaes zeolite(s) is (are) chosen fromA
zeolites, faujasites, preferably Y, X TSX chabazite and 35clinoptilolite. 3.
The zeolitic agglomerate as clainmed in claiml or claim2, in which the

bi nder conp¥ises; amul prief exablyneonststs of, a clay or a mixture of clays
chosen fro - aolin de nacrites, dig Nallgysites,

at tapul gi tregs, sgg o]ré‘(‘f es émf%ﬁl lrgl on??gé"“ﬁetﬁ onﬁL JE%Hfl it 2% and/ or

met akaoki ns, norieidreber @@IUny riom RBok i ms sdisd chal oysiatesr 4hiFhe azeolitic

aggl onerate as claifedohn sy, 0nes ok 6h %L%e%utsqy:g ngl:?é“éhg apyQl wye nean
di aneter (050) of between_50 pm and 180 um 10 5.The zeolitic agglomerate

as claimed in anf'ohe of %@al% negd 3nShagirRGIaLvEl e mEan “dicaret er ( D50)

of between 250 pfm@mlréwpy pm Boéc coatedazeokicthe tagghborerate, mehase core
consists 15 of o re zeolitic. aggl onerates as, clained i.n aréygnone of

clains 1 to 5 an T'he SKi n cbisi st §4bF -4’ paste HEvichg a° conpositicon sinil ar
to or diof ferent dqonvdhatt of theicore.ir20:t7. A bethed forcoprodudirmg

aggl omerates as ﬁié&é@%%i@ consisting of, a clay or a mixture of
clays;
® having a volume mean dliameter (Ds;) of less than or

equal to 600 pm, preferably ranging from 5C um to

[t
5t

500 um, preferably still from 50 um +to 400 um,

more preferably from 50 um to 250 pm;

® having an apparent density ranging from 0.5 g/cm’
to 0.8 g/om®;
® having a bulk crushing strength (BCS) measured
20 according to tThe ASTM 7084-04 standard ranging

from 0.5 MPa to 3 MPa, preferably ranging £from
0.7% MPa to 2.5 MPa,
* having a mean roundness ranging from 85%% to 100%,
preferably from 20% to 100%;
25 e having an elongation such that the percentage of
particles having an elongation of 0% ranges from
10 to 100 and preferably from 25 to 100, and the

percentage of particles having an elilongation of

less than 10% ranges from 70 to 100 and preferably
30 from 80 to 100.
2. The zeolitic agglilomerates as claimed in claim 1, in

which the zeolite(s) 1s (are) chosen from A zeolites,
faujasites, praeferably Y, ®, LSX, chabazite and

35 clinoptilelite.

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

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



any one of clains 1 to 5, characterized in that it conprises the follow ng
steps: 1/ m xing and suspending in water crystallites of one or nore
powdered natural or synthetic zeolites, at 25 |east one binder based on a.
clay or a mxture of clays, optlonallﬁﬁup to 5% preferably fromO0.1%to
1% of the total mass of solids as calcined equival ent of one or nore

addi tives, preferabl y0r9ani¢cadditives,.f aC&ié}E?%éQ,Q t-ng 1di,spersi on, 30
t he mai nt ai ni ng in suspension, and opti onaIIy up to 5% of the total mass of

solids as cateiried et vaP%ﬁ%%%L%Sso{EPE‘E*‘“@ff1P|16E}P6@§md/%¥1t§éllﬂtﬁssl lica,
preferably mpw@@nt lang forom Ad6 4102 5240:0f, t hewtret al prass-ob1sai drsel i ds; 35

2/ form ng b %{I n%l%he S, ension obtained in 1/ in order to produce
spheri cal a?% PRt Rot T %gs at an inlet tenperature ranging from
110C t05300C preferably ranging from130C to 250C, - 37 - optionally

foll owed by, a st I g dig I Icn

aggl oner at es obtrglip%e%eé E}ZI}B agg Oe%pg?{%t %gep“glnagl% ro%%‘g% 8%80%%

Sopt i onal | ycpreeededtby & dry7hYC phase post - @@fﬂayﬁl@m teg;, 4-opticdnal |y

bringi ng the.product;resultingsdrom 3/ into contact with an alkaline basic
aqueous solution foll owed by washing; 10 5/optionally partial or conplete

i on exchange of the
10 B, The zeolitic agglomerate as clalimed in any cne of

claims 1 to 3, having a volume mean diameter {Ds;) of

between 250 pm and 400 pm.

6. A coated zecolitic agglomerate, whose core consists
i5 cf one or more zeolitic agglomerates as claimed in any
claims 1 to 5 and the skin consists of a paste
having a compositicn similar to or different from that

of the core.

20 T. A method for producing agglomerates zs claimed in
any one of claims 1 te¢ 5, characterized in that it
comprises the following steps:

1/ mixing and suspending in water crvstallites of one
or more powdered natural or synthetlc zecolites, at

25 least one binder based on a clay or a mixture of

clays, opticnally up to 5%, preferably from (.1%
to 1%, of the total mass cof solids as calocined
equivalent o<f one or more additives, preferably
organic additives, facllitating the dispersion,

30 the maintaining 1in suspension, and optionally up

to 5% of the total mass of sclids as calcined

equivalent of & scurce of liguid and/or solid

silica, preferably representing from 1% to 5% of
the total mass of said solids;
35 2/ forming by spray-~drying the suspension obtained in

1/ in order to produce spherical agglomerates 1in a
hot gas at an inlet temperature ranging from 110°C

to 300°C, preferably ranging from 130°C to 250°C,



zeolitic aggl onmerates obtained in 3/ or im4/ foll owed by washing; 6/drying
and activating at a tenperature ranging from 200C to 600C of the
product derived from 15step 4/ or 5/. 8. The process as clainmed in claim
7, in which the zeolite(s) used in step 1/ are in powdered form and have
crystal sizes, neasured using SEM of between 20 0.5 umand 20 m preferably

between 0.5 pm afek dbhan iy 9fclhewdse ©f thesaggl ereratesias ehaimed in any
one of claims 1 to 6, in the field of catalysis. 25 10. The use of the
aggl oner ates as %Y%%%qug’n any one of clainms 1 to 6, in processes for
separating gaseousloiningubtl steeans,lcsechtas gagequs-phase’/ at a

pr essur e- nodul atﬁ&:g%?%gd@}é on pro 1% es, fggﬁeouggggg | i qui d- %%s%

t enper at ur e- modul ai‘_ sor ption proctesses, fixe bed“adsor pti‘én
processés wi t howtr¥egenerat Poacegedubat ed diyidi zedzbed posparsatizon
processes, and pigeferably in oxygen concentrators for respiratory
assistance. 35 11. A tixed adsorption bed conprising at |east one zeolitic
aggl oner at €*‘as RGP 11 aRyloneof téRaifRS T BeSult BRI - Trap. 3The fixed
bed as cl aimed iintd ai gpddaceonphiicsi Ngra quard i 1ye of nZeoki tikguecus

aggl onerate(s) of |ess than 50 kg, preferably |less than 15 kg, preferably
still less than %ﬂklb‘;i%lav’g%[ja%"é%%sqg”f 't*han 3 kg, preferably less 5 than

1 kg, pleferabl ymstidial gsspshaie500r groandegeeaber ekhanni® gf pref erably
greater than 25 g, prefer %@éﬁ&&éﬂ l. great.er. .than 50 O3/ or 13., Aézorrpom te
g9

mat erial conprising at Ieast’ one 10 zeoliti¢ aggl omerate as claiméd in any
one of claims 1 ol ewa@d af Wedsti®ne pol ymer matrix. 14. The conposite

~material asgclaigmgidd ol M3, veonphi skpg §ramp%t0,95% prefierably from
20%to 95% prefer ablé still from75%to 95% by weight of at |east one
zeolitic aggl oner’dt®e a€Cofdiry £oYt he GinveRti sR oG eI at #4869 t héFot al
wei ght 16f the camasi4e.or 15/, Adi sposabl ezeol i ti cadsorbentcartri dge 20
conprising at |east one zeolitic agglonerate as clai ned
8. The process as claimed in ¢laim 7, in which the
zeolite({s) used in step 1/ are in powdered form and
have crystal sizes, measured using SEM of between

20 0.5 um and 20 pm, preferably betwesen 0.5 pm and 10 um.

S. The use of the agglomerates as claimed in any one

of claims 1 to &, in the field of catalysis.

25 10. The use of the agglomerates as claimed in any one
cf claims 1 to €, in processes for separating gaseous
or liguid streams, such as gaseous-phase pressure-
moedulated adsorption processes, gaseous- or liguid-
phase temperature-medulated adsorption processes, fixed

30 bad adsorption nrocessas without regeneration,
simulated fluidized bed separation processes, and
preferably 1in oxygen concentrators for respiratory

assistance.

35 11, A fixed adscrption bed comprising at least one
zeolitic agglomerate as claimed in any one of claims 1
te 6.



any one of clains 1 to 6, and/or a conposite material as clained in claim
13 or claim14, and/or a fixed bed as clained in claim11l or clam 12. 25
16. A transportabl e, nobil e, preferably portabl e oxygen concentrator for
respiratory assistance, conprising at ast one zeolitic agglonerate as
claimed in any one of claims 1 to 6, or at least one fixed adsorption bed
as clainmed ip eithersof.cl giys,1l-apd-30 12, S 'ea%to & Gopasi te
material as claimed in either of claims 13 and 1 4, “or east one
cartridge adu@l&aimed®f nzerat FﬁQSGQQlOTB@*fat%BSTRﬂéiTlsﬁﬁewﬁéél S&gdiderrer at es

based on zeetit&fsnly Presessnkeor itshepr qd}@ﬁé%weéeghamesg%htamer eof in
adsor ptl on gl’ ocesses or I n cat al YSI' S EI’ esent iLnventi on relates to

spheri cal of One AT ES THESEY Son ZeoF Tt e(”‘s;?‘)1r1 arld EF ay{ 5L e TRt hg &5t rol | ed
si ze and notlphol ogykg) n pactéenbary assize ofiekessttbhan @roegual zthe 600 Am

very good s(p,hggl&tymggqgh %ogtent of - zeoljitic_material and hei r

production proces aggq o@rfféaréat sy arevepaaﬁl cha?‘I y Ui t%abl e for

uses in gas@b@asela@i@ﬂbrsftlhhl@iﬁwia%le Husorigl ion processes. Fig. 6

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

to ¢ and at least one polymer matrix,

14, The composite material as claimed in claim 13,

comprising from 5% to 95%, preferably from 20% to 95%,

-
N

preferably still from 75% to 95% by weight of at least
one =zeolltic agglomerate according to the invention,

relative to the total weight of the composite.

15. & disposable reolitic adsorbent cartridge
20 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/cr a

fixed bed as claimed in claim 11 cor claim 12.

25 16. A transportable, mobile, preferably portable
OXYVgen concentrator for respiratory assistance,
comprising at least one zeclitftic agglomerats as <laimed
in any one of claims 1 to 6, or at least one fixed
adscrption bed as claimed 1in either of claims 11 and

30 12, or at least one composite material as claimed in
either of claims 13 and 14, or at least one cartridge

as claimed in claim 15.
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ABSTRACT

Spherical agglomerates based on zeolite(s), process for
the production thereof and use thereof in adsorption

processes or in catalysis

The present invention  relates to  spherical
agglomerates based on zeolite(s) and clay({s), having
controlled size and morphdlogy, in particular a size of
less than or egual to 600 um, very good sphericity,
high content of zeolitic material,
and their production process.

These agglomerates are particularly suitable for
uses in  gaseous and/or liquid-phase adsorption

processes.

Fig. 6



