9 March 2004 METHOD FOR THE REMOVAL OF THE TEMPLATI NG AGEN#RERERPEYN-
THETI C ZEOLI TES. The present invention relates to a nethod for the re noval
of the tenplating agent fromsynthetic zeolites in general, and in
particular fromsilicalite--1 (S-1) and ti- taniumsilicalite-1 (TS-1), and
fromconposite materials containing zeolite.” More specifically, the present
invention relates to a nmethod for the renoval of the tenplating agent from
syn- thetic zeolites and for their activation as catalysts, which consists
in treati nYETHRD aBOReTHEt BEMAVAL WOF hTEB| TEMPTABING NAGENWD' FROMSeyRNd at a

| ow tenperature. The invention also relates to the materials obtained by
means of tREEBHOVERIFESsses and to the catal ytic proc- esses in which they
are used as catal ysts. According to another aspect of the present '
i nvention,; théh& ipresesyi delertiqn owdadebotot hemeehodafonf the gt C

tenpl ati ng agent fromsynthetic zeolites and for their activation as

cat al ysts,™o¥Haratt Shezéamphating agentzebrom esynitheticatenlites/appur phase
w th met hanol ;, nethyl esters or_nethyl halides,,, optionally.diluted with
anot her i H&1Gr&ol PEGt ingPagbiaplapneeon reiliissditeahgilfglf ramd 26i4o0 100%
nol ar, at ,_ tenperatures ranging from250 to 380C, obtaining a contact tine
rangi ng f rghigt ?bPFasl%ﬁd pr%\sdﬂdifnga%efwf@aﬁmmsi@ watéenia¥angi ng
fromO0. 25 éot72 hours. _Zeolites and zeolitic materials are. known in
litera turd asB48%: 288pldirent s for the preparation of catalysts which can

be used in nungrous reac i'onl of industrial in- terest. 1 9 March 2004 For
exanpl e, zeolit &8s of PERESNEH 1y pdif BFesepbwipgpation relates to a

method for the remoVal of the templating agent from syn-
thetic zeolités aﬁd -for- their éctivation as catalysts,
which consists in treating the above materials with éol-
vents, in wvapor Vphase and at a low température.

The invention alsd relates to the faateria'ls obtained
by means of the _above processes and to the catalytic proc-

esses in which they are used as catalysts.

According to another aspect of the presen{ invention, there is provided a
process for the removal of organic templating agent from synthetic zeolites and for
their activatioq as catalysts, characterized in that the zeolites are treated in v__épbur
_phase with methanol, methyl esters or methyl halides, optionally diluted with another
Jinert solvent, at molar concentrations™ ranging from 20 to 160% molar, at
temperatures rangingfro‘m 250° to 380°C, obtaining a contact time ranging from 0.1
to 5 s and prolonging the treatment for a time ranging from 0.25 fo 72 hours.

Zeolites and zeolitic materials are known in litera-
ture as basic components for the preparation of catalysts

which can be used in numerous reactions of industrial in-

terest,



tent of trivalent hetero-elenents, are known in |iteratur iC
material for the preparation of catal ysts which can be ué@ﬂa?ﬁ;?ﬁz
transposition reaction of oxinmes-to am 5 ides (EP 242, 960).
Titanium Silicalites TS-1 are known as naterials for the preparation of
catalysts which are used in many oxida- tion reactions anong which
ammoxi mati on reactions (US 4,410,501; US 4,794,198). 10 Beta zeolites are
known as materials for the prepara- tion of catalysts which are used in
al kyl ation reéacti BA% SXa®leg7 25081 tegshf 10he o] tteweamd thsed 1Pn ¢ant ous
acid catalysis re- actions ampng which transal kyl ati on reactions of
aromatics 1500s°%, 354V t Q%%ﬂﬂ%éﬁ#@mﬁ%ﬁ?it%ﬁ?z#&?%?aﬁ@rdﬂﬁ?rékép%red by
reacting a silicon conqund uch as tetra-alkyl-orthosilicate or an
i nor gani c siFFc§E§3&r8@;e5ﬁ?%o%8Flf' YWIERRIERIGhoPhecatadyehdl BhbFkoxi de
of an elenment, _dif{ferent from silicon ar.,a 20 correspondi ng i norganic

bE E%‘% r’%ant % é’r’“f%JL
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conpound, i n “Fhe pre
tetra-alkglaqgggiggbhyiz ide; the reaction mxture may al so contain an
i norgani ¢ base, such as "sodi'um hydroxi de. The reaction mxture is

cubl eced (0 by oL BELRL YBcaPBeliestoy ! B8N ech 8RBl cor

tenperatures until zeolite crystal s a

g:_ySt al's areth@??ré Rateisd 4 Q:?t%ﬁ%sggt\nﬁ{%ﬂ | fhe Yy MRSHEH WL Dgyat er and
ied. The zeolite thus obtai ned contains the organic tem _
tion reactions among which ammoximation reactions (US )
4,410,501; US 4,794,198).
10 Beta zeolites are known as materials for the prepara-
tion of catalysts which are used in alkylation reactions
(EP 687,500).
ZSM-12 zeolites are used in various acid catalysis re-
actions among which transalkylation reactions of aromatics
15 (US 5,347,061).
Synthetic zeolites are generally prepared by reacting
a silicon compound, such as tetra-alkyl-orthosilicate or an
inorganic silica source, optionally mixed with another
suitable alkoxide of an element different from silicon or a
20 corresponding inorganic compound, in the presence of an or-
-ganic templating agent; such as a tetra-alkylammonium hy-
droxide; the reaction mixture may also contain an inorganic
base; such as sodium hydroxide.

The reaction mixture is subjected to hydrothermal syn-

25 thesis in an autoclave at high temperatures until zeolite



5 plating agent which is trapped inside the pores of thegzg -chlziobg itself.
The zeolites prepared in the presence of an organic tenplating agent are
initially inactive as catalysts. It is believed that the | ack of catalytic
activity is 10 due to the presence of the nolecul es of organic tenplating
agent adsorbed-on the internal and external surface of the zeolite. The
renoval of the tenplating agent and consequent ac- tivation of the zeolite
for use as catal yst generally take 15 place at high tenperatures, by

cal ci ni ng t HEXXStpdEapsei foEned. at 550C, for times ranging from0.25 to 72 h
(US 4,410,501). It is knowmn however that this nethod can cause degra-
dation of the cry8€aldrvi&alsr ake ukkedr sepritriedoiromrtheegrot ey Adigked
surface nodifications in relation to the different stability of the

vari ous type¥luf “2EhPA: BEEh Taten dadsdisedne i nportance of devel opi ng
alternative nethods for .remyying the tenplating agent, using |ower tem
peratures. 25 W etﬁﬁ?@lSSjéﬁP?v LalRedp £OBHEINS ShgoHIGIRICE dem- 3 9
Mar ch 20%4 e aqg]e, des rige a n?thod for th deal um nation and se-
lective Pemval 8 8¢GRhi 1 EhpitatfAEPEeRS S SheshAtRRtot theedelres. The

met hod consi 1S, ii@sgtﬂfe: treatment of a zeolite characterized by a ratio
Si 2/ Al 203 of at 1east"7:1, with an 5 al cohol (nmethanol) and an acid

(hydr ot or il s g HolaBhase "6t ol il CTESA W ar T2 1
templating agent are initially inactive as catalysts. A
It is believed that the lack of catalytic-activity is
~ 10 due to the presence'of the molecules of oréanic templating
agent adsorbed on thé internal and external surface of the
zeolite.
The removal of the templating agent and consequent ac-
tivation of the zeoliﬁé for use as catalyst generally take
15 place at high temperatures, by calcining the crystals in
air, at 550°C, for times ranging from 0.25 to 72 h (US
4,410,501). \
It is known however that this method can cause degra-
dation of the crystalline structure or induce more or less
20 marked surface mbdifications in relation to the different
stability of the various .types of zeolites.
This leads torfhg importance of developing élternative
methods for removingsthe templating agent, using lower tem-

peratures.

- 25 With these objectives, the patent US 5,425,934, for



however, a partial, even if selective, rermval of the te'@MBcﬂjtoﬂﬂ agent is
obt ai ned, from a partl cular group of pores 10 of the zeollTl ructure
and, noreover, no information is provided as to the catalytic activity of
the zeolites ob- tained by neans of this process. Patent US 5, 681, 789

di scl oses a net-hod for the activa- tion of zeolites, containing titanium
which are used as 15 catalysts. In particular, the nethod consists in
treating the zeolites with ozone, at |ow tenperatures and for a tine

suf ficient toramedacedenerirmid tReigiodramithe et lamiimgtiageandcsrtai ned
therein. The zeolites obtained by means of this process, al- 20 though

havi ng cat alyAGtd veapeeetdleoic onpanasl tem atiage 2agBnt s af per fntdatécnati on,
still contain a substantial quantity of ort%anl c tenplating agent. A net hod
has now beerFS3dk8S nht it “sﬂqh@ﬂs C@ﬂél%*é?rplmat § fhgeateanrt tof Fe zsPflétei vel y
removed fromsynthetic zeolite 25 and at the sane tinme obtaining

material s vmqhﬁr@%‘épy’f?% by 2 erFvﬁrﬁhOZZ’@éAO%JPépéFt +8asisi hilra@igh PAproved

Wi th respect _to.t cal z ite prepared according to the
met hods de- &E&PPBEd T‘?nt]{aﬁﬁllénéﬂﬂ gpeac %Cﬁ (ﬂ’éﬂm{?ﬂﬂaﬁca%c%yeét“ gﬁqt'he

pr esent mventgn rocess for the renoval of the

tenpl ati ng alb‘ Pﬂf‘?%n?%?/rﬁ%h?t v zg% TEEUSSt for their activation as cata-
ISLS, oharact ef besthl fhd NalcbNG EPOL ! RRANE B ENeRt eial o, e ohf eat ment

tenperature in a Fedm of

met hanol, Myl 85t &1 5a sl @}ewllfhé w&%w&pt 4 o%,laély _o% edkedepith
- plating agent is obtained, from a particular group of pores
10 of the zeolitic structufe and, moreover, no information is
provided as to the catalytic activity of the zeolites ob-
‘tained by means of this process.
Patent US 5,681,789 discloses a method for the activa-
tion of zeolites, containing titanium, which are used as
15 catalysts. In particular, the method consists in treating
the zeolites with ozcne, at low temperatures and for a time
sufficient to reduce the quantity of organic templating
agent contained therein.
The zeolites obtained by means of this process, al-
20 though having catalytic cépacities comparable to those ob-
tained by calcination, still contain a substantial quantity
"of organic templating agent.
A method has now been found which allows the templat-

ing agent to be effectively removed from synthetic zeclites

25 and at the same time obtaining materials with catalytic



vent, for exanple toluene, at nolar concentrations rangigg, R3hgP to 100%
at tenperatures ranging from 250 380C, preferably at atnospheric pressure,
obtaining a con- tact time ranging from0.1 to 5 s and prolonging the treat
15 ment for a tinme ranging fromO0.25 to 72 hours. The contact tinme refers
to the tinme necessary for the reaction mxture in vapor phase to pass
through the catalyst in the reactor. Reagents for the treatnent which can
be used are nethanol, nethyl esters or nethyl halides. Anong nethyl es- 20
ters, those BFORRItdeswisiniyprt or 4impwdnad atidips respeptr tocthose | yysit t abl e;
preferred are di methyl carbonate, nethyl .acetate and nethyl form ate.
Anong t he ne€d¥| Shald desolitfet AyePaxRil decterdins ek edheAmatheodsndicof t he
treatment the catalyst is flushed 25 with nitrogen. 9 March 2004 The

treat nent cafChEPhrim &8eok®o¥h - xed bed or .fluid bed reactor. All
synthetic zeolites can-he ireat ed with the process of the invention, in
particul ar the gridupastipbrdtis 2RI Qledhsy PESSERE I0XAW Y BEA t ype,
in which portion of silicon atong_of the ¢rystalline structure can be
substi- tutet®Hy® an'ichrﬁ RAACEEBnECbr CaR o VA ifaltdst CEMRARRENT (3490 thi um or
anot her tetrayval ent el ement, or _vanadium and which  contain an organic

t enpl ati ng a%%% ?¥P€H§}1§OF§898Fe?h5P? géﬁ gP?ﬁEtEFE?VqFF?%H%qtﬁﬁ "t he
zeol i tes whi n | ent treated with, the nethod of t

i nvention co%%?'fc%e ﬁﬁéf%%?%’gg%e%fi% tcl}""otp;(@)}:rhoeuszeé) yEES| FF'ﬁep’é‘grth‘?%tﬁJggtc\/\hi ch

contain onlyepsild 60Pn8Rd VHPERLL-A! S8 QPN Yor Aty 838L, €1 e
treated in wvapor phase with methanol; methyl esters or
10 | methyi-halides, optionélly diluted with aﬁother inert sol-
vent, for example toluene, at molar concentrations ranging

from 20 to 100%, at temperatures ranging from 250° to
380°C,Vpreferably at atmospheric pressure, obtaining a con-
tact time ranging from 0.1 to 5 s and prolonging the treat-
15 ment for a time ranging from 0.25 to 72 hours. The contact
time réfers_to the time necessary for the reaction mixture
in vapor phase to pass through the catalyst in the reactor.
Reagents for the treatment which can be used are

methanol, methyl esters or methyl halides. Among methyl es-

20 ters, those of acids with up to 4 carbon atoms are particu-
larly.suitablé; preferred are dimethyl carbonate, methyl
.acetateJ‘and.‘methyl formiate. Among 'the methyl halides,

methy1 i6dide is preferred.
At the end of the treatment the catalyst is flushed

25 with nitrogen.



15 titaniumor alumnum in their lattice. The zeolites §f, | t he
tenpl ati ng agent can be renoved by neans of the nethod %Pﬂﬂhﬁagggsent
invention can generally be obtained by hydrothernmal synthesis in which
conmpounds based on silicon and, optionally, Titaniumor 20 Al um num (al
for exanple in-the form of al koxides or ox- ides) are reacted at reasonably
hi gh tenperatures for peri- ods ranging froma few hours to several days in
the pres- ence of a base or quaternary amoni um salt, which acts as

organi c tenpl at FR§ &geatrerhdcapt Penatdrriga iavdr gamic Bhsed P&dParticul arly
preferred are synthesis zeolites commonly 6 9 March 2004 defined as:
Silicalite¥®ifh Pefafdef structure of the MFI type and described in
patent EP 242,963 Titanium Silicalite (TS- 1), having a structure of the
MFI type and deddti BUY-hetisaceRtites a2 e dratRe YELH, tioy Progess Beta 5
Zeolite, hav'gggg stru%pure of the BEA type and described in patent EP

687, 500, Z eot TR Ry ng PATCUtaFe TBE HREPMVRE PPFEUSRdAescri bed

i tents \US 3, 7Q2, 886, and - 5,705,726, ZSM.12 Zeolite, havi
St ot upe. OFFiee Ol Yo oHEF cRed; PBR U TRe pa britiGE 3 535¢498. °40 | n

addi 1on e e0nt AkuLhe oLganie Leapl atd ng. agenc., used Lot phelr

synt hesi s. npl-ati ng agent C e any

directing theoGOBY! AHGH A YeohBPo?OhIAE: SHiNEI hH Gl iy S cfRQUN [0 Lhe

1 -.
art, the pore nsi on, structure o € channel s arid, Esslcally,

the arrangeiRil or0bnblfeA! 0B-vhIiE IAbREGE bl BEndEU % Rhechnf ! uenced
by the type, dimension and structure of the fenplating -
) contain an organic templating agent in the pores of their
10 structure.“ |

In particular the zeolites which can be conveniently
treated with the method of the invention comprise the group
of microporous crystalline silicates which contain only
silicon and oxygen or also, optionally, at leasf either

15 titanium or aluminum, in their lattice.

The zeolites from which the templating agent can be
removed by means ¢of the method ¢f the present invention can
generally be obtained by hydrothermal synthesis in which

" compounds based on silicon and, optionally, Titanium or

20 Aluminum {all for exémple in the form of alkoxides or OX-
ides) are reacted at reasonably high temperatures for peri-

ods ranging from a few hours to several days in the pres-
ence cof a base or guaternary ammonium salt, which acts as
organic templating agent, and optionally an inorganic base.

25 Particularly preferred are synthesis zeclites commonly



agent. A typical exanple of organic tenplatlng agents argm %@ §gb4s and
bases of quaternary ammoni um such as tetrapro- pylammoni um Hrox:de or

t et raet hyl ammoni um hydr oxi de, al - though ot her conpounds such as for
exanpl e corona ethers, tri-, di- and nono-al kyl am nes, diam nes, cyclic and
poly- cyclic am nes, am nes and pol yam nes, can al so be conven 25 iently
used in the preparation of zeolites which can be 7 9 March 2004 treated
according to the process of the invention. Wen subjected to the process of
t he inventi aigfitied asyn$hbiial iteol(Bt-és, chavirg ian spowdenrd grfimthasMEE t he
case after preparation in crystalline phase, or they can have 5 al ready
been subj ecttetbet o andki figsgrdbedr niing proeesseBP wi 242, 3ft alflidcaniomgani c

bi nding materials, such as for exanple silica or alumna or their

pr ecur sors eﬂ%&ica&ﬂtan(gsghhcchaY%ﬂQn%aS%ﬁ#?ﬁ&ﬂ?rP@edhﬁnMFﬁetapﬁ amﬁese
processes make the zeolites suitable for |ndustr|al use in cataly

processes MPHdPESN s PATENGSYiUYy 4P 208urrdolUe dhydieaPsy OIBF?\‘:?O be

used in the reactor m cr os here The wei ght prgportion

bet ween Zeol 8% &fd &Pﬁéﬂﬂ 8r SEAPFE E%HygE%rQXHQL%?Qx9Q§Cfl Bt
[ Gande. 15 Bhaaraney ob7 eabba At e#eéﬂra% B R GsetAg et .
consi o1 ng 13¥ &R v?gea%%#ﬁt‘d%sﬁsrg%%%i%%%%es S PO REs eSS
temperat ure whjgh 3l 0slig, Yagheeo! MBLERL'Y 8L-hBEuAL 93P Enkebati ng -
gent. to be T'e 20 oved. .

type and described in patent US 3,832,449,

10 In addition they cbntain the 6rganic femplating agent

used for their synthesis.

The templating agent can be any organic compound capa-
ble of directing the construction of the zeolitic struc-
ture:- as is known in the art, the pore dimension, the

15 structure of the channels and, basically, the arrangement
of the atoms in the lattice of the zeolites are influenced
by the type, dimension and structure of the templating
agent.

A typical example of organic templating agents are

20 salts and bases of guaternary ammonium such as tetrapro-
pylammonium hydroxide or tetraethylammonium hydroxide, al-
though other compounds such as for example corona ethers,
tri-, di- and mono—alkylaminés, diamines, cyclic-énd poly-
cyclic amines, amines and polyamines, can also be conven-

25 iently used in the preparation of zeolites which can be



However, it is not essential to conpletely renove the oK Q\ﬁé}bﬁzbgﬁfp' ating
agent to obtain a catalytic activity which is better or conparable to that
of a synthesis zeo- lite which has been calcined with the conventi onal ‘
met hods 25 to eli‘mnate the tenplating agent. - 8 9 March 2004 The degree
of renoval of the organic tenplating agent is conveniently controlled by
subj ecting sanples of zeolite treated according to the process of the
invention, to ther- nogravinetric analysis (TG. 5 The TG technique is an
eval uati on n@EFRFEIWRCERTHERS-tUthe PReCSST el ithe iLAvARFEPR. of a sanpl e,
imersed in a controlled atnosphere, and subjected to, a tenperature in-
crease, typical | W&t W”&JSSH?’E‘aE? §P8dlpéﬁﬁeéﬁd°\ﬁn tiien EvendAga. vahei ng from
roomtenperature tq 850C. .10 The variation in weight of the zeolite as

obtai ned frOMERSISy Aavddires csAn bBeatPr PRUEEY F@mheaaeééwl 98§68 and

conbustion of-.the residual, tenplatin ent ich, in the case of
Silicalite-I ftteaf"ke%rerﬁad'ﬂ@glg WR éga?g%%e mﬂﬁ@?hg"FrGﬁF?SWo "286C, but

whi ch d di h f d
The sanples SUISER: BP0 a4 gedi Féa%#ﬁﬁafaa%oﬁef“%ﬁﬁshﬁ‘%‘ﬁﬁ%oat' o cgen
t herefore al% t&%lterg}glloé ager%iqqzhrgvsé £i4RQN Stug naI %%{ thwm mum

wei ght variation erea s"SUBjEctéd w an

nsignificants Qs &0 i, 'agfat &téqr ée%%rgéggreaga to? AETRIA0 agent

has al ready been eli m nated by the cal nat1on anples
treatEd_aCCCHéHdHé}(ééIH%SQE@B@éslﬁftﬁ@eart. These processes make the

zeolites suitable for industrial use in catalytic brocesses
_10 and consist in giving them a suitable phyéical form to be
used in the reactor (pellet, microsphere, etc.). The weight
proportion beﬁween zeolite and ligand or carrier can vary

from 1:9 to 9:1, but preferably from 3:7 to 7:3.
Alternatively, the zeolite can be mixed with ligands
15 and suitably treated after removal of the templating agent.
The synthesis zeolites are put in contact with the
treatment mixture, consisting for example of methanol and
toluene, for a time and at a temperature which allow the
whole or majority of the corganic templating agent £o be re-

20 moved.

'However, it is not essential to completely remove the
',organiQ templating ageﬁt to obtain a catalytic activity
which is better or comparable to that of a synthesis zeo-
lite which has been calcined with the conventional methods

25 to eliminate the templating agent.



R o,

invention show a higher loss in weight than the cal ci ned g3y RAYghHs but the
tenpl ati ng agent however should be consid 25 ered as having been entirely
elimnated. TG analysis in 9 March 2004 fact allows this loss in weight to
be definitely attributed to the methoxyls generated in the zeolite by the
reagents wused for the treatnment. Operating according to the process of the
invention, 5 it is possible to totally renove the tenplating agent from
S-1, alnost totally fromTS-1 and for the nost part from acid zeolites
such as Beta; ZSMhQ degiresS refigyalembyvaheobroheic emgrilstriggaggenhtcan

al so be con- trolled by neans of the porosinetric technique which allows 10
t he internal WoFarEehienHy Loditirpl sed hawnrialbs eCrilegoparrles clfumep liisebe

eval uated by neans of absorption neasurenents of a gas (argon), under
certai n condi®P8hR8d FFROTAINIDHEr ERGPXRRETT afhéhsaipyest t9matted thesor di ng
to the process of the invention are only slightly reduced 15 with respect
to the typi cHONBIIRRIH¥C @ YEiP0dECeol i tic structures, thiis confirm ng

at the sage time %ﬂe renpval of the tenplating agent and the presence of
met hoxyl s> The nOREtTRatBA LM S 3 W’%ﬁ@ FsHbegt ihg CRg&RPSTs stil |
present, have,_ on t;}he ot her .hand, a micropore volune which 20 js, i
practical Iy 2&°8 (F&oI%¥it& ¢RBnAdI g’%ﬁ%‘}}k (45 ?ﬁrépnf%'m 1BPSESSTY Sheft ) .

oLt Ui Ly SATERLLGY, LGN S NBJRERGH B8, SUALSLIAY ke o
according toctrggsgf)m{:%gggfﬂ( _w%%hcgl cihatdon r@éar}ﬁ%nt_ “arkd within a
| range varying from rbom temperature to 850°C. |
10 The var'i'a-tion in -weight of the zeoiite as obtained
from the synthesis cén be attributed to the decomposition
and combustion of the residual templating agent which, in
the case of Silicalite-1, takes place at a temperature
ranging from 250 to 450°C, but which can vary depending on
15 the type of structure and templating agent.

The samples subjected to drying treatment alone, which
still contain therefore all the templating agent, show,
upen TG analysis, the maximum weight variation, whereas the
samples subjected to . calcination show an insignificant loss

20 in weight, due to the fact that the templating agent has
already been eliminated by the calcination treatment.

The samples treated according to the process of the
invention show a hiQher loss in weight than ‘the calcined
product, but the templating agent however should be consid-

25 ered as having been entirely eliminated. TG analysis in



9 March 2004 In particular, in the case of S--1, irrprovegtj\;,‘a%@b?éi]c
performances are obtained in the transposition reaction o cycl chexanone
oxinme to s-caprolactam These perfornances are naintai ned even
after,-subse- 5 quent repeated therno-oxidative treatnment, which is neces-
sary to conpensate the deterioration in the catalytic per- formances during
the reaction. The deterioration process, in fact, nakes it necessary for
the catalytic activity to be periodically reintegrated 10 by means of the
conbusti on dfacthelppve sl sf dogedidurehght Heo headeifonitely cftalibutadt t he
pores of the catalyst inpeding access of the reagent to the active
centers. The&a ddenaeihpsrls aiesemtr® by O dtedliget myatthentreagenisst r eam
of air (optionally diluted with nitrogen), at a 15 tenperature rangi ng
from 450 to BBECLIOopr e rdmaE™erém 450 to 500C. The process of the
invention, in the specific case of S--1 for the. Beckmann catal ytic
transposition of CB§ERBLINh SGHRFEIGKi TR TP RXGRSS &ft dhie V& iearried out
in the 20 sane reactor, destined far the reacgion. This, reaction, in fact,

i t '
takes pl dce it WPaporSphigetatte r TS £ ﬁgFﬁ’@pP‘%‘Vd}ﬂ F96™ 0 TX6BC, usi ng
th | | t, ti ly _ dil i t,h ot h d f ) |
Tol uaney . 1 Tac eimosehieBaTan” saPh, M5 o FptosEr Foa  PHEE. PREFhetome T o
t al yst t ai ni t t | ati i h pnto - 11 9 March 2004
the 1 oact or Pad P L0k e 2 PRGB PrSH% ek JafResi o, and operating

under reaction CQHQikéﬁgéathP Eﬁ@pkgﬁéfgking agent can glso be con-.

trolled by means of the porosimetric technique thch allows

10 the internal wvolume of the zeolitic channels (micropore

| volume) to be evaluated by means of absorption measurements
of a gas (argon), under certain conditions.

The micropore volume of the samples treated according

to the process of the invention are only slightly reduced

15 with respect to the typical volume of the various zeolitic

structures, thus confirming at the same time the removal of

the templating agent and the presence of methoxyls. The

non~treated samples, in which the templating agent is still

present, have, on the other hand, a micropore volume which

20 is practically zero (zeolitic channels blocked by the tem-

plating agent).

After the treatment of the invention, the zeolites

surprisingly have a better catalytic activity with respect

to the same materials treated according to the conventional

25 calcination method.

- 10 -



agent is effectively renoved fromthe catal yst during th@,m&gﬁgbbgn and a
catal yst having inproved perfornmances is 5 produced. The process. of the

i nventi on can be advantageously ap- plied to TS-1 for the amoxi nati on of
cyqgl ohexanone to cy- cl ohexanone oxine; in fact it has been observed that
by charging the reactor with a catal yst treated according to 10 the
present .invention and subsequently calcined, better performances are
obtained with respect to those of a cata- lyst sinply subjected to

conventi onal *cal dmatargictiieat - imethe Jddee poceds dinptrbeednvabtdiwiic
conprises preheating the 15 catalyst to the treatnent tenperature in a
stream of nipeoigamraed Breabbhgined wint hthsui tblisposdpoon zedattrisat meht rea-
gents. At the end of the treatnent the catalyst is flushed wth nitrogen.
20 The tr eat opnliohiexapener akiye clary re-edpbola@ta.enperatures rangi ng from 250
to 380C, at atnnigperic pressure, ef- fecting a contact™ tine of the

treat ment reagentieSEnREFOTRBALD. Breo MRiNtained: reyenmerfiters pukdeonged f of
atime ranging from0.25 to 72 hours. 25 The reagent for the treatnent
consi sts bf FeRMHandipeated) thgrigr el dfodendtipptnest er $hbeh nds hece i des,
optionally diluted with another inert solvent, for_ exanple toluene, at
concentra- t7oM% YAMFUIRGIEASR bBet deueBbpLAian 1?h§hﬁr§gE%ﬁ¥1¢ PHief -

er ably carrigd out at atnospheric pressure, at tenperatures 5 ranging from

280 to 350C, FFHH GRS AHrARY ofNgigRerio

The deterioration process, in fact, makes.it necessary
for the catalytic activity to be periodically feintegrated
10 by means 6f the combustion of the pitches formed during the
reaction, which obstruct the pores of the catalyst impeding
access of the reagent to the active centers.
The regeneration takes place by oxidizing treatment in
a stream of air (optionally diluted with nitrogen), at a
15 temperature ranging from 450 to 550°C, preferably from 450
to 500°C.
The process of the invention, in the specific case of
S-1 for the Beckmann catalytic transposition of ‘cyclo—
hexanone oxime to g~caprolactam, can be carried out in the
20 same reactor destined for the reaction. This reaction, in
fact, takes place in vapor phase at temperatures ranging
from 300 to 400°C, using methanol as solvent, optionally
diluted with other compounds (for example toluene).
In fact, it has been surprisingly observed that if the

25 catalyst containing the templating agent is charged into

- 11 -



nol /tol uene, nethyl esters/toluene or methyl halides/tol g 18080084 Mol ar
concentrations ranging from20 to 35% ef- fecting a contact tine ranging
from0.2 to 1 s, prolonging the treatnment for a time ranging from2 to 20
hours. 10 The catal yst can be treated indifferently in a fixed bed or
fluid bed reactor. After the treatnent, according to the process of the
invention, the zeolitic materials can-be further treated to nodify their
catal ytic properties, for exanple with thermal 15 treatnent or ion
exchange. TH&PE @®aciPse Be dbubjecwben Lbraeprbvgd efram tfrer mMynfhepioecesses to
obtain suitable physical forns. The form ng processes can al so be effected
however be- a6y eORP®ERENSat WedR Y obpaction chadihvemti ofhet Higplgitagga 20
zeolite which still contains the tenplating agent, and the treatnent

itsel f can B9eR&r liSedidgctitipbeqtemeyssd e f eafaxlveke duréagnshe i s
carried out in the presence of the materials used for the form ng, does
not affect TREAAVart™Syed GBFAIVEU ByVEiRe dFBEONEAt PerfoTRances| ific
mat eri al s obt ai ned ,according to the proc - 13 9 March 2004 ess of the
inventio%, PI04E Hsed as catal ysts, also pro- viding better performances,

for the sane cat tic proc- .esses.in ich they were originally used after
bei ng sub- jecte2h¥op5.%%%ﬁﬂﬂfoﬁﬁﬁﬁfﬂv?91 ?ﬂ)ﬁﬁgnﬁﬁoﬁgYa?ﬁﬂ l@%éPEi- 5

natiaon). For lemaSs 1 n_.be conveniently used catal yz t he
Becknann tréﬁgéggggigﬁ %ffégc?% exanéﬁgmg%?%eogocﬁgééh?xﬁﬁg am® ¥

clohexanone oxime; in fact it has been observed that by

charging the reactor with a catalyst treatedJaECOrding to

10  the present invention ‘and subsequently éalcinéd, better
performances are obtained with respect to those of a cata-
lyst simply sﬁbjected to conventional calcination treat-
ment.

The process of the invention comprises preheating the

15 ‘catalyst to the treatment temperature in a stream of nitro-
gen and treating it with suitably vaporized treatment rea-
gents.

At the end of the treatment the catalyst is flushed
with nitrcgen.

20 The treatment is geneﬁally carried out at tempe:atures
ranging from 250° to 380°C, at atmospheric pressure,'ef-
fecting a contact® time of the treatment reagents ranging
from 0.1 to 5 s; the treatment is prolonged for a time
ranging from 0.25 to 72 hours.

25 The reagent for the treatment consists of methanol,

- 12 -



This process takes place in vapor phase at tenpera- 10 Lygngschapging from
300 to 400C, using suitable diluents, preferably nethanol, as described in
detail in patents EP 056,698, EP 380,364 and M 98/ A 002416.
Titanium Silicalite TS-1 can be conveniently used to catalyze the
amoxi mati on of cycl ohexanone to cycl ohexanone 15 oxinme w th hydrogen
peroxi de and amroni a. This process takes place in liquid phase at tenpera-
tures ranging from60 to 120C, using a solvent, in par- ticular
t er - but anol , fgthybsesidesl PR dethyl ihalpgdeent optSonal INYAd1Der erhdw B
496, 385. 20 Description of the technical nethods used to effect the
treat ment and"ei@lateert sSRFYIi vViesexamrlle rtedpese.t 8t checentra-
characteristics of the material obtained and its cata- |ytic perfornmances.
General treat#®Rt TABEEIULECBT 20 he ZEY1Y mod amt ERe df cead@ensigoperfry to the
invention. -- 14 9 March 2004 The process of the invention conprises _
heating the SEAPLY ATHIE% REL: pbaR PhediSe PEEEF RN 3 SEFBSRRBETSS t 1 o-
gen and treating.it with syjtably v Li,.zed treatnment rea- gents. At the
ond of the t FRAT MGt \,’%’%% 250 ¥t 307 E e htith 5 %’i%rﬁﬁtrBSentﬂe%“
treatment is nerally effected at tenperatures r i.n fr.mi%Oto 380C,
at at rmspherfl%ff)?e%guseu[{eé, m(?f%?ly e@tsittﬁﬁsggg%h?ré%tmf |'V%q‘g’ft ?‘r?&l?if’g YEht
reagent s’ rangj ng gr 1 : e treatnent Js przgj n {or L tine
10 ranging fg{égﬁ 02 59115%992chgﬁrgrslsral%{e}onrsea]g%rﬁl orfntoﬁe rglac?errgsn d c%ﬁsi sts of
met hanol fecting a contact time ranging from 0.2 to 1 s, prolonging )
the treatment for a time ranging from 2 to 20 hours.
10 '~ The catalyst can be treated indifferently in a fixed
bed or fluid bed reactor.

After the treatment, according to the process of the
invention, the zeolitic materials can be further treated to
modify their catalytic properties, for example with thermal

15 treatment or ion exchange.

They can also be subjected, for example, to forming
processes to obtain suitable physical forms.

The forming processes can also be effected however be-
fore the treatment object of the invention, thus using a

20 zeolite which still contains the templating agent, and the
treatment itself c¢an be carried out subsequently.

The fact that the treatment is carried out in -the
presence of the materials used for the forming, does not

affect the advantages obtained by the treatment.

25 The zeolitic materials obtained according to the proc-

- 13 -



met hyl esters or methyl halides, optionally diluted wt hgt\?ﬁ%@%ﬁli nert
sol vent, for exanple toluene, at concentra- tions ranging fro .to 100%
nolar. The treatnment is pref 15 erably carried out at atnospheric pressure,
at tenperatures ranging from280 to 350C, with m xtures of netha-

nol /t ol uene, nethyl esters/toluene or nethyl halides/to- |uene, at nolar
concentrations ranging from20 to 35%: ef- fecting a contact tinme ranging
from0.2 to 1 s, prolonging 20 the treatnent for a tine ranging from2 to
20 hours.. Tas ¢t dihsstinventhent r eanebei nsedf agsedabatysrs,f lalised pwed
reactor, indifferently. A zeolite can be treated, still containing the tem
pl ati ng agerifidigict REtEeur erformanrsswhderi tther rdames daterhyt2s sywthesis, or
m xed and forned with a suitable ligand, in - 15 9 March 2004 differently.
Gener al t herSffSavitnethdic® &hary yesenerhgdnahly TG ed chfisquddinga subassi cal
test nmethod which neasures the variation in weight of a sanple, inmrersed
in a 5. at mok§tEce FoRCFIFREIODYIHE tihsioltiensd paam Bethodstcasicé~gaseous
m xture (preferably air), and subjected to a tem perature increase,

typi cally w3 onst ant gradient and within a range varying from room
tenperature to 850C. The therjmo-anal ytic system MEJTTLER TA3000 was used for
10 the measureme%f)E, eéﬁﬂgi%t i%g1 oqa%ﬁ%ﬁ%ﬂnwneiYgW% Ry Lated¥Eend an
oven, cont'rotlhlee%el% gmrln' L. progessor, Thef %Iéé/sis is carried out on 1530

my of sanpl e'C ESNtArRRdE TP BIALPRURT cFYT anggE; PELAR DT3PR8 pl at e
of the scal e jJipErsed in the oven; the sanple is flushed -

This process takes place‘in'vapof'phase at tempera-
© 10 turés ranging from 300 to 400°C,'using‘sﬁitable diluents,
'preferably methanol, as deséribed in detail in patents EP
056,698, EP 380,364 and MI98/A 002416.
Titanium-Silicalite TS-1 can be cénveniently used to
catalyze the ammoximation of cyclohexanone to cyclohexanone
15 oxime with hydrogen peroxide and ammonia.
This process takes place in liquid phase at tempera-
tures ranging from 60 to 120°C, using a solvent, in par-
ticular ter-butanol, as described in detail in patents US

4,794,198 and EP 496, 385.

20 Description of the technical methods used to effect the

treatment and evaluate its effectiveness with respect to

the characteristics of the material obtained and its cata-

lytic performances.

General treatment procedure of the zeolitic materials ac-

25 cording to the invention.
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15 with air (30 Nml/mn), previously dried and decarbonaigg,, @n @514 nmol ecul ar
si eves ZANDER MSTE, and heated fromroom tenperature up to § 8 .- Wth a
heating rate of 4C/ mnute . The data indicated in the tables of the
exanpl es rep- resent the loss in weight undergone by the sanple, calcu- 20
| ated as percentage with respect to the weight of the dry sanple neasured
at 200C (at this tenperature the phy sisorbed solvents were elimnated and
the results are re- peatable). The weight variation of the sanple com ng
fromthe 25°syntTesiproeess wishde ainvedrtbiied, maprieeat thddnitngd the t he - -
16 9 March 2004 deconposition and conbustion of the residual tenplating
agent, whi chcabkbgspltardahej irehenerisdeobespiend i ireal stakam of emplercat ur e of
about 320C, as can be seen fromthe 'TG graph (figure 1), but it may vary
in relation g6ntaedt{yrRatign ditr wdtlr sudhablernaiingdageaatngie sl es
subjected to drying treatnent al one, which therefore contain all of the
tenpl ati ng agenEs- s‘gfb\ﬁ‘lehé’nﬁaﬂfnﬁ@ﬁ vigieghpenty gihetgadalypbnisEleshsd si s,
whereas the sanpl es subjected to cal cination show an insignificant |1oss in
wei ght, oW nijl{jg RHFFIED- that the 10 tenpl ating agent has al ready been
elimnated by the_ calci- nation treatnent. The_effectiveness of the

treatment of the ?qﬁ/eﬁf?%tﬁ“%t %%e?@f’%’r’%l]é(/a?fl%‘?%tcﬁd fof ESERCTIH

(con 16 {ai NFRBSTRE GHOTe2DEmplat PR Bueht) 2MaPVRESa BT TR oot

(tenplating agept, pbgenth ubt NifEt off (hhe (L8Rhesh Sl ranging
.from Q.i to 5 s; the treatment is prolongedﬁfor a time

10 ranging from 0.25 to 72 hours;_

The reagent for the treatment consists of methanol,
methyl esters or nethyi halides, optionally diluted with

~ another inert solvent, for example toluene, at concentra-
tions ranging from 20 to 100% molar. The treatment is pref-

15 erably carried ouft at atmospheric pressure, at temperatures
ranging from 280 to 350°C, with mixtures of metha-
nol/toluene, methyl esters/toluene or methyl halides/to-
luene, at molar concentrations ranging from 20 to 35%, ef-
fecting a contact time ranging from 0.2 to lds, prolonging

20 fhe treatment for a time ranging from 2 to 20 hours.

The datalyst can be treated in a fixed bed or fluid
bed*reactor, indifferently.

| A zeolite can be treated, still containing the tem-

plating agent, either pure, as it is when it arrives from

25 synthesis, or mixed and formed with a suitable ligand, in-

- 15 -



It has been observed that, although often the loss in | ?ﬁé 4 NY the TG
anal ysis of sone of the sanples 20 treated is not zero, as I'n e case of
the cal cined prod- uct, the tenplating agent should in any case be
considered as having been conpletely elimnated. This is due to the fact
that, during the treatnent of the invention, the nethanol also reacts with
the hydroxyls present in the zeo 25 lite, for exanple with the silanols
(=Si-OH groups) with - 17 9 March 2004 the formation of methoxyls

(-0 CH3): thetifanc@tdt-the one . hand the zeolite | oses weight due to the
elimnation of the tenplating agent, and on the other hand it gains weight
ow ing to tPrRNeyiMsthegnpgraGinetyig ahehysi OEEtide | 0ss in 5 wei ght

regi stered during the TG analysis of a treated sam ple depends on the
conbustion of rre&ﬁ@xy'?% taAnRAYDkés | atasaicali f tesenmetbiperditighes in
relation to their na- ture, but in any case at a tenperature substantially
dif- ferent ReATALEERaLNBf VRRAHOR LA Wﬁgglabe?ﬁ q f5aggre, 13mmersethdn a
gravinetric result obvi ouslg )rd%Pends on the con centration of the hydroxyl S
present i*h t"t‘lté‘“c}?é’?‘@rrfeaf: T—ﬁ } &%é:h@f CONFLERE FEFRMt f DryHtie®lsr oduct
due to the formation can be valid up tqo about 3% Figure
1 refers to %asle@ué:’nérl u§e Bﬁﬁf%% sas]er:}' 3 S URRGHEPr &Pe 3t ™

phenonenon bett as TG d| ffe entl erivative of the TG signa
a dried cat &yt ufrgr 1\%;::8%3:3 ‘%t]é/nt ’v’\%g%t CoREETt HRAENSHE nged at

the tenmpera- I in e ti ent takes -
pl ace. On t he éc}q(’)l rarrgH ]ggtgl trea e cé:gtrt Fﬁgg égb ‘he process of
the invention, (&g ‘Eﬁé‘ﬂ%%ﬁ’ﬂlﬂﬁ%%@&k METTLER TA3000 was used for

10 the measurements, consiéting of a METTLER M3 weighing sys-

tem and an oven, controlled by a micro-processor.

The analysis is carried out on 15+30 mg of sample,
contained in a platinum crucible, positioned on the plate
of the scale immersed in the oven; the sample is flushed

15 with air (30 Nml/min), previousiy dried and decarbonated
with molecular sieves ZANDER MSTE, and heated from room
temperature up to 850°C, with a heating rate of 4°C/minute;-

The data indicated in the tables of the examples rép—
resentrthe loss in weight undergone by the sample, calcu-

20 lated as percentage with respect to the weight of the dry
sample measured at 200°C (at this temperature the phy?
sisorbed'solvents.wefe eliminated and the results are re-
peatable). |

The weight wvariation of thé sample coming £from the

25 synthesis, well washed and dried, can be attributed to the

- 16 =



di luted nethyl esters) no |onger shows this organic massgfg. R84 M nated,
whi ch has already been elimnated by the above treatnent, but glves other
peaks, which identify |osses in weight due to the conbustion of -CH3
groups. 25 Ceneral porosinetric analysis nmethod. -- 18 - 9 March 2004 For

t he neasurenent of the mcropore volune, the Argon adsorption technique
was used, which allows better examna- tion within the isothermrange
relating to the adsorption in the mcropores; the neasurenent was carried
out -on an 4eCASAPsS20ION | Asdr wreBussfioM CROVERE TIrESidihe damplletisg

previ ously degassed at 120C under vac- uum (<i0' Torr) and then subjected
to argon abs¥gati-ohhath tdees aigerat dretbf Fhaei of AFigarlitess: Gt aith
partial pressures ranging from10-6 to 10 '-. 10 The various zeolitic
struct ures drEPERAFRES ePLzEPOB§ Q%Fcalaﬁlaﬁﬁl@sb@f selka Aawm tike chHannel

vol une (m cropore voI urrei: which in the case of Silicalite 1 wth an M
structure i t{£39458 in-B/l@ut THe TR rGHOr el oTahfdier tRet8anpYRR treat ed
accordin 15 to the roc the invention is verY sim lar to that
characte stc?% S(jfrruf:ﬁ‘é %Il?rfcgr’:@ﬁ‘Pl?Ebﬁl?tae%e“tcoﬂ'ﬂer ARRRLehSuIERbedl tDf t he
terrplatlng mal | fere stered are d t he
presence of H%gx Fga ?ﬂﬁzﬂ gﬂﬁE FE%ﬁ%h?E?LEﬁﬂ?aFBraﬁﬁeogrgﬁ?nent 20
The sanpl es égm @lgreate glltgé on.the ot her and qive a nlc po e

vol ume: whi ch rac?l Ty 28P8, 48 T A ﬁgg sV L Hé’oﬁg t bl ocks

the Channe'%analy31s, whereas the samples subjected to calcination show

an ‘insignificant loss in weight, owing to the fact that the
riO _templating agent has alfeady been eliminated by the calci-
nation treatment.

The effectiveness of the treatment of the invention is
therefore evaluated, for each type of material, by compar-
ing the results of the analysis of.the dried sanple (con-

15 taining the whole templating agent) and the calcined prod-
uct (templating agent absent) with that of the treated sam-
ﬁle.

It has been observed that, although often the loss in
weight during the TG analysis of some of the samples

. 20 treated is not zero, as in the case of the calcined prod-
uct, the templating agent should in any case be considered
as having been completely eiiminated. This is due to the
fact that, during the treatment of the invention, the

methanol also reacts with the hydroxyls present in the zeo-

25 1lite, for example with the silanols (=S5i-OH groups} with

- 17 -

e



Operating procedure of the catalytic test for the transp &ﬁﬁb@(ﬁh'” vapor
phase of cycl ohexanone oxinme (CEOX) to cap- 25 rol act am? 53 I'n.a fixed
bed reactor. 19 9 March 2004 The catal yst (sieved in a size of 42-80 nesh)
is tested in a tubular, fixed bed mcro-reactor having the follow ng
characteristics; material = glass, length = 200 mm oint = 11.5 nm

t hernocoupl e sheath with Oext. = 4-mm 5 The catalyst for the test (0.5 Q)
is diluted with granular quartz up to a volunme of 2 cnB; this charge is
po- sitionedtha fhenetidet oot bt esnytswol it y: | Byeraforeoromntheptdmaim

catal ytic performance, the CEOX is fed in a solution of three solvents:

t ol uene, net handl thedzewltide. 106eThee ICEOX dvel tivi ore | &l iprielaéavrdobeflor e bei ng
introduced "into the reactor and vaporized and m xed with nitrogen di-
rectly in théerpdetthry ageméreardndmdiatodhesnbard i tdeinsewesahligst. In
the activation phase of the activity test, the 15 catalyst is heated to
the reacti onifBnper &her SUBStAtutieRnPLofnnitk r¢en arfcHadr iBE 1ss1 Hour: t he
m xture of sol vents (toluene, nethanol and water) is then fed for at | east
30 m nut®s. Y§hEDECFeR Stered Huging G\P?hT%e?ﬁﬁW&ltshé’fCEOXr%F%ﬂ £3%h ont o
the catalyst. 20 The xture of effl uent v;&c;rs fromthe reactor is

condensed anBlEaﬁﬁpégglﬁr é’"cotméec?‘ér&b‘f%:rl &y a‘f“?ﬂb‘)’fw c‘ﬁijaﬁryt?%kes
Phe catalyt: BLAErT SEneiaRe att COMRETET ey th U HoTy LoohTR CROC

conversion a@gréelgﬁ£ight¥n§oc§§% at a temperature substantlally dif-
ferent from that of the templating agent (figure 1).

10  The gravimetric résult obviously depends on the con-
centration of the hydroxyls present in the material.

In the case of S-1 the weight of orqanic product due

to the formation of -0-CH; groups can be valid up to about

3%. Figure 1 refers to a TG analysis graph (expressed, to

15 demonstrate the phenomenon better, as TG differential, a

derivative of the TG signal), of a dried catalyst for which

a consistent weight loss (11%) is observed at the tempera-

ture in which the combustion of the templating agent takes

piace. On the contrary, the catalyst treateq according to

20 the process of the invention, (fbr example with methanol or

diluted methyl esters) no longer shows this organic mass to

.bé éliminatéd, which has already been eliminated by the

_.above treatmeht, but gives other peaks, which identify

losses in weight due to the combustion of -CH; groups.

25 General porosimetric analysis method.
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- 20 9 March 2004 Operating procedure of the catal yti ccég%m[j%oahe
transpo- sition in vapor phase of cycl ohexanone oxinme ( 0 cap-
rolactam (CPL) in a fluid bed reactor The catalyst is tested in a fluid
bed-reactor with the 5 follow ng characteristics: material = AISI 315
steel, length-=500 mMm Dint = 30 mm thernocouple sheath with Oext. = 2
mm The activation procedure of the activity test is the sane used for the
tests in the fixed bed reactor, but in 10 this case the CEOX and sol vents .
are preheated, vEPSsrthedreamiranondd ofi £he nivi¢oyperebebbure bdileg Argbnoduced
into the reactor. The effluents of the reactor are condensed and ana-
lyzed as deXFSBEGIrBr tefln @ g5 uged; xeligled ilonst bet tas «Yeaviabi-ng
procedure faqr, the regeneration of the catalyst for the transposition in
vapor phase O%cytitofex &i6nd sekprem rerex) retakhy dicactiem IERIDpLivhen t he
catalytic test jis carried out tQ test also the regeneration effect, the

feeding of tife HEORHWMAET IS MGARECPEPE ef28t CERELBNIOBE PheaReact i on
prase: e "org whSoolngebusite o piEbagbidnls o Lol oved by nitrogen
BRI P S TR T R A .

uum (<10™ Torr) and then subjected to argon absorption at

the temperature of liquid Argon (-186°C), with partial -

pressures raﬁging from 107® to 107%.

10 The various zeolitic structures are characterized by
typical valués of the =zeolitic channel volume (micropore
volume), which in the case of Silicalite §-~1 with an MFT
structure is about 0.185 cm®/g.

The micropore volume of the samples tréated according

15 to the process of the invention is very similar to that
characteristic of the different zeolites, confirming the
removal of the templating agent:; the small differences reg-~
istered are due to the presence of methoxyls generated by
the reagents used for the treatment.

20 The samples of non-treated zeolites on the other hand
have a miérpbdre-volume which is practically zero, as the

synthesis’templating agent blocks the channels.

Operating procedure of the catalytic test for the transpo-

sition in vapor phase of cyclohexanone oxime (CEOX) to cap-

25 rolactam (CPL} in a fixed bed reactor.
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Operating procedure of the catalyst test for the direct gQ¥igRbbeN i N
| i qui d phase of cycl ohexanone with hydrogen peroxide ang ammoni a

(ammoxi mation) in a mxed reactor. 5 0.498 g of catalyst, 9.90 g of

cycl ohexanone and then -25 cnB of aqueous ammonia (at 15% by wei ght) and
25 cnB of t-butanol, are charged into a jacketed gl ass reactor, equipped
with a nmechanical stirrer, in an inert atnosphere. The suspension is
brought to 78C and 11.68 g of an 10 aqueous sol ution of H202 at 30.8% by
wei ght are féd, Uigercasdiyati ngsieved0im nut eszeAtoft heze® akshhe iseacti on
the suspension is filtered and the solution is analyzed by neans of
gaschr onat ogF@PIE EXARPLEULS IEx fiedls Ded] 3nifpes-Setchgs prepagedt@ccor di ng
to the procedure de- scribed in exanple 1 in patent application M98/ A
002416. Thef¥ptAting NRFSCEBERPRES W Stiidilyitetlasfto MeROEBus P&Ct i ons in
whi ch one was dried at 120C in air, another 20 was calcined at 550C in
air, the ren®mni9g:portl-dngmwetbermeeaind® sbedbBoviteddizn +=hé wener al

t r eat ment p‘rocedl‘ire op-. erating under the conditions specified in table 1.
After drylng, cal &ena&i”ijﬁy(?rt h Foe t66L r ot | 15t 0B 185RFI e tRere -
subj ected to TG anal ysis, according tq the _2 rocedure described above.
The results ?Jaaérflfalaar\/\éu&ﬁ:zlblpa?% 2 V?%um& %rghgﬁdoggilﬁdfﬂ&%{%% Hedl%e each

type Of'trea§{%¥gné&i%%|%hé)regg¥%%zbgt%eég two quartz layers.

For an optimum catalytic performance, the CEQOX is fed in a
solution of three solvents: toluene, methanol aﬁd watet.

- 10 The CEOX solution is preheated beforerbeing introduced
into the reactor and vaporized and mixed with nitrogen di-
rectly in the reactor, before coming intoc contact with the
catalyst.

In the activation phase of the activity test, the

15 catalyst is heated to the reaction temperature in a stream

éf nitrogen and dried for 1 hour; the mixture of solvents

{toluene, methancl and water) is then fed for at least 30

minutes. The actual test begins with sending the CECX solu-
tion onto the catalyst.

"20 , The mixture of effluent vapors from the reactor is
condensed and samples .are collected for evaluating the
catalyvtic performances.

The samples are analyzed by means of gaschromatography
and the catalytic performances are evaluated by calculating

25 the CECX conversion and selectivity to CPL.



15 TREATMENT OF SI LI CALI TE--1 Ex. Treat ment condi tionsTG
Reagent/ Conc. Duration (C)Diluent(%wl)(h) 1120in air-

??1%%%%‘5

air-40.1 3280Met hanol / Tol uene35202. 7 4250Met hanol / Hel i un0. 206. 0

5350Met hanol / Hel i un20202, 9 6280Met hanol / Hel i un20203. 4
7280Met hanol / Tol uene45202. 8 8280Met hanol / Tol uene89203. 0

% Tenp
Oi n

9350Met hanol / Ni t r ogen890. 252. 5 10280Di:-net hyl Carbonate/ 67203.5 Tol uene
11290Met hyl Form ate; 63722.5 Helium 12290Met hyl Acetate/ 20722.1 Helium
13350Met hyl Qgﬁﬁamang4gngcgﬁure of the catalytic test for the transpo-

sition in vapor phase of cyclohexanone oxime {CEOX) to cap-

rolactém {CPLj} in a fluid bed reactor

The catalyst is tested in a fluid bed reactor with the

5 following characteristics: material = AIST

316 steel,

length = 500 mm, @ine = 30 mm, thermocouple sheath with

V@ext_ = 2 mim.

The activation procedure of the activ_ity .téSt is the

same used for the tests in the fixed bed reactor, but i

10 this case the CEOX and solvents are preheated, vaporize

n

d

and mixed with nitrogen before being introduced into the

reactor.

The effluents o¢of the reactor are condensed and ana-

lyzed as described for the tests in a fixed bed

reactor.

15 Operating procedure for the regeneration of the catalyst

for the transposition in vapor phase of cyclohexanone oxime

(CEOX) to caprolactam {(CFL}.

When the catalytic test is carried out to test also

the regeneration effect, the feeding of the CEOX solution

20 - is interrupted at the end of the reaction phase,

the mix-

- ture of solvents alone is first fed; followed by nitrogen

alone.

The reactor is brought to the regeneration temperature

and air is then fed, optionally diluted with nitrogen.

25 At the end of the regeneration, the reactor is flushed
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Hel ium(*) 20 (*) It has been observed that, when operatlgqm%%ﬁaoogethyl
hal i des, the tenplating agent deconposes as occurs when op- erating with
met hanol and with nethyl esters, but the cata- . lyst is not nethoxyl ated
after treatnment. Exanples 14-16 25 The TS-1 was prepared according to the
procedure de 23 9 March 2004 scribed in patent US 4, 410,501. The materi al
t hus obtai ned was subdivided into three portions of which one was dried at
120C in air, another was calcined at 550C in air, whereas the remaining
portion 5 wa@iﬂreatgdgancordlng to the invention, as described in the
general treatment procedure, operating under the conditions specified in
tabl e 2. Thelpenatliey, pfocedureeatinethe ortalwith| betedfvo TBe ahiaterdi s
according to the procedure described above. The 10 results (delta weight
% are indi cxtisptigasiige Hanhic \phwas of r eEcherexanamsl evihh NMyBidgen 15
TREATMENT OF TI TANIUM SI LI CALI TE-1 Ex. Treatment conditi onsTG DELTA VW (%
Tenp Reagent@eXgiidle ppfa@pmgpia (ammoximation) in‘a mixed reactor.

5 0.458 g of catalyst, 5.90 g of cyclohexanone and then
25 cm® of aqueous ammonia {(at 15% by weight} and 25 cn® of
t-butanol, are charged into a jacketed glass reactor,
equipped with a mechanical stirrer, in an iner§ atmosphere.

The suspension is brought to 78°C and 11.68 g of an
10 aqueous scolution of ng at 30.8% by weight are fed, under
stirring, in 50 minutes. At the end of the reaction the
suspension is filtered and the solution is analyzed by
means of gaschromatography.
EXAMPLES

15 Examples 1-13

The 5-1 was prepared according to the procedure de-
scribed in exampie 1 in patent application MI98/A 002416.
The material.thus obtained was subdivided into wvarious
portions in which one was dried at 120°C in_air, another
20 was calcined at 550°C in air, the remaining portions were
treated as described in the—general treatment procedure op—
erating under the conditions specified in table 1. |
After drying, calcination or each type of treatment,
the samples were subjected to TG analysis according to the

25 procedure described above. The resulits (delta weight %) are
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(O Diluent(%mol)(h) 14120in air1510.6 15550in air-40.1 9 March 2004
16290Met hanol / Hel i un20722. 4 20 Exanples 17-19 The Beta Ze8?|?e was prepared
according to the proce- dure described in patent US 3, 308,069. The nateri al
t hus obtai ned was subdivided into three portions of which one was dried at
120C in air, another 25 was calcined at 550C in air whereas the remaining
portion - 24 9 March 2004 was treated according to the invention, as
described in the general treatnment procedure, operating under the
conditions spécddtiest besitiabbact8. tvilee cFapkesmeri t @raticeatnent, were
subjected to ther- 5 nogravinetric analysis according to the procedure
descri bed. above. The results (deltaT®&lght % are indicated beside each
type of treatnment (table 3). TABLE 3 10 15 TREATMENT OF BETA ZECOLI TE

Ex. Tr eat ment gendi-ti-ensFG-DELTAWF (o) TFenp-Reagent/ Conc Duratian
TREATMENT OF SILICALITE-1
Ex. : Treatment conditions : TG‘ﬁﬁLTA
L) . WT (%)
- Temp Reagent/ Conc. | Duration
(°C) Diluent (3mol) {h)
1 120 in air = - 15 10,7
2 550 - in air - 4 0.1
3 | 280 Methanol/Toluene 35 20 ° 2.7
4 250 Methanol/Helium 20 20 6.0
10 5 | 350 | Methanol/Helium 20 20 2.9
6 | 280 Methanol/Helium 20 20 3.4
7 280 Methanocl/Toluene 45 20 2.8
8 280 Methanol/Toluene 89 20 3.0
9 | 350 | Methanol/Nitrogen 89 0.25 2.5
10 ] 280 |Dimethyl Carbonate/ 67 20 3.5
Toluene
15 11§ 290 Methyl Formiate/ 63 72 2.5
‘Helium
12 | 290 | Methyl Acetate/ 20 72 2.1
Helium
13| 350 Methyl Iodide/ 40 4 0.5
Helium {(*)

20 (*) It has been observed that, when operating with methyl
halides, the templating agent decomposes as occurs when op-
erating with methanol and with methyl esters, but the cata-

_lyst is not methoxylated after treatment.

Examples 14-~16

25 The TS5-1 was prepared according to the procedure de-
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(Q Diluent (%l ) (h) 1712Uin air-113.0 18550in air-40.1. gpaeen 9004
19290Met hanol / Hel i un20728. 6 Exanpl es 20-22 The ZSM5 zeol'ite was prepared
according to the proce- dure described in patent US 3,702,886. The nateri al
thus obtained was subdivided into three portions of which one 20 was dried
at 120C in air, another was calcined at 550C in air whereas the remaining
portion was treated according to the invention, as described in the general
treatnent proce dure, operating under the conditions specified in table 4..
The sanpl es,s&Fihad dpepghent USwhdl0sdBlected to TG 25 anal ysis according
to the procedure described above. The - 25 9 March 2004 results (delta

wei ght % are i ndP@af@§ehéal dhuacRbtgpRedf wap eathdividachbi o) thigaBLE 4 5
10 TREATMENT OF ZSM5 ZEQLI TE Ex. Treatment condi ti onsTG DELTA WI ($) Tenp

Reagent / CorROT GRSt i95n which one was dried at 120°C in air, another

was calcined at 550°C in air, whereas the remaining-portion

5 was treated according té the invention, as described in the

| general treatment procedure, operating under the conditions
specified in table 2.

The samples, after treatment, -were' subjected to TG

analysis according to the prdcedure described above. The

 10 results {delta weight %) are indicated_beside each type of

treatment (table 2).

TABLE 2
TREATMENT OF TITANIUM SILICALITE~1
Ex. Treatment conditions TG DELTA
15 . WT (%)
Temp Reagent/ Conc. |Duration
(°C) Diluent ($mol) (h}
i4 120 in air = is i0.6
15 550 in air. - 4 0.1
16§ 290 Methanol/Helium 20 72 2.4
20  Examples 17-19
The Beta Zeolite was prepared according'to the proce-
-dure described in patent US 3,308, 069.
The material thus obtained was subdivided into three
portions of which one was dried at 120°C in air, another
25

was calcined at 550°C in air whereas the remaining portion
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(C©) Difuent (%ol )(h) 20120in air159.3 21550in air-40.1 9 March 2004

22290Met hanol / Hel i un20725. 2 Exanpl es 23-25 The ZSM 12 zeolite was prepared
according to the pro- cedure described in patent US 3, 832, 449. The
material thus obtained was subdivided into three portions of which one 15
was dried at 120C in air; another was calcined at 550C in air whereas the
remai ni ng portion was treated according to the invention, as described in
the general treatnent proce- dure, operating under the conditions specified
in table 5. wdHwe tgeapkdsacedtading rteatheninvewriomsubjsedeedrived hisr -th20
nogravi netric anal ysis according to the procedure described above. The
resul ts (delacnemeilghresfmente prutiecired besialsingeackeryphe ofondidsitomsnt
(table 5). 25 26 9 March 2004 TABLE 5 5 TREATMENT OF ZSM 12 ZEOLI TE

Ex. Tr eat nentSResHdiefoh8 TGIDR. A WI (0) Tenp Reagent/ Conc. Duration

The samples, after treatment, were subjected to ther-
5 mogravimetric analysis according to the procedure described
above. The results (delta weight %) are indicated beside

each type of treatment {(table 3}.

TABLE 3
10 TREATMENT OF BETA ZEQLITE
EX. Treatment conditions TG DELTA
WT (%)
Temp Reagent/ Conc. |Duration
(°C) Diluent ($mol) (h)
17 20 in.air = i5 13.0
18 | 550 in air - 4 0.1
L5 19 | 290 Methanol/Helium 20 72 8.6

Examples 20-22

The ZSM-5 zeolite was prepared according to the proce-
dure described in patent U8 3,702,886, The material thus
obtained was subdivided into three portions.of which one

20 Qas dried at 120°C in air; another was calcined at 530°C in
air whereas the remaining portion was treated accordiﬁé'to
the invention, as described in the generalrtreatment pfocé—
dure, operating under the conditions speéified in table 4.

The samples, after treatment, were subjected to TG

25 analysis according to the procedure described above. The
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(O Diluent(%mol)(h) 23120in air-159.5 24550in air-40.1 rch 200
25290Met hanol / Hel i un20721. 9 Exanpl es 26-29 The m cropore v ?une o)

sanples of S-1 treated ac- 10 cording to exanples 1-2-3 (ex. 26- 28) |s
measured using the absorption technique descri bed above; the mcropore
volunme of a sanple of S-1 treated for 20 h at 280C with a m xture of

nmet hanol at 35% nolar in tol uene and subsequently cal- cined for 4 h at
550C (ex. 29), is nmeasured with the sane 15 technique. The results are

i ndi cat ed i rresablte 6deTdBlWEe G0 325 aREROSHVEIREC BMAIAESIeB8cBFt$be| €ALI TE- |
M cropore Vol une ExTreatnent conditions ,(volune =li=tic channels) (/)
TenpReagent /fGeAEMBNFE at tadrieCBill-uent %ol 26120i n air-150.05 . 27550i n

ai r-40. 193 28280Met hanol / Hel i un20720. 138 Doubl e treat ment 291)

280Met hanol 20720. 178 11) 550Air- 4 TABLE 4

5 _ TREATMENT OF ZSM-5 ZEOLITE
Ex.| Treatment conditions TG DELTA
WT (%)

Temp Reagent/ Conc. | Duration
(°C) Diluent (%mol) {h)

20 1 120 in air = 15

21 | 550 in air - 4 0.1

10 22 | 290 Methanol/Helium 20 72

Examples 23-25

The Z8M-12 zeoliﬁe was prepared according to the pro-
cedure described in patent US 3,832,449, The material thus
obtained was subdivided into three portions of which one

15 was dried at 120°C in air, another was calcined at 550°C in
ailr whereas the remeining portion was treasted according to
the invention, as degcribed in the general treatment proce-
dure, operating under the conditions specified in table 5.

The samples, after treatment, were subjegted to ther-

20 mograﬁimetric analysis according to the procedure de#cribed'
above. The results (delta weight %) are indicated beside

“each type of treatment {(table 5).

25
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- 27 9 March 2004 Exanples 30-36 Silicalite-1 catal ystsgwple,usgs for the
transposition in vapor phase of cycl ohexanone oxi ne (CEOX) to caprol actam
(CPL) according to the procedure described above. 5 The catalytic
performances in a fixed bed reactor of S-1 activated according to the
traditional nmethod, exanple 2 (calcination) and the nethod of the present

I nvention, exanples 3.-1 and 10, were evaluated according to the proce-
dure descri bed above (ex. 30, 31-35 and 36 respectively). 10 The results in
terms of conversion of cycl ohexanoneTABKEN® and sel ectivity to caprol actam
are indicated_in ta- ble 7 TABIEF 7 T5 720 25 CATALYTI C PERFORMANCES OF

SILICALITE-1 | N THE TRANSPQS{@IQNN@:oﬁYMyﬁ%N@IE OXI ME (CEOX) | TO

CAPROLACTAM ({CPL)T TN A FTXE R CTO'N. CEOX (Y0Se L (% at 1
hat 25 hat 1 % . h 3099. 5‘4E§9§°%d]§2{3€5§18893 095, 29'% beLtE
3299. 893. 094, [896./5_33. 99.893.095.597.4 34._99.892.595. 397 HF (%)

3599. 895. 596. 397. Braf99. 893. Q84896 & Telpenat U surmt350d. WSV =|4.5 h-1;
TAU = 0. 13s (°C) Diluent (3m01) | (h)

23 | 120 in air . - 15

24 | 550 in air - 4

25 | 290 | Methanol/Helium 20 72

' Examples 26-29
Thé micropore volume of the samples of 5-1 freated ac-
10  cording to examples 1—2;3 {ex. 26-28}) is measured using the
absorption technique described above; the micropore volume
of a sample of §-1 treated for 20 h at 280°C with a mixture
of methanol at 35% molar in toluene and subsequently cal-

cined for 4 h at 550°C (ex. 29), 1is measured with the same.

15 technique. The results are indicated in table 6.

TABLE ©
POROSIMETRIC ANALYSIS OF SILICALITE-1
Micropore
L Volume
Ex. Treatment conditions | (volume zeolis
- | tic chanuels)
20 , (ml/g)
Temp Reagent/ Conc. Duration
Q) Diluent {%mol) (h) .
26 | 120 in air - R & 0.05
27 550 in air - 4 0.193
28 280 Methanol/Helinm 20 72 0.138
Double freatment '
29 | D280 Methanol 20 72 0.178
I)550 Air - 4
25 -




- 28 9 March 2004 Exanple 37 Follow ng the procedure desgqhg%ﬂzgggve, t he
catalytic performances of S-1 activated according to the nethod of the
present invention (exanple 3), were evaluated - in a 5 fixed bed reactor,
after various reaction cycles with in- ternmedi ate regenerations. In
particular the catalytic performances were evalu- ated 1 hour after the
begi nning of each cycle and after 1, .3, 13 and 26 reaction cycles. 10 One
cycle conprises 3 reaction hours and 3 regenera- tion hours of the catal yst
in air at 499@mpllks Bsdbts in terns of conversion of cycl ohexanone oxine
and selectivity to caprolactam are shown in table 8. TABLE 8 15 20 25
CATALYTI C PERFORRANCESL OFeSl LeaBAalllyBEs 1w he THEJT RANSPOS| THONsiFs iEYEnO-
HEXANONE OXI ME (CEOX) TO CAPRCLACTAM (CPS") IN A FI XED BED REACTOR AND W TH
REACTI ON- REGENERRPORhEYEL &6 ¢ lohevansheno:CEEX (CBPX) tohcaptaradtam

begi nning of the reaction phase] Nr.Cycle 1Cycle 3Cycle 13Cycle 26

3799. 899. 899{HY9. @cserdéppvie ticppreopdpre desgnided: Rkovegi nhi'ng of the

reacti on _phase cle 1Cycle 3Cycle 13Cycle 26 95.295.996.496. 4
' &J ] %%e catg¥ytic gzrforma;gés in a fixed bed reactor of

5-1 activated according to the traditional method, example
2-(calciﬁation) and the method of the present invention,
'examples.BrV and 10, were evaluated according to the proce-
dure deséribed above (ex. 30, 31-35 and 36 respéctively).

10 - The results in terms of conversion of cyclohexanone

oxime and selectivity to caprolactam, are indicated in ta-

ble 7.
TABLE 7
CATALYTIC PERFORMANCES OF SILICALITE-1 IN THE TRANSPOSITION OF CYCLO-
15 HEXANONE OXIME (CECOX) TO CAPROLACTAM (CPL) IN A FIXED BED REACTOR
EX. Conv. CEOX (%) Sel. CPL (%)
at 1 h at 25 h at 1 h At 25 h
30 99.8 71.0 94.2 95.8
31 99,8 93.0 95,2 . 27.6
20 32 . 99.8 93.0 94,8 9@.5
| 33 . 99.8 93.0 95.5 . 97.4
34 99.8 92.5 95.3 97.0
35 99.8 95.5 96.3 97.3
36 99.8 93.0 94.8 96.8
55 Temperature = 350°C, WHSV = 4.5 h™'; TAU = 0.13s
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Tenperature = 350C, WHSV = 4.5 h'1; TAU = 0.13 s - 29 9g¥hreh 23894
Exanpl es 38-40 Catalysts of Silicalite-1 were used for the transposi- tion
i n vapor phase of CEOX to CPL, also operating in a fluid bed reactor, -
according to the procedure described 5 above. The catal ytic perfornances
of S--1 activated according to the traditional nethod, exanple 2
(calcination) and the nethod of the present invention, exanple 3, were

eval uated according to the procedure described above (exanples 38 and 10
39 respecti VEBdappleA3sanpl e of 5--1 treated for 20 h at 280C with a mxture
of nethanol at 35% nolar in toluene and sub- sequently calcined for 4. h at
550C (ex. 40), wielabwbng ttdst edonpthre hdesanbegr abedear ethdhmbadytilits in
ternms of conversion of cycl ohexanone 15 oxinme and selectivity to

capr ol act ampefersRpGRsS i ALt &blle agtivapgl Fagcopd 5y CATALNG| BePERFORWANCES OF
SILICALITE-1 IN THE TRANSPOSI TI ON OF CY- CLONEXANONE OXI ME (CEOX) TO
CAPROLACTAFMIeCHRFegata FRYSNY IBED RENTTOR EX) Temgrewsalpage@onia 6EOX -

Sel . CPL5( C)f(ir;c-e%) (bs) (% at 1 hat 25 h

ed(reac or, after wvarious reaction cycles with in-
termediate regenerations.
In particular the catalytic performances were evalu-
ated 1 hour after the beginning of each cycle_and after 1,
3, 13 and 26 reaction éyélesl
10 One cycile compriséé 3 reaction hours and 3 regenera- -
tion hours of the catalyst in air at 450°C.
The results in terms of conversion of cyclohexanone
oxime and selectivity to caprolactam, are shown in table §.

TABLE 8

15 CATALYTIC PERFORMANCES OF SILICALITE-1 IN THE TRANSPOSITION OF CYCLO-
HEXANONE OXIME (CEQX) TO CAPROLACTAM (CPL) IN A FIXED BED REACTOR AND
WITH REACTION-REGENERATION CYCLES

Conversion CEQX (%)

Ex. [ 1 h after the beginning of the reaction phase]

Nr. Cycle 1 © Cycle 3 Cycle 13 - Cycle 26
20 | 37 '
20 99.8 99.8 99.8 99.8

- -Selectivity CPL (%)

[ 1 h after the béginning of the reaction phasel

Cycle 1 Cycle 3 Cycle 13 Cycle 26
95.2 95.9 . 96.4 96.4
25 Temperature = 350°C; WHSV = 4.5 h™'; TAU = 0.13 s
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383502. 10. 2595. 682. 093. 594. 0 393502. 10. 2598. 097. 596. 297. B March 2004

403502. 10. 2598. 898. 096.296.0 - 30 9 March 2004 Exanpl es 41-42 The

catal ytic performances in a fixed bed reactor of S-1 formed with silica at
50% as described in exanple 2 of patent application M98/ A 002416,
activated according to 5 the traditional nethod for calcination (ex. 41)
and accord- ing to the nethod of the present invention (formng of S-1
containing the tenplating agent and treatnent of the forned catalyst for
20 h at 280Cxgmpties ABxdWlre of nethanol at 35%nolar in toluene -- ex. 42)
were evaluated after 3 reac- 10 tion cycles. The results in terns of
conver si on of cyERthb¥aifond Sidirabibadl sedrectusedt yorotkapirarsorair are
shown in table 10. TABLE 10 15 20 CATALYTI C PERFORMANCES OF SIL1CALITE-1 IN
THETRANSPOSI tHAIN ¥IF @rer @hasexaNONE@K Ve CEEOXpTEr CAPRERINGTAM X CGRL) | N A
FI XED BED REACTOR AND W TH REACTI ON - REGENERATI ON CYCLES

EX. Tenp. WHSVERAUIGonRed CRe& c@ﬁc?lesjl(w 150 s)H) (Byocadyrengestribegcl e
3cycle 3541353)00%;0. 1399. 895. 2 423504. 50. 1399. 795. 8

The catalytic performances of S-1 activated according

. to the traditional method, example 2 (calcinaéion} and the

method of the pfesent invention, example 3, were evaluated

aécording to the procedure described above (exaﬁples 38 and

10 39 respectively). A samﬁle of §~1 treated for 20 h at 280°C

with a mixture of methanol at 35% molar in toluene and sub-

sequently calcined for 4.  h at 550°C (ex. 40), was also
tested with the same procedure.

The results in terms of conversioﬁ of c¢yclohexanone

15 oxime and selectivity to caprolactam, are shown in table 9.

TABLE 9
CATALYTIC PERFORMANCES OF SILICALITE-1 IN THE TRANSPOSITION OF CY-
CLOBEXANONE OXIME {CEOX) TO CAPROLACTAM {CPL) IN & FLUID BED REACTOR
EX. Temp, WHSV TALT Conv, CEQX - Sel, CPL
20 °cy | (s) (%) (%)
at 1 h at 25 h
38 350 2.1 0.25 a5.6 _ 82.0 23.5 94.0
39 350 2.1 0.25 88,0 7.5 96,2 97.5
40 350 2.1 0,25 98.8 98.0 96.2 96.0

25



Catalytic cycle =3 h in reaction + 3 hin regeneration at g4pQG, bgogir 25 . -
31 9 March 2004 Exanples 43-44 Catalysts of TitaniumSilicalite-1 were
used for the ammoxinmation of cycl ohexanone in |liquid phase, in a m xed
reactor, according to the procedure described above. 5 The catal ytic
performances of a TS-1 activated by cal- cination, according to the
traditional nethod, and a TS-1 treated with nethanol, according to the

nmet hod of the pres- ent invention, and subsequently cal ci ned, were

eval uat ed. TEwempdsgl #3-4% terns of conversion of the cyclo- 10 hexanone,
selectivity to cycl ohexanone oxine and yield with respect to H202, are

i ndicated in tabfeeltatIABLE 1te B @G SCATALRY TH iGPERRORMENCESr OB TI TANI UM
SI LI CALI TE-1: | N THE AMMOXI MATI ON OF CYCLOHEXANONE TO CYCLOHEXANONE OXI ME | N
A M XED REACTCRIpXmefett HerfilldicaTetafPlim & | desordberEXANSNEME®2 2cafite TS 1
Cony. Sel . Yiel dYield (U($}(k).($) 43I n air at 550C for 4 h , _

(ex. 17) 71. s/ 5mé Fppldcarpebpitd I8y Battiit 6. s rddyated. groosding to
thhanol@;oluene 20%ol

the traditional method for calcination (ex. 41} and accord-
ing to the method of the present inventicon {(forming of 5-1
containing the templating agent and treatment of the formed
catalyst for 20 h at 280°C with a mixture of methanol at

35% molar in toluene -~ ex. 47} were evaluated after 3 reac-

10 tion cycles.
The results in terms of conversion of cyclohexanone
.oxime and selectivity to caprolactam, are shown in table
10.
TABLE 10
15 i
CRTALYTIC PERFORMANCES OF SILICALITE~-1 IN THE TRANSPOGSITION OF CY-
CLOHEXANONE OXIME (CEOX) TO CAPROLACTAM (CPL) IN A FIXED BED REACTOR |
AND WITH REACTION - REGENERATION CYCLES
EX. Temp. WHSV TAU Conv. CEOX Sel. CPL
(°ci (n7h) (s) (%) (%)
20 ét- 1l h at 1 h
cycle 3 cycle 3
41 350 4.5 0.13 99.8 95.2
42 350 4.5 0.13 99.7 95.8
Catalytic cycle =-3 h in reaction 4+ 3 h in regeneration
at 450°C in air
25
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at 290C for 72 h 11) Air at 550C for 4 h Initial charge @fpd/pgop68cCtor:
catalyst (TS-1, 2.76%i) = 0.498g, cycl ohexanone = 9.90g, aqueous am noni a
(al 15%w) = 25 cnB,t-butanol = 25 cnB Tenperature: 78C Feeding (in 50 nin)
: H202 (at 30.8%wt in aqu.sol.) = 11. 68 g - 32 9 March 2004 CLAIMS 1. 10
2. 15 3. 204. 25S. 306. A process for the renmpoval of 'organic tenplating
agent fromsynthetic zeolites and for. their activation as catalysts,
characterized in that the zeolites are treated in vapour phase with

met hanol , rdisiehpleesd@rsd or nmethyl halides, optionally diluted with

anot her inert solvent, at nolar concentrations ranging from20 to 100%

mol ar, at tenper&etaksstangf nfitanmes00icel 3800, , werbt aser nfoa tbat act
time ranging from0.1 to 5 s and prolonging the treatnent for a tine

rangi ng fr GRTOX2BAE oy 20ho0yglommranengc éds lagosddbhgseo &haknmixedherein
the - ' '

reactor, according to the brocedure described above.” -

5 The catalytic performances of a TS-1 activated by cal-
cination, accordingito the traditional method, and a TS-1
treated with methahoi, according to the method of the pres-
ent invention, and subsequently calcined, were evaluated.

The results Vin'“terms of conversion of -the cyclo-

10 hexanone, selectivity té cyclohexanone oxime and yield with

respect to H;0,, are indicated in table 11.

TABLE 11

CATALYTIC PERFCRMANCES OF TITANIUM SILICALITE-1 IN THE AMMOXTIMATION
OF CYCLCHEXANONE TO CYCLOHEXANONE OXIME IN A MIXED REACTOR

EX. Treatment of Titanium Sili- CYCLOHEXANCONE H;0,
15 calite T5-1
Cenv. Sel. Yield Yield
(%) (%} (%) (%)

43 In air at 550°C for 4 h (ex.17) 71.8 78.5 56.3 54.8

44 Double Treatment:

B1.S 90.3 74.0 70.6
I} Methanol/Toluene (20%mol.)

20 at 290°C for 72 h

II} Rhir at 550°C for 4 h

Initial charge of the reactor:

.90g, aqueous am—

| catalyst (Ts-1, 2.768Ti) = 0.498g, cyclohexanone = 9
= 25 cw’

monia (al 15% wt) = 25 cm’, t-butanol
Temperature: 78°C

Feeding (in 50 min}: K,0, (at 30.8% wt in aqu.sol.}) = 11.68 g

25
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zeolites are subsequently cal ci ned. The process accordlnghmgcﬁbg@@1l or 2,
wherein the treatnent is carried out at tenperatures ranging from 280 to.
350C and at atnospheric pressure. The process according to any one of the
precedi ng' clainms, wherein the treatnment is carried out with nethanol,
met hyl esters or nethyl halides difluted in an inert solvent, at mol ar
concentrations ranging from20 to 35% The process according - to any one
of the preceding clains, wherein the contact time with nmethanol, nethyl
-esters or metimdMdal i des ranges from0.2 to 1 s and. the treatnent tine
ranges from2 to. 2 0 hours.. The process according to any one of the
preceding clains, wherein the.-methyl esters are dinethyl carbonate, methyl
acetate and th t d | S h i odi de. 33 9
March 2004 70 8. b " ;%%E%% i‘%ﬁlnthgo 12. HEgGVAL BB drtiins Bt B¥ind B |
from synthetic zeolites and for their act::vatlon

5 as catalysts, characterlzed in that the zeolltes
are treated in vapour phase with wethanol,
methyl esters or methyl halides, optionally
diluted with another inert sgolvent, at molar

' concentrations ranging from 20 to 100% molar, at

10 temperatures ranging from 250° to 380°C,
obtaining a contact time raﬁging from 0.1 to 5 s
and prolonging the treatment for a time ranging
from 0.25 to 72 hours.

2. The process ac':cord.ing to claim 1, wherein the
16 zeolites are subsequently calcined.
3. _The process according to claim 1 or 2, wherein

the treatment is carried out at temperatures
ranging from 280 to . 350°C and at atmospheric
pressure.

20 4. The process according to any one of the
preceding claims, wherein the treatment is
carried out with methanol, methyl ' esters or
methyl halides diluted in an inert solvent, at
molar concentrations ranging from 20 to 35%.

25 5. The process according to " any one of the

' preceding claimsg, wherein the contact time with
methanol, methyl esters or wethyl hal:.des ranges"
from 0.2 to 1 8 and the treatment time ranges
from 2 to. 20 hours. _ _

307' 6. The process acch_ding to any -one of the
preceding claim51 wherein_the methyl esters are
dimethyl carbonate, methyl acetate and methyl
formiate and the methyl ‘halide is methyl iodide.



25 3013.. The process according to any one of the precegmﬂggqg
wher ei n the treatment is carried out in a fixed bed or flui ed reactor

The process according to any one ..of the preceding clains,, wherein the

synthetic zeolites conprise the group of crystalline m croporous
silicates. The-process according to claim8, wherein the synthetic
zeolites ' conprise the group of crystalline mcroporous silicates which
contain only silicon and oxygen atons or also, optionally, at |east

ei ther ‘titani7Jum ofheal WhcHdss |AcébLlindat bCe gy eaéﬁgceéf a%ﬁ%{d'ng to

claim8 or 9, wherein the sy nH'etlc zeolltes are Selected fromt group
consi sting of Si | PESFRPARE. 1 ClRingy | iwhexgin cathee ¥seatmgata Zevlite,
ZSM -S Zeolite andarzsyﬁlﬁuzemhlhtflxeaebéﬂ05§5§1@£g05gﬂhgééétégw'one of
the precedipg cla qﬁ;reln the or anic tenplating agent Is_a

quat ernary anmmoni um sal THase?CCRUEPAs Eet r &FWopyPRemeREumtRRdr oxi de or

tetraetﬁ&lannnnlunrhyéd@ngdelaIMB,pm@eesanaaﬂmy(byﬁtﬂétﬁﬂnzéariﬂE% the

precedi ng cl ai ms, sopes gkn zeql it are i.n powder form as
obtained after the prepara |on Hg?ys al?thﬁtgi%% € oMIGFRT MG m  of E

pel l ets or nicrosfhéi€3tas.obt ai ned after _
9. The process according to claim 8; wherein - the
synthetic =zeolites comprise the gt':oﬁp of
10 - crystalline microporous silicaﬁes which contain
' Vonly_ silicon and ‘oxygen atoms ~ or 'aiso, :
optionally, at 1least = either titanium or
a.‘tuminium, in the:i.r lattice.
. 10. The process according to claim 8 or 9, wherein
L the synthetic =zeolites are selected from the
group consisting of Silicalite S-i, Titanium-
Silicalite TS-1, Beta Zeolite, ZSM-5 Zeolite and
ZE8M-12 Zeolilte. . ‘
11. ‘The process according to any one of the
20 preceding claims, wherein the organic- templating
agent is a quaternary ammonium salt or base,
such as tetrapropylammonium hydroxide or
tetraethylammonium hydroxide.
7 12. The process according to any one of the
25 preceding clalms, whereln the synthetlc: zeolltes‘
are in powdler form as cbtained.after the
'preparatlon in crystalline phase or in the form
of pellets or microspheres as obtained after
~ being subjected to forming processes.
30 13. Synthetic zeolites obtained usihg a- process
which includes the process of any' one of the
precedlng claims.



bei ng subjected to form ng processes. Synthetic zeolitesgqplahp6esh Using a
process which includes the process of any one of the preceding clains. 34
9 March 2004 5 14. Catalytic processes carried out in the presence of
synthetic zeolites treated according to the process of any one of clains 1
to 12 or in the presence of synthetic zeolites according to claim13. 15.
A process for the preparation of caprol actam starting from cycl ohexanone

oxinme carried out in the presence of Silicalite S-1, treated according to
t he process TH ag, gatal ysg process
according to alm {%ere %&SéglkggéﬁFge%gi fﬂ ?rea#ggsfﬁ the sane

reactor desti | ned 3for Si’ﬁéhﬁF—é@e%q@tQ%etiﬁﬁéb‘aﬁatalcéi!@r@flngcam otaet am 15

17. A process for ghe-du£pef abhohople @il @hexanone coxide,py;eans of the
ammoxi mat i on of ééglohexano ﬁ W th h%drogen?gfrOX|de and anmonia carried
out in the presend® G arffum SEPRCE Tt 291 4teF 1 04FERTHERGr dFRY to the

20 process of any cdneinofixlains 1 to 12, as catalyst. 35

15. A process for the preparation of caprolactam
starting from cyclohexanone oxime carried out in
the presence of Silicalite sS-1, treated
according to the process of any .one of claims 1

10 to 12, as catalyst.

16. The process according to claim 15, wherein the
silicalite S-1 is treated in the same reactor
destined for the process for the prepafation of

. caprolactam. '

15 17. A process for the preparation of cyclohexanone
oxime by means of the ammoximation of
cyclohexanone with hydrogen peroxide and ammonia
carried out in the presence of Titanium-
Silicalite TS-1, treated according to the

20 process of any one of claims 1 to 12, as

catalyst.
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METHOD FOR THE REMOVAL OF THE TEMPLATI NG AGENT FROM SYN- ghiih GogdeCOLI TES.
Abstract The present invention relates to a nethod for the renoval of the
tenpl ati ng agent fromsynthetic zeolites in general and in particular from
silicalite, titaniumsilicalite and fromconposite materials containing
zeolites and for their activation as catalysts. The nethod consists in
treating the above materials with solvents in vapor phase and at a | ow
tenmperature. No suitable figure

' METHOD FOR THE REMOVAL OF THE TEMPLATING AGENT FROM SYN-

THETIC ZEOLITES. "
Abstract

10 The present invention relates to a method for the removal
qf the templating agenf from synthetic zeolites in general
and in particular from silicalite, titanium silicalite and
from composite maferials containing zeolites and for their
activation as catalysts.

15 The method consists in treating the above materials with

solvents in vapor phase and at a low temperature.

No suitable figure

20
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