; UVe3eZpWR6Tp8; 3 MAY 2002 -1 Process for produci ng spherical gayavystdo2
particles, catalyst particles and their use in chemcal synthesis The
“present invention relates to a nethod for producing spherical catalyst
particles c eolite as active element, to catal yst particles
Cont ai ni ng g‘mwumuﬂmmﬁmmactl ve eI enment and to the use of these particles in
oxi dati on react| for instance fromthe European patent
appl i cati on EP- A¥16%200 ?60) to use nigrospheres having an average di aneter
close to 20 Irm and constltuted by ollgorrerlc S|I|ca and by
titanium 5| | i cal i Pencessyiot g plteaicy - ¥ perteleexi dat i on of
ol ef i ns. is further knOV\hartmlzhtnrslu@Tm dhaﬁlaslav:amﬂmetsend to desactl vate-ate
and t hat they conse uently need to be regenerated regularly Wen these
cat al yst wm relative small average dianmeter are used as such in
epoxi datlm‘\“ they are difficult to isolate fromthe reaction
medi um i N or dggeokO be transferred to the regeneration treatnent. In order
to avoid this probl em |lanmer catalyst particles can be used. |-iowever)
t hese parti cl esThe psemit inventoyverelagest towa tgthadh Boripnddurding spirecér natalybt
properties. e pat suitable
for use in ayﬁlggy% admraeglgtg gl\r“@ aéggtﬁiselee\{ﬁgét‘%éstﬁ%&l% ése&lg%lgémﬂgﬁmf’%e fluid)
they tend tozesditeaxactiveielement andito the ysg of Hyese pargieles Heeﬁ%\'fb”‘ﬁ?né?ilctl@lsprow de a

nethod for the RROAMKYA, T6r BétaSdITRdh eI E&Bb@drﬂ;ﬁﬁer@@b%li&h@§ ppbichopermts the
shapi ng of pq#nlcles whi ¢ suitable to be|s$ easily fromthe

reaction meditintaHEF Wﬁ“&sﬂ?nﬁ'feég%‘ﬁ S ap pyegteediangter flesefor A P dnd f ood
mechani cal peepeiitédisy ol@mﬁ:ﬁq w@iod hiyd by hemunuan&almc@@tatsers RStaBsspr ocess for

d h ta t t
El ement )t noPSueRT fos TR b RFHES 107 Rer kiR Aok i Gt or ai ng
to which a st desacthvaierdndgha elodyi doesmuyslﬂ)axhadaoﬂe atgeheastd repeade Whar m ng
d | I t
Foaeti on gas it gy paleRs of e St bRk OaRRR Gl A0 R0 2 1 19 @
i medi at el y brdxedadionreagpun thay arg dlfmxb t@ nelatee&@mutbwqaehen mefligrsipl beads fl ow

through the peRetd mrzfe&eree o ﬂlec(lér’é/redadornqre%ﬁa&&yv)n dBeSQ HBldWisar e
pre-consol i da and th eé}? S‘St)beads are collected on a collecting neans One
b |

of the essenbiokien fpsde praglep pan breused AP G these PaticlEheressat ticl e si ze
range of é helos@ abiddgsing aifedda rﬁ&ﬂiﬂhn&il@ﬂo;ﬁﬁﬂﬁhscmé@ldr&del&yoﬁdheelhlvl&@dof )
sprayi ng device, use icle size r nt ai ned w t hout
def or mati on ﬂﬂéﬁl Pyu ahs rﬁf‘8£%‘ét§8fitf(te Y55 19 Adud s |§1‘CtB€}6 Cégsserﬁgﬁ‘ﬁf'{@ons
Consequent | yyeloéityeofshe fuid, ttBeM\de@ﬁQcé?rrleange of the catalyst particles can
easily be contrgl i h I C ticles of
the desired graﬁu% %éjotpgﬂ O?W% lhﬂ%'oh tcgp?ot‘%%gls@%%pd%r t%l%%%@[l sol ate them
fromthe (epsplicdesl |ca)tabystr[eeat;¢lq:50whlnbd¢rums th‘osfhaue of paiteghescehiel giei ¢ activity
and good nec tion is
that the pl agclgagﬁgbtb ?%egp‘oéééaﬁgy tf_r(c))'rn ﬁgf‘fl%[r:] m@ﬁg%g% qglelgﬁ ePgmaa vc%ﬂt ageously
mat ched to thﬁéafb%@%lmthgﬂfbgo%mmhﬂg'%hﬂép%%oI i dation) of the sol beads.
Thi s neans t hat caas Eth@\tl%l'ﬂﬁ@uﬁ;enm @Ahcmea%céaeeﬂﬁ)remuw%eﬁ@ad) they are

still liquid so drops hating a virtual herical 'shape and |argely
i dentical spf# éStd’iaﬁl?B’(SéPQta'"ﬁSea sl "@o@aﬁﬁg"f‘a? émF‘I‘feﬂlefZF@!%m“i‘Dfémﬁpr e 10
consol i dat edexiild} of ffibdn i ifidadlal, Yacd @RS (RRiERR mn%@hﬁmn%%lﬁmp&aiés they pass
t hrough the reaction zone, so that they are |argely protected from

def or mat i ve ¥rdfablead ops g\ﬁdﬁwym%@ﬂwun%eéaw%%megﬁ'@m idated in their

;222:: :,if Iai/ ig(@{zﬁtlyallhﬁ) Srt ai:%ox Z(](;;“Ié:)s%ggtatf’x' aﬂrgéctnog gg ﬁ\n&mhe soell%rea ssupglféx%t 22 i s
arranged at ladlwéwelaplrbeelrlssmawéeteesa@f@egevnoaeﬂtrbm%w; r%eql@wome thyeol bepdp y

openi ng i nt mM@J@ﬁqklr@mlwﬂﬁe ol RicGveld G486, @B HEHP aR(Sc-dRRbKkdARLel Y t 0
t he di stanceé% rt| g{g {lecrt’ndt he Sﬁe e?.yl ng device, in which the sol breaks up
into sol bed i? sol ¥8 sprayed out of the spraying device
from bel ow) i. eOncoﬂrrln’eessehoaltcheratt(ensie:s@ff tigriavartipn 1§ ffat hemeande titkat t he sol
is sprayed at a_ qj n h I is at
right-angl es'tat"ae ? ht\{] cc’)lral?:egh% & bre\gc&? 1at§<8a£cP%dT?ﬂ>llQ%f bﬁtm)‘\mé% P%Fﬁeylg%r ayed sol
at the exit @wnaﬁusﬁdmdtmepagweymgangysmem mimelumdoweb@tab&mn@img to the

invention is o r nt ai ni ng
oot te as et MEpRebRiadbE oy PELEr B b ERAEI FooRAbAR, 3% 28T
crystals and one or nore gel-form ng conpounds. Zeollte is to be
understood to nean synthetic crystalline materials




25 presenting a zeolite crystalline structure. The zeolite crysBalay 6
have a crystalline structure of the ZSM5 type. The zeolite crystals can

“al so have a structure of the ZSM1 i or MCM 41l type. They advant ageously
‘contain oxides of silicon and titanium Usually the zeolite crystals
contain at nost 2 % by weight of titanium Zeolite crystals of the titanium
silicalite type are preferably used. They are in 30 particular represented
by the formula xTi 02((1x)Si02 in which x is from0, 000l to 0,5 and
preferably fromO0, 00l to 0,05. The zeotite crystals present advantageously
an infrared r o) est
results are gg‘?%%log{é%c %t@ﬂﬂgaﬁfc}e? gﬁ’i?ﬁ%lsl %%r}{'f(ﬁég ﬁﬁ‘galﬁs the pr P \ﬂE’ presents
a mi cr opor ousfeatplystaarticies ofdbe dQSECégfaluglOmeéf)’oWthh@laZW Qoﬁwtwﬂ?@ikl n
several 35 siyddifethel R5R tﬁéﬁepaﬁah@&ﬁ%&mo& hde@bl 0 RARBhigh E’ﬁal?ﬁ&pert' es of
these TS-1 crystals are Not ari; Structure- Act|V|ty and

Sel ectivity RENYEY 45‘(4&‘?!05‘? a‘“%a RIQPEHS82 3 Het er ogeneous Catal ysis; R K

G asrs1et! isand AM\(OtﬁrngiiiaOEdifﬂﬁflﬁvedgbﬁ%/ﬂhﬁlgﬂ\eIpla88a1|\d t1m§of314:3 283) CaThlel r
synthesis is er .Poel .and J. .Va talysis
A, 1992) vol 38'?" °g§%esg’ﬁé‘§‘¥i's ady "tagieﬁ’gsqé'balt‘#}egy%ﬂvsﬁ 1"@‘"5 lg%ﬂer ally
present an aypreagmsalidatien)ef tif sodtbeacdss”fhxiﬁ\epm thates tba/mnagtawlﬁnhﬂmtset is
general I'y of bagdéac?ga;odgced t%gﬂef WL ARRiEYE B (gs 3R E%nudﬁéﬁeg?ﬁ)e a%imters

rangi ng froml erre ryst s pres vant age
that the meclshatecad lzygdéﬁbanncaiﬁpheﬁ@dw@rg@ﬂ\egalrheaés arg thes fixegrigvere- The

zeolite ¢¢ysthsoliaidd liRehdlirthaly rméwu RIPSTRPIPNE & gla?@ra@ﬂ@ylpxssq hn a
quantity such that t he cat agésci‘ap |cI es cont(ﬂé ] %of
zeolite 10 pridf ERSHANZONFOIR lafgelyProfrdeh Epmrasfom Ve efffstunds can be

based on i norRyailly ¢heosol aemis@t&:horashdm@nashmmmnche);h@bum mmyr‘ﬁﬁedtge silicon

di oxi de, alu 4I| Zi nc OXIHéO i.um di o % i

manganese OXi‘ g 10 ae?‘f'ﬂm‘&eaﬁges? ﬁ ?('fe(% I?"PS’H 58&5 @ro%F%ag}It B)?P(@e | ead
oxi de, nol ybdbmmmxxg -thedevicanaatranged ® zdet;rtanrhdlsuaum (as Seswbdiebelmv)rtmdnw um oxi de
and/or hgd ni ym gx enF %‘? Gyt hERaldin {o%”[) %&HP@&H?H:%%& ﬁ@@%’n %'}S.Shl icon

di oxi de e sots ca ition to ormn cont
addi ti onal addithg d;@tanmhﬁeﬁmgéwm ?hsrsgwmgrdévwseu i té@lsdrliwﬂdiﬁ upital ytic

properties ofsof fiads ah aldbbdn, RAY $d1 & s%%ye&%gpaﬂﬂhegprtaﬁna Bevies R6RDRIN, the
invention a gettable sot containing zZeolite stals and at. | eéast one

gel -form ng AEnPBGHE P Pre&fe &V nt B feen Bprlithingaxeddt 2 8¥ERI on zone
Hd 19 dhed il Bomeem b Gopt t

at an angl e whgla od&ﬁlelildﬁfoﬁﬁedlﬁseaﬁbrﬁwhﬁdl axis aoﬁo}ttkhaoleqw pegaice usedvityrhe angl e

is prefegably chtha# eFo E{es not t.ouch the walls of

t e equt pentend Hielabetl ob 08 shrafi 1o o B s BT HOTHAE PirakiRed ¥ ss.

Dependi ng on t hd'heardodess acceidireg todhgmvestymi in gembls fohthegnodiicaen of di f f er ent

25 diameters Q{af;}épﬁ)é’éﬁclggo{(ﬁxalﬁlﬂgEéofﬁ%e aC SRV ke f'?:'btaﬁére%% r%ﬁm ¥01¥mee| S)

ul trasoni ¢ nozzl'es* or uns, tur I c val ves,
mechani cal | y copeinangaoliszzystals and engrasynarg selsfrming)cospohndss are used in

el ectrostat] o SPUaipgisds bk Inddthodl IOhENPhfhelc AR Bifdrafd nozzles) may

be used as Sprayl ng devi ces. ar I C Sl zZze Inth's case is varied
by neans2df mﬁ@seatmgawqﬁv@twvst@!bnq@wturFthewoweG@mhe@nﬂwe penstalinge in the

range from O,sfybtuf@Btife ESHI- S pet *Fﬁ‘é ﬁ‘édﬁi@éryﬁél@%ﬁr\ 88 hweldtRRuPEDE the
m cromaj netic, val ves or spray nozz known, spi. ral ali)zzl es (e.g.

spriral nozzZMmdmsteMit b8y @F@QY’BE@%O“W cpptainepagss ¢ sifisqnadni ¢ nozzl es
are used. Foritgnigesisdy ﬂﬁ:rzfebﬁth%r)%talﬁcdnﬁhlﬁ B@mbﬁ@% Hyrvedtgi, of titgmidbn. M) i N

particul ar 0, to Hé‘ ex e t] ra el s referably 3 5
cannul ae of r,;cﬁ"pm 3 hg%?ﬁ‘t"g Ué‘éﬁ‘% Hr¥fefalt?g' ﬁioﬁlfe\?é"r&’) short
di stance3®r orpatth:alas perpa@ﬁengd(ngvﬁuectbrmdab(frﬂ)@(nt;r)gnoypam/m@ ofs frde0j00att i on zone
containing t I g edl ent, e.g. when
using spray Egzzﬁ od p(S?feEag?YZ% g%ﬁ Q rqsl %ﬁgé?&l'tt ‘X'SL?S pf)‘fsgw on the sprayi ng
devi ce wi th adpantggzogsdy af eigredabsmptes bahdadtrapproxumsdtey 954960 cin” | {iTheor der
thus to avoi qegl a8, HtahBPwiR AN Gyl FohPYs RIGHBLHIR YesdL b NG SOt -,
g microporous crystalline zeolite structure of the ZSM-5 type wherein several

35 silicon atoms are replaced by titanium atoms. The properties of these TS-1

crystals are known (B. Notart; Structure-Activity and Selectivity Relationship in



5 According to a first variant) the sot is in the formof an ihsfal082sot
obt ai ned by conbi ning two conponents, e.g. by m xing together an al kali ne

' . conponent with an acidic conmponent. One of these two conponents can contain

‘the zeolite crystals For exanple, a sot containing zeolite crystals and
silicon dioxide, which can be used in the process of the invention, can be
obt ai ned by m xi ng together as 10 al kal i ne conponent an aqueous sol ution of
an alkali netal silicate, e.g. a sodiwunsilicate solution, with the aqueous
solution of an inorganic acid, e.g. an aqueous sul phuric aC|d or

hydr ochl ori ¢ !ﬁa?érgo&i%ﬁ'} tQthy&nQrRi’(”cﬁ‘fi&@lﬂ'aﬁdrﬁcw It EdRBrsSHREIHS formc acid

or acetic aci ofu own nmanner e Ccry stals are

. preferably i A@8tmRAa3-386). Theinsynthesis is also kpowe (A Vaodes quleanleké{Ian ne and
acidic | S Cqmm%bumaea@s.magwwdaﬁe@ %Qéé%.cbaaﬁd ITiRNRblie_RARLS uent s,

for exanple al um ni um or magnesi um conp oun? An i ns?a | e sot containing
zeolite cryst“é?ckg%‘ﬁﬁ’ Iy ipreseRAngiverase diameer of almest Qb’c“élﬂ@&"ﬁﬂ?g? eacting
silicic agid dednketér negé@fajmdfht RAstd, kﬁhlmcﬁmﬁibelﬁh)tlle’i Bverdgd h NaOH, NHS or

di droch t et hl d
B o S BRIO i edth o D SRR AR el et o L 2Ch LT T
zeol i t e crystadvantzgeshgrthé mcelmlngcaMtengMnmaaalm panticleh & 1adpkaeiine conponent .
pccording to a Sqeopdiy BHsAN and theed Wrmhifs binbdlfid/a2¢ fddfaid w&f g3t ab(e so

ang
whi ch does not get unt es tontac e reac Met ast abl e
silica sots, quagfity WEWSE@eatala:%trpaﬁecl@wdtal@fsorsél te %ch% af@eqlé¢ n addi ti onal

conponeni@ |rbg}g,qg FRAPYS tPk50 heber ogeneous form can al so be used. As
het er ogeneous cQ one ts) they 3/ for exanpl e contain f| neg of any known
3 é

type, quantity &ﬂaéoglpﬁé“ ‘ﬁ‘"é’Fé’é?e {4 NOFSREG exidpEsuGhas r el at ed

properties, f:ﬁon@éhﬂﬁbkﬂefalbhﬁhﬁn mamebﬁhoaddeﬁk@salﬁmaaﬁcat&lmr@lidefl llers are
advant ageousl addg &f mpr ove tpe nmechani cal, str.ength, and e water 30
ey glir

resi st ance oft BT PXidg manganess OFide. Gerigpoxide. ﬁﬁlof‘ §s'""hor gani ¢
fillers can ruxdief yickdhexperload vxidamdijtalcoan aixidet vanadittinadxade, thbnemm ner al

fill h | d
it ant o oS AREH SIS hd 6 RERIACPHIRR S e AT, P ECS
can be choseriré based en sitietn diwydel Fhecials cen lfa@ﬂ‘%‘ttédhft%ﬂltf@%m“g'hese fillers

may be added dhmp bms%hﬁirpadam!n@radahmé wﬂ%h%aélmawme@kewatea y&/@l | ine or
anor phous form or al ternati vel Y y-di spersed form Fines which

change the c&RRINCPEORSFEISL thee %XStPﬁ‘éiC értl cles may also be used 3 MAY

2002 5 in convertdconialg tHRAOSloced ORI xasermbnlatgrémmusmﬁmm@%&nés whi ch can
be added @re magnesi u | ead or ni. um cet

zjircon
acet onat €5. dr’i’g‘eﬁft e quglé‘lu?m‘g’p”&?ﬁﬂgﬁeﬁ‘?fayf Pﬁ‘e AT toBorrponent to
form a gel | alite thewsbetnezoseht mamgrewpbrdepends dnittre dimowgiomsaritler i n any mi xi ng

devi ce 5 sui tﬁ%%gﬁt&[s hﬁe‘“a‘xﬂgi%‘%?ﬁref&atﬂgs&h%g tﬂgﬂ&%%k@ Vé}e b ﬁ@ sol - thus

obtained is p evi ce can be
sprayed i nt o toysh thewells Qﬁthgaqmnﬁmgm beprQWCeThmarglmeeﬁsn giosemBomBPent i on can

be carried o h V. (o] i pat ent
application \l)g\% géﬂ%g%éﬁ)gn?%ﬂpaﬁ?ggg gdrn nggh é&?ﬁ%‘s&hﬁn%hﬁgﬁ%gs 1 or 2. In

the procdss efamaiess ppleawn ensay aevalesotensfagad disgs, spiag wheelsrtltrgionichei r

formation, arg,;ALbd@elsdpts ohh@ t%blb'eﬂ% nﬁGBétQ;r\/a es G hAG A PRl
practlcally i nmedi ately, Th€ breakjn own of the 'sol into’individual sol

beads dependdio&Hes qfépmygtgo%ftﬁvs Stch hfea@(slped mw&ecgr9$tatgﬁ TERRE, P8 J%nd t he
pressure W t rinkrefe & PRz Qkcited nozzles), may be used as spraying devices. The

particle size range in this case is varied by means of the spraying device used. For
30  adesired particle size in the range from 0,01 mm to 0,3 mm, therefore,
expediently turbo bells, micromagnetic valves or spray nozzles, e.g. known spiral
nozzles (e.g. spriral nozzles manufactured by SPRAYBEST) or preferably
ultrasonic nozzles are used. For a desired particle size in the range from 0,3 to 5
mm, in pacticular 0,3 mm to 3,5 mm, expediently spray wheels or preferably
35  cannulae of corresponding diameter are used. If there is a very short distance

from the spraying device to the entry opening of the reaction zone containing the



15 |l eaves the spraying device, in addition to the angle It is adwngnt@geous
that the point of breakup of the sol into individual sol beads is |ocated

*“imediately before or in the entry opening of the reaction zone. After

entering the reaction zone, the sol beads fornmed pass through the reaction
gas located in the reaction zone on a curved trajectory (parabol a-1ike 20
form, and in so doing are fixed in their spherical shape, i.e. are
pre-consol i dated. The reaction gas cangtherefore contribute to the
pre-consolidation of the sol beads for a particularly long tinme) so that

this already [#cRbResE R thd}be dxpkdibt, £ef QhdmlsinpRly Hobfes& caap@gsovhen they
hit the collect r(] devi cé. By a}(\jdl ti onn%!'ﬁ/ heq&iﬁﬂ th%s( eaction zone) a g.
t o appr oxi mals@lab 16F) Lo QW P ARG SRYTGe It B8 8356 CPBRESTS f ur t her
supported. | Rirerdeitetvapo@ius ecder thus td avdid eloghing of ttelspaifyirgadevicadlyi on, i f
desired a coll ection device which is adjustable in height can be brought in
close to the PR eSS 5‘\7’espgal of the parabolic trajectory of the sof

beads, at5 whi ch Adeerding toladastsvaniante thetsel is il thadetm &ff ananstable nelralpyainedd fi | m
strectched fl 3 i Jor ol P i or a 30
snmoot h col | e(l:) _%ﬁ‘g‘fﬁp. é’ttgﬁ)ocr%ng) gt%’gc':‘t' ibzémggﬁ}t{%leﬂﬁ gl??‘lk?ling _c\\/‘inﬁtpfr(l)h{ﬂlmqui d can be
used as the cdihancaddigeereranget. One of thept Bracampments 621 eanisip thazeoligen using a

smoot h col | eghjshdks. FoAbRumpld)aSolctdians fQliescrastals Hedsilidn dogi@twhigipver ed
uniformy with ollgeg.ca\{ebon di o§ de can be u$eo[{ Rar cularle/ Erhef erred
orocess vari &A% B sed i thedirpeest phiye CyRRURT &R 19 9htaiRed P WIng (OSBIAT 2% g wi t h
wat er orl@r efatkafidd yorpdnenteanIquéacbiuann bf snuatidali mstatslidaes kigng sodium

devi ce. "Reacti.on | igquids". e to be understood to. al |__conventi onal

T e or o Rlife sofb S a ot AT & A0fork il RAR, £4'an SR O

Cust ormary r eaglphanc adidjoi bigirdablorichicsl solutipose areganuendis. ampueousol ut i on,
e.g. a Sto {9 %ag rme&bﬁtaaeh{@&ggma{neﬁ%@g@olrtse%tam&' qui ds such

g%?ﬂéﬁti@

as hydrochloric acid) sulphuric acid or tric acid I n concentrations of 1
to S % by weipgtferablxdncgirported in ¢ agidis qopwpaenteBothiretikalisiegd acidieact i on
liquid, pxpedb@pbhoht malfRfid Qb BASAAdQMBIIURIGNonkliBERS FoSHQHIpI: be used in
the reaction lzone.. If e.g. .an aqueou 'gnmmnab& Sﬁ| uti.an |sl rovi dFd as
reaction |i q@U ISR ARAENGHE SPMPAHYEr & BFLEGEFRh T UM A EEC KA ERFE She used as
reacti on gasan¥\biicorudibride am dicchbe @adgitiediyy dehcpingddickucid dkylleydr adthlaari ¢ aci d)
sul phuric acid or nitric acid). hdi-c reacti.on e ui val ent
thereto, i. e.aﬂﬁ@c‘ﬁ%ogm IPERT 6P %ﬂég‘ tﬂ%ﬁrﬂ?{’ f%nx;lmédéc 8?‘95:‘?'165632% YO oxi des

shoul d be usdégdrogilenc aging sdisbi tegakhlonde wish sn acidepmpoaenbs Swoth as air or
oxygen al i : i

pre- congqi d?g?%oﬁggﬁﬁﬁ%&%c}fﬁggﬁsg'&h ggﬁgléen&gsé&g&% or%gaé) l){){;/@heati ng the
reaction zoné!coﬂm?ﬁéﬂm@ﬁégab@mn%%terrperature can al so be used in the

reaction zone. IAcSofdiddota@csilVafighd M sHEY L@k FSiofd MeGHabRlshbdat ed sol
particles can b shed, .dried and opti onﬂl y cal.ci ned Dre}atggsihs usual |y

carried out At & npbgft patiliitmalcs cpaRgleVih Hisireasgior 825 et “Geriod of
1to 24 hourSOIIS'rb_Q_rEAYERismt)@,t;ﬂeb@lﬁ@apnsol i dated sol particles, when using

L SO St S PR NS NBLLG,38 SIS o

O

spray dryer. fdivecapdisrbeoakd poy lictabgmeoly @intpteds,aheydinag fdrexamglepr ocess of
the i nvention,, e Al 5P, B SURSE! Gty S SSAUIROL iotdhefo LWET, 2! kv

al cohol) in par TCTTAPT 4YETPMIGYRS W EOhDTY BT tr eAlhEht® WE'R &cet one,

bef ore they #heusanlateiqrophriyisnfpr eraeplt fitlyrs nway delddal asdineedvimdral n t he

col l ecting deyj 1 i fi ; t

aggl utinati oﬁ“é‘g%{ %@@%%g?%kéd%%fﬁ lﬁtgéveggég‘tgé%gﬁgyﬁgﬁg@ gﬂﬁg@ﬁé%?ﬂn

aver age Hl amseséstange of tesatalyahpartietey. Qraaniobllesy o welblasdoeigagedillpisiegn  and
secondly the oo iPhatBELAlE hd'Garkifs hkichl. PRY hinklaPIIGRBaDS: igpanded. ne of
t he advantages of _the process_according to the inventjon 1s that it permts
the shaping &fonpslieie atids alriosiicaies abisniummiaxides,titappadionds, faalilhped as 30
possi bl e, W frthndmBANInAY @ndinfite SBRESGMT A s BAT BLMNoBY ol isBRE8E Hood _
distribution. So, the occurence of relatively |large quanti |g§ f undersize
or oversize &8HT paqypigd cyrba, of heerifillory pan ks ,toﬂf?ea%ﬁg‘i £HEPT k”g‘t“Sduced

denonst rzg e RbgPoRdnk @Sdrpdtalline or amorphous form, or alternatively in highly-dispersed

form. Fines which change the catalytic properties of the particles may also be used



resi stance. By neans of the process of the invention, it is pos3iMle2a0a

obt ai n spherical 35 catalyst particles containing zeolite as active

“el enent, which have (a) a dianeter in the range of 0,0l to S mm preferably
0,02 to 3,5 mMm 3 MAY 2002 7 Dianeters in the range of 100 to 200 pm are
particularly suitable for catalyst particles used in slurry processes.
Dianeters in the range of 500 pmto 1 mm are conveni ent for catalyst
particles used in fluid bed reactors. Bianeters in the range of 7SO pmto |
nm ace convenient in fixed bed reactors. S (b) a specific surface area in

the range of i chAveRBBndI*abnerPERIMBIBDSShohiiehddus COmpBidhtd WhRf ¢hfEe accor di ng
to recording and,eval uati.on af nitrogen sor(gtlon .curveé%% . (c) a bulk
%G ftonaEs,

density in t RA%ed Agamamegjum ziggonjury coppr, leader ttanjimeacg he range of
0,25 to 2,5 nil/ griegvmixiigr efdhesikalindicompbaent b theracidicycopgpopsntetfosm ar recor di ng

and eval uati on of, Ai en sqrption curves e) a distri.bution of the pore
di aneters haﬁ%lgblﬁl%&aﬂ%&%ﬁ)gca("ﬁbepoeﬁ%gggyﬁ'\é}"g%i'é ")r"Frb'Btal"SH}mf‘ df:Y'f‘ée range of 15
to 2000 ~5 preiteblafivrithd p@pose, 4@0a migingastried hae thersdl thys obtameddur y
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Furt her nore, nventi on covers the use of the sp cal particles
descri bed abowactios @aframbelaws or chenical synthesis. The catalyst particles

can in particul arhdjftotseef ihe idRaNbilain bytafrRAut Aiag e ddvitleidebdibe@ipounds
usi ng a peroxjde.

od results are o [ in.the epoxjdati.on al |yl
chior de w1 11E U Pﬂwiﬁe}é%g%%‘?Pgéga@iﬂhgﬁﬂcﬁ?; theadewc?sdot_ |
, 2- epox\103- cfimires bpr hpane_ They can al so be used in the epoxidation o
propyl ene with n_peroxi- I . invention al so
concerns a pr ocgﬁs{'gﬁ‘?%r%c'fﬁeo f@%&ﬁ?ed‘gp f‘jghé%(ﬁbggde)sﬁ(ﬁ?‘%B‘%@%ﬂé%ﬁ%@rwth the aid
of a per oxi deformatidnearsrsabjected tarthetgeling berian afahereatiean gastpadgpsallyparti cl es
cont ai ni ng a-ﬁ;ﬁllq)édq' el d tinto IEvigER LN nd is
oreferably al | Caft]?%‘?lﬁx eﬂ?garkﬁ'%t & 8883 linto [RBvidl sblrﬂegdgéeﬁ‘eﬂ«g%

ﬁropy_ene._The peroxide i s prefer y hydrogen
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cont ai ni ng 1PUMG

GRS RN NN CROR Y
suspensi on hasr ibéerenniyxxpdning bhth2 T@gtign ebnea 19, 4 Wt % sul phuric acid
SO o1 T ghl e b AABRCEL LSS B Bhogl L
t oget her wi t hreagtioaldaalocaied in the reaction zone on a curved trajectory (parabola-like
20  form), and in so doing are fixed in their spherical shape, 1.e. are pre-consolidated.
The reaction gas can therefore contribute to the pre-consolidation of the sol beads
for a particularly long time, so that this already minimises the risk of deformation
of the sol beads when they hit the collecting device. By additionnaly heating the
reaction zone, e g. to approximately 200 °C, the pre-consolidation can be
25 optionally further supported. In order to reduce still further the risk of
deformation, if desired a collection device which is adjustable in height can be
brought in close to the point of reversal of the parabolic trajectory of the sol
beads, at which the sol beads have their lowest kinetic energy.
A film strectched flat, such as a PVDF film or polyethylene or PVC film, or a
30  smooth collecting plate or a collecting container filled with liquid can be used as
the collecting device in the process of the invention. When using a smooth
collecting plate, this can be cooled as such, or a plate covered uniformly with
solid carbon dioxide can be used Particularly preferred process variants use a
collecting container filled with a liquid, e.g with water or preferably with a
35  reaction liquid, as collecting device."Reaction liquids” are to be understood to

mean all conventional acidic or alkaline liquids used for ageing particles.



3 S waterglass solution (2) containing 5 0 wt % Na20 and 16, 8 w3 ¥3%i2692
The. coinjection was carried out in such a manner that a sol was fornmed of (

1) -arid (2) 3 MAY 2002 8 which presented a pH of 6,9. The device

contained air as reaction gas. The collecting device was filled with water.
The col |l ected particles have been washed with water and cal cined at 550 C
during 6 hours. The particles thus obtained contained 36 wt % of TS- | (the
rest being silica) and presented a speéific surface 5 area of 431 n2/g) a
bul k density of 0,52 g/m, a pore volune of 0,75 cnB/g (BET N2). 97,5 W %

of the parti ch@gfRad r@acgbﬁﬁﬁll@sr fo?flhléLp&rBoée zﬂ‘e'i’ﬂ&eo'u@%ﬁn‘lo‘i\?&”soﬁ:tn%n ok of the

particles had_a di ameter greater than i, |l ess th & of the
particles had® @ ¥ %Agrequsmmena sqluugn, ot ﬁ?ﬁ‘&ﬁﬁq@%gqlﬂ %?Pcb a& wt % of the
particles hadlyardih@ﬁetaelﬂ ﬁnfmulneracidrb&muﬁc&&drmbo&h@traamtslot:'Ile&smesient ed a

di h f
Por 6 di anet ervephG8THiq 55t e efiriedWiBRHSng 3 3Rctidn ifuid SRl Soner i car
catal yst par tresities camn teqilinalans therzmodhiould teusad iri the reacsorendne. iffeer. 2001 i t e
conprising oxj ﬂ%‘(fus%m?dr{i fo%h 99 g{d\)ic?e'a'#%acaﬁﬁ ﬁ{qtﬂ#l ”a‘?mk&’m&“ilhs%} »%Rgé?.ls

cont ai ni ng z€d S an 'east one 'orm n
sprayed f romcrf@lrmmq;nmleeﬁhyulﬂrhe@sad a%@é@tiqsrgazo%emgmgamdlngeaatmreact i on gas

such that theiapls sb&hea%hfydk&hloﬁtcgcadnmmmaalmds&lmt*ﬁeaéia ingRricesdnonbef ore or
upon entry into the react&i‘l on zone, r@i)ogydgea |.ow t hrough the reaction

zone on a curSpees eduiypleat Bespto.its: l%"%ﬁ“ “ESWé@Floﬂé‘ttwe&nd t he sol
beads ar @0coldxedsehbubdbéusd| | ecting neans. 2 - Process according to claim1
in which the ze te cr and, the ge ar,m n ound are .used in a
guantity such tﬁé{ e'l‘i’"f’é"%“[ aﬁef}‘élt» sglsy e g%égeségﬁ}fﬁs% rT"]t?' CEEANYSAOBEE o0l it e
crystals. 3 -uskd acesciomncgasesdmthistaase Ithd predconsoli@datiomofithe edl pahteleseahi t e

crystal s haveoeasu%yéetdadyuegﬁ WPHEYSINER 28lc TORREAMD, pdSidosh OF MO 4L type.

4 - Process acco & 788 118 crystal S present an
i nfrared absdmppq:r@wr%wl@tbeappdUx‘ihnaca@hynqm%o cm1l. 5 - Process

accordi ngsto cl gigmdnd Qolléﬁdu?ohdéi/'i& AReQrd E@ns‘éhb{é‘&@ko‘l ﬂx‘tr%lers‘i‘:@ﬁ 6sealied, by the
formula xTi42(1-x)Si 02 |r] ch x i1s fromQ, 0001 8 d preferably from
0 001 t0'0,0 Ined and optionally calcmed Drying is usually carmed out at tempertaures in the

range from 100 to 200 °C for a period of 1 to 24 hours In one variant, the pre-
consolidated sol particles, when using a film strectched flat or a smooth collecting
plate as collecting device, can also be converted directly into a drying unit, e g.
20  into a known spray dryer.
The spherical particles obtained according to the process of the invention,
may also be subjected to a treatment with a lower alkyl alcohol, in particluar a C
to Cy4 alcohol or to treatment with acetone, before they are sent for drying once
they have been collected in the collecting device. Due to this treatment firstly
25  advantageously agglutination of the resulting particles (especially those having an
average diameter of less than I mm) can be avoided during drying, and secondly
the pore volume of the resulting particles can be expanded.
One of the advantages of the process according to the invention is that it
permits the shaping of particles which are as uniformly spherically shaped as
30  possible, with a narrow grain spectrum and narrow pore diameter distribution. So,
the occurence of relatively large quantities of undersize or oversize can be largely
avoided. Furthermore, the particles produced demonstrate high abrasion
resistance.
By means of the process of the invention, it is possible to obtain spherical
35  catalyst particles containing zeolite as active element, which have :

(a) adiameter in the range of 0,01 to 5 mm, preferably 0,02 to 3,5 mm



6 - Process according to any of the preceding clainms, in which 3 Ray @02
contains fines. 7 - Process according to any of the preceding clains, in
which a container filled with a reaction solution is used, in particular an
aqueous ammoni a solution in conbination with amoni a used as reacti on gas,
or an aqueous acid chosen fromthe group of hydrochloric acid, sulphuric
acid or nitric acid in conbination with hydrogen chloride or sulphur

di oxi de or nitrogen oxide used as reacdtion gas. $ - Catal yst particles
containing zealite as active elenent, the zeolite conprising oxides of
silicon and tit BmeRrs mmaeﬂtgiemgloa)o 200 e pirtli:lﬂarﬂ)hﬁnﬂ’am&g’m &halPst01 to 5
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range of 0,25t ﬁg neasur ed accar &0 nercury porosinetry or
recordi ng anth)ed spesiici syrfaes argg i the Eanse of bt BP0 eafe, eeoferaply)108 B9 i but i on
of the pore di aﬁ#lé%{n%aﬁﬁ‘éﬂ BELORdiABYd FBLBrdiNABRslBA RS fhiflb&dn'sofitlonon) 1 n the
range of 15 to 20 preferably 15 to £00 ~ (measured according to
mercury porosi B%§%or recordi ng and eval uation of ni trogen sorption
curves). 9 -(dyahdlhiksiengigrihitled @sgactmt o ng ¢/ml,cl ai m 8 containing from20 to

or 9 in chenfa PEFAERFlntog bhoe ok 3300 2 iyg BESKR RGN0 0.t o

reacti onld of ol ekraincp@osmpetmds reqordifieambdvpluatidydf mirbgen sbeptwon pr opyl ene,
with the aid of jg,p§roxide, preferably hydrogen peroxide, into an epoxide,
preferably 1, 2-epoxy-3-chl oropropane or 1, 2-epoxypr opane AY. AL . ALU
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be used in epoxidation reactions of olefinic compounds using a peroxide. Good

results are obtained in the epoxidation of allyl chloride with the aid of hydrogen

20  peroxide into 1,2-epoxy-3-choloropropane. They can also be used in the
epoxidation of propylene with hydrogen peroxide into 1,2-epoxypropane.

The invention also concerns a process for the epoxidation of olefinic
compounds with the aid of a peroxide in the presence of the above described
catalyst particles containing a zeolite as the active element. The olefinic

25  compound is preferably allyl chloride or propylene. The peroxide is preferably
hydrogen peroxide.

The following example is intended to explain the inveation but without
restricting it
Example | (according to the invention)

30 An aqueous suspension of TS-1 crystals of an average diameter of 2,5 um
containing 19,2 wt % of the crystals has been prepared. 2440 g of this suspension
has been mixed with 2108 g of a 19,4 wt % sulphuric acid solution. This mixture
(1) has been injected in a device similar to that shown in figure 1 of the
international patent application WO 94/20203 together with an alkaline

35  waterglass solution (2) containing 5,0 wt % NajO and 16,8 wt % SiO9. The co-

injection was carried out in such a manner that a sol was formed of (1) and (2)
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(c) abulk density in the range of 0,1 to 1,0 g/ml,

(d) a pore volume in the range of 0,25 to 2,5 ml/g (measured according to mercury

porosimetry or recording and evaluation of nitrogen sorption curves),

(e) adistribution of the pore diameters having a maximun (monomodal pore distribution) in
the range of 15 to 2000 A, preferably 15 to 400 A (measured according to mercury

porosimetry or recording and evaluation of nitrogen sorption curves).

9 — Catalyst particles according to claim 8 containing from 20 to 50 wt % of zeolite

crystals.
10 — Use of the catalyst according to claim 8 or 9 in chemical synthesis.
11 - Use according to claim 10 for epoxidation reactions of olefinic compounds,

preferably allyl chloride or propylene, with the aid of a peroxide, preferably hydrogen
peroxide, into an epoxide, preferably 1,2-epoxy-3-chloropropane or 1,2-epoxypropane.



