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 yst s, "O¥HaraEt éF’?zéﬂmPhaﬂfbﬁ agenty eBrom esynitkettreatenlittesyapour  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%
mol ar, at _ tenperat res*,rangi ng from 250 to 380C, obtaining a contact tine
rangi ng f rigfid™ $bl 5t itRglpr@Soddi n@ichef ¥o acpmpes ftr matentakangi 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 rea‘cEi'or‘!l of industrial in- terest. 1 9 March 2004 For
exanpl e, zeolit &8s of PERESNEH LYy pdif tﬂFeéePBWlEHﬁDt%‘é‘htr%]faﬁerﬁ\@@ﬁt

hetero-el epeaty A8 émeov@er_rilorxlralli ¥ aigﬁjer eten‘q::l::lting 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,



as basic material for the preparation of catalysts whichggaheogged in the

transposition reaction of oxines-to am 5 ides (EP 242, 960).

Titanium Silicalites TS-1 are known as nmaterials for the preparation of
catal ysts 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 nmaterials for the prepara- tion of catal ysts which are used in

al kyl ation reactions (EP 687,500). ZSM 12 zeolites are used in various
acid catal ysi's refohcerIMlean#®ginhpenof r B MKy | tatbicoivithaet iLlons cofi-
aromatics 13 ﬁ-,US , 347,061). Synthetic zeolites are generally prepared by
reacting a $FHtc8 EBﬁﬁEﬁﬁ&f O381EBER RS al KA -Hraodin ild&esaburan

i norganic silic%ngurce, op%ﬁoqglly m xed wi th another suitable al koxide
of an el emenfSditPaFe iR Frdft sitPFc S CorPREPIFaLLPR eSho At AGYFROr HRAFR
conmpound, in e.presence of, an-or- gani ¢ tenpl at.ing ent, such as a
tetra-alkylaﬁ%@n?gnFﬁﬁq h?o&ﬁ%ﬂkr%Q§§%Fé5&?Poﬁgﬂﬁffﬁ¥é%%€V1§F§dt€oﬁ@éin an

inorganice b i um hydroxi de. The reaction mxture is
subj ect ed5to§§§ar3€ﬁ?rfr§dlg%§3ﬁ- 25 thesis in an autoclave at high

7o 5 VLSO gt B O SR R, o

crystals are then separat i g- —uor,

hy o1 2SS PR R U PG E TLE FEOTLG LR PLALIDS SOt
' 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



The zeolites prepared in the presence of an organic tenglalingsggent are
initially inactive as catalysts. It is believed that the lack oP catal ytic
activity is 10 due to the presence of the nolecules of organic tenplating
agent adsorbed on the internal and external surface of the zeolite. The
removal of the -tenplating agent and consequent ac- tivation of the zeolite
for use as catal yst generally take 15 place at high tenperatures, by

calcining the crystals in air, at 550C, for times ranging fromO0.25 to 72 h

(US 4,410, 5ostals psekfieiedowever that this nethod can cause degra-
dation of the cr%stal | i ne structure or induce nore or less 20 marked
surface nodificattPEnSTVATRLE aBFONCRN t ARPYTFTast efrom Sihebindgttheroflitghe
various types of zeolites. This |eads to the inportance of devel opi ng

al t er nat i ve Uet FEFEefor 1t R itRASTy 2PHedE &Pt at i ng agent, using | ower tem
peratures. 25 Wl;l,gl thesi,%bje%;]i ves, the patent US 5, 425,934, for - 3 9
March 2004 exanpl@® d&Scr-Fedhys Gdnedr GORE24BSI GHEnSTISR1ENETe-

| ective r.emoval, .of orgapic temlating agents, fromsynthetic zeolites. The
met hod consiRreiiy ?H%nfr"g@%%{eﬁts %Fagpﬁgojr’?st ecﬁg]reaé?ﬁ‘??z%% e ZePati o

Si 2/ Al 2033 Olfitaet .Egg;s&_?: 1, with an 5 alcohol (nethanol) and an acid

(hydrochl oric AciT inlig- uid phase and at a | ow tenperature. Qperating

SCor 00 10t el Teftied s HO"BNEL DL L R | o
group of Poresphdeahot BeerUdd 1hiBEAYEN U o dide HBTEQUEL Yl | NfOrmation:
It is believed that the lack of catalytic-activity is o
~ 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



provided as to the catalytic activity of the zeolites ob ,(,'g]icﬂ%ogy means
of this process. Patent US 5,681, 789 di scloses a nethod 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 time sufficient to reduce the quantity of organic
tenpl ating agent contained therein. The zeolites obtained by neans of this
process, al- 20 though having catalytic capacities conparable to those ob-
tai ned by ca*@npaer odessribes conmelirrd Substimntdedlupiaatity aofl eegani c
tenpl ating agent. A nethod has now been found which allows the tenplat- ing
agent to be l&GtdEei yengvalepdy ed9ppbem s§mlidting 2gehts efrom Syaidiestict he sane
time obtaining materials with catalytic - 4 9 March 2004 properties
simlar or iZRe¥ed- witth Heddpeccopdlishdsin thhgi Lregtment 'ef Zedsiclétpr epar ed
according to_the methods de- scribed in_the known art. In particular, an
obj ect of tHI3ATAESERZEIBNE SATER- SEO2/Ale o atplereks’ flor “ikd RBnoval of

the tenplati nt from synthetic zeolites and for thejr activation as
cat a- Iyéts,aq%ﬁggicirg‘?t’rl?e’t?ixnaf‘ af Dt Hel S AVAreshLPEL Y 2R ired it 19 he

treatnment tenperature i streamof nitrogen and .treated in vapor phase
with met hanoﬂl,deﬁg?ﬁ‘ywa ‘gt%r? GPY 1 BHRE TR i des, optionally diluted with

e e 25 PReYSibes e LB e o 80TS0 35HSTS,
at dalto ?8?823{4?&% E5SH" Bar CRIR! U afcgeie&@%e}iy&ngvaa&@&g theOPe-1 to 5s
- plating agent is obtained, fromra.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



15 nment for a tinme ranging fromO0.25 to 72 hours. The CO@ttﬁé‘rEhz?b&m refers
to the tinme necessary for the reaction mxture in vapor phase 0. 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 of -acids with up to 4 carbon atons are particu larly suitable;
preferred are dinethyl carbonate, nethyl .acetate and nethyl form ate.
Anong the nethyl halides, nmethyl iodide is preferred. At the end of the
treat ment thRreR@ziipst sigiipnshedimpowd hwikih megerct Otivaticbs 004 iFhe
treatnment can pe carried out in a fixed bed or .fluid bed reactor. All
synthetic ze6Rlt &5 GanzeeliteapeePraiach 2peoRtigresto ofthehangtipdnt idsm, in
particul ar the group of porous -zeo- 5 lites of the MFI, MIWand BEA type,
in which a pdritRif o $Pei EvPWmtdiks of the crystalline structure can be
substi- tuted by alum num atons or anpother_ trivalent elenent, tita niumor

anot her. tetraval efft PATERERL2T or2 % ARR UM% d-hihiP@R SeBBnL BV PR &P TOrifami ¢
{oTbl a1 1 Ageply |0y LIS ROLs S0 LIEL O S I BRI cul, e
zeol i te: _ y e e “FEPhoH |
et o0 SOPRG SRl o oa el SLRPREOUBELYSLALLUE L s o
Lo o e Bl A (e AR LA S e,
Bt S0 LI A R A L SR
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.



20 Alum num (all for exanple in the form of al koxides org }c'? are
reacted at reasonably high tenperatures for peri- ods ranging froma few
hours to several days in the pres- ence of a base or quaternary ammoni um
salt, which acts as organic tenplating agent, and optionally an inorganic
base. 25 Particularly preferred are synthesis zeolites commonly 6 9 March
2004 defined as: Silicalite (S-1), having a structure of the MFI type and
described in patent EP 242,960, Titanium Silicalite (TS-1), having a
structure of t h@hRFEregpeerhdcdes®ei kg rigdpatudntin Us figad b5ed and US
4,794,198,-- Beta 5 Zeolite, having a structure of the BEA type and
descri bed ifHYist BRE ERRE®ZL-500, ZSM 5 Zeolite, having a structure of the
MFI type and described in patents US 3,702,886 and US - 5,705,726, ZSM 12
Zeolite, havi ngAilsﬂ”Ekft% SEOLRESRMERD tRDH & LaFd ettt v imFosasent US
3,832, 449. I.n additiqn they contain_the organic tenplating agent used
for their §éﬂﬁﬂ5%i%ﬂveﬁ%éopenﬁ'aﬁVﬂﬁ”&ﬁéﬁF &gﬁ 9E 4Ry %61 §IRPES cERBBuUNd capa-
bl e of directing the, co rugtion of e _zeolitic struc- ture; as_is known
"n the &rt L8 Sér Ing Pﬁg%sﬂ%, 7R3 ?%QSH"%%T uHe BREhE ARAk8RsOEnd,
basi cal ly, g. r epent. .of the in_the. lattice of th eolites are
S <BR BRPRE°BE, o FEToRaiTed cat iR B (B8 BemaRef g

i nfl uenced , di mensro Fucture agent .

A typi | | y ti 2 | t b f
ypi cal gxanp sgoél%gm %tte@@%@ wgtrfegfmfyo%vgr&ns% d%%e%% ets,or%qga—ases 0

quat ernary amnoni um such as rapro- py

tEtraethy|qgﬁﬁﬁ%%”bﬂ%@ﬁ&f!E@%EﬁQélé%FM@QQmQBPE;PEOQBQHHQ§1%H%hw%icgor

exanpl e corona ethers, tri-, and nono- a am nes, di am nes, cyclic and
pol y-- 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



cyclic am nes, am nes and pol yam nes, can al so be convengq\ﬁ 2 used in
the preparation of zeolites which can be 7 9 March 2004 treated accordi ng
to the process of the invention. Wen subjected to the process of the
invention, the synthesis zeolites can be in powder form as is the case
after preparation in crystalline phase, or they can have 5 already been
subjected to m xing and form ng processes with suitable inorganic binding
materials, such as for exanple silica or alumna or their precursors also'
of an organidefimacupe; 3Jbldesidtiebdd-1h, thaviary 2 FhesetpreoceEsshs Hake t he
zeolites suitable for industrial use in catalytic processes 10 and consi st
in giving tHeMea AN alslescphpsicalnf opAtedt bebliseddiPithe dendnnt pel | et
m crosphere, etc.). The weight proportion between zeolite and |igand or
carrier can SiddFalitem(Isolto Bavinga ?)‘?@f‘@ru&’l?l 3‘Pff rtbﬁn ¥FY typg: 8nd
Alternatively, the zeolite can be mxed with [i % 15 and suitably
treated aft&esEHdedl 18 RatentemySatd «fd Caglht an Tﬁ’é’ AmtHed P8 286kt es are

put in cgontact with the treatnent m xture, consisting for exanple of

met hanol anozeqlﬁt@ené‘aVFBg g SERBCHMEP ot athenffdt dtHee AN GPSmiBaAt he
a0 e PPN B Bl R S R
S S TR U b B GRS, B R
et ho_o,'s 23 §,°ioe§,7'§‘6?atz%MUB§ LEaRLAL! NHAB080 4 stﬁuc@u%?rgé‘ #RQ4\rw .
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



The degree of renoval of the organic tenplating agent i@,@@@ﬁ@@bgntly
controll ed by subjecting sanples of zeolite treated according to the
process of the invention, to ther- nogravinmetric analysis (TG. 5 The TG
techni que is an eval uati on nethod which neas- ures the variation in weight
of a sanple, inmersed in a controlled atnosphere, and subjected to, a
tenperature in- crease, typically wwth a constant gradient and within a
range varying fromroomtenperature to 850C. 10 The variation in weight of
the zeol ite BeMhipREATIIRGHA ABesPROPRST L direbdnaentiduted to the
deconposition and conbustion of the residual tenplating agent which, in
the case of Sili @&eN &UPIerhRestpl 4B Brogesenpdr dther einvemdiong fthem 250 to
450C, but which can vary depending on, 15 the type of structure and

t enpl ati ng a@%ﬂﬁnesﬂﬁa%ﬁg&ﬁFg§ Sobj BEt &8 POVERYI RETTr e@Fméfit tRPoMESenhi ch
still contain.therefore all the tenplatjng agent, show, upon TG anal ysis,

t he naxinun1%£ﬁ%ﬁupﬁﬁﬁ%5§?F8ﬂ,lﬁhéFgﬁgaik gesaﬂﬁ?%s ShbjtBEY e F2P0 "@YFci nat i on

h i.nsi gni ficant | 20..i ight, d the fact that th

Conpl ati o U NaLeaP s SaFeeth LBl fhichnd dinchyFreng apEP AT "L Bat ment
Th | i h f the, i L h |
i gher Toss THms, ATERARAIE boa0lfy MARSSRAT in 'PH e LR, " agent
h h . id.2 havi irely elinmnpated. TG
nalyel s i i (Do furfiaali, AR 20 BGSENS CIRED LY B TR TG

attributed {ahe R heodsnggneaatag Lp ! e aeol ek dhg igagents used

for the treatnent. Operating according to the process the I'nventi on,
zeolites suitable for industrial use in catalytic processes

_10 and consist in giving them a suitable physical form to be
used in the reactor (pellet, microsphere, etc.). The weight
proportion between 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.



S it is possible to totally renmove the tenplating agent fg@Qm.5ohpqal NoOSt
totally fromTS-1 and for the nost part from acid zeolites such as Beta,
ZSM 12 and ZSM 5. The renoval of the tenplating agent can al so be con-
trolled by nmeans of the porosinetric technique which allows 10 the internal
vol une of the zeolitic channels (mcropore volune) to be eval uated by
means of absorption neasurenents of a gas (argon), under certain
conditions. The m cropore volune of the sanples treated according to the
process of the inVeatdemres eofbmepoyiilghf| $heedugenlic 1t5emptdtingspgentt o t he
typi cal volunme of the various zeolitic structures, thus confirmng at the
same time thésr éRBYAriIitiv Wontaaplediby wwhdsctand sapiResEnceodfite

met hoxyl s. The non-treated sanples, in which the tenplating agent is still
present, havéreghefhaceritinhirdibe PFRFSPOIE FbRURBVEME kN 200 $her-
practically zero (zeolitic channels bl ocked by the tem plating agent).

After the tr8REFBRETRF 1 henatYEAEi 6FC) the zeolites surprisifigly have a

better ca;jal ytic ctivitf\_/ ith respect to the sanme materials treated

according®to the CORvERt FERAIIAWES 15130 nAfd it ierh&ethod 1Hich mgesh 2004

In particular, in.the case of S--1, inproved catalytic ,performpces are

obtai ned in tRESL sﬁ@ﬁ@i‘zéﬁnré&t“{e&%‘%&}f Oyl Bﬂ%é%?fonb‘g%%%‘éjtbn 3,

s- caprol act a@on'&%gec?_egéng Sr'ghnces are mai.ntai ned even after,-subse- 5 quent
ative

repeat ed t hero-oxi PRt TEnt AT O S5 e b8s 2 SAFPEtifipdRsat e t he
et or oot bRl SBULYLL O REE f LPSES USRI SLELRT, e
range varying from room temperature to 850°C.
10 The variétion 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



for the catalytic activity to be periodically reintegrat means of
t he conbustion of the pitches fornmed during the reaction?qﬁ%aqﬁg% struct
the pores of the catalyst inpeding access of the reagent to the active
centers. The regeneration takes place by oxidizing treatnent in a stream
of air (optionally diluted with nitrogen), at a 15 tenperature rangi ng
from450 to 550C, preferably from450- to 500C. The process of the
invention, in the specific case of S--1 for the. Beckmann catal ytic
transposi ti diacsf adyevs-thiex dowsse ioxwatghd o depresfanitedy Gt dbutadri ed out
in the 20 sane reactor destined for the reaction. This reaction, in fact,
t akes pl ace tion thgpdetphages agenerpercht it ekhe azrflige fworkh®0e@gendoC, using
met hanol as solvent, optionally diluted with other conmpounds (for exanple
t ol uene). | megefor| thedsrafd@@n&ur pri singly observed that if the 25
catal-yst containing the tenplating agent is charged into -, 11 9 March 2004
the reactor, as PPEFRtiMerRFOZdimdy dL timRIRCeSFntAfedife 10y tdpar at i ng
under reaction conditions, the t latin agent i s effectively renoved
from t he Scatidl yst PATFLRES L He TR0 GiPMeNE REataPyLtt A9 miraed

i NN R S WL S
CF ChOMeRS SRl A el PR M-S0 Y char g the
Fabzeauent ) ool ehpefeqbolt o5 | PLBIARS RN AL0e Lkt Bt ipect (o
trolled by means of the porosimetric technique which allows
10 the internal wolume 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 -



ment. The process of the invention conprises preheating bfm rch 206 talyst to
the treatnent tenperature in a streamof nitro gen and treaeflng it with
suitably vaporized treatnment rea- gents. At the end of the treatnent the,
catalyst is flushed wth nitrogen. 20 The treatnent is generally carried
out at tenperatures ranging from250 to 380C, at atnospheric pressure, ef-
fecting a contact™ tine of the treatnment reagents ranging fromO0.1 to 5 s;
the treatnment is prolonged for a tinme ranging fromO0.25 to 72 hours. 25
The reagent for tlhe gansdtniar, comstiisd scade meft fEaiQl ,imprdRed 9cMba Tt 12004

met hyl esters or nmethyl halides, optionally diluted with another inert

sol vent, forpexzoplances| agreobhtinehcenttle triomposahgongréaom @0 dH 100%
nolar. The treatnment is pref- erably carried out at atnospheric pressure,
at tenper at ucesldhexangnegokioem 28@-tap 8504 tam.t h m xtures of netha-

nol /tol uene, nethyl esters/toluene or nmethyl halides/tolu- ene, at nolar
concentrations r SRy HYTFRIPONEDS 35%F afaintadnedyg evefom Her tHulseangi ng
from0.2 to 1 s, prolongi n% the treatment for a time ranging from2 to 20
hours. 10° Th@“¥%: afSRAATEENn THETRPef KPP iV fersReny i ihich | kadnetrat or
fluid bed reactor. After the treatnent, according to the process of the

i nvertion, tPRFY%dtiqUPSRSeERi fle dateheeRaioRe it t88t atRSYEHROIPIN t hei r

catal ytic prg erties, for ex,i:_a}B le with thermal 15 treatnment or ion
exchange. Th €5 SY*BRYs n€})e':(,‘at"?'é%’j‘,l°1“0r exanpl e, to formng

: _ 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
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processes to obtain suitable physical fornms. The forninggqﬁagﬁ?égg can al so
be effected however be- fore the treatnent object of the inventron, thus
using a 20 zeolite which still contains the tenplating agent, and the
treatnment itself can be carried out subsequently. The fact that the
treatnment is carried out in the presence of the materials used for the
form ng, does not affect the advantages obtained by the treatnent. 25 The
zeolitic materials obtained according to the proc - 13 9 March 2004 ess of
t he inventi die dgacheruséd at éat whgst it arsbves ofran dilg detthesis,
performances, for the same catalytic proc- esses in which they were
originally #8€d apeerting ngndem- rpactren t goadityons onthiet Hapd agéngent i onal
nmet hods (calci- 5 nation). For exanple, S-1 can be conveniently used to
catal yze t RIeBECKSaRTIEFAAEpbYEi FRBIVEST ERRN dHex prId Y6%i MBrEndcabeo-

| actam This progess takes place in vapor phase at tenpera- 10 Lures
rangi ng frorhSS661PB 4ﬁ6k;au§?ﬁal¥%?tgﬁpénﬂiPH@ﬁPg?d pesferapnsesedfanol | as
described in detail, in patents EP 056,698, EP 380,364 and M 98/ A 002416.

Ti t ani unPSi MO8 TS 1 can be conveniently used to catal yze the

amoxi mati on of nglohexanon %ggc cl ohexanone xi me with_hydrogen

peroxi de and amonfal Thi s frocé§s PEKEs P &8 P%5F8&%?Eﬁﬁﬁﬂ%§} afPtenper a-

S5 and) AEEERLS0oL0 H0Cp ot ¥irke LD B Sthel B e

496,385. 20 RgeLLRbAON oRimb e sheGRkCal RINOQS YSEH LR &L T E5L LRE
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 -



treatment and evaluate its effectiveness with respect togphdien 2004
characteristics of the material obtained and its cata- |ytic performances.
General treatnment procedure of the zeolitic nmaterials ac- 25 cording to the
invention. -- 14 9 March 2004 The process of the invention conprises
heating the catalyst to the treatnent tenperature in a streamof nitro-
gen and treating it with suitably vaporized treatnent rea- gents. At the
end of the treatnent, the catalyst is-flushed 5 with nitrogen. The

treat nent i shgbiel apslees f est egthylt dadddasur epticanblngdilwred5@itio 380C,
at atnospheric pressure, ef- fecting a contact tinme of the treatnent
reagents rangPPgher roife: 15 ets; e erammleerioliuenpr opbngeaceotrar ti me
10 ranging fromO0.25 to 72 hours. The reagent for the treatnent consists of
net hanol , nEifYF ENRENY droRetfyto nliG@elagpt Tonairaptaientt éa arefr

anot her inert so|lvent, for exanple toluene, at concentra- tions ranging
from20 to 1659 |%?ﬁrl?ﬁ‘e°PFe,§?n%m°?fp§wﬁr1€r PTSSEY I P icdeFPEga bRt
atnnspher%c Eéessure, at t? er turﬁ oranging from=280 to 350C, with

m xtures df HEPHHY ndiTI f&e, et 39 G5t eV S¥R oI HRITES B hyPeHRf T des/ t o-
| uene, at nola centrations ranging from.20 to %, ef- .fect] a

cont act tirren?ciaﬁ%?fn%enfer’o%ne& tgsf%§,895?%lf%rhegi%m frth’atl%SSFﬁt‘r[ﬁ]ﬁJ? or a
time ranging 0 The cat st c be at jn a fixed
bed or flui deB%’egggegﬂgg‘%?, g?#é???ﬁ@rﬁqsy. Sl e 20 58 P = stil |

containing t ety £ ANLAWR rShbERG PHER 0.3 I 1 3, "i8BibAgRg VS -
the treatment for a time ranging from 2 to 20 hburs.
.10‘ " The catalyst can be treated indiffefently in a fixéd
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 catalyfic 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 howevér 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-
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25 synthesis, or mxed and forned with a suitable Iigandgﬂﬁ%c 2884 9 March
2004 differently. General thernogravinetric analysis nmetho the %‘G
technique is a classical test nethod which neasures the variation in

wei ght of a sanple, imrersed in a 5 atnosphere controlled by the constant
stream of a sui-tabl e gaseous m xture (preferably air), and subjected to a
tem perature increase, typically wwth a constant gradient and wthin a
range varying fromroomtenperature to 850C. The thernp-anal ytic system
METTLER TA3OS® wis Weednventioe, t hennbasusedeas scatahgitst,i g sof paoMETTLER
M3 wei ghing sys- temand an oven, controlled by a mcro-processor. The
anal ysi s i s Wdifide dPadife rorPersRemaRces  s&rpl dhe comeni erthliviia plrati-num
cruci ble, positioned on the plate of the scale imersed in the oven; the
sanpl e is fIREIRSd iP5 wWhiich &bey( 3erRnPraphnal by eyseshisd ftedr ihad ngngub-

decar bonated, with nol ecul ar sieves ZANDER MSTE, and heated from room

t enper at ur e 1fFHE §50€Cthwehion Hebih e frvsntiensl nuehodsTHEadgia

i ndi cat eg in the tables of the exanples rep- resent the loss in weight
under gon by“attHé? anple, calcu- 20 lated as percentage with respect to the

wei ght of the dry _sanple asyured at .200C (at ,this.te rature the ph
si Isgrbed sol vent oﬁegga@)f%‘i n%f]ecFaéhdaet e ?gﬁfe?iéf%r‘éggi-tcbéﬁt&ﬁp’é?? ¥he

wei ght vari at.i o h ampl e coming fromihe 25 synthesis, well washed
and dri ed, gta{lr? %ee%féﬁp%’?ﬁb%’t’ge%qoosﬁ%ﬁgn- 9}1%3’0 B 508% e SShFEE P on and
combustion of_ the residual tenplating -

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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agent, which takes place, in the case of Silcalite-1, at ggsakf?BEsature of
about 320C, as can be seen fromthe 'TG graph (flgure 1) % It. my vary
inrelation to the type of structure and tenplating agent. The sanpl es
subjected to drying treatnent alone, which therefore contain all of the
tenpl ati ng agent, show the maxi num wei ght.. variation upon TG analysis,
wher eas the sanples subjected to calci-nation show an insignificant loss in
wei ght,- owing to the fact that the 10 tenplating agent has al ready been

el im nated by theTleal process | 0ff tubeat rerent ithe @ifpedtksenessialy tthe
treatnment of the invention is therefore evaluated, for each type of
material, bycebapest tinghehsreatmns tempeletaral yrsias seiretheotrnsdresanpl e
(con 15 tai ni ng the whole tenplating agent) and the cal cined prod- uct
(tenpl ati ng @9enandbeeerding tif tigh epif Yr‘éﬁﬂcé?dzgérrtrpa@nent tTess been
observed that, although often the loss in t during the TG anal ysis of
some of the S&AHFedd hteré’&fieﬁfl"sh‘ﬁd?tre?éfnéntas‘g}% qtalysseisf fiyrhashl ci ned
prod- uct, the te | ati ng agent should in any case be considered as having
been conp$ et BEYD i tiqasted. Th| s is due to the fact that, during the
treat nent of the |nvent| on, met hano|. al so_reacts with the hydr oxyl s

present in the zeg'®st F??t@“enftorl%xgﬁﬁ?’éa]vr}}f hetHRFIE] ofol SSFRSFIIFSSY oups)
hone' st RS 2B CLEC SRR DRt R e
Lot 00 2950k gTd BhgES CLIRE, BB LRIl LBt IBIE
TG anaIySIS 9£oﬁ'br?akﬁp §ag} the treatment is prolonged for 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-
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pl e depends on the conbustion of nethoxyls, which takes gmh§8ﬁ2€64different
tenperatures in relation to their na- ture, but in any case at a
tenperature substantially dif- ferent fromthat of the tenplating agent
(figure 1). 10 The gravinetric result obviously depends on the con
centration of the hydroxyls present in the material. In the case of S-1 the
wei ght of organic product due to the formation of -0-CH3 groups can be
valid up to about 3% Figure 1 refers to a TG anal ysis graph (expressed,
to 15 denonstiffierenfidyphenonenon better, as TG differential, a derivative
of the TG signal), of a dried catalyst for which a consistent weight |oss
(11% is obsegnsdlatherpogedpd@eiricypralnsivhifgthode conbustion of the

tenpl ati ng agent takes |l ace. On the contrary, the catalyst treated
according to 20 {The ﬁﬁbc£§§h%ﬁqW%elﬁnﬁ%n@i%ﬁﬁlq&kwt%&bnﬁ@éhWﬁtWhﬁghhanol or
di | uted net hyl esters% no | onger shows this organic mass to be elimnated,
whi ch has alfetAFreSebReeV 2 F3aA8d 1By Veheh bl & tSP8RE frentimegfedyiified ot her
peaks, mg%ch iden%ﬁf | osses_jn weight due to the conbustion of -CH3

gr oups. Hasphers, GePRERHISd Malyisi SORSERBE. streal of ¢ NHdRPIS04 For

t he measurenent of the.m crqpore valune,, the Argon. .adsorption technique
vas used. wHITIPOHT SHRTHEET APTRESFANAY 4470 \AThiHOURELP O RePmteRinge |

out "~on an’ SSRABEIHS ERaet LR O WERIER TS SRS e
[ I 0¢ - <j O' bj ected -
o ar gon sbsoration apndf e BRELAPH, s8 tolnheatRrbOrS (06870 T Wi oh

parti al The thermo-analytic system 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¥r
peatable). |

The weight wvariation of thé sample coming £from the

25 synthesis, well washed and dried, can be attributed to the
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pressures ranging from10-6 to 10 ' -. 10 The vari ous zeobmﬁrgh§P6¥ctures
are characterized by typical values of the zeolitic channe une
(mcropore volune), which in the case of Silicalite S-1 with an M
structure is about 0.185 cnB/g. The m cropore volunme of the sanples treated
according 15 to the process of the invention is very simlar to that
characteristic of the different zeolites, confirmng the renoval of the
tenpl ating agent; the snmall differences reg- istered are due to the
presence of<ﬁ¥¥hmw9ﬁ§l@mnénateﬁmbwstuhe rfagehe s neséduabr templateag nent. 20
The sanples of non-treated zeolites on the other hand have a m cropore

vol ume whi chrgetpr ghickatakesy arlaiceas inhghesgpshesf sSilandliserhg agemt bl ocks
the channels. Operating procedure of the catalytic test for the transpo-

sition in vaPsBREYES oPLcPbrske3 ke BE nBak CEeX)sees daem 25a oT@ct am
(CPL) in a fixed bed reactor. 19 9 March 2004 The catal¥st (sieved in a
si ze of 42- SFaRBsHfipEre bt LT nity ’i“?}bu‘faa?y et ardenniter ShPe’éEP%r havi ng

the follown charactehégilcs mat er i = glass, length = 20 nm- oint =
11.5 mm 2t he? cP&HﬁF‘ér% ﬁewpiiﬁtal%xﬁgent -4 TR SEURES c%1b§|e§§ﬁ B the

0.5 di | h | f 2 cnB; thi
Eﬁ:ﬁgg i's g%h3§99:5%égg%$%¢tﬁ§ gg?bFCBegaE%%fgﬁ%to A un$e8§ t%%r ant e
t t t f t he, CEOX fed |.ut f
OBl vent s -t EeeRRe, R ShohEpg Mo s, d4af %%Sfﬁﬁu@ﬁoﬂggﬁrtﬁeat ed
before bei ngad éf F{QUC&Q éa@t %htehgaxlﬁﬁg&% Oé'u and. uaper| 1%1 xgﬁl?vm th

nltrogen di - r eact conlng 'n %o cont $ the
an insignificant loss in welght owing to the fact that the

riO _templatlng agent has already 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 templafing 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 -
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catalyst. In the activation phase of the activity test, blm.a lJrgO(?@t alyst is
heated to the reaction tenperature in a stream of nltrogen and dried for 1
hour; the m xture of solvents (toluene, nmethanol and water) is then fed
for at least 30 minutes. The actual test begins with sending the CEOX
solu- tion onte the catalyst. 20 The m xture of effluent vapors fromthe
reactor is condensed and sanples are .collected for evaluating the

catal ytic performances. The sanples are anal yzed by neans of

gaschr omat ogthphyormatiomeof atnat lydxycl spetfiGitahc esharefaneal amt @tk byne
calculating 25 the CEOX conversion and selectivity to CPL. - 20 9 March
2004 Qperat i hgngr beedipe ide Lheesaralght dueete thre alaimnegioposf siiid on in
vapor phase of cycl ohexanone oxi me (CEOX) to cap- rolactam (CPL) in a fluid
bed reactor Tﬁ@pé@mq/satgeinst tégﬂe@lﬂlﬁfh% ofthgirdhaed - Fe astios wm@mht hew- 5

foIIovm ng characteristics: material = AISI 315 steel, length = 500 nm

Dint = 30 nMiPEhéPmIdGupT@SEAERE ROV Pﬁ aped; withy amﬁHsThéN@ctmﬁ@uadh
procedure_of the act|V|ty test is the sane used for the tests in the fixed
bed reactor, ¥Buf Fnr%‘@”ttrﬁrsedcé’élélf’ﬂet@ds@afi‘ﬁ?lé’éll\?eﬁffsaaﬁéeﬁF%e%@éd
vaporized a \glth ni trogen befaore being introduced jnto the

react or. Thepg?f I SofoTt He'% eGSR HAR ind ?ﬂ‘s‘é%%?d amich yoRkPss

d bed for.th t t i t t dure f
Lhe.r egener aPPBREORL: KA AERFRRG sFoRPrITHER ettt 1t Wiy ace of

Cyclohexanon%ugélngut in any case 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
Viosses in weight due to the combustion of -CH; groups.

25 General porosimetric analysis method.
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(CEOX) to caprolactam (CPL). Wen the catalytic test is %%%ricﬁ%ﬂ t to test
also the regeneration effect, the feeding of the CEOX sol ution 0is
interrupted at the end of the reaction phase, the mx ture of solvents
alone is first fed, followed by nitrogen alone. The reactor is brought to
t he regeneration tenperature and air is then fed, optionally diluted with
nitrogen. 25 At the end of the regeneration, the reactor is flushed - 21 9
March 2004 with nitrogen. Qperating procedure of the catalyst test for the
direct oxi mati ofornthe qigasyiemsa top e ohkseorome wolhndy ditegdirgoper oxi de
and ammoni a (ammoximation) in a mxed reactor. 5 0.498 g of catalyst, 9.90
g of cycl oh&FRELIQAJLEFaM QU rasnBsefl, avutdus idewsnbat terr b8%iby-wei ght)
and 25 cnB of, t-butanol, are charged into a_jacketed gl ass reactor,

equi pped wi tHOR HEdHAR the dEotherm rANGR FALRELRG rss pgHe cdspmptiaspensi on
is brought to 78C and 11.68 g qf an 10 a%ueous solution_of H202 at 30.8%
by wei ght ar@& > HJAPOIES?, (tley MeaFUSETRPhuas. CArrieR ewd er ehe

f
(eect] onst oo BioRT0°) ekl LS Akl U Lon 1 analyzed by reans
eor 000! TaHCRERNIS 15 naSTARy ARIAEL St LN Sk R oot O
DL 00 M IR A et 06 BB o DR ARl 1o
the temperature of liquid Argon (-186°C), with partial -
pressures raﬁging from 10™° 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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treated as described in the general treatment procedure @Rzarghabhdg under
the conditions specified in table 1. After drying, calcination or. each type
of treatnent, the sanples were subjected to TG anal ysis according to the
25 procedure described above. The results (delta weight U are - 22 9
March 2004 i ndicated beside each type of treatnent (table 1). TABLE I 5 10
15 TREATMENT OF SILICALITE--1 Ex. Treatnent conditionsTG DELTA W (% Tenp
Reagent/ Conc. Duration (C)Diluent(%mol)(h) 1120in air-1510.7 2550in
air-40.1 3280Met Hareo| £ erie35202ved 4200Met Banel /diel 4 prRD. ROShD is

5350Met hanol / Hel i un20202, 9 6280Met hanol / Hel i un20203. 4

7280Met hanol Fadit&ibnta 520 Xudud 280 Mtik@Ro| Terb| BbPB892e8Lor having the

9350Met hanol / Ni t rogen890. 252..5 10280Di net hyl Car bonat e/
' following characteristics: material = glass, leagth = 200

mm, Dipe = 11.5 mm, thermocouple sheath with @exe. = 4 mm.

5 | The catalyst for theé test (0.5 ¢g) is diluted with
granular quartz up to a volume of 2 cm®; this charge is po-
sitioned in the reactor between two quartz layers.

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

- 10 The CEOX solution is preheated before being 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.



67203.5 Tol uene 11290Met hyl Form ate; 63722.5 Helium 122 %&ﬁ%bo,ﬁcet at e/
20722. 1 Hel i um 13350Met hyl 1 odi de/ 4040.5 Heliunm(*) 20 (*) 1t has been
observed that, when operating with, nethyl halides, the tenplating agent
deconposes as occurs when op- erating with nethanol and with nethyl esters,
but the cata- -. lyst is not nethoxylated after treatnent. 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 nmaterial thus obtained was subdi vi ded
into three {raueitong provgrdwte mie s catpdptac 19IC for dile tamaisper was
calcined at 550C in air, whereas the remaining portion 5 was treated
accor di ng t cYHEN APelitPn Phasedes cevptehsxpndne ogdner ATEGH Jedtomeap—-
procedure, operating under the conditions specified in table 2. The
sanpl es, af tE21aGtas: hehk) e fdubfobedgreastps anal ysis according to the

procedure descri ggd above. The 10 results (delta weight % are indicated
. besi de-each typensf catiagttnest Lpphgf el)2 FRARdEbed reéactor with the

5 following characteristics: material = AIST 316 steel,

length = 500 mm, @ine = 30 mm, thermocouple sheath with
Dexe. = 2 mm.

The activation procedure of the activ_ity 'téSt is the
séme’used for the tests in the fixed bed reacfor, but in

10 this case the CEOX and solvents are prehéated, vaporized

and mixed with nitrogen before being introduced into the
reactor.

The effluents 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 -ié interrupted at the end of the reaction phase, the mix-
- ture of solvents alone is first fed; followed by nitrogen
éléne.
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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15 TREATMENT OF TI TANI UM SI LI CALI TE-1 Ex. Treat ment condi Q%ﬂ%b&fLTA W
(%9 Tenp Reagent/ Conc. Duration (C)Diluent(%mwl)(h) 14 |n alr.1510. 6
15550i n air-40.1 16290Met hanol / Hel i un20722. 4 20 Exanples 17-19 The Beta
Zeolite was prepared according to the proce- dure descri'bed in patent US
3,308,069. The material thus 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 invertiWnnnidgodescribed in the general treatnment procedure,
operating under the conditions specified in table 3. The sanples, after
treat ment, vipsrafibpeqinsg¢edorehert- Hhaogabwlyedt rtestandbysitheactioreditng to

t he procedure descri bed above. The results (delta weight 9% are indicated
besi de eactexifpdion timeatimyid (phasce Gf . cYaBMER:@mMelJvith hydrogen

peroxide and ammonia {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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TREATMENT OF BETA ZEOLI TE Ex. Treatnent conditionsTG DELT@f%%déaé Jenp
Reagent/ Conc. Duration (C)Diluent(%wl)(h) 1712Uin air- . %.SOin
air-40. 1. 19290Met hanol / Hel i unR0728. 6 Exanpl es 20-22 The ZSM5 zeolite was
prepared according to the proce- dure described in patent US 3,702,886. The
material 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
remai ni ng portion was treated according to the invention, as described in

t he general tnéntaist besdde dacke,tqperdt itrgatmaer (Hableondi.ti ons specified
in table 4.. The sanples, after treatnent, were. subjected to TG 25

anal ysis according to the procedure. dé$i& bed above. The - 25 9 March 2004
results (delta weight % are indicated beside each type of treatnent (table
4). TABLE 4 5416

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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TREATMENT OF ZSM5 ZEOLI TE Ex. Treat nent conditi onsTG DEL%ngghgﬁé Tenp
Reagent/ Conc. Duration (C)Diluent(%ol)(h) 20120in air .3 %Oin
air-40.1 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 cal cined at 550C in air whereas
the remaining portion was treated according to the invention, as described
in the gener¥riesadinenttorod®E Guié, S8per ati ng under the conditions '
specified in table 5. The sanples, after treatnment, were subjected to ther-
20 nngravinetricTQﬁaF§§P§la%ggPH§n@btélﬂﬁ% procedbdeviestrited thtrve. The
results (delta weight % are indicated beside each type of treatnent

(tabl e 5). BPDEONg G cRiSHoPIEARS FnierREATVES Oy n2 ZEciherE

Ex. Treat ment _condi.ti,ongTG TA, . . ,
was ca101ne3 atEE%OJ% in air, whergas the remaining-portion

5 was treated according to 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)
14 | 120 in air = 15 10.6
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
another

portions of which one was dried at 120°C in air,

25 was calcined at 550°C in air whereas the remaining portion
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W (o) Tenp Reagent/ Conc. Duration (C)Diluent(%mwl)(h)gd84d0bfogi r-159.5
24550i n air-40.1 25290Met hanol / Hel i un20721. 9 Exanpl es 26-29 The m cropore
vol une of the sanples of S-1 treated ac- 10 cording to exanples 1-2-3 (ex.
26-28) is nmeasured using the absorption techni que described above; the

m cropore volure of a sanple of S-1 treated for 20 h at 280C wth a

m xture of nethanol at 35% nol ar in toluene and subsequently cal - cined
for 4 h at 550C (ex. 29), is nmeasured with the sanme 15 technique. The
resul ts are waditcepéddi actatdiend toTABREL Bvetk i25, PEROSEMETRb& AMALLYSI S OF
SI LI CALITE- | Mcropore Volunme ExTreatnent conditions ,(volune =li=tic
channel s) (/9erFarpRéagehmne o rio;Dedare e nOBDF4 Liargt Wmdlke r284e 0¢endii tri-ob50. 05

specified in table 3.
The samples, after treatment, were subjected EO“thei—
5 mogravimetric analysis according to the procedure described
above. The.results {deilta 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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. 27550i n air-40.193 28280Met hanol / Hel i un20720. 138 Doublghhﬁgggaggt 291)
280Met hanol 20720. 178 11)550Air-4 - 27 9 March 2004 Exanples 30- 3
Silicalite-1 catalysts were used for the transposition in vapor phase of
cycl ohexanone oxinme (CEOX) to caprolactam (CPL) according to the procedure
descri bed above. 5 The catalytic performances in a fixed bed reactor of

S-1 activated according to the traditional nethod, exanple 2 (calcination)
and the nethod of the present invention, exanples 3.-1 and 10, were

eval uat ed acesuditag (deltaevgirgide-%)dare dedicabed hdmide (eexh 39pe3a£f35 and
36 respectively). 10 The results in ternms of conversion of cycl ohexanone
oxi me and sdireetimehty(tabieadioel actam are indicated in ta- ble 7. TABLE 7
15 20 25 CATALYTI C PERFORVANCES COF SI LI CALITE-1 I N THE TRANSPGOSI TI ON OF
CYCLO- HEXANONE OXI ME (CEOX) TO CAPRERBETAM (CPL) IN A FI XED BED REACTOR

Ex. CON. CEOX (% Sel. CPL (% at 1 hat 25 hat 1 hAt 2: h 3099.871.094. 295. 8
3199. 893. 095,-287.-6- 3209, 893. 094,896, 533 99.893. 005, 597. 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
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 geqeral 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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34. 99.892.595.397. 0 3599. 895. 596. 397. 3 3699. 893. 094. 896 9§ 4ardi6 ature =
350C, WHSV = 4.5 h-1; TAU = 0.13s - 28 9 March 2004 Exanple 37 Foll ow ng

t he procedure described above, the 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

i n- ternedi ate regenerations. In particular the catal ytic performnces were
evalu- ated 1 hour after the beginning of each cycle and after 1, 3, 13
and 26 reaction cycles. 10 One cycl eTapnpr$ ses 3 reaction hours and- 3
regenera- tiop_ hours of the catalyst™in air at 450C The results jn terns
of conversionl of cycl ohexanguaTMexTNOransMsel egioryirty to caprol actam are
shown in tabl-%g& TABLE 8 %% 25 CATA YITC PI:RI—LRIVANL:tElg,y(F\;l—al_Eiélz.Tr CALI TE- 1
| N THE TRANSPGS! Tj ON OF CYCL EXR W CEOX) TO G 'KETAM ( CPS")
IN A FI XED BEHD_REACTOR AND W TH REACTI ON- REGENERATI ON CY(QL S E%) Cpnver si on

CEOX ($) [ 1 h aft@é§ he begR@Qg@ﬁka t he| eaet | oh RHhasel N Cycl ¢ 1Cycle

3Cycl e 135Q/cl e 26 899. 899 Sel e¢ t(%r}l/éf}y I(hg%
23§ 12 in air . - 15
24 | 550 in air - 4
25 | 290 Methanol/Helium 20 .12

' Examples 26-29

The 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 zeoli-
- | tic chanuels)
20 , (ml/g)
Temp Reagent/ Conc. Duration
Q) Diluent {%mol) (h) .
26 | 120 in air - . 0.05
27 550 in air - 4 0.193
28 280 Methanol/Helium 20 72 0.138
Double freatment '
29 | D280 Methanol 20 72 0.178
I)550 Alr - 4
25 -




[ 1 h after the beginning of the reaction phase] Cycle 1 %% %64§Ie
13Cycl e 26 95. 295. 996. 496. 4 Tenperature = 350C, WHSV = 4. E; U=20.13
s - 29 9 March 2004 Exanples 38-40 Catalysts of Silicalite-1 were used for
the transposi- tion in vapor phase of CEOX to CPL, also operating in a
fluid bed reactor, - according to the procedure described 5 above. The
catal ytic performances of S--1 activat.ed according to the traditional

nmet hod, exanple 2 (calcination) and the nethod of the present invention,
exanpl e 3, vibyandws 3888 according to the procedure described above
(exanpl es 38 and 10 39 respectively). A sanple of 5--1 treated for 20 h at
280C with a mi xtddécelihet haradlalatst85%e el wsed faroltheneramspbsai-iomequent |y
calcined for 4. h at 550C (ex. 40), was also tested with the sane
procedure. THe va@Qu phapa eErewcloheganoee shoimeaf(CEPEl ohe xaapnel actBrnoxi me
and selectivity to caprolactam are shown in table 9.. TABLE 9 20 25
CATALYTI C PE@%RM&NGES@I%‘M@&WEQ@M@ TH4ES CIRARREPEBPTE ON OF CY-
CLONEXANONE OXI ME ( CEOX) . TO CAPROLACTAFM (CPL) IN A FLU D BED REACTOR
EX.Tenp.SmH$V TA@héoﬁ@?aéEtﬂ?-P§%$Qrmﬁﬂ993 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.fesults in tefms of conversion of cyclohekanone

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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(O(h-D)(S)(DW (%W at 1 hat 25 h 383502 10. 2595. 682. 093. S%AMQC 2004
393502. 10. 2598. 097. 596. 297. 5 403502. 10. 2598. 898. 096. 296 - Mar ch
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 RatmgllesB7for 20 h at 280C with a mixture of nethanol at 35%
nmolar in toluene -- ex. 42) were evaluated after 3 reac- 10 tion cycles.
The results in tErhbovinediepsioordofe cyedatidednaheve, okdiarecadizd ysekectivity
to caprolactam are shown in table 10. TABLE 10 15 20 CATALYTIC
PERFORVANCES ST OSENCAS | TE- £~ NaTHEYRANSPESEFrONaOFt € YL he CEEEXANORE OXI VE
( CEOX) TO CAPROLACTAM (CPL) IN A FI XED BED REACTOR AND W TH REACTI ON -
REGENERATI ONPEYQRESS 9t TeRYRMHSVIT AUES?IE L eCEODKSe We rePLeyadu@hed) (1) (8) ($) at

| hat 1 h cycle 3cycle 3 413504.50. 1399, 895.2
fixed bed reactor, 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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423504.50. 1399.795.8 Catalytic cycle =3 h in reaction + gpuBhbegeneration
at 450C in air 25 . - 31 9 March 2004 Exanpl es 43-44 Catal ysts of
Titanium Silicalite-1 were used for the amoximation of cycl ohexanone in
|l i quid phase, in a mxed reactor, according to the procedure descri bed
above. 5 The catalytic performances of a TS-1 activated by cal- cination,
according to the traditional nethod, and a TS-1 treated w th nethanol,
according to the nethod of the pres- ent invention, and subsequently

cal ci ned, weixampigiudBetl! The results in ternms of conversion of the cyclo-
10 hexanone, selectivity to cycl ohexanone oxinme and yield with respect to
H202, are indi caté8alystsalife S11icFABLE- I Wweis: 2peps TCATRRY THEREREORVANCES
OF TITANIUM SI LI CALI TE-1 I N THE AMVOXI MATI ON. OF CYCLOHEXANONE TO
CYCLOHEXANONE QoX| NE Yapox NMDRESD REACHEYY EbC TEBRt maAscoPPFrebiRunin a

Si |i-CYCLOHEXANONEH202 calite TS-1 Cony. Sel . YieldYield (U( $Jé( k) ($) 43In air
at 550C for W eked 7y9actens. 5%0%35%@ 4800 F5¥ee PRFSAONE scribed

81. 990. 3754. OszOcSVGe ) Met hanol / Tol uene (20%ml .)

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



at 290C for 72 h 1l1) Air at 550C for 4 h Initial charge gfyd/p8op68ct or:
catalyst (TS-1, 2.76%l ) = 0.498g, cycl ohexanone 9.90g, aqueous- anmt noni a
(al 15% wt) 25 cnB, t - but anol 25 cnB Tenperature: 78C Feeding (in 50 nin)
: H202 (at 30.8%wt in aqu.sol.) 11. 68 g - 32 9 March 2004 CLAIM5 1. 10
2. 15 3. 204. 25S. 306. A process for the renoval 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 , mMxamplegstiér4Zor nmethyl halides, optionally diluted with

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

mol ar, . at tenper &har catphnigl age¢ronmEEEE st ¢ 380 Lxedoliteal niaggtarcot act
tinme ranging. fromO0.1 to 5 s and prolonging the treatment for a tine
rangi ng fromlo.fpsned 7ithaiirddcaTRé pPéceds drauridedginoexinnla £ ofherein

the zeolites are subsequently calcined.-
patent application” MI98/A 002416,

activated according to

5 the traditicnal 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. 42) 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

3

15

CATALYTIC PERFORMANCES OF SILICALITE-1 IN THE TRANSPGSITION 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

{(°C) (k™) {s) (%) (%)

at 1 h at 1 h

20

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 + 3 h in regeneration

at 450°C in air

25
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The process according to claim1l or 2, wherein the treagygtybgogarried
out at tenperatures ranging from280 to. 350C and at atnospheric

pressure. The process according to any one of the preceding clains,
wherein the treatnent is carried out with nmethanol, nethyl esters or

met hyl halides-diluted in an inert solvent, at nolar concentrations
ranging from 20 to 35% The process according - to any one of the
preceding clains, wherein the contact tine with nethanol, methyl esters or
met hyl hal i desempdrge43-44om 0.2 to 1 s and. the treatnent time ranges from
2 to. 2 0 hours. The process according to any one of the preceding clains,
wherein the met h¢etakysis of eTidhmatimpildégrbobneatle, wems hysedicEbat ehand
methyl formate and the nmethyl halide is nethyl iodide. 33 9 March 2004 7.
8. 9. 10 10.amwximatdon 19f ¢pchyfiexancne in liquid phase, in a mixed

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:

| catalyst (TsS-1, 2.76%Ti) = 0.498g, cyclohexanone = 9.90g, aqueous am-
monia (al 15% wt) = 25 cm’, t-butanol = 25 cw’

Temperature: 78°C

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

25
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The process according to any one of the preceding claimg,pyspesa the
treatnment is carried out in a fixed bed or fluid bed reactor. The process
according to any one ..of the preceding clainms,, wherein the synthetic
zeolites conprise the group of crystalline mcroporous silicates. The
process -accordiing to claim8, wherein the synthetic zeolites ' conprise
the group of crystalline mcroporous silicates which contain only silicon
and oxygen atons or also,. optionally, at least ' either titanium or

-alum nium icrAtMegr lattice. The process according to claim8 or 9, wherein
the synthetic zeolites are selected fromthe group consisting of
Silicalite S 1, Titanium- Silicalite TS-1, Beta Zeolite, ZSM - S Zeolite -
and ZSM 12 feolift pr S C ng cedi ng

cl ai s, whergl n t%ef’ﬁ?gg%f’c %Lenpﬁglfél ﬁlggn%e;}g%n%’@ 0(’il:a‘)‘{n(c%ua rla%r %nl um sal.t
or base, such as ?%r%ﬂ'@@@%ﬁnﬁﬁ@lﬂﬁ%d@@%ﬂ@rothe%iét@@‘é?ﬁ?\‘—mnm um
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' 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
wolar 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 claims‘,_'wherein ‘the methyl esters are
dimethyl carbonate, methyl acetate and methyl
formiate and the methyl ‘halide is methyl iodide.
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preceding clains. 34 9 March 2004 5 14..Catalytic proces§ ERbpeL£d out in

t he 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 caprolactam -

starting from cycl ohexanone oxine carried out in the presence of
Silicalite S-1, treat

to 12, as catalyst.

ed

according to the process of any one of clains 1 10

16. The process according to claim 15, therein the

silicalite S71 isTheeatmtbddrd hea§@6§diﬁ‘§ct b %@ﬁ;i fog ¢t hgy ocess for

t he preparation of ¢

cycl ohexanone oxFie
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Silicalite Tg 1, at cording to.i-he 20 process of any one _of clains 1
cgt'al y?bg 3%%?‘7@%@%%%@ REFBVARTYE T¢Re TERPLATNNG AGENT

FRCNISY@-'THETIC\EE@EB@ESQ ABstimact wherein the synthetic zeolites

to 12, ‘as

10

15

20

25

30

B

rol actam, 15 17. .
H8an &G MSe SFRREGHAL | Be of tregEngntxadsne with

process ‘for the preparation of

. 1o0.

11.

12.

13.

cpmprise the group of crystalline microporous
silicates. '

The process according to- claitﬁ 8; wherein - the
synthetic =zeolites comprise the gfoﬁp of
crystalline microporous gilicates which contain

only silicon and oxygen atoms  or also, -

optionally, at 1least = either titanium or
aluminium, in théir lattice.

The process according to claim 8 or 9, wherein
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. . ‘
The process according to any one of the
preceding claims, wherein the organic-templating
agent is a quaternary ammonium salt or base,
such as tetrapropylammonium hydroxide or
tetraethylammonium hydroxide.

The process according to any one of the

preceding claims, wherein the synthetic gzeolites

are in powder form as obtained ‘after the
_Preparation in crystalline phase or in the form

of pellets or microspheres as obtained after

being subjected to forming processes.

Synthetic =zeolites obtained usihg a- process
which includes the pfocess of any one of the
preceding claims. '



The present invention relates to a nmethod for the renovag pmfREn bhsa

tenpl ati ng agent fromsynthetic zeolites in general and in parti-cular from
silicalite, titaniumsilicalite and from conposite materials containing
zeolites and for their activation as catalysts. The nmethod consists in
treating the above materials with solvents in vapor phase and at a | ow
tenperature. No suitable figure

2

14. Catalytic processes carried.out in the presence
of synthetic zeolites treated according to the
process of any one of claims 1 to 12 or in the
presence of synthetic zeolites 'according to

5 claim 13.

LR

15. A process for the preparation of caprolactam
starting from cyclohexanone oxime carried out in
the presence of Silicalite S-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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