1 - 7 Septenber 2006 DESCRI PTI ON TI TANCSI LI CATE, PROCESS FOR I TS
PRODUCTI ON. AND | TS USE I N PRODUCI NG OXI DI ZED COVPOUND 5 Thi s Application
clainms the priority of an application based on U S. Application Serial

No. 60/363554 (filed on March 12, 2002). 10 Technical Field The present
invention relates to a titanosilicate, a process for producrn t he
titanosilicate, and a process for prﬂdhc1ng an oxi di zed co Sr%@Png
the 15 titanosilicate. Mre specrfrcally, the present invention relates to
a titanosilicate characterized in { #\ |nfrared spectrum nmeasur ed
in the dehydrated state, the spectrun1 as an absorption band having a
relative maxi mum value at 20 93015 cm', and also relates to a process for
produci ng the titIaneeiski.caher , APROGE cmﬁesmeopra boducomg i oxi di zed
compound using the tiiR0Qni iGalan BRCKET OUA AT FpsGeRgral Ty, "zeolite”
has been |l ong a generTc termof crystarti & porOUb Funinosi 1 i cates and

t hese &re (SiA)4- and (Al A)5- having tetrahedral structures as the basic
units of the structure. However, in recent years, it has been clarified
that a structure g qguhkgﬁlggtﬁggl 0%% €%e3% 9I£ resent in other
many oxi des such as m nopho Inte |on ite Association
(her ei naf t er*PRYLFEE} opePappddoR d% @Hﬁﬂ¥FaGe§érﬁﬁesa¥He3def|nrtron of
zeolite in Ad/asieheZeelilbe Shruciad e2lypesz)5th edition, 35 edited by W
Meier, 4,D.H Mier, D.H dson and Ch. Baerlocher, Elsevier (2001)

( Non- 5atent Docunent 1) herei nafter sinply referred to as "Atlas").
Accor di ng - TechnicadpFéabdr 2006 to this definition, substances other

t han a|UWln03l|lQ@bepresent invention relates to a titanosilicate, a

process for producing the titanosilicate, and a process
for producing an oxidized compound using the
15 titanosilicate.
More specifically, the present invention relates to
a titanosilicate characterized in that in the infrared
spectrum measured in the dehydrated state, the spectrum
nhas an absorption band having a relative maximum value at
20 930%15 e¢m™, and also relates to a process for producing
the titanosilicate, and a process for producing an
oxidized compound using the titanosilicate.

Background Art

25 Generally, "zeolite" has been long a generic term of
crystalline porous aluminosilicates and these are (5i0,)*
and (AlO,)}>" having tetrahedral structures as the basic
units of the structure. However, in recent years, it has
been clarified that a structure peculiar or analogous to

30 zeolite is present in other many oxides such as
aluminophosphate.

International Zeolite Association (hereinafter
simply referred to as "IZA") describes the definition of
zeolite in Atlas of Zeolite Structure Types, 5th edition,

35 edited by W. Meier, D.H. Meier, D.H. Olson and Ch,
Baerlocher, Elsevier (2001) (Non-Patent Document 1)
(hereinafter simply referred to as "Atlas"). According



having a simlar structure are dealt with as an objective substance of

whi ch structure is to be specified, and these are called a zeolite-like
material. 5 The details of the history thereof are particularly described
in Yoshio Ono and Tateaki Yajima (conpilers), Zeolite no Kagaku to Kogaku
(Science and Engineering of Zeolite), pp. 1-13, published by Kodansha
(July 10, 2000) (Non-Patent Docunent-2J.-10 The defi niti drcafmberg§ps ¢ e
as used in the present invention is based on the definition described in
the above Y, ShIO On nd  Tat eaki s), .Zeolite  no Kagaku
to Kogaku (Sglence éﬁ&g &iﬁgérFﬂasgén%%% qgg'tiﬁﬁ ajupgnogihicatfed by
Kodansha (Juhavirg 2600 hateseristuees|dte dewdltudeshnes anl gbjective

al um nosi | i C@@s@ﬂcéloefonﬂﬁeﬁestba&ﬁhge afs AROQUS -$EEHGL ULy Such as
titanosilicat.e, atlglegsent i nventj on, a structure code conposed of

three al phabié]?‘?scealarceaﬁl | 8t FEPL LRIV "BtSTitke names of standard
subst arfces i niti dhey deded lBopft hiee 20i s fiheatiodnaok partli:(t'uﬂ’a&;l}appr oved
by 1ZA, is L@@éi:rf Wed tie yokhuet 988 Ma 2eAUdNE. vIBERal PE ose
recorded in .jé anl o e a-prov d in tﬁ% f|}?% S +H€ edi tions.
Furt her, unI— 5 Enghreeningiafssi | j cat e”

and "ti tanosigg_laa:tga @9 usedﬂb npmlblblsrmcbwnu(odamehal 00 by ermot2doionyi ted at

all on the diddfai-8R¢8 @gghmgﬁtqyst al l'i ne/ non- cryst al I ine or
por ousl/ non- por ous an%lgl ncl,ude " ajlrum nasi | | cates" and "titanosilicates" in

all pridperti es. EIRAELRRI QF ‘GRS agsBFefni R HehHrRESSRNE i nvent i on
is a subst angw dreniiomg ignbaséd vor ythep perfamiiad oar deéum:bed)mrofti& eV| ng

mol ecul es byaddfig Sz'o%ﬁléngnbngﬁ&'df‘éteaqﬁowa &m Thbém%%l detai |
in "Ml ecul ar_ Si eve o] un Kagaku Yog ossar ] andard
35 Cheni st r y ) —Eotp 5 SpetEIEGE : SIACT S WA VYA ,1991)
(Non Pat ent Hh)cdm;rit, 3)1blReheahtﬂ>}y KodelaS(st:mgll es, hzan/(EO)beﬂnarréade on the -

3 - 71%3ept enhey1i12Q06 nc1udes not only aluminosilicate but also those
having an analogous structure, such as titanosilicate.
In the present invention, a structure code composed
of three alphabetical capital letters derived from the
names of standard substances initially used for the

20 clarification of structure, approved by IZA, is used fbr
the structure of zeolite. This includes those recorded
in Atlas and those approved in the fifth and later
editions.

Further, unless otherwise indicated specifically,

25 the "aluminosilicate” and "titanosilicate" as used in the
present invention are not limited at all on the
difference such as crystalline/non-crystalline or
porous/non-porous and include "aluminosilicates" and
"titanosilicates" in all properties.

30 The "molecular sieve" as used in the present
invention is a substance having an activity, operation or
function of sieving molecules by the size and includes
zeolite. This is described in detail in "Molecular
Sieve" of Hyojun Kagaku Yogo Jiten (Glossary for Standard

s Chemistry), compiled by Nippon Kagaku Kai, Maruzen (March
30, 1991) (Non-Patent Document 3).

Recently, various studies have been made on the




oxi dation reaction of an organic conmpound using a titanosilicate, which
is one of zeolites, as the catalyst and a peroxide as the oxidizing
agent. Anbng titanosilicates, TS-1 as one of crystalline 5
titanosilicates is used in various reactions after the synthesis net hod
thereof is disclosed in U S. Patent 4,410,501 (Patent Docunent 1) an
TS-1is found to exhibit an activity Bn-oxidation reacti ﬂr&epiﬁ@??fgzo()%rl ous
per oxi des. Specific exarrpl es thereof include a nethod 10 di sclosed in JP-B

("exam ned Jagg gse_pat ent Or{)%bfl aLcat on"% 4-5028 r({{Datsent Docurrent 2) where
TS-1is us€d 88 the tatarid Ep8xPaatT o " HOHIY 81%&fPn*conpound ~ usi ng
hydrogen petékpdesbtiadtor g*de?l pér oredef azeehiccesoxiadi xhegcagehrst 15 The

structure cadg préfs%;llaé AF e Wikhaibyng OaddM 5 Mn%h is a

representati and has an O-menbered ring. On

v etic ze I ite,
the infrared?® §B§§ ?’r%%tess'p FumfoPRts® ﬁél %n the dehydrated
state,5an &absenrpsibicies Jmawsnzgl anr ghatowe mtmgmsvahfmerath%o 20 cm

is observedg Ihﬁeegéqnéw&d It%err%b@t hgebysér@ééd andy.@.5ppeLRE | ess and
e epoxi di zed |s limted.

t her ef ore, | n. conpound
Further, si ﬁcg ? galdilﬁ r‘f’olcéif“@nﬁflfh%“ 18111 *EorfPyifdt8s a reaction
raw mat eri akhihib ¢headinisiidy dh poidstion tdretduinkl owingt eanfodd t he

pr oduct epo?gregmgynd dgamny %%aﬁ%?eé%elaébf RduskE 8l hycsedficient
reactjon acti vi Mor eover, ~a ring-opening

react ton of dﬁﬁﬁiéﬁ%‘gyﬂ g:I‘POL?p( &%&?lﬁ?gc‘@a?aﬁ’%gﬁe BESdtct epoxy conpound, as
a result, phblse&a*emm/)—w—5cm|2§adv?amaagemrsht;erd:e@r)emese B9-Dnig he ot her

hand, JP-A (;50Qn;&xam Q%%al%%n%ﬁeep9§1@£'él&ymﬂ Gat b@@ Fln Tedfhebdiy (Pat ent
Docunment 3) disc|loses a neth of ‘epoxidating an ol efin co ound wusing a
e PRREVAAG 89 st

crystalli ne“fFPAnPYTEBH éier‘ff’?fddﬁDPEcﬁ’i‘ arr ¥ P CUcture
simlar to ekudinumg fagmtzeolite beta 35 (structure code: *BEA) as the

catal yst and usifge WidhQgee REHEXLEETOL1 Ak MFARIGiPEEPYI €8 A ihe

oxi di zi ng agent On the infrar absorption s t.rum of cr stalllne
9 % i¢h is a representa%gve synéﬁetlc J%Jilte, andah y

oxygen l0~-membered ring. On the infrared absorption
spectrum of TS-1 measured in the dehydrated state, an
absorption band having a relative maximum value at 960

20 cm™? is observed. The pore size is relatively small and
0.5 nm or less and therefore, the olefin compound which
can be epoxidized is limited. Further, since the
diffusion rate of the olefin compound as a reaction raw
material into the inside of pores and the outflow rate of

25 the product epoxy compound from pores are low, an
industrially sufficient reaction activity can be hardly
obtained. Moreover, a ring-opening reaction of the epoxy
group takes place in the product epoxy compound, as a
result, the selectivity disadvantageously decreases.

30 On the other hand, JP-A ("non-examined Japanese
patent publication"}-7-242649 (Patent Document 3)
discloses a method of epoxidating an olefin compound
using a crystalline titanium-containing molecular sieve
having a structure similar to aluminum-free zeolite beta

35 (structure code: *BEA) as the catalyst and using hydrogen
peroxide or an organic peroxide as the oxidizing agent.

On the infrared absorption spectrum of a crystalline



- 4 - 7 Septenber 2006 titaniumcontaining nolecular sieve having a
structure simlar to alum numfree zeolite beta neasured in the
dehydrated state, an absorption band having a relative naxi numval ue at
960 cm 1l is observed. 5 *BEA has a | arge pore size as conpared with the
structure code MFlI of TS-1 and therefore, is expected to provide an
effect of, for exanple, enabling a reatt+on of a conpound SpRitnlsg2006
sterically high bul kiness or increasing the diffusion rate and thereby
i mprovi ng t@e react_iconntlo JLate. gg(t:ugl | ysietvhee abaqve-descri bg&i at ent

publ i cati on"* B SR BEE HH "R EnPrEcinet e W TohpSIAE S ﬁcggﬁﬁ? ©f reacting
by TS-1 cansbeibxy dieadurdowsvéreet neelitoxiktdts owasuaed on the

di sadvant aggegsdi Ncddaicdthe a60B¥SHEhOILOfb Haziing agediatsvd ow in the
case of usi ng 15 hydrlo&egtpﬁr gm de as tgseeéJXécpi zing agent for the

epoxi dat i on"FERBHT off HWid 341 REE §™ri nY- BPEHI N reaction of epoxide takes
pl ace 30 produce*BgA/duis a Rersel pere¢viize adecoopsssd Furhheke the

nol ecul ar sieve-descrddrd et okhat- padenteHtsogat, i 98 bgpbégduivh the
activity 20 decreasi t her. words, sh in_the catalytéc life

n%¢at % i.n , gat
and t her ef oPESY Mg t2h& H&S&arial gogu%’f%@]eed 828 1PEgRnET AT T (YFeat nent
on great oceastpurmhdaving standsalby kidhatydkdbesacbe itncrdasing

i mpl enent at {00 & Al i ddUskr hal sk&t &y AmgPving ehberehand,n i n recent
years, a synthetic zeqlite awgg a structure code M/\Y/yaglfferent from MFI
and * i sTRE% r atI G rat PENBPORE SGuEETERT BrBTtES 4 Her eof s

di scl osed, @oscbxsaplan exxamplPe AWBEre 20 AP ouRgt éntapebleent 4). 30

Further, in.Beng W.pTakashiafatsubk:enddlakayykierKoppisu, Chemistry
Letters, 774 (2000) (Non-PRatent  Docunment 4), it is reported that a
cycl ohexene® XYt TarFeas& 18P0 8 c L5 ¥ Vﬁﬂ%&“ﬁg"& EPPELEIT i ne

titanosili cetmverpimmiafi wgidititanigentatiomliow thetbeysasad of rustirgre and 35
havi ng; a Stl?j}}@iélﬁ& G, VMY a8de i ¢h Zd 14 ney GlyeRexepe tiwsi ng hydrogen
peroxi de anepéﬁﬁég%fggaf%%%%&ggdand since a ring-opening reaction of

epoxide takes place to produce glycol, the selectivity

decreases. Further, the molecular sieve described in

that patent publication is high in the activity

20 decreasing rate, in other words, short in the catalytic
life and therefore, must be repeatedly subjected to a
regeneration treatment on great occasions and this stands
as a l&rge obstacle to the implementation in an
industrial scale,

25 On the other hand, in recent vears, a synthetic
zeolite having a structure code MWW different from MFI
and *BEA is attracting an attention. The production
process thereof is disclosed, for example, in JP-A-63-
297210 (Patent Document 4).

30 Further, in Peng Wu, Takashi Tatsumi and Takayuki
Komatsu, Chemistry Letters, 774 (2000) (Non-Patent
Document 4), it is reported that a cyclohexene oxide can
be produced by producing a crystalline titanosilicate
containing a titanium atom in the crystal structure and

35 having a structure code MWW and oxidizing cyclohexene
using hydrogen peroxide and using the obtained
crystalline titanosilicate as the catalyst. On the



crystalline titanosilicate as the catalyst. On the - 5 - 7 Septenber 2006
i nfrared absorption spectrumof the crystalline titanosilicate containing
a titaniumatomin the crystal structure and having a structure code MW
nmeasured in the dehydrated state, an absorption band having a relative 5
maxi mrum val ue at 960 cm is observed. However, the yield of the objective
is not sufficiently high, both epoxtde -and diol are proddﬁkﬁwmhﬂféoﬁairly
| arge anount, failing in exhibiting a tendency of selectively giving
ei t her one cogpoqu and ;herefore %éqﬂf tECh@I e _has a problem for

i ndustri al s rPRoGER< FarT oﬁﬁgglg é@g been made on the
oxi dati on réab@mQﬁﬁkﬁcaﬂ¢ glatrangoapd U arsiurg agomt inhahbsi $restal as t he

catal yst angks:paiaxiga aaving aoétﬂhczﬁﬂga QpRfat Mwwhaeragﬁb@aque #Heacti cabl e
in industry of t hese

) ted and th in

t echni ques %%HV%%PEﬁﬁqﬁﬁﬁﬁe.saGe? S???ﬁ%?ﬁj RdtﬁéﬁﬁPaua ﬂ |aIIy
appl i cabl e maxireny wilefe atc8fPoomdsis soprrvedst found. (Patent Document 1)
N L et e

u - u - A-
CRon Pat ent SEBERHSRELY TAPTacD0F R AT il %6 RESIETH it 11 on
edited by Nvfakﬂkx ,LaDge. ambuet, BH. i@ san exhdbChinBaertendancy 30
El sevi er (29913eﬂ@&qweq&egav@ﬁgumeﬁ)on@%%go%e agflq Tet&addor¥a) i M

(conpn}ers) Zeolite, no

a Scl ence and Englneerlng of
Zool 11y )t P ek SRRnEnB ol TS, L28UGRE 351 (RER: Pat ent Document
3) As such, although various proposals have been made

on the oxidation reaction of an olefin compound using a
titanosilicate as the catalyst and a peroxide as the
oxidizing agent, the technique practicable in industry is

15 limited and the olefin compound to which any of these
techniques can be applied is very limited. A technique
industrially applicable to many olefin compounds is not
vet found.

{Patent Document 1)

20 U.S. Patent 4,410,501

{Patent Document 2)

JP-B-4-5028

{Patent Document 3)

JP-A-7-242649

25 {Patent Document 4)

JP-A-63-297210

(Non-Patent Document 1)

Atlas of Zeolite Structure Types, 5th edition edited
by W. Meier, D.H. Meier, D.H. Olson and Ch. Baerlocher,

30 Elsevier (2001)

(Non-Patent Document 2)

Yoshio Ono and Tateaki Yajima (compilers), Zeolite
no Kagaku to Kogaku (Science and Engineering of Zeolite),
published by Kodansha (July 10, 2000)

35 {Non-Patent Document 3)

Hyojun Kagaku Yogo Jiten (Glossary for Standard

Chemistry), compiled by Nippon Kagaku Kai, Maruzen (March



Hyoj un Kagaku Yogo Jiten (G ossary for Standard Chem stry), conpiled by
Ni ppon Kagaku Kai, Maruzen (March - 6 - 7 Septenber 2006 30, 1991)

(Non- Pat ent Docunent 4) Peng Wi, Takashi Tatsum and Takayuki Komat su,
Chem stry Letters, 774 (2000) 5 Disclosure of Invention An object of the
present invention is to provide a titanosilicate usable as a catalyst in
an oxidation reaction, a process for preducing the titandSeptemlpraddltand 10
a process for produci ng an oxidi zed conpound by an oxidation reaction
using the titanosilicate. As a result of earnest study, the present
inventors Hive'f8dAd that a titanosilicate having an infrared absorption
spect rum nmeasur edNpn-rheente Bmratemdt dtat e such 15 that the absorption

spectrum has an absorphi of, A hRLLRY Qné%ﬂé%&i”%dﬁ%@u"?" ue at 93015
cml acts effectivély as the catalﬁst in an oxidation reaction and

provi des an& d d8npSdRAwi th high selectivity. The present
i nventbon has been acconplished 20 based on this discovery. Mre

speci ficall y: sLh8sREESEAITA on (1) is a titanosilicate represented
by the folloafng gonpdi?t%ona ormula (1), wherein in the infrared

absor ption spect PAnPPHeSk RHfedhien PERESRENYRIT SR EPTs tidt &° PREVABEORpti on
spectrum 25thasnasibbsatptisableand havatglywst elratdny exigicaum val ue at

93015 cmi: LLio lea ' : %) S (wh LN s from
0,000 T0 0151 58" b B ESe (e hestili i Didabsitifaler S aucing

the ti?anos?l PESFESdf IPhePTRREIRE PRVERIFHEPD (QOMPOERSt B¥r 27t he present
i nvention (bkijatsoa ypsaceissn usdhgptbducl tahai laxiadiezed conpound, wherein

an oxi dation As a result of earnest study, the present inventors

have found that a titanosilicate having an infrared
absorption spectrum measured in the dehydrated state such

15 that the absorption spectrum has an absorption band
having a relative maximum value at 930%15 cm™ acts
effectively as the catalyst in an oxidation reaction and
provides an intended oxidized compound with high
selectivity. The present invention has been accomplished

20 based on this discovery.

More specifically, the present invention (I) is a
titanosilicate represented by the following compositional
formulal(l), wherein in the infrared absorption spectrum
measured in the dehydrated state, the absorption spectrum

25 has an absorption band having a relative maximum value at
93015 cm™*:
Compositional Formula (1)
XT10,+ (1-x)51i0,
(wherein x is from 0.0001 to 0.2).
30 The present invention (II) is a process for
producing the titanosilicate of the present invention
(I).

Further, the present invention (III) is a process

for producing an oxidized compound, wherein an oxidation

35 reaction of an organic compound is performed using an
oxidizing agent in the presence of the titanosilicate of
the present invention (I).



35 reaction of an organic conmpound is performed using an oxidi zi ng agent
in the presence of the titanosilicate of the present invention (l). - 7 -
7 Septenber 2006 The present invention conprises, for exanple, the
following matters. [1] Atitanosilicate represented by the foll ow ng
conpositional formula (1), wherein in the infrared 5 absorption spectrum
measured in the dehydrated state, the 7 absorption spectrurﬁsﬁa@m g1 2006
absorption band having a relative maxi mumvalue at 93015 cmi:

[ Composi t fonal FRBLIL (TLO2:of T 02 10LBECRL 0. x 4y From 0. 0001

to 0.2). [2] The titanosilicate accor erein in the infrared
absor ption YWY M@4$6F8cd in the dehydrated state, the greatest val ue
in the region of{1P00@ ¥58aaskidicite Ahswsphited Bpeeheumitowpiesent in the
15 region o 015 .cm.. | tangsi | j.cat, ordLn [2], wherein
in the infér%rr?pgo gt.bls(%ira&t i[fglﬁmgggc“rt’m“ﬁ]e?aljse&%ed%i %Efghégkﬁ%ﬂ%%r ated state,

t he great estPSRANRIE I SPRELEBY| BERHIreDo: 356 dehveratae b pthihen

spectrum i Sayg@SSilon BpkbBerudOhie R OMHorP2ALd sahd hddidhestitanosilicate
according t . one _of. | ai [1] - rein in the infrared
absorption P%%%%Jtv%u%a%égg&r g%f?% %%egﬁ]éfhlf\é\gglt e€d state, the absorption
spectrum has an Esfwositéanpantoriviag lad rel ati ve maxi mum 25 val ue at
101015 cm in additiemribg O3G&hsiegi . [5] The titanosilicate according to

any qne of Wa‘%reé&ﬂ n \gﬁgerf?hﬂ 6”06&'16 tionfor.a}Bed absor ption spectrum neasured

in the dehy staté, "the absorption 'spéctrum has an absorption band
havi ng a rel ati Ve Inedibguiiivanreel hicges pscogdism tonl hildivhese #o 193015 cni .

[6] The titanwsidircated aBeorpti¢h tapatitrudneecabukddi- if She Which is a
tCLgs;gL\lj:arnec}(eEﬂr);ac%na%%dl Is%%ﬁ:g, h@'l\'{tla nc?reaatessttr %%E.Hgaeigogge ka'/t\ex/gfohnaroafc;t eri zed by
900-950 cm™? of the absorption spectrum is present in the
15 region of 930%15 cm™.

[3] The titanosilicate according to [2]), wherein in
the infrared absorption spectrum measured in the
dehydrated state, the greatest value in the region of
900-950 cm™ of the absorption spectrum is present in the

20 region of 930%10 cm™.

[4] The titanosilicate according to any one of
claims [{1]-{3]), wherein in the infrared absorption
spectrum measured in the dehydrated state, the absorption
spectrum has an absorption band having a relative maximum

25 value at 1010*15 cm™ in addition to 930115 cm™.

(5] The titanosilicate according to any one of [1l]-
[4], wherein in the infrared absorption spectrum measured
in the dehydrated state, the absorption spectrum has an
absorption band having a relative maximum value at 865*15

30 em™ in addition to 93015 cm.

[6] The titanosilicate according to any one of [1]-
[5], which is a crystalline titanosilicate having a
structure code MWW characterized by the powder X-ray
diffraction pattern shown in Table 1:



diffraction pattern shown in Table 1: - 8 - 7 Septenber 2006 [Table 1]
Table 1. Powder X-Ray Diffraction Lines Provided by MAMVStructure

Rel ative Intensity d/(err) (s: strong, m nedium w weak) 12.30.6 s
11.00.6 s 8.80.55 6.20.4 m 5.50.3w 3.90.2 m 3.70.2 w 3.40.2 s 5
(in the above Table, "d/ A" neans that the unit of the Ilattice spacing d
is Angstrom) [7] The titanosilicate-a8cording to any one ’cfEPEaper 2086 [ 7],
wherein x is from0.001 to 0.2. [8] A process for producing the

titanosili cattI%blll_}Olﬁiescri bed in any one of [1] to [7], conprising the
followng first to fourth steps: First Step: a step of heating a mxture
contai ning a tenpPite 1bon‘ﬁﬁ§'(?ﬁ?t£ XzRByr BAL Epat bl on gl nonpowvdded byl icon 15
cont ai ni ng conpound and weMww dugueki:@en a precursor (A); Second Step: a
step of acid-treating the pre g ). ined in the first step; Third
Step: 20 a step of heating thlgg%?:?ld‘iéﬁé%%g%%wecur sor (A) obtained in the
second stepd’(/éget her with a ni&tuiteondontfdi peAgua. tenpiedle) conpound, a
titani um convasmong compoundsand water to obtain a precursor (B); and
Fourth Step:;,23.8 gtep of calgining the precursor (B) obtained in the
third step tsoegg)taln the titanosilicate.

5 s
6.2x0.4 m
5.5%0.3 W
3.9%0.2 m
3.7%0.2 w
3.4x0.2 s
5 (in the above Table, "d/A" means that the unit of the

lattice spacing d is Angstrom.)

[7} The titanosilicate according to any one of [1]
to [7], wherein X is from 0.001 to 0.2.

[8] A process for producing the titanosilicate

10 described in any one of [1] to [7], comprising the

following first to fourth steps:
First Step:

a stép of heating a mixture containing a template
compound, a boron-containing compound, a silicon-

15 containing compound and water to obtain a precursor (A};
Second Step:

- a step of acid-treating the precursor (A) obtained
in the first step;
Third Step:

20 a step of heating the acid-treated precursor (a)
obtained in the second step together with a mixture
containing a template compound, a titanium-containing
compound and water to obtain a precursor (B); and
Fourth Step:

25 a step of calcining the precursor (B) obtained in
the third step to obtain the titancosilicate.

(9] The process for producing the titanosilicate



[9] The process for producing the titanosilicate - 9 - 7 Septenber 2006
according to [8], wherein the following first-2 step is perfornmed between
the first step and the second step and the substance obtained in the
first-2 step is used instead of the precursor (A) in the second step: 5
First-2 Step: a step of calcining a part or entirety of the recursor (A
obtained in the first step. [10] The prfocess for produci ng $epksmber 2006
titanosilicate according to [8 or 9], wherein the following third-2 step
10 is perfortmggd. t hi and.the.fqu t t.he
subst ance obt al ne hﬁﬁ%tﬁhiﬁﬁ’m{?ﬂaége% 2%9. g%&s}gﬁlkgnﬁgsa‘g %PS% ltgr ecur sor
(B) in the fRAFAIFTECepetvenn tho Ky siep épdoFhacraceneatian) 2@9art or
entirety of tihe substpheeusbosaifdd) ibttdiengdrism-thetépi 1€ sdep. [11l] The
process for i i ilicat oL dj t y one of
[8]-[1251, m%%%%%t %g ?'gigl %lv’mé%g?%%l(% gmst%g% %gégg?f%f%')d/ bet ween t he
third Step ofirsthi%r §*2Pstep, and the fourth step, and the substance 20
obt ai ned in the thistédp3ost eplebnitsedc ipastcad ehtihety pscitesor (B) in the
fourth step: Hhrd-3 ﬁh‘?pbb@a%&? ﬂ{jﬁ%atfiiﬁ}gtt Q?%g ecursor (B) obtained in
t t

the third ep, or e acid-treated precursor obtained in 25 the
third-2 step, in[t!Rd pFreSeRERCRH}S & FndIEHNG TageRbe sbt BANID- dWért® t he

| ayer ed precateardingotbheseby pdivfheridia thtaFeldéwime whipery2ositkpon

t hereqf, [12 S r.aduci t [ osi | i rding to
any ond of [ KX PEIED Rcrerh it tdtd BEb' ART0S ARbA 2CH

ni t rogen- cort™® gy SEBRPBLRE. optmnethd npithee§8iFdr2 pHeriucisngseRe
titanosilicatrstea@cotdtRg poedddor WEGr @nnthBesdhitooeteont ai ni ng
conmpound i s ﬁmrrée_zag%gr_ guat er nary anmoni um conpound. [14] The process

for produci nthhe zeol'fte 35 substance according to [12], wherein the
ni t r ogen- a step of acid-treating a part or entirety of the

15 precursor (B) obtained in the third step.

[11] The process for producing the titancsilicate
according to any one of {8]-[10], wherein the following
third-3 step is performed between the third step or
third-2 step, and the fourth step, and the substance

20 obtained in the third-3 step is used instead of the
precursor (B) in the fourth step:
Third-3 Step:

a step of heating the precursor (B) obtained in the

third step, or the acid-treated precursor (B) obtained in

25 the third-2 step, in the presence of a swelling agent so
as to swell the layered precursor, to thereby modify the
state of the superposition thereof.

(12] The process for producing the titanosilicate
according to any one of {8] to [11], wherein the template

30 compound is a nitrogen-containing compound.

[13] The process for producing the titanosilicate
according to [12], wherein the nitrogen-containing
compound is amine and/or quaternary ammonium compound.

[14] The process for producing the zeolite

35 substance according to {12], wherein the nitrogen-
containing compound is at least one member selected from
the group consisting of piperidine, hexamethyleneimine



cont ai ning conpound is at |east one nenber selected from the group

consi sting of piperidine, hexanethyleneimne - 10 - 7 Septenber 2006 and
a mxture thereof. [15] The process for producing the titanosilicate
according to any one of [8] to [14], wherein the boron- containing
conpound is at |east one nenber selected from5 the group consisting of
boric acid, borate, boron oxide, bordf halide and trial k>7|Ssaﬁe@h@r.20§q6]
The process for producing the titanosilicate according to any one of [8]
to [15], whgglgig r%hxetusliel it%%r%éogont ai ning conmpound is at |east one nenber
selected froml e group consisting of silicic acid, silicate, silicon
oxi de, silicon hb}?He THaupe@cssFi éas, Predudidikihe ghithpspilteates and

col I oi dal skké6adidd Ao B PRECEES[ 6 Predr oG RGetiegnt thanesidi-cat e
according to_any, one of, 8l to;L16l.  herein the.rat L, of 45 boron to
silicon in FRECMXINH SAPTRE #Pret T2 i€ MY P nEoFCRE Hot™r ratio,
boron 3 sil tkengeowp Grnsgstdnglof[ #8Tiqmcishodesatior bproduet e t he
titanosilicabgon agLOIdH RGhd @ raBYkPMBodnd 8] to [17], wherein the ratio of
20 boron to sili in.the mxtur t_the first,st LS, in.terms of the
ol ar ratio, borbrel GHd e5deeey Baf Riqfeils rid) Braine licdld,
produci ng t Aecerdirmiqd agat eneae€ot @l nigp tlo Sdny wbesedn [:g? gl {ck8)-, wherein
the ratio oton2binBielcdmpoanki €9Nat Nddiex Hnd Wetbat tbeedtdsdtrrdnep is, inN
Ler ms, of g, J0LAL, T aldQrs MRLEr op S11100N 528 19:300.: 01 o1 12Q), The
process for pro%lﬂmpngot e Stitdnosi Treate “accdr di 6?5 any-‘oheof (8] to
[19], wher epridee gidtlicenohalidapl fered digdged t seskpRtbnlin the mixture at
the first 39reh&Pilivatie’d LAEMBoPioide) Miakar.atio, tenpl ate conpound

silicon = 0.1 to : 21] The process, far produci the titanosilicate
according to any{]§7n]e éffhe{ QfLFSSfl r %ﬁ?&uﬁlﬁlfﬁgehgﬁgﬁﬁsl & ature in
the first seepo¥dirdg dm BhY poe20H( 8] to [16], wherein the ratio of

15 boron to silicon in the mixture at the first step is, in

terms of the meolar ratio, boron : silicon = 0.01 to 10 :
1.

[18] The process for producing the titanosilicate

according to any one of [8] to [17], wherein the ratio of
20 boron to silicon in the mixture at the first step is, in

terms of the molar ratio, boron : silicon = 0.05 to 10

1.

[19] The process for producing the titanosilicate
according to any one of [8] to [18], wherein the ratio of

25 water to silicon in the mixture at the first step is, in
terms of the molar ratio: water : silicon = 5 to 200 : 1.

[20] The process for producing the titanosilicate
according to any one of {8] to {19}, wherein the ratio of
template compound to silicon in the mixture at the first

30 step is, in terms of the molar ratio, template compound :
silicon = 0.1 to 5 : 1.

[21) The process for producing the titanosilicate
according to any one of [8] to [19]), wherein the heating
temperature in the first step is from 110 to 200°C.

35 [{22] The proceés for producing the titanosilicate
according to any one of [{8] to [20], wherein the acid
used for the acid-treatment in the second step is a



35 [22] The process for producing the titanosilicate according to any one
of [8 to (20), wherein the acid used for the acid-treatnent in the
second step is a - 11 - 7 Septenber 2006 nitric acid or a sulfuric acid.
[ 23] The process for producing the titanosilicate according to any one of
[8] to [22], wherein the heating tenperature in the third step is from
110 to 200C. 5 [24] The process for -pridduci ng the titanosi/|Sepigiier 2006
according to any one of [8] to [23], wherein the calcination tenperature
in the fourth step is fc(rorg 250 .95 700393 [ 25] The process for producing
the titanositrcate Jl% accordi ng 5 3ﬁy one of [9] to [24], wherein the
cal ci nati on t enpk?at urghd prdsessi £or- pradeping ttheormi2e0ost bigOOL. [26] The
process forapeoeELhdocd Nt idn@nesi [Bgate [ ACLORBidi@ihotaBYhoReif [8] to

[ 25], whereicn in_the thir 1% stﬁps t he, agg d’-trli%t %d Bégggrsor (A

obt ai ned i n"THREEREH ¥t &fCald FReSHERt 17 & FhtldilnitRg 280t Bhpl at e
conpound, a titahdén ct @ingcegscbapopnadamichavdther tdktenopibitausly m xed

and then heatgdralfled P Reecss §o5 €6 odur] ngHeh@ihi tggosilicate 20
according tg he

ny one of t 26 erein.in the third s &
aci d-treat eﬁag?%%ﬁ]s‘?ﬂ %rEQP%Sa @d}é\%/ CH SGEP it ﬁﬁﬂms%cgcﬁ %hat a
m xture conf@¥n¢ng the acid treated precursor (A) obtained in the second
step, a titani umspnt@idigieceaBPeyhds Aol L haNdiRaAbXt U #at D
cont a@n ng a.ter iat 6 £0 ougg and tgr [(a]ie ch rege(__JIL sggarately, t he vapor
of the’ cont |n|%%gtenpalé’t8 ch‘pB d anls Wat &PeF§ Bab%%d to contact the
m xture cofdbdmatiahdanipezaitunecont e figsdopstag aadfirere 200
(acid-treated)7pseeursor (A). 30 [28] A process for producing an oxidized

conpound, g:orrpr!néé g eerforréi ng ?g oxi%g}i,on rﬁacgll.og ofifm_ Qr gani ¢
conpound usi ng t Xi d1% PAGCEGRNt OF P Prds EREe PoF2PRR 11938 % hosi 1 i cat e
descri bed i aceowdione twf gny] one p¥] (8] to [25], wherein in the third

15 step, the acid-treated precursor (A) cobtained in the
second step and the mixture containing a template
compeound, a titanium-containing compound and water are
previocusly mixed and then heated.

[27] The process for producing the titanosilicate

20 according to any one of [8] to [26], wherein in the third
step, the acid-treated precursor (A} is treated by a dry
gel method such that a mixture containing the acid-
treated precursor (&) obtained in the second step,'a
titanium-containing compound and water and a mixture

25 containing a template compound and water are charged
separately, the vapor of the containing a template
compound and water is caused to contact the mixture
containing the titanium-containing compound and the
(acid-treated) precursor (A).

30 [28] A process for producing an oxidized compound,
comprising performing an oxidation reaction of an organic
compound using the oxidizing agent in the presence of the
titanosilicate described in any one of [1] to [7].

[29] The process for producing an oxidized compound

35 according to [28], wherein the oxidizing agent is oxygen
or peroxide.

[30] The process for producing an oxidized compound



[ 29] The process for producing an oxidi zed conpound 35 according to [28],
wherein the oxidizing agent is oxygen or peroxide. [30] The process for
produci ng an oxi di zed conmpound - 12 - 7 Septenber 2006 according to [29],
wherein the peroxide is at |east one conpound selected fromthe group
consi sting of hydrogen peroxide, tert-butyl hydroperoxide,. tert-anyl
hydr oper oxi de, cunene hydroper oxi de,= ety benzene 5 hydrogéFH?F 2006

cycl ohexyl hydroperoxi de, mnethyl cycl ohexyl hydroperoxide, tetralin

il ove ) G LSGRYT Y DREEN BVULODLON S B ) MG Aeng
oxi di zed cofpBRAERd 19 RETIHITTP™ Fhangrone ePngi]ing JE3 Fdrﬂﬂéﬂeln t he

oxi dati on r@aebkgae;stémﬁiguﬁyadhyarbberakgangﬁéﬁﬂ_amyl | east one sol vent

sel ect ed frgghghgegégy ), %ﬁ” %ngEpe?o§9Q§|§§d1 gt.ones nitriles and

wat er. [32] rocess Tor di z enzeh8 15 according
to any3one éVdFQE?I@él?%QCWHéﬁ@ﬁHYﬂh Yék@@ﬁﬁ?%ﬁﬁewé%%@NéﬁY@iohﬁX!#ganlc
conpound |sh?ar@§éﬂ@ii&élrﬁﬁgﬂdyaﬁ hofirap6asbde Cardepntgaubhegehond. [ 33]

The process | QkoBLOSHERNT Ak, GdheR, SOIPRUI S0 gyt 0 any one of

[26] to [32 ation rea an organlc compound is
an epOX|daPﬁ§ﬁC¢éa%t¢%hﬂor a diolation reaction. [34] The process for

produci ng an oxi gzzed mma&ssaeeergra@uéﬁa@% @38 dekeB26bmpOurtB1] .
mhere& OXI ation reactian ound an 25

t he a
anmoxi ﬁ&tl of - BF Jé?g e3¢t |ypt°in5‘n°of {%Eé % @@ Hesh a!tgghematl c view for
|IIustratlngxadab¥@@e%%ﬁqﬁﬂonpﬂédﬂérﬁgraeé|xQnﬁhﬁInn@éﬁecgubét@hce by a 30

post - synt he&bﬁs’@r@ﬁé‘sé?ol\;@rﬁ: s%lb&téa EPbh aned sy Rbhensepgegtsym of
tltan05|llca e ﬁrPQUle n Exang les ang‘wéils the first differentia

(differenti enes, ni
[32] The process for producing an oxidized compound

15 according to any one of [26] to [32 wherein the oxidation
reaction of an organic compound is an oxidation reaction
of a carbon-carbon double bond.

[33] The process for producing an oxidized compound
according to any one of [26] to [32], wherein the

20 oxidation reaction of an organic compound is an
epoxidation reaction or a diolation reaction.

[34) The process for producing an oxidized compound
according té any ocne of [26] to [31], wherein the
oxidation reaction of an organic compound is an

25 ammoximation.

Brief Description of Drawings
Fig. 1 is a schematic view for illustrating a
process for producing a titanosilicate substance by a
30 post-synthesis process.
Fig. 2 is an infrared absorption spectrum of
titanosilicate produced in Example 1.
Fig. 3 is the first differential (differential of
first order) spectrum of Fig. 2.
35 Fig. 4 is the second differential spectrum of Fig,

Fig. 5 is an XRD pattern of the substance obtained



first order) spectrumof Fig. 2. 35 Fig. 4 is the second differential
spectrumof Fig. 2. Fig. 5is an XRD pattern of the substance obtained -
13 - 7 Septenber 2006 in Exanple 1. Fig. 6 is a WV spectrum of the
substance obtained in Exanple 1. Fig. 7 is an infrared absorption
spectrumof the 5 substance obtained in Conparative Exanple 1. Fig. 8 is
an infrared absorption spectrum of t-he3 substance obtai ne SFﬁe'ﬁfﬁﬁg%ati ve
Exanple 2. Fig. 9 is infrared absorption spectra of MW type
titanosilicate subs# ances having various Si/Ti ratios 10 obtained in
Exampl e 7. BEPgE*3P1% bn XRD pattern of Catal yst-3 substance obtained in
Exanpl e 8. Fig. Tigi st are XRDUVi seatedmabsorlpt i orbsgpecer ohtoine€atml yst - 3
substance obkajhped in Exanple 8. 15 Fig. 12 is the first differential
spectrumof Fig._.11. Fig. 13 is the second differential spectrum of Fig.
11. 20 Best Modeftdr %:alrﬁgﬁnng‘néﬁﬁr?ﬁea?ﬁ?fé%’iodh Eﬁ?l%irHB‘ePgwth? he present
i nvent Pon wshbsbencesvridiadd iin Gempprativd Bxsfmarlende t o t he acconpanyi ng
drawi ngs as despigd.g iy the ihekhewhngnhsesstidH isPrctrin dRdehPart(s)”
representi ngug ﬂuantlt t|.\{1e pI‘.Opgl‘tl on_or era%%o rezt hose 25 based on
mass, unl es§U6FHRPHF <& ¢ $BeEPPPRARTYYS (BRA% 2invention (1)) The
present inventioRigl)? iiss finferarddsabsbept iThepaptesent MAVehypon (1) is a
titanosilicateahspl EsMLERYtahbesT RhL O Neh GYMROSEYIroNabe fOE nul a (1),
wherew in tEg 30 ‘%]I’lfl‘ ed I’albsgrptl on spectrum neasured in the dehydrated
state; the 38508t o’rf’?{i@&p &m’has an absorption band having a relative
(or local) maxinbihgvalluesatend3B8bspabhetn of Catalyst-3 substance

obtained in Example 8.
Fig. 11 is an XRD infrared absorption spectrum of
Catalyst-3 substance obtained in Example 8.

15 Fig. 12 is the first differential spectrum of Fig.
11.
Fig. 13 is the second differential spectrum of Fig.
11.
20 Best Mode for Carrying Out the Invention

Hereinbelow, the present invention will be described
in detail with reference to the accompanying drawings as
desired. 1In the following description, "%" and "part(s)”
representing a quantitative proportion or ratio are those

25 based on mass, unless otherwise noted specifically.
(Present invention (I))

The present invention (I) is first described. The
present invention (I) is a titanosilicate represented by
the following compositional formula (1)}, wherein in the

30 infrared absorption spectrum measured in the dehydrated
state, the absorption spectrum has an absorption band
having a relative (or local) maximum value at 930%15
cmts

Compositional Formula (1)
35 xTi0,* (1-x)S10,
(wherein x is from 0.0001 to 0.2).
The titanosilicate of the present invention has an



Conmpositional Formula (1) 35 xTi@2(1-x)Si®2 (wherein x is fromO0.0001 to
0.2). The titanosilicate of the present invention has an - 14 - 7

Sept enber 2006 infrared absorption spectrum neasured in the dehydrated
state, where the spectrum has an absorption band having a relative

maxi mum val ue at 930 15 cm'. However, the absorption band havin
relative maxi mumvalue is not 5 |i m-tédr thereto and an abgéfe?)'F‘i“B‘ﬁ g%ﬁd
having a relative maxinmmvalue also at 860 15 cm or 1,010 15 cm nmay

al'so be presepf, £y acissoa:%t%%ﬁorgg%»??m? Jlﬁ%'d‘%n the e'géggéﬁ? £Bxi mum val ue

at 960 cnl as " seen in an05| s c¢an al's resent in
combi nati onstabee M@rpﬁ dfher gpey trum %ai)rceff s ptian, bﬁﬁdth@"mﬁ réar ed

absorption spest N MBASHTEGalliet BE demyﬂrme%’stamwebbe gheat est (or

maxi mum value in the.re n,9f 990-950cm 1 of r spectrumis
present in ?ﬁ%°$%tl°n I%BSlaVlﬁfgc% rratl)trleVe Fer e era Vg?ag ?%e c?tange of 930
10cm )3 15 bnlalwféttfterr@tatr @adofnt hesem%#% |hmdbéﬁalnavan§e?m@ver el ative

me' um Vﬁl Vﬁaalaim&ﬁcballﬁe Gisol at: geger idhadm™ tdat,af ot belabﬁmlpmpn band
aving the relative ue_at 0 e present
ﬁ dﬂ%% aéso ag aég%éﬁglonH%aggehaVLn

i nvention, eln?rare rption mastred is
char act eri zeell dyiem mm@pﬁﬁéﬁesﬁe&@erﬁ%eﬁfselsﬁﬁetnhénaﬁ%?bahce
correspondStiean&mlo:radjeeahenaxnso Babidinaie adibehatOsh esp@ids to the

absci pga axi efé}ab% Q.Spg§'alfg.lcg%é ﬂscﬁ%s\%ﬁeiﬁ?%ﬁ&ée“s“c of the

spect Tum byPtSiH sorption rum wher €i i transmttance
corr espondsabﬁ)orm‘ewfbrsdlieﬁ’aﬂféma%?ésu rthe debydrpredesitatawdits on, the

characteri sgr@a@éshﬁ h(%hrsrae&tlfuuml ﬁaDﬁ@Sﬁ’{)iﬂlﬁd rb)glugi 8¢ ?@@-9'51’12&@1‘ pti ﬁn
spectrum si & characterijs an. he Cri clearly, t he
nmeasured vafl 'gh Sor \Fér"%‘eap‘-‘%g. nto the >3 Eorl aﬁg% A heéA,g’)rggsent
i nvention, bflia@Erseﬂonm@rBéQg@bﬂwv ohn ﬁ%eramm o 43Petatfs®’ hiaxi num

val uej's i ncl ygl@st @t the area of the absorption band having the
relative maxium valve at 930 * 15 cm™ is larger than
that of the absorption band having the relative maximum
value at 960cm™.

Herein, in the present invention, the infrared

20 absorption spectrum to be measured is characterized by an
absorption spectrum wherein the absorbance corresponds to
the ordinate axis, and the wave numbexr corresponds to the
abscissa axis. It is also possible to discuss the
characteristic of the spectrum by using an absorption

25 spectrum wherein the transmittance corresponds to the
ordinate axis. However, in the present invention, the
characteristic of the spectrum is prescribed by using the
absorption spectrum, since the characteristic can be
described clearly when the measured values are converted

30 into the absorbance.

In the present invention, of course, the "absorption
band having a relative maximum value" includes an
absorption band having a relative maximum value in the
spectrum. However, in the present invention, the

35 "absorption band having a relative maximum value” also
includes a case (such as shoulder peak) wherein an
absorption band is present reasonably or definitely in a



absorption band having a relative maxi numvalue in the spectrum However,
in the present invention, the 35 "absorption band having a rel ative
maxi nrum val ue" al so includes a case (such as shoul der peak) wherein an
absorption band is present reasonably or definitely in a - 15 - 7

Sept enber 2006 position of interest. This treatnent is based on
following reasons. That is, in the cake -of silicate conp&éﬁﬂ%mb?ﬂ@9% is
present a very strong absorption band due to Si-O-Si in a5 region of
1010-1250c n_ab n band present in a region of 900-1000cm 1
is inevitab y aggog O% %ﬁkéﬁré% | arge absorption band to a certain extent.
Therefore, whenThhe %%ﬁﬁﬂmﬁﬁﬁ)M@ebﬁéaéu@édth%sz@kQﬁ%PQMngﬁsoééncentratlon

or the neasghagent, conditié (H)sssearoaf IQQl&Qtép@cﬁ@ﬁdrﬁiﬁ, thlerksjgot rare that,

al t hough therrgségt m\peelr enti_rly0 b%]gr trg ba dduaet 2 R eg erm ned
position, tRE“EEFTeSpORM ng mhs vRFU8"i practical Ty tecdgnized,

and onby a §HGE|PGe‘Pfpb‘?ﬂ(o-'rls%w&ogmnzieén( ebsevetﬂ@m @erresgeak i's not

practical | yihSar 6996 Z&ﬂ)900°—¢10f0|06§{f1, id tidey =818 %@@e&@e@%}ecﬁhﬂé"e
measur enment condrt ons_as zocr ed here nafter rovi de good

0 a
results, but® fﬂ%rebf%rgf%%& i A fﬁﬁ h%t?ﬁ&?%) SEFF§§ the relative
maxi mum val Weeshbiye dsder lele Mmezeurﬁ@rleﬁ B vans hﬂe@hof detecting the

rel ati ve maxbAYEht Y&t Uen Wher et @ehgﬁﬁémdﬁif&-.sreﬂtﬂla;!nscur:\éene{ t he

absorption s ectr nd/ r A se ond di en r thereof is
det erEr)réned "t"ljrrere is acl ear r?eFa ‘i[é %jata}m ﬁﬁﬁs A the a source

or original lgbeéw’ahh’ qmeabmmtrlep HFNe@‘érﬂrE&ﬂedﬁW@inhéreof shoul d cross
the 0 (zerppspeish, ofthd r&&réﬁpeaaengxhexim e Fi@i Rbt corresponds to

t he wave nunber di ng, t he r | ati the ot her hand,
even when hBF%CFgcar‘riC/)iy cl eaor(-;m K4 v%g ?(lim Ciu\i? ouTc’ce spect rum

there 30 w Fecpgniyed (i éb’telfbﬁl pbpniéebe@%ﬂe I arokf pemt:heabh? nt at
whi ch1§ he wadeogiHed) Pr oW dingtt hetr b abt o id MdMselect the

measurement conditions as described hereinafter, so as to
provide good results, but there is a case wherein the
method of detecting the relative maximum value should be
devised.

20 There is a method of detecting the relative maximum
value wherein a first differential curve of the
absorption spectrum and/or a second differential curve
thereof is determined. When there is a clear relatiee
maximum value in the a source or original spectrum, the

25 first differential curve thereof should cross the 0
(zero) point of the ordinate axis, and this point
corresponds to the wave number providing the relative
maximum value. On the other hand, even when here is no
clear relative maximum value in a source spectrum, there

30 will be two inflection points before and after the point
at which the wave number providing the relative maximum
value is to be present. Accordingly, in such a case, it
can be considered that there is a relative maximum value
between two points at which the second differential curve

35 cross the zero point of the ordimnate axis. When the
shape of a curve between the two points is near to
bilateral symmetry, it is possible to consider for



value is to be present. Accordingly, in such a case, it can be considered
that there is a relative maxi nrumval ue between two points at which the
second differential curve 35 cross the zero point of the ordinate axis.
Wen the shape of a curve between the two points is near to bilateral
symmetry, it is possible to consider for - 16 - 7 Septenber_ 2006

conveni ence, that the wave nunber corrisponding to the | odalePKiEFTeRP of
the second differential curve is treated as the wave nunber at which

there is in%g%eh&mg%% érféewra%ah};?ﬂﬁega&‘ St Soq{#%gl Qo! PfeSoUrce

spectrum 5 0SSl eto resence and
rel ati ve maxPfak WaPHéUIbfoﬁl’@H%é&cﬁéék@lﬁ)?er%%‘fﬂvdﬁ‘m‘ﬁengs( 5FedpPtti ng)
peaks with asceneewevel hymbeayv ait abliehsehéxrar s fioheadesanyobuessgt peaks

(However, r?ﬁ%&@e aESIE’I‘?{ut% %fm %ﬁ" WQ'%EPJe & tlgnused, in some 10

cases, there s §055| rtrari resolvin the peak). The
t erm "8ehydr at edF8£aber aBﬁlﬂﬁeélﬁﬁ Pﬁésbbe%e?ﬁ disprsst itds REAASNERAt wat er

adsor bed toahherembsie@eea;mnunbeamasufedlvmcnfpelw@orm@s an interfering

substance at,_1 ure £ . r ahsar pt i trumin
t he V|C|n|t998$ gag Feﬁi Qﬁg%%ll%tlkgs Q%%%V?qa'%'%ﬁﬁgguraggg state of an
i nt ended ab@@ﬁeﬂﬁbheb%ﬁﬁFW%fe ﬁP@vﬁGéGnV@¥Pﬁﬁﬁﬁﬂﬁﬁaks|ﬂHPHéV?Ftaﬂ%%$I|cate

of the presash hnyemhéONidiSy Aveieaslat eonbeire a@sersleed wat §6mé$ 20
Chee Mo mooRaParaitoragro e HARsERPEEY B LS ARG (ARSEILEST

specific neasurehen re ron'i s neas I Vé? maxi num
val ue of 93¢I8 Eﬁﬁk)86515 cni’ or 1,01015 cm' is not observed on the

spectrum This iBe COh der&qd&eteesukat@ewaedcmenowial bakéem: showi ng 25
the peak is;ioh 1(15(1? 2!&*1;% %d%%@?da&&%ﬁ%ed t%CCt% 'sﬂge¥an' D prder to

confirm such a péa ot bed The° absol ut e
anmount of REsBEABETeR( ethish tbﬁeoeaes@envelétqnfe@e%aebséance #ot a

probl esn andthe heasuidndriteris itheaiftabfedfayvalpytiing kbec8Pumeasur enent of
the infrareghgbégégﬁigp(%p%&%r%glEvzggaémq’ is removed and a
measurable state of an intended absorption band is
provided. In general, if the titanosilicate of the
present invention is in the state where adsorbed water is
20 present, even when the absorption spectrum in the above-
described specific measurement region is measured, a peak
with a relative maximum value of 930%15 cm™, 86515 cm™
or 1,010%15 cm? is not observed on the spectrum. This
‘is considered to result because the oscillation showing
25 the peak is inhibited by the adsorbed water.
Accordingly, in order to confirm such a peak, adsorbed
water must be removed. Here, the absolute amount of
adsorbed water on the substance to be measured is not a
problem and it is sufficient if a state of enabling the
30 measurement of the infrared absorption spectrum in that
region is provided.

Usually, the "dehydrated state" as used herein can
be attained by a treatment for about 1 hour while heating
at 500°C under a pressure of 107° Pa. More specifically,

35 this state can be realized by adding an appropriate
amount of potassium bromide to a titanosilicate sample,
forming the mixture into pellets, setting the pellets in



region is provided. Usually, the "dehydrated state" as used herein can be
attained by a treatnment for about 1 hour while heating at 500C under a
pressure of 10-' Pa. Mre specifically, 35 this state can be realized by
addi ng an appropriate anount of potassiumbromde to a titanosilicate
sample, formng the mxture into pellets, setting the pellets jn - 7
SegPenber 2006 ga quart z- made cel |, —add heating and thereﬂfeﬂ8@5§QPW§ the
cell for 1 hour at 500C under a pressure of 10-' Pa. Wen the dilution of

a sanple is 'c&‘éé‘ééé %a‘?:fét ’cetllﬂergnd'ﬁe B@%n@' ¥eb a&e hes ghovugrent i oned
Qf[ tI on Ot%

absorption of Si-OSI becones arge, an I nt er est
havi ng a vva‘?/%lhuﬁ%‘é IhGWe&r athah? 1‘61‘6‘&‘?1%11 3 §r§t§}§éFBo§§d1%n Féhe tail of the
| ar ge peak, and wisema thesdlifiptsochofina sdwgdreptiisoanefif F bt beeSt taarot be

obser ved.  THerel flsp e ydbhit ! ofle 4806 R ALAER BDLY:Desof nd o7 ™S of

the 10 weight ra potassiumb range of
sanpl € : po?la's%'ﬁﬂm}?ﬁ%’ﬁe&everﬁ b@ﬁg%)f Fd g |a§’S°ﬁEEé§§a‘P§/ Jtlbted’fﬂ?fat tention
to the preparain®m ofava npabket lommctc—hatrhaoqlo&hlr’t ¥.sobupbeps®sdi| drant

spect rum oafhe beaJ DU G eiepoa nd e BeLbelils dampaad. 15 Further,

it is necessary 10 adopt an appa a us or ““measuring’ infrared absorption
spectra andPhRARK GFemt lEGﬁH??’Fcﬁﬁn%ﬁ af CRFesurt: ci BreTsfUdect an
absor ption tibandt aftiont exesd. mdy apsed iy wethed terps erinertﬂﬁd as the

measyry ng r(?éflfrgc A did o‘ésﬁhé%%@%ﬂ %&;g:%'&%gsﬁﬁﬁ %?o % Y5ad. b“t in

thi s case, necessar ecting
m nut e abso‘i"’pﬂg%rPﬁoaﬁ?ﬂ‘Plee gPOt 55 HiFmamigiet ﬁeos%bﬂu?ﬁby v I%@bel ka Munk
met hod. | tnécesdadyeast pagcessaniyidd tsaha beuphestismnsf o mati on type

apparat us. C;g Mlcer’ dJn %35&55@% éﬁ‘oclﬂedfrgguﬁaﬁ\?”%&&%n%%r a

condition rrespon to a‘reso nore preferably
ocmi or |ed® Jqvenes wheandsPRFeRe O Hed 1gFesendanaerhtion (1), the
rati asof T'ﬂﬁ:tami: S'i@2 ipr eseassasy considdpteah HppaBat€anfdre specified by

the mol ar rr@éé%rzﬁcgcq qlrggleéf aB(sorptlon spectra and measurement

conditions which can sufficiently detect an absorption
band of interest. Transmission method is preferred as
the measuring method. A diffuse reflection method can

20 also be used, but in this case, it is necessary to adopt
a method capable of detecting a minute absorption band,
e.g., by modifying the spectrum by a Kubelka-Munk method.
It is at least necessary to use a Fourier transformation
type apparatus. Further, the measurement should be

25 conducted under a condition corresponding to a resolution
of 4cm™ or less, more preferably 2cm™ or less.

In the titanosilicate of the present invention (1),

the ratio of Ti0, and S5i0, present as constituent units
can be specified by the molar ratio. Accordingly, x

30 means the molar ratio of Ti0, present in the
titanosilicate and (1l-x) is the molar ratio of Sio,
present. In other words, x/(l-x) merely shows the molar
ratio of titanium/silicon and does not deny the presence
of other elements in the titanosilicate,

35 In compositional formula (1), x is from 0.0001 to
0.2, preferably from 0.001 - 0.2, more preferably from
0.005 to 0.2, most preferably from 0.0l to 0.1. Other



30 neans the nolar ratio of TiOQ2 present in the titanosilicate and (1-x)
is the nolar ratio of S 02 present. In other words, x/(1-x) nerely shows
the nolar ratio of titaniunm silicon and does not deny the presence of
other elements in the titanosilicate. 35 In conpositional formula (1), x
is fromO0.0001 to 0.2, preferably from0.001 - 0.2, nore eferab from
0.005 to 0.2, nost preferably fromO0-018to 0.1. O her p '@Epﬂtoéﬁber
2006 than titaniumintroduced into the framework (or skel eton) by

substi tuting g sc'ltfaO?Hm Rhéf@a&gé NSGLEnBr B EMLwd Ik {jclle s?éetl%tBHg of the

crystal franmeworKk coordination t1tani um speci es
anat ase- | i kéo#t |5tué)ﬁ‘t&ﬁ41516${| e W%’exﬂ%ﬁanhﬁ%‘ﬁ/@?“%?ﬂé@‘@sﬁﬂ%ﬁpum speci es
out si de the dneaamawer kugeoer ehé yc:ﬁﬁm:ﬁrllerfatame%ekslﬂﬁr dseagdlieQn 60r narr ow

the pore 1o InNIRLLLNE dHLINAILOL Qi eae! apl and LAl & Qg Jihe amount
of these specieés ™ présent nay pre era n corrp05|t| onal
formul & (1) oxide FPECEPRBHS &/ | RoweyeTuntdess bétﬁ-fh@-lm /AT IS silicon

cont ai ned i rb'iit%&dbﬂ@hef £ 2ERERS Ke dfgwgmay aacéh@reﬁe@ecnme?srl@gtl taniumis
present outsi t he franmewor I n I t.anlu I,
ﬁe"‘ﬁcgugé‘t gal PyrerY e q‘ ks mk?b# t?lae a‘mtfﬂsslo%

f ramewor Kk, fic to pr écrsery ermne Eetitanium
cont ai ned i mad:éapheaflﬂamﬁ@re Géﬁ’é’r ampyntfof ‘ék%ﬁﬁpl@ecdﬁst he

ul t ravi ol et }jﬂe%lelﬂ!tema@bﬁﬁéﬂéiMySﬁt%Ctsh_uﬂ the absorption in the vicinity
of 2 % nmis asgbggggp%%&é@a n |d?é5hetﬁéa§% %il 4 he;gabsorption

inthe vicinity 'S assig 207 coor ontltsanlum
speci es out gisgameHe tPr Bfretie kra’fd-rffd Oft ﬁélaﬁgbr%@fﬂwqw tifs idecthfty of 330

nmis assi gnatneQorfNahasévét Keid ltﬁﬁnbﬁﬁbsﬁﬁﬁtéstlt%ﬁﬁ(ﬂndu@gb!‘eswﬁlen an

absorption is pr. t he VICInIt of 210, n t the
titanosilicat S&% Ejiﬁsgf PR m ns%&1 C5EM HR lrtaarPelV\or I%nsﬁ\ré\@f %E t he

titanosili caftr@rr@fﬂon?he ipreseantuabdentdiéficn}t hes RFeSSEdption in the
Vi ci nihky Ofde%%Qm@ﬂbaeHetbi@a:{ﬁmeaioslttamabdt ih@ideinaHe ffa@eeBik.i nside the

framevor k. %%E@&%&ly, gra£&§¥§¥HFNIn IhkSultraviolet-visible
absorption spectrum, the absorption in the vicinity of
210 nm is assigned to titanium inside the framework, the
absorption in the vicinity of 260 nm is assigned to 6-
20 coordination titanium species outside the framework, and
the absorption in the vicinity of 330 nm is assigned to
anatase-like titanium species. Accordingly, when an
abgsorption is ﬁresent in the wvicinity of 210 nm, it is
known that the titanosilicate contains titanium inside
25 the framework. In fact, the titanosilicate of the
present invention (I) has an absorption in the vicinity
of 220 nm and this reveals that titanium is present
inside the framework. However, when an absorption is
present at other wavelengths, the ratio of these titanium
30 species present cannot be guantitatively discussed even
by combining it with other means such as nuclear magnetic
resonance method or infrared absorption method.
Clearly known is only that the value in the molar
ratio of titanium to silicon calculated from the
35 proportions of titanium and silicon obtained after the
composition analysis by elementary analysis or the like
is the relative maximum value of the amount of titanium



present at other wavel engths, the ratio of these titanium 30 species
present cannot be quantitatively discussed even by conbining it with
ot her nmeans such as nucl ear magnetic resonance nethod or infrared
absorption nmethod. Cearly known is only that the value in the nnlar
ratio of titaniumto silicon calculated fromthe 35 proportlons
titani umand silicon obtained after th¥ -onposition anal ysi egmngzmm
el enentary analysis or the like is the relative naxi num val ue of the

anmount  of t'cto%gali%d 1351 é?@tﬁm%‘im%il% A&O@é L ngd.d nalde tBRe
f ramewor k. escri b ove ratlo tltanlun1éonta|ned
i nsi de t he FEAREWSREIPSOL df FFIEHN QQ§téFP8€t+95%Eﬁeﬁhﬁrﬁ?aWeHOFﬁelﬁresent

i nvention, Eﬁﬁf&heleoaue@ifémxﬂysdﬁﬂ@%mlhbe noh athe addexenft 5 titani um and
silicon cal Gvabedans ¥ol NeROTIANIA0AL o QLU addndin d 8 apabysi s of

conpositionis use tio of tItahium contained I nside t
framewdr k. THEPEEENSBA| §ERtEODCAlFE 1gtedeps Fniemammesdtiongher e S|I|con
i s substitutfedmayat I(11anbjdn‘&li@}'armryfsa.lsnoflGoﬁﬁ:dS@:rt:ﬁ:lrerﬁ&-ﬂtLﬁ;eldnaaddhéi onto

titanium - siiigan, 20d, SXYOSLINSOLAN AsaLheRs, Sl Bl S dRoNgLy 20 mich

adversely af't reactivi titanosilTcate in the
case of prodUC|n@h?héltﬁﬁ%ﬁﬂlﬂﬁ%ﬁq|QéaﬁéeoPr?ﬁ%Wtpk%%ﬂﬂﬁlqnnWéhtlon (1) by

the product ivp@rpr @QEﬁéoMSiél%Lﬂtﬁstb.QruQ@daBythﬁté;ﬂil.ul@tnw’yecS:lrl.@thtI ng agent,
whi ch, s de%%“bg.céellné%%é lx? quc{lyu,%rrﬁato E@Qﬁﬂm, |£°L %%n”% remain even

if an operatlon o] , very smal |
amount of bmaeaoeésqaé@rsaﬁ rﬁhﬂ?e &é@@eg‘eﬁ ydaffectsq W@C#leaétfewelyy of

titanosili catf&earadtﬁa toes el Jmmyibansubsiedid al IpaRiesgatly)n
principle, Qthgr élc,é’a'?”édro”éﬁcai' %ﬂ%htf’f‘éaﬂ&mms”%lca al Lium  iron and
chromi um can also Sk ruct Gr e sup OTti i'ng ~agent I'n place of
boron and i fPregengasevertsen @ Néyyth§narq>dmn rTocesShuahnel enent

Somet iBES I &FRLAS akNEhéles ZnayitteOdupbdetihe ddanEwariichAssused in the
synthesi s expg@?&%@fl Lkall IS sn3ENaRS SOULBA RLASEhIR are

general ly
even if an operation of removing boron is performed.

However, a very small amount of boron does not so much
adversely affect the reactivity of titanosilicate and

20 therefore, may be substantially present., In principle,
other trivalent metals such as aluminum, gallium, iron
and chromium can also be used as the structure supporting
agent in place of boron and if the case is so, a very .
small amount of such an element sometimes remains inside

25 and outside the framework.

aAs used in the synthesis of MCM-22, alkali metals

such as sodium and potassium are generally expected to
act as a mineralizer and therefore, can also be used for
the purpose of accelerating the crystallization at the

30 production of titanosilicate of the present invention
(I). However, in general, alkali metals inhibit the
catalytic function of crystalline titanosilicate and are
preferably removed by ion exchanging, acid treatment, or
the 1like.

35 The structure code MWW is one of known molecular
sieve structures and is greatly characterized by having a
pore composed of an oxygen l0-membered ring, and a super



act as a mneralizer and therefore, can also be used for the purpose of
accelerating the crystallization at the 30 production of titanosilicate of
the present invention (l). However, in general, alkali netals inhibit the
catalytic function of crystalline titanosilicate and are preferably
removed by ion exchanging, acid treatnment, or the |like. 35 The structure
code MWis one of known nol ecul ar —si2dve structures and i’sSegeabn
characterized by having a pore conposed of an oxygen 10- menbered ri ng,
and a super - 7. Sept enber 2006 age x0.7x1.8 nm. Details on

t he structuF@gﬁrEO‘HgggVﬁbgdnm?Or %&Eﬁé%éJ ﬁhﬁtF5§uC%Pﬁe € or can be
read on thedepteived, fdie dx&mpmagelﬂfA&m,Stgﬂmteweoeoaﬁhsse Ofead

(http://ww,_|z truc orgL) AT ¥, anpl es
of the nnlechlgré§F§V%HL§V|n% gﬁgpg%ruéfd%%‘lﬁg%%gakﬁfifggl%%kﬁﬁnce
Vol . 264, 19h9tp(4éﬂﬂw)lZ@SSZIEStPEﬁr opean Pt &t Febrgsoy, 9% 1. (Chem
Mater.s5 Vol knSwn 241396 @Rd dol&hybar @iRie B,av‘l/ﬁb thif2, 44 (1998)),

ERB-1 (Euro fent 3 S. te 49409). The

nmol ecul ar s?g\:/%cgave nlnd%%%% é%nrqug? rg—c%cf’ée‘ I\/b@%/l %é I[il%iEIé’lltl fied by its
characterls(i89bhlteﬁﬁ¥1%5 t(FETRPPAY Eﬁ?qq%uﬁﬁh§ﬁ0)Qhé?@rhafﬁﬁﬁ_slnply
referred tomager XRF91. AS fzamst he99@<R|l1ﬂatc£ erphysf,ochexanp| evola si mul ation

pattern of on. .t e b age.

Repr esent atlagg dl%f#&Ctl)gﬁ pa te ‘?mip anh%a%%%;éhéggﬁg?}ogmg%Mb e 2.

[ Tabl ¥0 2] 20Uﬁb|%a®n¢d\ﬂéé:0 9X- Ra"yhﬁ mcflr%?c{ha@n SEieﬁéshF’Vde'élf by MW
Structure Retpbéwerd HRRSMuY dAA K6 i&ddifedbymBdsum w. weak) 12.30.6

$ 11.00.6 s hgké%%erlstlc gttegh on the X-ray diffraction

(herelnafter simply referred to as "XRD"). As for the

XRD pattern, for example, a simulation pattern of ITQ-1

15 can be available on the above-described homepage.
Representative diffraction pattern is shown in the
following Table 2.

[Table 2]
20 Table 2: Powder X-Ray Diffraction Lines Provided by
MWW Structure
Relative Intensity

d/A (s: strong, m: medium, w: weak)
12.3%0.6 s

11.0x0.6 8

8.8x0.5 5

6.2x0.4 m

5.5%0.3 w

3.9%0.2 m

3.7%0,2 W

3.4%0.2 s

The present invention (II) is described below. The
present invention (II) is a process for producing the
25 titanosilicate, comprising the following first to fourth
steps:
First Step:



5.50.3 w 3.90.2 m 3.70.2 w 3.40.2 s The present invention (I1) is
descri bed below. The present invention (Il1) is a process for producing
the 25 titanosilicate, conprising the following first to fourth steps:
First Step: - 21 - 7 Septenber 2006 a step of heating a m xture
containing a tenplate conpound, a boron-containing conmpound, a silicon-
cont ai ni ng conpound and water to obtwaidt a precursor (A); ’SEREREF 3P 5 a
step of acid-treating the precursor (A) obtained in the first step; Third

Step: a step of Qeﬁé%%ﬁm%aaﬁin%' b ﬁ%&ggr&r@&ﬁ%a%%ng“)a t%fﬂé%@&d in the
second step together th a mxture. containing & tenplate conpound, a
titani um coRPRPAPRG, cHFRTLCaRdanatey oMM n % Frd€GPsor (B); and

Fourth Stepcoatsiepn®fcaddiind Agdt ket ef ecdlr&aiB)a @reainredri payfhe third

step to obtgggo%heséétanosiIicate. 15 Crystalline MWWtype titanosilicates
i n general can e sﬁ%thesized by a conventionally known direct synthesis

met hodSor a postasyiRhesi Saistfigaasies bke REaypisat i(Ad. oPtaire@ synt hesis
by atom pl anhi 88e fDFs®€xadgy;e, a nol ecul ar sieve having an MW structure
cont ai ni ng 99593 Sgo or alumnumis first synthesized, then at |east a
part of boron or aluhi numis renoved by a water vapor treatnent, and the
resi due i s contagt@emniah eatiingnthe tokboirrRteslidregsreprah® um

tetrachl ori dptaofed hen O&Hberse:&@ﬂg, stbp todedinst et @ afixtheepr ﬁsent 25
i nventjon can . uc oduct pr o : e present
inven%?on (?P?P§%E¥§$.a?%%%§F§§u§?%§§“&%?§%§§§‘@P |%§§§gfﬁ§% te of the
pr esent invéﬁWP@%n?|4§d water to obtain a precursor (B); and

Fourth Step:
a step of calcining the precursor (B) obtained in
the third step to obtain the titanosilicate.

15 Crystalline MWW-type titanosilicates in general can
be synthesized by a conventionally known direct synthesis
method or a post synthesis method such as atom planting.
In the synthesis by atom planting, for example, a
molecular sieve having an MWW structure containihg boron

20 or aluminum is first synthesized, then at least a part of
boron or aluminum is removed by a water vapor treatment,
and the residue is contacted with a titanium compound
such as titanium tetrachloride. .

On the other hand, the titanosilicate of the present

25 invention can be produced only by the production process
of the present invention (II) so far. The production
process of titanosilicate of the present invention (II)
is characterized in that the step of producing the
titanosilicate comprises four steps, that is, a step of

30 heating a mixture containing a template compound, a
boron-containing compound, a silicon-containing compound
and water to cobtain a precursor (A); a step of acid-
treating the obtained precursor (A); a step of heating
the obtained acid-treated precursor (A) together with a

35 mixture containing a template compound, a titanium-
containing compound and water to obtain a precursor (B);
and a step of finally calcining the obtained precursor



is characterized in that the step of producing the titanosilicate
conprises four steps, that is, a step of 30 heating a m xture containing a
tenpl ate conpound, a boron-containing conpound, a silicon-containing
conpound and water to obtain a precursor (A); a step of acid- treating

t he obtained precursor (A); a step of heating the obtained acid-treated
precursor (A) together with a 35 mixtuZé tontaining a tenﬂIS&P@ ?fr?ﬁ%nd, a
titanium containing conpound and water to obtain a precursor (B); and a

step of fin al.cini ' .pr.ecurs - - 7 Septenber 2006
(B) Ioto pr odﬁ‘lcge?ytt%elpt?téatggggs%ﬁgcgf%@%gqé%tﬁgé, glés %%ro%hear stiheg?n t hese may
be provi ded Bdtokedharespeeei Hay k] ePevitied PrEyeesteespectdestri bed bel ow.

The first steqepsh in the production process of titanosilicate of the

present inventio [ L) i ep. of h ing m xture containing a
t enpl at e corr_poung‘,hga%g?%n?%%%t% rﬁenséﬁ%t&?ﬁpggll\a‘,’“ au{srl“? i§clorﬁ°’-tc§ &I ni ng
conpourd and-wdther predupbtan rereqasec pfssitenpsildcatre of ésl at e conpound”

used here i $r@seRPRHREnt ey Nor AN AGt isteby oef hepethd V4 M dthgest ructure,
particularly t e,hore sh@ge he ‘R&t@ esis,of a zeolite having an MW
| |

t. 1
structure. TM's*¢0ApSuiid Ifslp%&e TEPEETr afl GOFPPRTIREHP g as it can be
removed | at erompBupd, cal el higdwreormeamings conpeend apheradidry tioncl ude a
ni trogen- condiAlaninng pesperesk @nd preferably am ne and/or quaternary

anmoni,um comnmpoun Specific, examl es thereqf, include piperidine,
hexam%tdhyl enei ni %léeang?r& RIS et hé?ggf nerBvity et ,Cpot"ﬁ’é’uﬁ‘gesent
i nvention i S1aydngl pRi eebiviy tHfers@esiiYRagbbhenseomtowed whi ch can be used

in thle fi rﬁtpar&]ti@plhlﬁlﬁoih@%éﬂéllds!hgtlbleya|ti ﬁhéegyr#ﬁ[@.ii%r rcgd asré%iéii;lg _
craTPLes, CISLSal 08 U PELLG, AR & plouetshoelits £ De toed mse i
conpound whirdrtdanlpelyskinited tdfe lpngsassitpean hrotromevedcdhaeky |inited
and speci fi @y calcination. Examples thereof generally include a
nitrogen-~containing compound, and preferably amine and/or
gquaternary ammonium compound. Specific examples thereof
include piperidine, hexamethyleneimine and/or a mixture
thereof, however, the present invention is not limited
20 thereto.
The boron compound which can be used in the first
step is not particularly limited. Preferred specific
examples thereof include boric acid, however, this can be
used also in the form of a borate such as sodium borate.
25 The silicon-containing compound which can be used in
the first step is not particularly limited and specific
examples thereof include silicic acid, silicate, silicon
oxide, silicon halide, fumed silicas, tetraalkyl
orthosilicates and colloidal silica. 1In any case, a
30 high-purity compound is preferred but particularly in the
case of colloidal silica, a colleoidal silica having a
small alkali content is preferred.
The ratio of boron to silicon in the mixture used in
the first step may preferably be, in terms of the molar
35 ratio, boron : silicon = 0.01 to 10 : 1, more preferably
boron : silicon = 0.05 to 5 : 1, still more preferably
boron : silicon = 0.3 to 3 : 1. As described



exanpl es thereof include silicic acid, silicate, silicon oxide, silicon
hal i de, funmed silicas, tetraal kyl orthosilicates and colloidal silica. In
any case, a 30 high-purity conmpound is preferred but particularly in the
case of colloidal silica, a colloidal silica having a snall alkal

content is preferred. The ratio of boron to silicon in thg nlxtF 8 ﬁ ed in
the first step may preferably be, in-t2¥ms of the molar 35°PSPPY 2%%ron
silicon = 0.01 to 10 : 1, nore preferably boron : silicon = 0.05 to 5 1,
still nore efer to 3 cri.b

7 Sept enber 586“ %g¥gfh%e?n th%M?recuﬁsor éghré%rt?/s %?%% eﬁézggnthe5|zed
under an al RadeTrmenaplkakd nekrditires, CPﬁélHS@noftﬁﬁlQﬂQy?f anpaige of boron

i s necessar )émohﬂtSUEhb@r&@-Sﬁs ndcdssarpr. ef @ﬁrﬁﬁbﬁ f@tcatw onit: isilicon = 0.3

to 2 : 1, nn&%fS rgferably boron _..silicon,= 1.,.Ihe ratio of
water to siFFEoRti R t e m X ure'use& A" The ?lrst steﬁ y “preferably be,

in terfs of reBéemabdy beren o idtieon: "sillt'éoih £ 5 to 200 : 1, nore
preferably waterhe $hti€WF Trakert @0591i1iden 10h e rn@:[}dthr@f ukBg tenpl ate

d | he f f bl
be, in or it FEERs Retm e ke tetahiy Sphr hetnle 0% PR BRtaf g ¢ fo L

. 1, nore pretépabWgternplsitleacsongodndo: 2691 i con mare) pgetf@rab.lyl, still
nore preferghkyrt enpl at €orc pEURG 5@5 silicon = 0 5 to 2 : 1. Further, it

is al usef ul t add see r addi ti o t.hese raw terlals
5 onil oo it et et et Telpanke, Son o ulietr 5 BRertoni o
t he crystaWﬁRZatﬁonSedrﬁﬁ(ﬁhqaﬁGVBalﬁgea mmzxnﬂﬂfqnﬁthgb&,2®nsnalI
particle siz@rmSothensamsh & sitdb,, témb§at@rcﬁ-fnﬁfcﬁﬁﬂi ;0 sd3€ca8nsHbst ance

havi ng an rugtur or_ a structg in *ﬁ%ﬁ 0\ ch a recursor
therefor hav 55 a°| ayer P& PIELGFE E% ‘S P S2E0) )n WhF’HS\ '}2
prelininariFyobéehos%nthb5|$kyil mprﬁsppaferihnxuﬂ%mnm@tprep@paemdto use a
| ayer ed- strgghueenpsegis sy f ar 1an MAWV
Further, it is also useful to add a seed crystal in
addition to these raw materials. 1In this case, it is
sometimes possible to expect an effect of shortening the
crystallization time or providing a product having a
20 small particle size. As the seed crystal, it is
preferred to use a substance having an MWW structure or a
structure similar to MWW such as precursor therefor
having a layered structure (e.g., MCM-22 (P)), which has
preliminarily been synthesized. It is particularly
25 preferred to use a layered-structure precursor for an MWW
type zeolite substance containing boron. For example, it
is possible to add a part of a precursor (a&) obtained in
the past first step, to a mixture to be used in the first
step as the seed crystal. The timing for the addition
30 thereof is not particularly limited, but it is possible
that all the other raw materials are mixed, the seed
crystal is added to the resultant mixture, and thereafter
the mixture is stirred and then heated. As the amount of
the seed crystal to be added, the molar ratio of silicon
35 contained in the seed crystal to the silicon in the
silicon-containing compound to be used as main raw
material may preferably be a ratic of seed crystal : main



type zeolite substance containing boron. For exanple, it 1is possible to
add a part of a precursor (A obtained in the past first step, to a

m xture to be used in the first step as the seed crystal. The timng for
the addition 30 thereof is not particularly limted, but it is possible
that all the other raw materials are nlxed t he seed crystal is added to
the resultant m xture, and thereafter ‘%he mxture is stirfede Hﬁﬂﬂgﬁén
heated. As the amount of the seed crystal to be added, the nolar ratio of

silicon 35 captaLpediin idmbo%qefé %rxstﬁbrég%%&?ex%ﬂﬂf%”ooﬂ f)hﬁs 1,

si licon-containing conpound to be used in raw teria
preferably Bé Ehe apf Gt bFors SEPURty d6aFO: St by -1 16 dlffSSEtlénE%r 2006 raw
material =008081n0t2e labawr-eeprteberdbeyfOcO01-1E Gdiel addfittiba addition

amount is tQusaRll;iside '],Sazdg'ef f lt?ﬂé' %rgglﬁcp d‘pu S8, %lg%\éﬁﬁr@g&iépned effect.

If the_addition _anpunt 1St ctivit me lower. 5
It is possible tbtatd %P%?(ﬁ]i’d@uﬁa F‘Hél ﬁd??f@ﬁ’%%l%%“dlﬁﬁt ar alkdlds sodi um
or potassi umptahdsteh saclsaiioasert hetass ywi aldricdzdin @achi BeEcaad Sdet | NEeS

be shortened, yLpay generale difle BLRSENRE: BledlddlindiBEabacan provi de a

t endency such that 1t can inhib e 1 ntroduction an 10 el enent ot her
t han bor on, 98PERf hurfhamFesenceoRti atvrthdietalaf@RoPEoSRde 2eolite
subst ance, otendéncansyriomiae tihecaneachimit afhea in@rpaundibncd £1dimg

ti tan‘tym ing ;éagﬁ{ dhed QN bt:geha Qiurﬂrmnl arg @H@Eps%k{gté S

wel | - known act fthat titani um doeS not enter t e zeo ranework 15 in
a good manné&Fameyonk of 1@algeodt 8l SpRS RN it Kén BYeReke i #he he case of
synt hesi s oteatthmosif i atcampsual ascldGry @Rt addedséifatrti» um source

s incorporﬁEﬁﬂ if@bnﬁgQHU%Em§§aL'E&@%ﬂn&%eaﬁ% igeéaﬁélgo 1o alto titania.

However, in_t resent 1 nvention an al is used in
the first sfapt ?bﬂa‘? < ipand uBodepp| BOY P SMEn Ry er BRI e al kal |
netal 1% n t hénagi gbod meatrent ifsesoatksliemetalr iier pkaséhe si egheaof

i ntroduci ngg,, gb&nnﬁ{aéhesre%%beaf' Q%Qtﬁég%.groq”%% hogaba§9tét£@n as

Accordi ngly I's al so possi b 0, use an al kal |
Ts5- and the added tltanlum source 1is incorporated the

product as titania or the species similar to titania.
However, in the present invention, even when an alkali

20 metal is used in the first step, it is also possible to
substantially remove the alkali metal in the acid
treatment (second step), prior to the step of introducing
the metal séecies into the framework (third step).
Accordingly, it is also possible to use an alkali metal

25 in the first step of this invention, and it is possible
that an alkali metal is present in a molar ratio of
alkali metal : silicon: = 0,0001-0.2:1, more preferably
about 0.001-0.1:1. As the alkali metal source, there are
hydroxides, nitric acid salts, chlorides, sulfuric acid

30 salts, salt of other metal acid, but a hydroxide or
borate may most preferably be used.

The heating temperature in the first step is not
particularly limited. However, in the case of
synthesizing a precursor (A), this may preferably be

35 performed under the hydrothermal reaction conditions.
The term "hydrothermal reaction" as used herein means, as
described in "Hydrothermal Reaction" of Hyojun Kagaku



25 in the first step of this invention, and it is possible that an al kal
netal is present in a nolar ratio of alkali netal : silicon: =
0.0001-0.2:1, nore preferably about 0.001-0.1:1. As the al kali netal
source, there are hydroxides, nitric acid salts, chlorides, sulfuric acid
30 salts, salt of other netal acid, but a hydroxide or borate pay npst
preferably be used. The heating tenperdiure in the first Jt¥ptember8po
particularly Iimted. However, in the case of synthesizing a precursor

(A), this “Bgyﬂ?gor &f; .o 'ngglgs%gég pfegxf Qi Td .ynd EBeMSt%gﬂf Octo'}nf?rﬂ%'d pgaction
condi tions. T i erel i nmeans; as
descri bed i AipRpEr eHakHakaRedtaumen dtManghj aA - Khgakl -2 Bymthegigept enber
2006 Yogo M epdiEiessasy feiciandardoched shryle mwHddcedolsy N ppon
Kagaku Kai, .Maruzen g¥h£ch 30 1991artgcaxn%9es's or nndific§tion reaction

per f or med i%”fﬁﬁ'Spgseﬁc%r%fwaﬁﬁﬁﬂm-tenpera are m%?%ﬁ%emeﬁﬁﬁtgufarly

hi gh- t énper atighe P5efRghe pratelr e Mattar tiFnlpar t f ceyhesd ssyepRES PR

reacai on usi'g.ng,gt hﬁehfiﬁa%ﬁl@ézﬁﬁdl neaekiien Ls ?_@f@fﬁ&ﬂ D s " h];/droLPergal
synt hesi s". ,Accordin the .heating iLn _ the rst,_,st pr.ef erably be
ourformed by Teaerheoadt M AEAILE0 Mleokdgnell Sl ot SRATRATAR! o 00 2 T
cont ai ni ng ddwpdandt atep|nayrexsfsrabdyngecpapboritedity p@cdndi A a cl osed

conlt ai ner smﬁ&t@&eaubﬁﬁ!a?ﬂﬁﬁg Lﬁlq:%'mpl_r%ﬁ:@r ebhgbiRd, Sy Mdresi-s fcondiolti ogs ?f
appl yi,ng a pressure ile heating. .,The te rature ma refer y be from
110 1 80200C A& BPEF EPURTYIY 1 dni3g P TOBEA TAE'] CHIRS P anB8Rat ur e i n

t he hydr ot hetakelr spnehespsed scontadqierhgnchhips aurelavehe vndesnded product

nmay not be rQblraikRedmel e¥eddiLkioaaedonthes f@%siﬁg@&vp&akeuael ong
ti me and tmd%J ractical ot her han i f egRerature

: i 2 Hgg N e’'t Onetg% e ma referabl t%% S
exceeds t hi $TFafgd" Fﬁggpuery of FoAs “20°%f 'l Py ot Redt it &fosi 1 i cat e
di sadvant agdd@sty 288cFeasers rmeferpdiyt heewal 28y HEH°€-i s usual | y used
for aistime peri@d ehe2tbppdsatre3Qndays. hfdeotysrmihefihesis is
less than this range, the intended product may not be
obtained or even if obtained, the heating may take a long
time and this is not practical. ©On the other hand, if
the temperature exceeds this range, the purity of the
20 finally obtained titanosilicate disadvantageously
decreases,
The hydrothermal synthesis is usually used for a
time period of 2 hours to 30 days. The hydrothermél
synthesis time may preferably be from 3 hours to 10 days.
25 If the hydreothermal synthesis time is less than this
range, crystallization may proceed insufficiently to fail
in obtaining a high-performance precursor (A). On the
other hand, even if the hydrothermal synthesis is
performed for a time period exceeding this range, the
30 performance of the precursor (A) is not substantially
enhanced but rather adverse effects may be caused such as
conversion into other phase or increase of the particle
size and this it not preferred.
The second step is described below. The second step
35 is a step of acid-treating the precursor (A) obtained in
the first step or first-2 step to obtain a deboronated

silicate.



synthesis tine may preferably be from3 hours to 10 days. 25 If the
hydr ot hermal synthesis tinme is less than this range, crystallization my
proceed insufficiently to fail in obtaining a high-perfornmance precursor
(A). On the other hand, even if the hydrothermal synthesis is perforned
for a tine period exceeding this range, the 30 perfornmance of the
precursor (A) is not substantially enkh@nted but rather adv¥sPEEber208¢ ¢ s
may be caused such as conversion into other phase or increase of the

particle size ang.this.i t i e.REec t ' eggri bed
bel ow. The secqn§%§t§%§°%%5€§ %&L?%%k%%ggcgg-F?ga??ﬂa§fﬁ%¥%§g%u§§or (A
obt ai ned i n SWHETEHAsBSstEplBri? ith& 2516 Epepbmebt APt FfEbd8nat ed
silicate. - preursérSept eabein&DOG irEre 2pseep) sbefdA) it aiciad in the
first step biegt it o I d t. hu en the
pr ecur sor iga%ﬁﬁgfﬁgdhggigg?fg?%ﬁis:%ngfggga?gg’a%é%ﬁgﬁﬁgaﬁ%ékpggnd

t her eaft er HGAPMOEH 8D PRIBAFS 1eR&Ely FRAMEODr k Reneipbedore

fef ficiently m@d f\t@durblefgi nﬂD)E‘|th‘.airiéaiel ipr elﬁwﬁﬁ)¥‘§t(ﬁep)mn@i Feestn2t he
irst step irst-2 e re. i i referred to . precursor
(A)". The t%&r%p' gglg’dlfl%g%lrr‘g?\ﬂ“ eraesf%fjiﬁsrcteé Srégr élsn F%%usldéocror@ict’i ng with an
aci d, nore speci flheakpyn Yacibrizgatrgntioagonsed dhexiit aiegingg an acid, or
an acid it seJdnveictintheipr esnirsord ( Morebbpeoeditn 1he dd kehtstepa The
contaghing Jyathq n'éoHQLi£§§§'a‘“%Eiby E&”%ﬁegcfﬁ“ké%éT¥iQQ%FOEheSpray'”9
or codting an acid of an acld solution on the precursor C or a met hod
of di ppi ng tHFE€cHréetr $8) PR ined Frathgctdrdr skPrci FhsolceniteAtimy be
used. The neidteddolis dbppbage I 11ecUinRtedAnd N aietd@ddogr an acid
sol uti on '%?B%SEEQVSQ %&%%H&Fa.mé%iEEBPOQn'§cfﬁr§%f%é¥3% %ﬂ$gheThe acid
used for thi's stép may be an 1norganic acid, an organic acid or a salt

t her eof . Sp@EECUESCPO(PY ePlerd diPtPPAnPrediBPIR R B ALPANTECHCH &) i HR| ude a
hydr oaBl ori @anaeicdd arsshfarid =sQivdioa nayrbe wsedl. amheamephoapbpori c aci d.

Specific pr%ﬁ%&&%ﬁ %ﬁé”B%ééhégoﬂiﬁi) in an acid or an acid solution
is preferred because this method is simple and easy.

The acid used for this step may be an inorganic
acid, an organic acid or a salt thereof. Specific

20 preferred examples of the inorganic acid include a
hydrochloric acid, a sulfuric acid, a nitric acid and a
phosphoric acid. Specific preferred examples of the
organic acid include a formic acid, an acetic acid, a
propionic acid and a tartaric acid. Examples of the salt

25 thereof include an ammonium salt.

In the case of using the acid as a solution, the
scolvent therefor is not particularly limited. Specific
examples of the solvent include water, alcohols, ethers,
esters and ketones. Among these, water is suitable.

30 The acid concentration is also not particularly
limited but the acid is suitably used in a concentration
of 0.1 to 10 mol/liter. The treatment may be performed
at a temperature of 0 to 200°C but may preferably be
performed at 50 to 180°C, more preferably from 60 to

35 150°C. The treatment time is from 0.1 hour to 3 days,
preferably from 2 hours to 1 day.

It is also possible to conduct the cycle of (the



organic acid include a formc acid, an acetic acid, a propionic acid and
a tartaric acid. Exanples of the salt 25 thereof include an amoni um salt.
In the case of using the acid as a solution, the solvent therefor is not
particularly limted. Specific exanples of the solvent include water,

al cohols, ethers, esters and ketones. Anong these, water _i s Suj Bé .

The acid concentration is also not pardficularly linited BofPER e‘é

sui tably used |n a concentration of 0.1 to 10 nol/liter. The treatnent

may be perfaqrne at,_a tenperatyre o 0QC but may ef erably be
per f or med a? f% ikciv'e} 2§F8°B5e?2$%&npl%ra ¥ Seﬁo 35 ?%ﬁﬁf e treatnent
tinme is fromhﬂlﬁlh@uthécxébxﬂnai copteherablyofdrom 2 hours to 1 day. It is

al so possible tognf0 ffdt%§%§¥%|9eggrﬁﬁgg beﬁm] 'f%es%9&§ab§Ee3006

first-2 step - second ste | ural trmes, in order nmnrmze the
resi dual coh?eﬂtSE?Pbﬁﬁcﬂ?atﬂﬂS Fﬁﬁrée§?€%nﬁﬁﬁ%k%&%HQﬁ§& BREBW:eThE t hird
step §S a shepsefoheaitdly Hdietdebowopat ednsititatceonabiaingdain 5 the

second st epeLAUPLDETC UL & MoK UL e cORt SN, ohd SBRLBLE cRBOUNT.

titani um cof ning conpound ecursor (B). The
"tenpl ate cHAPBUNEC @ktaked mEesuEsPE, (Bimilarly to that used in the
first step, a com@underhmaﬂw c@ﬁp&ﬁnactaylﬁyed)fhé:p.ﬂ@ﬂ figi, ngimheasty uct ure,

and/ or pore shggat aéeé §%1aregg§ 8£?§ﬂz§xg#é?odﬁ%vhgglgg MW structure.

Thi s conpoun s no an be renoved
| at er 1&y caﬁ@Fh‘a%FbrPf Emfe@nshéheoﬁtr‘g%ﬁ&% Iam 9&| BaEe gShape
ni trogen- coatatm; ngy@ﬂmw%farad z&él&’@@Clhixv:anE)@mMW@IS stheeeafe ncl ude

pi per i ne. 4 beXaERIeniel e pandLal, 210 s dheredhoohoyeyer the

pr esent |nven ron 1 nte ere e Co ound used in
the third s€ap hﬁyr%omchelast@#ebasceilcawwwém Ei‘xraé‘ﬁrl?ﬁet eRpPat e conpound
used 20 ingbheraligtisdle Bhaikirbgahumcoadiminy rempoapauasd whi ch can be

used 15 specific examples thereof include piperidine,
hexamethyleneimine and/or a mixture thereof, however, the
present invention is not limited thereto.

The template compound used in the third step may be
the same as or different from the template compound used
20 in the first step.

The titanium-containing compound which can be used
in the third step is not particularly limited. Specific
examples of the titanium-containing compound include
titanium oxide, titanium halide and tetraalkyl

25 orthotitanates, however, the present invention is not
limited thereto. Among these, titanium halide and
tetraalkyl orthotitanates are preferred in view of easy
and simple handleability. Specific suitable examples
thereof include titanium tetrafluoride, tetraethyl

30 orthotitanate, tetrapropyl orthotitanate and tetrabutyl
orthotitanate. A water-soluble titanium peroxide which
is provided by reacting a titanium compound and hydrogen
peroxide is an example of the preferred compound.

The precursor (B) obtained in the third step can be

35 synthesized by previously mixing all of the acid-treated
precursor (A) obtained in the second step, a template
compound, a titanium-containing compound and water and



inthe third step is not particularly limted. Specific exanples of the
titani um contai ni ng conpound include titanium oxide, titanium halide and
tetraal kyl 25 orthotitanates, however, the present invention is not
limted thereto. Anbng these, titaniumhalide and tetraalkyl
orthotitanates are preferred in view of easy and sinple h,? dl e%bi idty.
Specific suitable exanples thereof 4 @@ ade titani um tet raf PELEE000
tetraethyl 30 orthotitanate, tetrapropyl orthotitanate and tetrabutyl

ort hoti ta”abg?tfh%‘a%ﬁé 'an‘BJt%gJee téi h@?k&ﬂh pa?ré%‘-ic%eug‘&i 40arbenlEQY] ded by
reacting a trtanium conpound an drogen peroxide is an exanple of the
preferred cenpb@els Tanidraadyr $6r the) fohthisieP-in the third step can be

Sg synt Qe_si zeﬁ byh@r@d/délusﬂfymmgi@l ﬂlo’@fpdﬂ‘lﬁ.oa%iad‘].fyr eameded precursor (A
obtal ned In_the_ sec st ep, tenp 0 nd, LLant cont al nl ng
conpound anfi“Wa }é?m%‘fn%l’ -’_“”2 ?gd-%rﬁgelﬁ%ﬁ%%&l%%gl? ﬁgg’t %ﬁ%gfﬁyémm Xxture to
perfori a seorRe$BHlMydrict Hér paRLesyad HelR s aff Alrgtl yat Bithereirst step.

The order of ighxd Ngomsr itBingdaktkieeyl artympiaid edmpobat,exagpl e, in order to
homogeni ze Lhe,taw dateri Al 3o680RAS! H Ahkeld-des REET epiedofhat at first,
a mxture |rqurd conprisi nggvvatoe , a,tenp?a?pe corfpound,” and’

el enent - contafar¢d RAPEWHNT (&) pPERELERH Hhd-heh&egend steeat®d precursor
(A ﬁrovi dﬁéda@dtm SecarGuitenti Aixodted trutther:, estubt apktai&t ure. . .
Furt , the,m xture 10 |.i qui npri si t np e npound, an
t he gq erren?} onh acfcrlni'pn]%“gc:lcr)_1 (l‘)q%ﬁ%?r‘mél %é@e%%b%%guggﬂn%ﬁ%rﬁgsol ution

rat her thanesemert,cdinings COBBPRRAG| BAY Praferibdyt he i vl fowm

concentrat i g819f idher S RIFERhanC8IL AP} hd APAEnNdest rabXé Ngo condi ti on
(temperaturg, 15 tLiNE) SO 45,40 0,ACkIEXS: SUCh A 50! YiLan,, The ratio of
titani um i noPHESHi SAUFE D 4P FRERCTR T nE & §7fr S5ET precursor used in
the third seentadningrasimmoabdy opemixing gensidgiiophé taBPaFratye 0, titani um
silicon =0.P0de} 0sd.a3 ko FheePeeiesd Ysdindtamnym 20 silicon = 0.005 to
0.2 1, still nnrfhénfgé?gagkytitanium in the mixture to silicon in
the acid-treated precurscr used in the third step may
preferably be, in terms of the molar ratio, titanium :
silicon =0.001 to 0.3 : 1, more preferably titanium :
20 silicon = 0.005 to 0.2 : 1, still more preferably
titanium : silicon = 0,01 to 0.2 : 1.
The ratio of water to silicon in the acid-treated
precursor in fhe third step may preferably be, in terms
of the molar ratio, water : silicon =5 to 200 : 1, more
25 preferably water : silicon = 15 to 50 : 1.
The ratio of the template compound to silicon in the
acid-treated precursor in the third step may preferably
be, in terms of the molar ratio, template compound :
silicon = 0.1 to 5 : 1, more preferably template compound
30 : silicon = 0.3 to 3 : 1, still more preferably template
compound : silicon = 0.5 to 2.
As for the conditions of hydrothermal synthesis in
the third step, the same conditions as described for the
first step may be applied. However, when a compound
35 containing titanium is co-present in the third step, it
is possible that the adequate synthesis condition is

considerably different from that in the first step.



titaniumsilicon = 0.01 to 0.2 : 1. The ratio of water to silicon in the
acid-treated precursor in the third step may preferably be, in terns of
the nolar ratio, water silicon =5 to 200 : 1, nore 25 preferably water
silicon = 15 to 50 : 1. The ratio of the tenplate conpound to silicon in
the acid-treated precursor in the third step may preferablg b%, in termns
of the nolar ratio, tenplate conmpound 29 silicon = 0.1 to B¢Ptenderfig

preferably tenplate conpound 30 : silicon = 0.3 to 3 : 1, still nore

preferably teOPLALE 2 LRNPOHRE SELLEOD £ s !nper ARyl abhe GpOdI tions of
hydr ot hermal  synthesis-“in ‘the thrrd step, eth.e. ame conditrons as
described fottthe d95iabler ép AayeHE BpDlsEHitHonedependhes an coiound 35
Cﬁnt aijni ng télamenin ddhtednihes edinpbiind heo tyd rdﬂ)-‘i:'frel g_e?i;f, sbSafO%i blhe t hat
t he adequate SIS ; i5t.,150 siderabl.y differenf fromthat in
the first st%]fs)%/ﬁé]% #-}g’%ggg%fleﬁﬁguﬁ%g% d%arl.fclill?’(:lélgaF1 flEggvl I%lﬁrlrt spect to
the temperature abd addiEiony p§ desePepdinars oL sbe thérdomewri ot

depe_ngi ng onig h@lscelgefmnrl@ombahﬁéﬂg ESNPOURG fﬁ@yb@gﬁom@f@é’@nt éld‘so‘ as to
provi de an i r rsar [ i LiLy, n addition, as
an enbodineﬁ?ﬁ%ggﬁﬂépﬁﬁggﬁ%gtéQ?LF?Qgigpéﬁgg*%bggggl%¥?%é%ée'a so-cal |l ed
dry gel net hBePCYfeeiaida thiex edeBey i sqiirel pdoronpeundi Brevtackdn
prgcursor anehé ;we@imbmo?hai ﬂiﬂ?xﬁmmwdzaﬂéevbdﬂ((ﬂtﬁ@ »&é}@:lY)Sa&@ond step,
and a Jg xtur er . t e. 10 conpoun m Xt ur.e are

char ge{jB sepa?%]?%cfl{/}?é a(rrf‘d'%?'ﬂé:% 21) x%gge&iarﬁ%etdﬁrsgp%ag SJ'IYhea]%é:iut [reated
precursor pPrOVERI (T Xthges&donll Shepraiftwreatsdt Rreewnt@d ni ng  conpound

is caused t opeoOtdsd ilthehvapetofli ¥ed@ramndHehaeth@oPbat £ cofpound. I n

this case, there is rit th 15 the t | at e _coppound whi has not
been used fO?OT%%undcraifgggﬁ%Fga?%o%o%%anc et%[g;gg 8f e gg as?ﬁ/.anfﬁgzhr% xture X

can be obt ai HP IRt aREPREAdwheFRi BhES apdieut itbgref iana erefhtthédnt ai ni ng
conpourdl i s dhepangadtd Rohpeungi whideatad npreedesohsebt gdmnathd n the
second step crystallization can be recovered easily.
The mixture X can be obtained by a method wherein a
solution of an element-containing compound is dispersed
in the acid-treated precursor obtained in the second step
20 as uniformly as possible by use of impregnation, dipping,
etc.,, then dried, and pulverized as desired. It is
preferred to use a titanium-containing compound which can
be formed into a homogeneous solution. For example, it
is preferred to use a compound such as titanium peroxide

25 which can be obtained by reacting an alkoxy titanium and
agqueous hydrogen peroxide. The drying can be conducted
by various methods such as air drying at room
temperature, vacuum drying at high temperature. 1In
general, an aqueous scolution is frequently used, and

30 therefore it is sufficient to effect the drying at 50-
80°C for 1-24 hours. The end point of the drying is such
that the product in a crushable state. 7

The mixture Y may be obtained by mixing a template

compound and water.

35 In the dry gel method, the kind of the template
compound to be used, the kind of the element-containing
compound to be co-present, the ratio of the element being



20 as uniformy as possible by use of inpregnation, dipping, etc., then
dried, and pulverized as desired. It is preferred to use a
titani um contai ni ng conpound which can be formed into a honbgeneous
solution. For exanple, it is preferred to use a conpound such as titanium
per oxi de 25 which can be obtained by reacting an al koxy ti_tani um and
aqueous hydr ogen peroxi de. The drying 3&n be conducted by SFREMBHLOR®t hods
such as air drying at room tenperature, vacuumdrying at high

tenperature., | n ral, .an. aquequs.solution is frequently used_. and 30
therefore it i rseg'gﬁgc?!én 1{110&;2} ﬁglcfd_lt%hggé??f%%rhtar’agg%%oé%ﬁéf’ 2524 hours.
The end poi iiheotepnéate y¢aPId deh sidhgent ke Produacunsox aayshabl e

state. The Aihet dafeYaBByYhdee oY aigxed iBydNi i fige acdR A8 @88peund and

water. 35 In _the.dr el t.ho he kind of. the tenplate conpound to be
used, the k{éﬁ&cgﬁgfeéegﬁ%ﬁn xégfgn%girﬁnﬁlrl\gsyg jouhd to be co-present, the

ratio 8f the el efbatraeiaget (@ tp sépieabern 2006 presugsesent to silicon

in the precui$@ereandsihf 1 ifdr@fal hharbendimde SomReAd tQ shkicon in
t he precursaqr, na cribed in the case of the

be _the sane _as those des
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silicon in thsipreeatenr: isiligionf efeft-1Lb o tiveren@uedleriapdyoifer nal
synthesis i gakhBe .adegua@de fanga,p.and may preferably be in terns of nolar

ratio, water : sjlicon =0,01-15:1, .nor referably is ter.: silicon

B 118" 10 ThEDReRRP b G5 FREITRT R X avd PhE TAFEFE v may
be any net hdmagsbeonyy asetilivsl miagt dragxaanthe melxtvivet ¥r en¥ thanot be ni xed
with each othigkndBl essakdisr vE Hike® ¥its bt ey Reivagoghzed. For

exanple, it is osgible t hi eye such _charging by a n?thod wherein the
15 m xture Wf‘gugFa‘Zeﬁs ﬁhea?tﬁzdcl?@t ¥'8mV8?°5’nz%1cL‘t 05%&/8*&}3‘8 g7 tont%i ner
cont ai ni ng Phesikbkeure schieveusgchnchhsgimadie a perthodf whheehut ded ave. As
for the congiikkans of i hyslrpidierimmlnsypbbesm Sof Min autoclave and a
container containing the mixture X is hung in the middle
part of the autoclave. '
As for the conditions of hydrothermal synthesis in
the third step, the same conditions as described for the
20 first step may be applied.
Further, it is also possible to obtain a modified
layered substance rather than a zeclite substance having
a three-dimensional ordered structure, by modifying the
state of the superposition of layers by conducting the
25 following between the third step or third-2 step and the
fourth step.
third-3 step
a step of heating the precurscr (B) obtained in the
third step or acid treated precursor obtained in the
30 third-2 step in the presence of a swelling agent so as to
swell the layered precursor, to thereby modify the state
of the superposition of layers.
Hereinbelow, the precursors (B) obtained in any of
the third step, third-2 step and third-3 step are
35 inclusively referred to as "precursor (B)", in some
casses.
The "swelling agent" to be used in the third-3 step



the third step, the sanme conditions as described for the 20 first step
may be applied. Further, it is also possible to obtain a nodified |ayered
substance rather than a zeolite substance having a three-di nensional
ordered structure, by nodifying the state of the superposition of | ayers
by conducting the 25 foll ow ng between the third step or thlrd %P and
the fourth step. third-3 step a step33f ~heating the precu ﬁ@@?"kﬁfoo
obtained in the third step or acid treated precursor obtalned in the 30
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third-3 step - I's an agent aving a Act i oh of
penetr%llngtﬁ?ﬁ%bﬁiﬁﬂﬁ%klﬁhﬁ Pé?ﬂééﬁorayéF%ﬁcﬁW%ilPayeﬁéﬁnbrE%urybr for an

MAW t ype Zzephit oSSt anGe: ey, lagemﬁd, add G @Cbe 2Bflovas Wy result,
enlarging th lé£§§ance b ween ﬁ ayers to 5 ereby swell the
ot

precursor. The SWelt9hg ag eﬁ?nera p%ﬁtp?§ﬁ%§if *Pi Hfted, as long as it
can be renn%@ﬁfiﬁtanﬁm(EnﬂiﬁﬁgleIn gerteslaryl @rimonpuBséhle @ use a

surfactant, api©f efahlng atquakeknany Péﬂ'@ﬂil 15%|r5u9r g Aechaming at

| east, pne | on al%*#ﬁ%%ﬁﬁﬁ, Pgﬁt cu arI %e erred ex q¥les thereof may
i ncl ute tr|%% “Ssalfran qﬁﬁ EmrHATE RIS one

al kyl chai nsat EB“-CQG’-IU&’M ammluulmmwa‘amnnanﬁtaﬂ ora idi @tfhyl

anmmoni um sadaiz@aa/amn{ 4@ ot , SHERe 8y Bl dlorih@dl BalEUsEN@letiy1 i S al so

possible to_use a ¥, 9% 15, seco dar amn und havi ng at | east
one al kyl mm?Plué) q%b EXFBInTEL o ﬁPXFEFggnFﬁ%+%bf In the case
of quaternaFWr%Mﬁbnﬂdhﬂ§aﬁﬂS°|Poﬁ%ybbéiahws@fachremhub or

15 secondary amine compound having at least one alkyl chain

of 8-20 carbon atoms, or mixtures thereof. In the case
of quaternary ammonium salt, it may be any of chloride,
breomide, hydroxide, and ilodide. 1In the case of halide,
it is preferred to use a product obtained by hydrolyzing
20 at least a part of the halide to be converted into
hydroxide, in the co-presence of aqueous ammonia or
another guaternary ammonium salt such as tetramethyl
ammonium hydroxide, tetraethyl ammonium hydroxide, and
tetrapropyl ammeonium hydroxide. Particularly preferred
25 examples of the swelling agent may include lauryl
trimethyl ammonium chloride, bromide, hydroxide, cetyl
trimethyl ammonium chloride, bromide, hydroxide, stearyl
trimethyl ammonium chloride, bromide, hydroxide,
distearyl dimethyl ammonium chloride, bromide, hydroxide,
30 etc.

The temperature in the third-3 step is not
particularly limited, but it is preferred to use room
temperature to 170°C, more preferably 50-150°C. When the
temperature is too high, the precursor can be dissolved

35 in some cases, and therefore it is necessary to search a
suitable condition, e.g., by relatively lowering the pH.

A pH range of 10-14 is suitable at the time of the



brom de, hydroxide, and iodide. In the case of halide, it is preferred to
use a product obtained by hydrolyzing 20 at |least a part of the halide to
be converted into hydroxide, in the co-presence of aqueous amopni a or
anot her quaternary amoni um salt such as tetramethyl ammoni um hydr oxi de,
tetraet hyl amoni um hydroxi de, and tetrapropyl amoni um hydr oxi de,
Particularly preferred 25 exanpl es of BRe-swel | i ng agent ﬁé%PeW@Pﬁﬁ@6

| auryl trinmethyl amoni um chl ori de, brom de, hydroxide, cetyl trinmethyl
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chl oride, bro 5%%51% % %Be w{dpstear trﬁ f’ a£nr$r%n| m crgr:%glrl de,
brom de, hyd¥idi& &, th@opét?éessrh’égf elfﬁf@rréit Groeti'lﬁ PHevahie iz aitngs i s not
particul arl yoy inddsedinguthiet résuptefenriedure dserso@Menpipafiature to
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i nsuffici ent, anﬁciil tlh dpl S é% the crystal structure of the
| ayered preciiBofiEERBEat 3t T 1% #8%en dissolved in an extrene
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In order to modify the state of superposition of
layers, it is possible to achieve the modification to
some extent by subjecting the swollen layered precursor
as such to the fourth step. However, it is preferred

20 that the swollen layered precursor is agitated further
vigorously, or the precursor is irradiated with
ultrasonic waves so as to effect layer exfoliation
(delamination) of at least a part of the layered
precursor, to thereby form a so-called card house type

25 structure.

In this case, for example, it is possible to treat
the precursor by using an ultrasonic irradiation machine
having an output of 50 W or more, for 10 minutes to 2
hours.

30 The slurry after the layer exfoliation can be
recovered as such by filtration and centrifugal
separation, but it is possible that an acid is added to
the liquid to lower the pH to about 2 so as to promote
the precipitation of solid contents, and then the solid

35 contents are separated from the processed liquid and
recovered.,

The third-3 step may be conducted after the third-2



| ayers, it is possible to achieve the nodification to some extent by
subj ecting the swollen | ayered precursor as such to the fourth step.
However, it is preferred 20 that the swollen | ayered precursor is agitated
further vigorously, or the precursor is irradiated with wultrasonic waves

so as to effect layer exfoliation (delam nation) of at | t a of
the | ayered precursor, to thereby form3a-so-called card ﬁ§%£§W§%5625

structure. In this case, for exanple, it is possible to treat the
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fourth step 'S descri € fourth step 5 is a step of calcining
t he precursor (B)Thbtegted iferafhe 6pleheatiay ¢LisPEGCUERPFd- 2 step and
third-3 steppépfophddivedwdent khanesktt Cetap abae vmet Bedoharstde cal ci nation
of pregcursor el forned hetween t fLrst, st and th 10
(fi rstf(g steg&é%% %ﬁer‘?g f‘%@r tlﬁl gﬁ?ephir)us}tn%tsec%gr £ ch grﬁ%‘%&nﬁ%& and the
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tenpl ate conBOnR TS dEnPe TRETCENSS el by foged systen or'd

system and as long as an oxygen necessary for the burning

15 of the template compound is present. The calcination in
the air is most easy, but it is also possible that for
the purpose of avoiding the excessive heat production,
the precursor is heated to a predetermined temperature in
an inert gas stream such as nitrogen to degrade the

20 template inside, and then oxygen is introduced to thereby
remove the residue by burning. The calcination
temperature may preferably be from 200 to 700°C, more
preferably from 300 to 650°C, most preferably from 400 to
600°C. If the calcination temperature is less than

25 200°C, the template compound may not be satisfactorily
removed, whereas if it exceeds 700°C, the MWW-type
crystal structure may be broken and this
disadvantageously causes an adverse effect on the
precursor performance in the case of calcination between

30 the first step and the second step and on the
titanosilicate in the case of calcination of the fourth
step.

The temperature rising rate at the calcination may

preferably be 1°C/min but is not limited thereto if

35 breakage of the MWW-type crystal structure does not
occur.,

The production process of titanosilicate of the



the air is nost easy, but it is also possible that for the purpose of
avoi di ng the excessive heat production, the precursor is heated to a
predeterm ned tenperature in an inert gas stream such as nitrogen to
degrade the 20 tenplate inside, and then oxygen is introduced to thereby
remove the residue by burning. The calcination tenperature nmay preferably
be from 200 to 700C, more preferably ¥ om 300 to 650C, ndsieP W@géwgﬁly
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t he presentPFﬁQéﬁFPBn(¥l)U?§”Hé§@ﬁﬁﬁéﬁdn%R%P &b itgREl y bel ow, while
referring t@oEbulicaSe a &/igmithesigedsehened ikatiley ashanvang ahe series of

h f th
these, steps. f gﬁrég?ﬁgﬁiﬁk900%3059?aﬁgqg§Ct'Orﬂ%f%%e%? of the present

|nven%|on (T rec A) to be converted
into an M/\x/wﬁyp@etbb%%mmm @sj §h§yh%@%a+z%d(tfheombaw§opr@ca@%|e and a 10
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| ayered pr cursorgﬁor05| Ve frocedure I8 & Tecond st ep)
to syntheS|féea)db%oﬁzﬁﬁﬁﬁﬁ}%ﬁ Pléﬁ?@r?%ﬁﬁQﬁtﬁkiﬂﬁaie (acid-treated

15 precursor). Prior to the second step, it is also
possible to calcine the layered precursor to be converted
intc the MWW-type borosilicate (the first-2 step). Then,
an titanium-containing layered precursor is synthesized
from the deboronated silicate and an titanium-containing

20 compound using piperidine or hexamethyleneimine as the
template (the above procedure is the third step), and
calcining the titanium-containing lavered precurser (the
above procedure is the fourth step) to remove the
template, whereby a zeolite substance having an MWW

25 structure is obtained. Fig. 1 is a view for
schematically showing the series of these steps.

The titanosilicate which can be obtained by the
production process of the present invention (II) can be
used as it is as a catalyst in an oxidation reaction,

30 however, the anatase phase generated as a result of
condensation of titanium itself present in the
titanosilicate obtained by the production process and not
contributing to the oxidation reaction can be at least
partially removed by contacting it with an acid. By this

35 contacting with an acid, a titanosilicate catalyst having
higher performance can be obtained.

The contacting with an acid as used herein is



15 precursor). Prior to the second step, it is also possible to calcine
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present invention (III) is a process for producing an

oxidized compound, comprising performing an oxidation
reaction of an organic compound using an oxidizing agent
in the presence of the titanosilicate of the present

20 invention (I).

The oxidizing agent which can be used in the present
invention (III) specifically includes, for example,
oxygen or peroxides. Examples of the peroxide include
hydrogen peroxide and an organic peroxide. Examples of

25 the organic peroxide include tert-butyl hydroperoxide,
tert-amyl hydroperoxide, cumene hydroperoxide,
ethylbenzene hydroperoxide, cyclohexyl hydroperoxide,
methylcyclohexyl hydroperoxide, tetralin hydroperoxide,
isobutylbenzene hydroperoxide, ethylnaphthalene

30 hydroperoxide and peracetic acid, however, the present
invention is not limited thereto. These peroxides may be
used in combination of two or more thereof. 1In the case
of ammoximation, ammonia may be added to the peroxide.

The peroxide is most preferably hydrogen peroxide.

35 An agqueous hydrogen peroxide scolution having a
concentration of 30 mass%, 60 mass% or 90 mass% can be
used. The amount of the peroxide added is not



respect to the second step can be applied. 15 The present invention (l11)
is described below. The present invention (lI1l) is a process for
produci ng an oxi di zed conpound, conprising perform ng an oxidation
reacti on of an organi c conpound using an oxidizing agent in the presence
of the titanosilicate of the present 20 invention (1). The oxidjzing agent
whi ch can be used in the present invéftion (111) specifi daFP§mpsiPies,
for exanple, oxygen or peroxides. Exanples of the peroxide include
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conpound usg@dui8et Nec Bud¥s0GE T rbBh-c RFIOSHICddih 1 bexiadbzedagespound of the
present invention IIfQ JIBy, or may not contain one or nore ot her

functional °§¥ 8P %§¥?png as'it is a conpound having a carbon-carbon 10
doubl e bond or c8PdehEisx\eyempdeabPE bomdttiathifmnedaongd| gEedre. In this

case, 1the " ghbehaé Wetd Nealy104280p, OAn £IKYHA igiepgdeanaagpr bon- carbon
doubl e bondgggug?rgﬁngrene group, an alcohol group, a phenol group,

an ether group, an epoxide group, a halogén group, an

aldehyde group, a ketone group, a carbonyl group, an

ester group, an amide group, a cyanate group, an

290 isocyanate group, a thiocyanate group, an amine group, a
diazo group, a nitro group, a nitrile group, a nitroso
group, a sulfide group, a sulfoxide group, a sulfone
group, a thiol groﬁp, an orthoester group, a urea group
and an imino group, however, the present invention is not

25 limited thereto. The compound may have two or more same
functional groups or may have two or more kinds of
functional groups.

More specific examples of the organic compound
include alkenes having from 2 to 10 carbon atoms,

30 cycloalkenes having from 4 to 10 carbon atoms, allyl
ethers, compounds having 3 to 10 carbon atoms, ethers of
polyhydric alcohol, cycloalkanones having from 4 to 10
carbon atoms and carboxylic acid esters. ©f course, a
mixture of two or more thereof may be used.

35 More specifically, examples of the alkenes having
from 2 to 10 carbon atoms include ethylene, propylene,
butene, pentene, hexene, heptene, octene, nonene, decene,



oxygen doubl e bond. Specific exanples of the other functional group 15
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3- hexene, 4: yl.~ k< pe yasd- e ng. .3shep 2-.. QCt , .3-0ctene,
2-noné§e, S?ﬁ%ﬁ%ﬂe?1;¥geg£ﬁ£féﬁé%%%-%'gcg%gilgﬁaégﬁgg'cﬁEﬁﬁégﬁgchgalkenes
havi ng from%a orgesngar baning ohe scit@déOcyerbput s dypeilvgent ene,

cycl ohexene,alayal ahephebe, aTyel aacindde, aYCHONENERE dnd acevakadecene.
Exanpl es of Lyl et s_ i.ngl.ud Iyl methyl ether, allyl ethyl

et her, a||yP&%$8%§PX8 ﬁeggéa?%%%il%ugﬁﬁd'lo ether, allyl vinyl ether and
dial lyl ether. ERZapPEssopftihe cdhessnaé malvhrdriomiTahelidnedrden at ons

i ncl uds ethylene glycol monoalkenyl ether, ethylene glycol
dialkenyl ether, 1,2-propanediol monoalkenyl ether, 1,2~
propanediol dialkenyl ether, 1,3-propanediol monoalkenyl
ether, 1,3-propanediol dialkenyl ether, 1,2-butanediol
monoalkenyl ether, 1,2-~butanediol dialkenyl ether, 1,3-

20 butanediol monoalkenyl ether, 1,3-butanediol dialkenyl
ether, 1,4-butanedicl moncalkenyl ether, 1l,4-butanediol
dialkenyl ether, pentaerythritol monocalkenyl ether,
pentaerythritol dialkenyl ether, pentaerythritol
trialkenyl ether and pentaerythritol tetraalkenyl ether.

25 Examples of the cyclocalkanones having from 4 to 10
carbon atoms include cyclopentanone, cyclohexanone and
cycloheptanone.

Examples of the carboxylic acid esters include allyl
formate, allyl acetate, allyl tartrate, allyl propionate

30 and allyl methacrylate.

The combination of the organic compound and the
oxidizing agent used in the a process for producing an
oxidized compound of the present invention (III) is most
preferably a combination such that the organic compound

35 is one or more compound selected from the group
consisting of propylene, diallyl ether, allyl alcochol,
allyl chloride, allyl acetate, allyl methacrylate,



allyl alcohol, allyl bromde, allyl chloride, acrolein, nethacrolein and
acrylic acid. Exanples of the ethers of polyhydric al cohol include 15

et hyl ene gl ycol nonoal kenyl ether, ethylene glycol dialkenyl ether,

1, 2- propanedi ol nonoal kenyl ether, 1,2- propanediol dial kenyl ether,

1, 3- propanedi ol nonoal kenyl ether, 1, 3-propanediol dial kenyl ether
1, 2- but anedi ol nonoal kenyl ether, 15 Z%ut anedi ol di al ken?IS%l%tF'F&‘?‘%Oq6 3 20
but anedi ol nDnoaIkenyI et her, 1, 3-butanedi ol dialkenyl et her,

1, 4- butanedl gggggﬁ%fgﬁﬂ é?dT@hexinénQ“£9@e§H$ ox i H%g hyﬁLQ?%er

pentaerythr| nmonoal keny| ent aer ritol
pentaerythrhVéF09?¢|E#¢Rﬁﬂﬂe -et her and pentaerythrltol t et raal kenyl et her.

25 Exanpl es of thEeCé{]ﬁcLLQf:ﬂ kanenesnbavingafs amBel ta3 1Be eachdpsat Dars
i ncl ude cyclo ent anone cloheéanone and__c clq*e tanong ?Fxgggles of the
afe

car boxylic ﬁc?d e%f%ﬁ%ﬁsruﬂ ud& °5rFyld Formate S Iy race |yl

tartrate, abPrg¢bepkopivinttion 3GIéhdl§ID9t Pﬁﬁﬂﬂﬂﬂ%ﬂréﬁe1lmhée@0nﬁTM%t|on of

t hedor gani Cp%@ﬁ@@blé@ lad}dgé fteler@wdbarﬂgs agedndised ohnthbekiﬁzllclﬂ);@ﬂess for
produci ng an npoun resen entio i s nost
preferably 8* &gﬁ%f%%Iﬁeac SUcH qﬁ % @ %#nENH(Pera% @gé is one or nore
conmpound sereet:éavimmrtdwée@p@astueen@f si’zlif?’r‘gjil‘(ﬁtepr @E}?I patoxydal |yl et her,

gllyl al cohabncea{;f?/&lh&hl Q:fhled&a.na| byd @&ﬁi@i’cﬁ:at&]dnyﬁfngbmﬁéﬁﬂl ad1 38 -7
ept erber ¢l ohe no t he _oxi g agent is
hydroggn peQOX|ﬁ% Onaﬁ%ﬂht 0F8¥ %%%%%?IHQa‘%H%Se “8s” % talyst in
the a proceds tbe proglud m@eaﬁnoﬁlﬁl?éﬁvdﬁmﬁﬁﬂhdU@PaihﬁrStb$esent

i nventi gn (hiélbmntsofIO%qlﬂ%Efdsllqubatby;b; nMd ecbrmEhef pheferred range thereof
varies ependi ng.on the Kin X n.re ctlon e tlan
PRER AL Sl vl eRERATs e elleebly LR

t enper at ur e> Ghperature o e peroxi de
concentrati 68, 20 heasks hd I-Hfmfeé’éhéénﬁ%l%-rﬁ gfo 48l \Wéﬁﬁ% anén 1® fHkeed eacti on

form {bat chpe¥ st esy OFe LHIONNEQHUSefY St B¥8nosilicate may preferably
be used in an apparent catalytic amount larger than this
range.
The titanosilicate used as the catalyst is not

particularly limited on the form and may be used in the

20 form of powder, fine sphere, pellet or extrusion-molided
article or may be supported on a support. In molding the
catalyst, a binder may be used. The binder and the
support each may préferably be a substantially neon-acidic
or weakly acidic substance which does not accelerate the

25 decomposition reaction of the peroxide or the intended
oxide.

The oxidation reaction in the a process for

producing an oxidized compound of the present invention
(III) may be performed without using a solvent or in the

30 presence of an appropriate solvent. Examples of the
appropriate solvent include alcohols, ketones, nitriles
and water. Specific examples of the alcohols include
methanol, ethanol, l-propanol, Z2-propanol, l-butanol, 2-
butanol, tert-butancl, amyl alcohol, ethylene glycol,

35 propylene glycol and 1,2-butanediol. Specific examples
of the ketones include acetone, methyl ethyl ketone and
diethyl ketone. Specific examples of the nitriles



In the case of use in a slurry system wusually, the amount of
titanosilicate is, in ternms of the concentration in the reactant m xture,
suitably from0.1 to 20 nass% preferably fromO0.5 to 10 nass. In a fixed
15 bed flow reaction system titanosilicate nmay preferably be used in an
apparent catalytic amunt larger than this range. The titanosilicate used
as the catalyst is not particularly1i3ited on the formzfnfffpﬁﬁkb’e'b?émﬁsed
in the 20 formof powder, fine sphere, pellet or extrusion-nolded article

or may be_suppeitegd e BorBlipAQel 2 irsmflglé% %@'&ﬁtm@eb' nder may
be used. The blnder and t 8

rt each preterab
subst anti al | yR®F- %%}%?rbts JIaY\M?&kP?echH‘?bVJs‘ﬁﬁs]t]d’n@é” \Rﬁl éhmélﬁ*é‘ér?lot
accel erat e threo2d desonpuslivienas ,r eaetednedfatdaaqearome, decetohherid ended

oxi de. The otéhga&ép& rq&&tel 'f@rgrg? ?? pé@&@cﬁﬁltfﬂrle produci ng an oxi di zed

conmpound of e pr esent 1nv performed without using a
sol vent3or in thet®® %ﬁ%‘stér%’et@fnpaﬁa‘ébﬁ? oﬁ)?lté'tee ogdidpdAen ERAGPIEs of the
appropri ate s$nl veata ipxddds doeobeblucked e Sox iniitzredl e&mpaﬂﬂdV\@f er.

Speci 11 ¢ exagnﬁ&%ﬁ@;@&%&%s (EpE) uEp nJPLIAG S Rgnoly dag cpanal

2- pr opanol tanol hyl ene
glycol , 35 pRBPyIBhEERRRIAP ANl IPoOBUE aFedi " CrSB\é‘élef PECEREMDIES  of the
ket ones i ncl ademacetone,ootet.hylr fethyl r&sed v arshpediaelibyl iketene. Specific

exarrpl P@ of 'EH&H né iél ltq% re C%lon r§€gtle W %91%6 nOltng!l’:gg‘gl@“gft onitril €,

pr|p|on|tr|Ie and benzoni tri hese so be“use |nd|V|duaIIy or
as a nixt ure"nerpdhgt§ Hé’s@’@@??énf-go br e'?l'éﬁ rd&TOQHP@S&EéE’Bnéea‘é‘bjé?lbm trile
and wat er, nofetips gferadidied Seadetiobytstders 5n‘Eﬁalrseacthen tenperature at

the OXIdatIOQe 8@% 34 A% or @e%@%lanpéfcf? fif¥erRfed Ebﬂgc ?% égzzed

conmpound of resent invention IS not p rt| cul ar mted and
may preferab?#s%%vﬁf}‘iﬂﬁ@‘%séylseeel%?%e referably from 10 to 100C. |f the
reacti oh tenperatThe d:xadadd®n reaction is generally an exothermic

reaction and therefore, the heat of reaction may
preferably be removed by an appropriate method so as to
control the reaction temperature in a constant range.
The reaction pressure is not particularly limited.

20 The oxidation reaction in the a process for
producing an oxidized compound of the present invention
(ITI) may be performed in a batch system, a continuous
system or a semi-continuous system using an appropriate
reactor or reaction device such as fixed bed,

25 transporting bed, stirring slurry or CSTR reactor and any
method may be used. The mixture comprising
titanosilicate as the catalyst, an organic compound as
the substrate and a peroxide may be mixed all at once or
in sequence.

30 In this reaction, the desired oxidized compound can
be separated by a separation purification method in the
normal purification step. More specifically, for
example, when the reaction is preformed in a batch
system, the oxidized compound can be separated and

35 recovered from the reaction mixture using an arbitrary
known method such as fractional distillation, extractive
distillation and liquid-liquid extraction after the



10 than OC, the reaction rate is |ow and not practical, whereas if it
exceeds 150C, the deconposition reaction of the peroxide seriously occurs
and al so, the deconposition reaction of the intended product may be

di sadvant ageousl y accel erated. 15 The oxidation reaction is generally an
exotherm c reaction and therefore, the heat of reaction nma preferably
be rempved by an appropriate method sof@s-to control the 7r\saERbes 7006
tenperature in a constant range. The reaction pressure i s not

part i oul ar| v d,mit g 20 Theapxldailon tadgtbancla Lhe.apnagess for

produci ng an oxi di Zéd conpoun resent I Avention may be
per f or med |@%?%%%%ﬁe§9éten1 a continuous systemor a sem - contlnuous
system using an a@pmﬁgrbagg ofeaqﬂg&rthypaczé@@t@@vL@ﬁ;such as fixed bed,

25 transport,i bed rrln rry. o C?TR reac and any nmethod may
be used. The E%%PSlll on%rc% in qif%%h%?l P8 %r%éck%e catalyst an

organi & conpmpyepasatenhseshedtsute asndidtpetoxn der rm@nmfmg%édoal | at once

or in sequente+thd0rkBot8i&d r&acdivet chiendestngsd oxd Cﬂt?eed:aQQ'IFQt'nd can
be separated b a s%ga @tlon %nng ication nethod in the nornm
purlflcatloﬂ's BEEPRcTTTCAYY, for exanple, when the reaction is
preformed in a b@@chhesyth%wnhQHﬂa axi dhgedagenpbundficad tedsépreat ed and

35 recover ed-dacemrt, hehée@ﬁamml&%ecuﬁhmgsa%@c i re%rsmyknom met hod
such 3% fractlonalsglst at.i on Hract|¥g$ distillat
|

i qui 401 1 quisEERYAFEEE | BBT (R & et ior 06 anount of the
oxi di zed comp@@métppnd@caﬁﬁrqnmpﬂyydbhéolMEEtre@n¢Q§RﬁedIHQWthe case of a

slurry-type sru%%aee BP@anié t@dmjulnucaha ga}.a&y@é can be recovered by an 5
appropriate neth and the.recovered

& EECh as.ddddd %t ol 85u8fntré é%f
catal yst can be réued %spﬁ% catarySt PR |§ﬁ FEERPYAR. On the
ot her hand, dfnthieptasenbfinygnbiseg hédlﬂypbhe recovered

15 titanosilicate catalyst, unreacted raw substance organic
compound and peroxide can be again used after these are
purified by an appropriate method or without passing
through the purification.

Generally, the recovered titanosilicate catalyst for

20 use in the present invention (III) decreases in the
activity on repeated use and does not exhibit the initial
activity. In such a case, the recovered catalyst must be
regenerated. The reéeneration of the recovered catalyst
can be performed by a conventionally known method. More

25 specifically, the recovered catalyst can be regenerated
to the initial activity, for example, by calcining it in
air at a temperature of 100 to 600°C.

[Examples]
The present invention is described in greater detail

30 below by referring to Examples, however, these Examples
only show the outline of the present invention and the
present invention is not limited to these Examples.
{Description of Terms in Examples and Comparative
Examples]

35 Calculation Method of Conversion of aAllyl Alcohol:

The conversion of allyl alcohecl is shown by a molar
ratio of allyl alcohol consumed in the reaction to the



reactor, the titanosilicate catalyst can be easily 10 separated, while
being held in the reactor, fromthe product oxidi zed conpound, solvent,

unreacted raw substance organi c conpound and per oxi de.
for producing an oxidi zed conpound of the present inve

In the a process
ntion (I11), the

recovered 15 titanosilicate catal yst, unreacted raw substance organic

conpound and peroxi de can be again usedlafter these are

Mgr 446 an

appropriate nethod or w thout passing through the purification.

Cenerally, the,pecouched Unanad Lheate calaldst.for 3gcuseyin (he

present inventi decre SesS In

se and

does not exhPbFeheherqmiumes lna&PPvF?9Ct+¢PsﬂRﬁ1Q%Lﬁéééteﬂhér@%c@V%red
cat al yst nustn@eeamgmefam@iseme AEUEDEd Bddyl Gfetiveenr BEOYES eghLat al yst

The rocover ol G af Yot Ta e oatnbr ol ohndo Tt 3ot

C|f|cally,
agé |V|%y, for

exanpl €2 by éat%mﬂrr@d iquANt 1At vaty abY enplrattitee G6f (988 to 600C.

[ Exanpl es]  dheofdesfiiptyV eiihel bs deseriled Horeghadt
by referring.lp. Examl eg,. hovever . 1 hese, Examyl e onl

t he present
Exanpl es. (DescrTir isslastivatysof ngB(WJesleaﬁ@Omrrpar

ef.detail 30 bel ow
show t he outline of
‘limted to these

atngkar Exanpl es) 35

Cal cul ati on %ﬁf@%pfglw\a@lsiaﬁa giydti AlahelcedTheomoaner sion of allyl

eact i to PRyl et cEThR Shifads e Bunors

su d in the

2hat d Bt ore the

reaction. ThéhkﬁIgdmeéﬂﬁﬁﬁhaﬂYéédghnﬁmd|QﬂKQQyuﬂe&@tﬁodehasmtnﬂdnﬂ ated from
t he lncreaS@u@fﬁtmleuaﬁ@ of akhiy eheahwindrelcacar bekerenand after the

reaction. h%i% 4R the allyl alcohol was 5 determ ned quantitatively
by using the gas chronatography) met hod as described hereinafter.
Cal cul ati on 3&idpptgfoncdedd v gy gf Hydrogen Peroxide:

15 The conversion of hydrogen perox1de is shown by a

ratio of hydrogen peroxide consumed in the reaction to

the hydrogen peroxide charged before reaction.

The

hydrogen peroxide consumed in the reaction was calculated

from the increase or decrease of hydrogen peroxide

20 between before and after the reaction. At this time, the

hydrogen peroxide was determined quantitatively by using

the titration method as described hereinafter.

Calculation of Efficiency of Hydrogen Peroxide:
The efficiency of hydrogen peroxide is shown by a

25 ratio of hydrogen peroxide consumed in the reaction

excluding the hydrogen peroxide consumed in the

decomposition into oxygen, namely, a ratio of
peroxide consumed in the epoxidation reaction
hydrogen peroxide consumed.

30 Yield of Epoxide:

hydrogen
out of the

This yield is an yield of epoxide compound as an

intended oxidized compound, based on hydrogen

peroxide,

after the completion of oxidation reaction using hydrogen

peroxide and shown by a molar ratio of the amount of the

35 epoxy compound produced to the hydrogen peroxide charged.

[Analyzers in Examples and Comparative Examples])

Analysis Method of Titanosilicate Element



The selectivity of glycidol is shown by a nolar ratio of glycidol and
glycerin calculated fromthe 10 analysis results of the filtrate after the
reaction. At this time, the glycidol and glycerin were determ ned
gquantitatively by using the GC nmethod as described hereinafter.

Cal cul ati on Met hod of Conversion of Hydrogen Peroxide: 15 The conversion
of hydrogen peroxide is shown by a +a3 e of hydrogen per dxicBEMEH0ed in
the reaction to the hydrogen peroxide charged before reactlon The

hydr ogen per oxi dr? consur ldc |tr\39 th ‘rﬂggc r‘f::'[ ? ﬁ

i ncrease or decrease o rog &R pero i) Cfz)eatwe 5?8 %Ir% ter t he
reacti on. Atbrgfpmark nef E-rfe drwapageﬂewmwmmm@enm)nb@raker

quantitativeghy b%’db'@f]lgoritd"'%ctlﬂt 8bi AAsER] hedk arddes ahiabadsbstgedaf ter.
Cal cul ati on,, of Effjcienc gh fg_eﬁ Per oxi.de: The effici eﬂ%%l of hydrogen

per oxi de i sTShBWA BT a7 ?ddgtl §d?d e%hep§r SRCEE EoRBEMES T n t he
reaction ewef unengomﬂad h&Sdm@g@ndpékekYm ohgtriee Lyncoheledeconposi ti on

into 0Xygenpl£‘§;ﬁ£'ype@tfcﬁﬁét@xof(JEYQS?%&UWMe@eb?OﬁilﬂgEQ in the
epoxi dation reactlon_ 0 Lhe Q n reroxrd consurred 30 Yield of

Epoxi de: Th nt ended

oxi di zed COW on hydrogen peI’OXI de after the conpl eti on of
oxi dation reacti pfo Usd nee W@Eﬂg@nofpﬁé%ﬁﬁﬁ%o&ﬁ@%cgﬁtélﬁ@r{@ ratio of

t he ampunt t he. 35_epo ound duced to t dr ogen eroxrde
e Gt AT T R L e (NP LA P e
Met hod of Tﬁt‘alm@)sw-rlmee cElldnent deg@ssed Beidibefo2006hody tmm licate

was wei ghedalgf.r@s@h&efdprlo(r egi.st ehed géxagfér&rég Qocel tdurbont de Nemours
and Corrpany

eaker _an ric ,was_added and
di ssol ved. ﬁﬁ?%r%?%er w&&&a&ae h%lr‘e@b asrP((fctQﬁr?ch BAeA? anal ysis 5 was
per forned ushhgaredemteatnsmetattucFT R §1 Chuplaed fagkased Bpect romet er
(JY385 manyf arids et dBpdRa8akH. The FT-IR conditions used in this

case were as follows.

<FT-IR conditions>
Measuring range: 400-4000cm™
Resolution: 2 em™
20 Integration times: 16 times - 128 times

Ultraviolet visible absorption spectrum methed (U V

The ultraviolet visible absorption spectrum of a
sample was measured hy e diffuse reflection method by use
of the following apparatus, and conditions.

25 Apparatus: JASCO UV/VIS spectrometer V-550 mfd. by
Nihon Bunko Company
Measurement range: 200-500nm
Standard material for base line: BaSoQ,
Powder X-ray diffraction method (XRD)
30 The powder X-ray diffraction pattern of a sample was
measured by using the following apparatus and conditions.

Apparatus: MX-Labo powder X-rays analysis apparatus

mid. by Mac Science Company

Radiation source: CuKo ray (1.5405 Angstrom)
35 Condition: Output 40kV - 20ma
Range: 20 =5-50°



Measuring nmethod of Infrared Absorption Spectrumof Titanosilicate 100 ny
of a solid of potassium brom de containing 10 3 mass% of a sanpl e
titanosilicate was pelletized, set in a quartz-nade cell and degassed at
500C for 1 hour under a pressure of 10-' Pa. This sanple was cooled to
room tenperature and neasured on the spectrumusing an infrared
spectroneter (FTI R 8100) manufactured By 45 Shi madzu Cor poriPieaher 2pR¢
FT-1R conditions used in this case were as follows. <FT-1R conditions>
Measuri ng range: - 4000c¢ .Resolution: 2 cm 20 Integration tines: 16
times - 128 ti rresséqa%ln:l?‘ vFg}Egt Rgignl”briueteabsor ption spectrum nmethod (U V)
The ultravi & 5l 1gig] 9ife OXBanLE S > G weeatrat tanpl e Byt nedss o

di ffuse reflpddidpnmetikedrby use of the foll owi ng apparatus, and
conditions. 25 aratus: JASCO W/ VIS spectropeter V-550 nfd. b Ni hon
Bunko Conpany NEASLJS%t?r gr‘?@ﬁ?“#ﬁ%@%‘?n 5 S5 SPaRdal e nbR ErTvE S (9F¥’base

li ne: BaSOM4 clEeRgdogxaphy dnéiyzet ivmaretthed o XRBDYiBd Sdredigowder X-ray

diffraction pattens ghadysagphss esrtJmraURedobYidsi 9 de fihaw ng
apparatus and conditions. Apparatus: MX-Labo powder X-rays anal ysis

apparatus rF@ndayFdvEetBed bk el THifTANE Radi At HorPRBLAYE OfCHE ray (1.5405
Angstrom  35a09Rdist 58Mu+ Qh P i APkM s o2QEBBANGe: o &8 P D01 o3 - 7

Sept enber 2 Ofg1 Scanni ng rg{%e:. %/aegr;g%e Anal ¥§I s of Organi c Conpound
Concentrat i orf i REPIPaf® bFC BEKH % SHPRERFE: trhk? dbh&ni&t i on was
measudéd by neldetfion| swinygigas 5 chromat ography anal yzer under the
follow ng cendi thedmatodbgp@pal ysis was perfornmed according to an internal

) PINE S e QIR ]

GC~14B manufactured by Shimadzu Corporation
Column:

capillary column TC-WAX (length: 30 m, inner
15 diameter: 0.25 mm, membrane thickness: 0.25 um)

Carrier gas:

nitrogen (split ratio: 20, column flow rate: 2
ml/min)
Temperature conditions:

20 The detector and the vaporization chamber were at a
temperature of 200°C, and the column temperature was kept
at 50°C for 5 minutes from the start of analysis, then
elevated to 150°C at a temperature rising rate of
10°C/min, kept at 150°C for 10 minutes, thereafter

25 elevated to 200°C at a temperature rising rate of
10°C/min, and kept for 25 minutes.

Detector:
FID (H, pressure: 70 kPa, air pressure: 100 kPa)
Analysis of Concentration of Hydrogen Peroxide in

30 Filtrate of Reaction Mixture:

A potentiometric titration was performed using an
auto-potentiometric titrator AT-012 manufactured by Kyoto
Denshi Kagaku Kogyo and using a Ce(IV)-containing
solution as the titration reagent.

35 Example 1: Production of Catalyst 1

[Preparation of Borosilicate and Acid Treatment])



standard nmethod by injecting a 0.4 | portion of the analysis solution

whi ch was obtained by adding 1 m of 1,4-dioxane as the internal standard
to 10 mM of the 10 reaction solution. Gas chromat ography: GC 14B

manuf act ured by Shi madzu Corporation Columm: capillary colum TC WAX
(length: 30 m inner 15 dianeter: 0.25 mm nenbrane thickness: 0.25 m
Carrier gas: nitrogen (split ratio: 2044celum flow rate: T8ep ?ﬁzr‘??ﬁ
Tenperature conditions: 20 The detector and the vaporization chanber were

at a tenperature_o OOC and the . caol er re was. kept at 50C for
5 mnutes from tﬁe fg?g ]? ana Iexsﬁhs?ng%ggwggn?éva%yaft% %SOC at a
t enper at ur e PPSiIrAgipat éPE‘PdUCELQ}U]?ﬁ r‘l"akr@eﬁtlrat Cheps g brindnstirigses,

thgrﬁaf t e][ 25 del,epatedyt 09 2OPG raireanfaem%‘r giﬂpgy rtﬁé}g:docﬂ'ﬂ:% ak 10C/ nin,
an ept for, mnut tectqr El H2 pressure; 7 Pa, air
pressure: 5%kI5aYaSAna ¥/ Vsec‘gf Q(Cc?r‘?cg QP R 0T By dtDY eé’ﬁ]ngFcoxi de in 30
Filtrabe of sRaaGtPOR I\/FmUIIJeB WWnE’Eoﬁeiutwm t¥&ft %1y wds bpei€or ned
using an alafcqap%eaau@@@tﬁy Grddd rakar cAEmQégl nefActiw=ed Loy . Kyot o

Denshi Kaga yo_and n t ai n| sol yt on as t he
titration r §§g§%9 V3§ @‘gﬁ% ‘g“% ISEL@\%&’ ¥1 of naq’yst‘n‘flf T(Preparation of
Borosi | i cat etamdiAgi GoFr atmembtes t4 dompY¥eSely ehirsro12@0Ghel hoB884 g of ion

Iexglhagged W%t:% 248. 4 8¢ OEmﬁdO%rlllqlc@e(éaboéugﬁﬂ rbbb)V\%% RureqChegi cal
naus él es

u % ereinafter sl go rred to,as "PI")
odushhLe, g fescBEl e squonsop £ SR CTOERH aqueous
Pl solutiona ¥88t8rg of budi® :ati @’ (fPeduced B WARES R & tGheni cal
I ndustries, plhg.,,

This mixture was transferred to a 2 liter-volume

Teflon (registered trademark of E.I, du Pont de Nemours

15 and Company)-made autoclave and stirred for 120 hours at
a rotation speed of 100 rpm at a temperature of 170°C.
After stopping the rotaticn, the contents were cooled to
25°C and the solid product was separated from the
contents by filtration and washed with ion exchanged

20 water. The washing was repeated until the pH of the
washing water became 9 or less. The obtained solid
product was dried at a temperature of 80°C and calcined
at a temperature of 600°C. The resulting solid product
was subjected to an acid treatment for 20 hours at a

25 temperature of 100°C by adding 30 ml of 6 mol/liter
nitric acid per g of the solid product. After the
completion of acid treatment, the product was filtered
and the obtained solid was calcined for 10 hours at a
temperature of 600°C. The boron/silicon molar ratio of

30 this solid (Dbeborosilicate A) was 0.0217. This sclid was
further subjected to an acid treatment at a temperature
of 100°C for 20 hours by adding 30 ml of 6 mol/liter
nitric acid per g of the solid. The solid
{Deborosilicate B) obtained by filtration after the

35 completion of acid treatment had a boron/silicon molar
ratio of 0.0017.
[Preparation of MWW-Type Titanosilicate]



99.5% was added while vigorously stirring. After stirring for 30 m nutes
to conpletely dissolve the boric acid, 120 g of funed silica (Cab-o-sil
M/’D) was added and 10 the stirring was further continued for 2 hours to
obtain a mxture of 1SSO2 ! 0.67B203 : 1.4-Pl : 19H20 (by nol). This

m xture was transferred to a 2 liter-volume Teflon (registered trademark
of E.1. du Pont de Nenoburs 15 and Cenpany)-nade autocl ave htmbei30ped f or
120 hours at a rotation speed of 100 rpmat a tenperature of 170C. After
stopping the rotatiaqn, the contents were cooled to_ 25C and the solid
product was sepa?élt gg ?r8§1 thd e}é%*h%‘b‘%ﬁdswﬁf?eﬁw lléa?i%no%m%lI washed with ion
exchanged 20 p#scdeycedThe Wakhi Porevadhemdpedt dddunatiiet hebpH ofpuriey:washi ng
vat er becan® g 0kalseasssdiee@biai 18t $Q) idepREodyEt s 4@S (Y igd at a

tenmperature of 8QC and_calcined at a te rature of 600C. The resulting
solid pr oducEtOlu\%cé“éms'ubjTgch% ® 1 BT He it thZHFﬁ%ﬂt ?09 9FPthours at a 25
t enper &t ur e tEErEGOCYbyontib byt 3atd (wirogumet/ byt @ako iure chagiidaper g of

the solid proguetridtlefcdhp peoy etisqn ghsaghded A/ B gRGsRyOdUCt
was filtered, .and the gtal ned, solid was _cal ¢cined for 10 houri at a
t enper at ur e - 16368: T% t%’ér%ﬁ’/%ﬁlﬂgc&r?rnﬁﬁa?‘l?‘éf‘?% R oFRipteL¥olid

(Debor osi | i datdeoAyzeathe. Dt7abuyls cgshotiinasatéuriher fuljhected to. an
aci d treat "ijHe@budlyepRep it errokiQCeheb gohi'\fﬂ{ags $y adding 30 m of 6
ol i

obt ai f2d by HAEPETALLaRR TP A8 Endr 867 6wt A AReathEnt had a
boron/sil i cetingliap waatfortfe GOXAinueRr épar at howr oftdMibtEipea
Titanosi | i catigludeSor 7.56PL €M8CH38006y, 1.N13P10; OIOII-?ZB ?%EhﬁgQFd wat er,
14.5 g of PI (produced, b ko Pure Chem cal Industri‘es, Ltd., purity:
98% was dissol vé lﬁtm’z’ﬁ%”f‘% e fdresaRTEGdebRs P50 dveilgRe To this
aqueous Pl deifdpnonre@idtered Hademagbubyl Eort hid iRartatde fipmodused by Wako
Pure @hem calnd cCompany)-made autoclave and stirred for 158 hours at
a rotation speed of 40 rpm at a temperature of 175°C.
After stdpping the rotation, the contents were cooled to
25°C and the solid product was separated from the
contents by filtration and washed with ion exchanged
20 water. The washing was repeated until the pH of the
washing water became 9 or less. The obtained solid
product was dried at a temperature of 80°C and subjected
to an acid treatment for 20 hours at a temperature of
100°C by adding 20 ml of 2 mol/liter nitric acid per g of
25 the solid product. After the completion of acid
treatment, the product was filtered and the obtained
solid was calcined for 10 hours at a temperature of 600°C
to obtain an MWW-type titanosilicate catalyst as the
final intended product. The titanium/silicon molar ratio
30 of this titancsilicate catalyst was 0.,0233 and the
boron/silicon molar ratio was 0.0018. Also, the infrared
absorption spectrum was measured in the dehydrated state
and on the absorption spectrum, an absorption band having
a relative maximum value at 930 cm™ was observed. Fig.
35 2 shows the spectrum. 1In addition, Figs. 3 and 4 are
respectively the first differential spectrum of this
absorbance spectrum, and the second differential spectrum



I ndustries, Ltd., purity: 95% was added while vigorously stirring. After
stirring for 30 mnutes to conpletely hydrolyze the tetrabutyl
orthotitanate, 10 g of the previously prepared Deborosilicate B having a
10 boron/silicon nolar ratio of 0.0017 was added and the stirring was
further continued for 2 hours to obtain a mxture of 1Si02 : 0.033Ti O :
1-Pl : 10H20 (by nol). This nixture wasétfansferred to a 756PRMbIA N ee
Tefl on (regi stered trademark of E.lI. du Pont de Nenpburs 15 and

Conpany) - mad t.ocl nd stirred for 158 hours at a,rotati peed of
20 T o hi ' Gl B RS St hy  SRobHEnGSERae rot Y TR

cont ent s werspesgaiugd tbe QBOfarmrQSE@SSdhedzwodpeianf separated fromthe
contents by diiditfll galangtw@@d;@@ wM&m on e%chaggsdrDampger. The washing

was repeated until th H, of cane 9 or less. The
T e i YT pRIAS phe e IR HRLET PRERI O o1 Less, The
to an &cid tAeminvdnglior i20wheufaunst tdaterperat s eamfabsk@@E iy addi ng 20

n of 2 nol /ﬂaﬁcﬁrhak}llar;l 6 Aeig PR ngax(lﬁnu%5v5|‘.ﬂ§e59ﬂ1|Q‘lé)rrmujﬂborﬁfﬁ)@r t he
conpl etion of (f?égcf“ eat nment the uct was_filtered and he obt ai ned
Ci or

solid was cal% lfOPHSﬁ%tat ar 8PuFBP PP BRI 3 GBtain an
MAV t ype ti ttehodisl ispatercat af ylsttlea§atrrm>ée ﬁlrﬁarea;m@wdmi-yprscb@wm inThe
titani unfsilgdican @;Dlaga gatio 30 of this titanosilicate catalyst was 0.0233
and t boror/ siligon rml ar ratlo was .0018. Also, the infrared

absor ptii on speet 94 ==¢iefrydr ated state and on the

absor ption s[rreraptammtlan af)swvm‘li‘m Fandnbavingata] rel ati ve nmaxi mum val ue

at 930 cm was ohgeLyedquEbQs Pk iROWSNEHEN SR gi;cj ryings lippaddition, Figs.
3 and 4 are respectlvelzfthe first differentia

spectrum of this
absor bance SHSIARGR HALSE HENQ et oh @ dPFPEPERE| BFF Shda (RHouFeq Y 7
Sept enber 20@&ko FlurehiChembsal banbs tspest r ihd. ) rpuhictyseddrid (diof 2egent i al

spect ngm t hg Ct'ért\.éﬁbﬁf:?§5§§tl§c§'ﬁt?a‘?1raerQb95d9cf:ec§h?yq'faﬁdd"'%‘?feax'5 at about

igiggg:i an%emlca Indgg{gfgs:nﬂydnqnbﬁglg I&B%) wégaa borhOOd of

25°C, The tetrabutyl orthotitanate was completely

A b

hydrolyzed by the stirring for 30 minutes and then
dissolved by the stirring for 30 minutes. Thereto, % g
20 of ion exchanged water and 10 g of Deborosilicate A
having a boron/silicon molar ratio of 0.0217 prepared in
Example 1 were added and the stirring was further
continued for 10 minutes. Thereafter, the water content
was evaporated over 3 hours at a temperature of 100°C
25 while stirring to obtain a mixture of 1:8i0, : 0.033+TiO,
(by mol).
This scolid mixture was placed in a 5 ml-volume
Teflon {registered trademark of E.I. du Pont de Nemours
and Company)-made beaker and the beaker was transferred
30 to a 50 ml-volume Teflon (registered trademark of E.I. du
Pont de Nemours and Ccompany)-made autoclave previously
containing 1.5 g of ion exchanged water and 2.5 g of PI
(produced by Wako Pure Chemical Industries, Ltd., purity:
98%) and statically heated at a temperature of 170°C for
35 158 hours. After the completion of heating, the contents
were cooled to 25°C and the solid product was separated
from the contents by filtration and washed with ion



5 Accordingly, it was found that there is an absorption band having a

rel ati ve maxi mum val ue in the nei ghborhood of 1010cnl is present.

Further, an XRD pattern and an Wv-VIS spectrumof this sanple are
respectively shown in Figs. 5 and 6. 10 Exanple 2: Production of Catalyst
2 [Preparation of MAW Type Titanosilicate] In an aqueous sol ution
containing 2 g of ion exchanged water 4dnd 1 g of hydrogen’ RPKELEHRI06
(produced by Wako Pure Chemical Industries, Ltd., purity: 31%, 0.2 g 15
of tetrabutyl orthoti ate( oduce Pur e en ¢ ndustri es,
Ltd., puri ty‘L‘X%%%/Sg vésts Y added 2{“ &ﬁj ﬁ%ewﬁsetrreé‘ﬁﬁttfg]BPFﬁgt F{j%n%ﬁe was
corrpl etely afdeled yoasdhing magest bﬁﬁﬁlng 3 ovr 3@sw.nuttbs ahdathed di ssol ved

by the stirrisgid Oér&ﬂldﬂ matsearllbeagté) téhgb 22 9k Lenggxehanged water and
10 g of Deborlglllca oron/silicon nolar ratio of 0.0217

g.a
prepared in LHpre Owé"rne aﬁdg Brﬁﬁﬁn?rfﬁa 5 A% RGWREs2Fuft her  conti nued
for 10 M nut‘e%mpq'mtem‘ todr 100RE mt addtont it mlwag evapdr dteer over 3 hours

at a tenperaﬁwlel@facmpgea«'igwefl @hétééii&‘q:rtdau%tit ai ﬂf@eP‘ ¥pere of 1Si Q2 :
0.033Ti & r@ Jt sql.i in a -vol une

m Xt ure
Tefl on (regl‘é B mSIFI%d grﬁ'?”f’f‘e for \I%}ﬁ PEQdﬂgﬁDﬁ?§ fh}nﬁe’@ﬂmany) nmade
beaker and tdwed b‘dm(e:rbnmetﬂr gnifdrvas Glldimea Fornilovbdbune Fefd on
(registered iér@&@m{deeofofEeéo BUto ROSLa G emmmt %Kaedt@&fﬂ?@éwlé%

aut ocI e previ ausl nt ai_ni i on, exc ed wat er an
Pl (plr duce%aibilol%‘{(?sP g éﬁﬁﬁ?cb?t?‘%ﬂﬁitﬂﬁo@é“’tud Cpurity: 98% and
statical |y hedtadiwt/sd tieowpemnal ar er of id #HIC thdis $5taﬁashbmate After the

conpl eti on oéa{&qtgw%ast € 0¢8Nt B8R St h IV B 9Ri§d bR 35&@%&1? glid
product was (g ted fro the ontent%s%flltratlon and washed with ion

- 47 - 7 Séptehtfer 2966 Ehéﬁ A Skt P ORaSRFALE WAS 3% peat ed unti |
the pH of theeagmstfichgwather dbbgdnet®d crtdtessandThe obt aspedtrisnl iath product

was drised atapsdgRemnatdhe Rhv8RE ANbiative maximum value at 930
cm™ was observed.
The titanium/silicon molar ratio and boron/silicon
molar ratio of Catalysts 1 and 2 obtained in Examples 1
and 2 are shown in Table 3.

20 [Table 3]
Table 3
No. Titanium/Silicon |[Boron/Silicon
Molar Ratio Molar Ratio
Example 1 |Catalyst 1 [0.0233 0.0018
Example 2 |Catalyst 2 {0.0167 0.0018

Example 3: Production of Oxidized Compound Using

Titanosilicate Catalyst 1
25 In a 20 ml-volume three-neck flask equipped with a

thermometer, a reflux condenser and a magnetic stirrer,
0.58 g (10 mmol) of allyl alcochol and 3.9 g (5 ml) of
acetonitrile were added and then the MWW-Type
titanosilicate catalyst (50 mg) prepared in Example 1 was
30 charged. The mixture was heated in a hot bath at 60°C
and vigorously stirred. Immediately after the
temperature of the reaction mixture reached 57°C, 1.1 g
(10 mmol as hydrogen peroxide) of an aqueous 30 mass$%
hydrogen peroxide sclution was added to the system. By



subjected to an acid treatnment for 20 hours at a 5 tenperature of 100C by
adding 100 mMl of 2 nol/liter nitric acid per g of the solid product.
After the conpletion of acid treatnment, the product was filtered and the
obtai ned solid was cal cined for 10 hours at a tenperature of 600C to
obtain an MAWWMtype titanosilicate 10 catal yst as the final intended
product. The titanium silicon nolar-ragie of this titanodiSepemps 2006

catal yst was 0.0167 and the boron/5| i con nolar ratio was 0.0018. Al so,
the infrared absorption spectru sured in the dehydrated state and
on the spectiuny? 'h‘ﬁ §ﬁ§8FbPPoﬁt%’éY1dtWh‘e\/ltﬁg thifeP8tPte TY&?(I num val ue at
930 cm -1 wetsiohiser wadg. cPheinbedneurd sitthec pasgohgr of add onbmikes

boron/sili cofroli Jtath000f rLatal ¥St s aleaid 23 a%at@@dff&m Biagpl es 1
and 2 are shovvn in Table 3. 205{: able 3 Titanium.Silicon

Bor on/ Si | i cof-*Wbl%r TREES Rl eIR’é‘?"i‘%tJCES(éﬂ’rﬁltBrf ¥af ot et e 1233 0. 0018
Exanpl & 2 Cateblest w2t 0t67b6tHD0ES stegamblee r@acPioduct Tioeredff @4, di zed

Conpound Usifge ddanesi hhﬁ@ﬁ@eq@‘éé'ﬁ’ﬁltte]re%f’tbnsé 202 0 -yt 4R dhr ee- neck
flask equi pped wth a_thernoneter, a refl ux cond nser and a nagnetic

stirrer, 0.38% @F ) UBFeaFtSt hyssn 8ﬁ6°§l§eg &) of
acet oni t ri I ep voehe ta choheld samdenheﬁmdnetHW\Waﬂaﬂgsttl t anoshis catre ,cahel yst (50

my) prepar e dt aRlienl o\é’aér&an@aéLH%‘% Eiae F[‘% a?'[ag?y@ﬁ]e dipated in a hot

bath at 60C _and vigorously_stirred |ate t enmper ature of
the réedcti orf%ﬁ%at}reewﬁéaéﬁéélyﬁ% by %Sg Ch(r?ﬁ‘aﬁﬁﬂFa% MRt dd¥n per oxi de) of
an aqueous 3Ifbressdathipdr ofeunpesctedaysiziogenopenasideldets t o t he system

By - 48 - 7'é%gﬁﬁyﬁwérb%OBQteﬁéﬁéméEk J“%lkﬁé%ﬁbﬁnuéiﬁﬁtcé{;Qi toghpis
point, the stirring was_continued unt] | e paSSI n nut es
reaction results are shown in Table The conversion of

allyl alcohol was 95.9%, the selectivity of glycidol as

15 the produced epoxy compound was 99.7%, the conversion of
hydrogen peroxide was 97.6% and the efficiency of
hydrcgen peroxide was 98.0%.

[Table 4)
Table 4
Kind of Catalyst Solvent Used
in Reaction
No. Titanium/ Boron/
Silicon Silicon
Molar Ratio’ [Molar Ratio”
Example 3 Catalyst 1]0.0233 0.0018 acetonitrile
Example 4 Catalyst 2}0.0167 0.0018 acetonitrile
Comparative {[Ti,B]-MWW |0.0217 0.0204 acetonitrile
Example 1 type
Comparative [MFI type 0.0192 - acetonitrile
Example 2

20



fromthe start of reaction. After 30 mnutes fromthe start of reaction,
the reaction mxture was inmmediately 5 cooled with ice bath to stop the
reaction. Thereafter, the reaction mxture was filtered to separate
unreacted allyl alcohol, unreacted hydrogen peroxide, water, product and
solvent fromthe catalyst. At this tinme, the concentration of organic
substance in the obtained 10 filtrate 4f%as anal yzed by gas THPEHES" P%phy
and the concentration of unreacted hydrogen peroxi de was determ ned by
potentionetyic titration-using-Cell\).—The reaction-result NN
Tabl e 4. The conversi onc%‘fverﬁ%ﬂﬂ G’cohol E\}?g&%g?i."é% t he sa‘”"r%‘—‘a-‘eﬂlw?inf:y of
gl ycidol ag 15 the produced epoxy conpoun Was’99. 7% the %@@ lyon| of
hydr ogen peroxi de was 97.6% and the efficiency of hydrogepdgQaeate | was
98.0% [Tahle 4] Table 4 Kind of Catal yst Solvent Used ipeaction| No.
Titanium Boron/ SilicmSIT comydblyah Rallveidbbllelytaiiws Exanple 3
Cat al yst 1 [0.0233 0. 008 aoetldhjpterioké deBxjanpl e 4 {Catal yst| 2 0.0167 0. 0018
acetonitrill@xa@obpat at ¥ 9 Ti , B>/MAV 0. 0222 .0. 02040a8et oni {%4.10e , Exanpl e
1t e ConpaEatinpee M-l 19ped 0. 01/98.0 acetdidifOrile [Exanple RO - 49 { 7

Sept enber 2008pathieg s1on (%) [SSl-&cti vi t|YIEPfi ci ehe) (no]DYH03 of
Hydrogen REKaRPHe 1 M A1yl Hydrogen G yicidol G ycerin cahol
Per oxi de' |Comparative [20.6 19.3 88.0 12.0 94.0

Example 2

*] Conversion of allyl alcchol:

Allyl alcohol consumed (mol)/raw substance allyl
alcohol (mol) x 100 (%)
5 *2 Conversion of hydrogen peroxide:

Hydrogen peroxide consumed (mol)/raw substance
hydrogen peroxide (mel) x 100 (%)
*3 Selectivity of glycidol:
Glycidol (mol)/{glycidel (mol) + glycerin (mol)} x
10 100 (mols%)
Selectivity of glycerin:
Glycerin (mol)/{glycidol (mol} + glycerin (mol}} x
100 (mol%)
*4 Efficiency of hydrogen peroxide:
15 {Glycidol (mol) + glycerin (mol)}/hydrogen peroxide
consumed {mol) x 100 (%)
*5 Molar ratio
(calculated by ICP emission spectroscopic analysis)

Example 4: Production of Oxidized Compound Using

20 Titancsilicate Catalyst 2
The same operation as in Example 3 was performed

except for using the MWW-type titanosilicate catalyst (50
mg) prepared in Example 2. The reaction results are
shown in Table 4. The conversion of allyl alcohol was

25 97.0%, the selectivity of glycidol as the produced epoxy
compound was 100%, the conversion of hydrogen peroxide
was 98.0% and the efficiency of hydrogen peroxide was



Exanple 3 95.9 97.6 99.7 0.3 98.0 Exanple 4 97.0 98.0 100 0 99.0
Conparative 77.1 79.5 99.0 1.0 96.0 Exanple 1 Conparative 20.6 19.3 88.0
12.0 94.0 Exanple 2 *1 Conversion of allyl alcohol: Alyl alcohol
consuned (nol)/raw substance allyl alcohol (nmol) x 100 (%9 5 *2
Conversion of hydrogen peroxide: Hydrogen peroxide consumed (nol)/raw
substance hydrogen peroxide (nol) x-100 % *3 Sel ectivi tPeRFmeAr ¢ 8¢ol
A ycidol (rmol)/{glycidol (mol) + glycerin (nmol)} x 10 100 (nol d)

Sel ectivity %f %I ycerin: Gycerin (mol)/{glycidol (mol) + glycerin (nol)}
x 100 (rml 9 "Effici ency of hydrogen perOX| de 15 {4 yC| doI (mol) +

gl yceri n ( nalompahry 3 : ot 3 1 v ] t b
(cal cul at ed ot;yleg}E‘T
of Oxidi zed ] & sane operati on
as in Exanplt usi ng the MAWtype
titano$ilicate canabil's‘tg(@ﬂ 1qrg)e)q§m©paﬁédwahefxalﬁﬂ & 2 cSFh@Ireaction

A gsglytstﬁre g\taeeanbﬁbé& Apury%h@ﬁmgﬁisw@%@ér%sl ylptal.Gopak i v vps 25

9 e sel ectivi s the produce nmpound was
100% the cc?%\%grgfaﬁné}c/ﬁ ‘8"}% %ﬁe?o}if’dg DRs® 95*3’@%) ﬁ%‘ %g ef ficiency of
hydr ogen persexliudgeonas ThB‘ﬁ) aq@@@p?énbeiuﬁi—)% w9, G@B@al@dnﬁawaﬂe@e Exanpl e

1: Conpar at ijhg oCatsal ;ﬁéﬁfﬂ@nﬂ&dy%h@e v%oi\w&ﬂ Fsecﬁrtl%@osubl gage by

D|rect nt hesi
Sy tc%st%tygéutyl orthgﬂf¥§#%%go?pggdé%% %FQﬂﬁgyn%ure

Chemical Industries, Ltd., purity: 95%) was added to one

portion and 124.2 g of boric acid (produced by Wako Pure
Chemical Industries, Ltd., 99.5%) was added to another
portion. After stirring for 30 minutes to completely

15 hydrolyze the tetrabutyl orthotitanate, 45 g of fumed
silica (Cab-0-sil M7D) was added to each solution
containing titanium or boron. After the addition of
silica, these solutions were stirred for 1 hour to obtain
two kinds of uniform gels. These two kinds of gels were

20 mixed and the stirring was further continued for 1 hour
and 30 minutes to obtain a mixture of 1+5i0, : 0.033-TiO0,

0.67+B,0, :+ 1.4+PI : 19+H,0 (by mol).
This gel was transferréd to a 2 liter-volume Teflon
(registered trademark of E.I. du Pont de Nemours and

25 Company)-made autoclave, stirred for 24 hours at a
rotation speed of 100 rpm at a temperature of 130°C, then
stirred for 24 hours at a rotation speed of 100 rpm at a
temperature of 150°C and further stirred for 120 hours at
a rotation speed of 100 rpm at a temperature of 170°C.

30 After stopping the rotation, the contents were cooled to
25°C and the solid product was separated from the
contents by filtration and washed with ion exchanged
water., The washing was repeated until the pH of the
washing water became 9 or less, The obtained solid

35 product was dried at a temperature of 50°C and subjected
to an acid treatment for 20 hours at a temperature of
100°C by adding 20 ml of 6 mol/liter nitric acid per g of



5 1n 513 g of ion exchanged water, 182.5 g of PI (produced by Wako Pure
Chem cal Industries, Ltd., purity: 98% was dissolved at 25C to prepare
an aqueous Pl solution. This aqueous Pl solution was equally divided

into two portions and while vigorously stirring, 18.0 g 10 of tetrabutyl
orthotitanate (produced by Wako Pure Chem cal Industries, Ltd., purity:
95% was added to one portion and 12452 g of boric acid (PrBEubadodsy Wako
Pure Chem cal Industries, Ltd., 99.5% was added to another portion.
After stirri for ,30 mnutes to.conmpletel 5 _hydrolyze fhe tetrabutyl
ort hot i tanattgl% f@ldgo{‘:’r?gﬂ%ﬁ' szﬁtiecrgQ(héan%‘PiFFl Eﬂ# Vits added to each

sol uti on comeaitmeny . t thanpuedert brsodilapred &hé blkelichtaineld silica,

these sol utiQns a8 shiéi®ed fosr b NoWurkOaebhat Bnpd M JiNds 8foupi form
gels. These two kinds nd_t he stirring was further

of | s were 20 m xed_and
cont nued {0 PAGAR AN W hUTE PG OBERTR S hE W Ue dRULS 0o
0.033TEOz (i62B208/silidoP|molanHERG icbpinbh)s Thtznemiligadetransferred to

a 2 liter-voldnmytef a8 o (6207 SRl athe HREGBAREK] Qo o1 RRAL ¢8sNenours
rotation speed

and 25 Conpany).,-.made_aut oc] ave, stirred for 24 hours at a

o100 +pm S 020fapBrdp Or Hob e R SERF fop ctbdtush s <t a
rotation spesdsgiedodnrphe adelydrahggessetreand B0 arRPetruier agtirred
for 120 houra%s@trﬁtaoﬁ%aﬁa%\smfca He 1409 vEPARRAL m@n tRRAY Akubgoof 170C. 30
After1 topping, the r tatlog, t%e cojpt nt s gﬁre cooled to 25C and the

sol i d “Pr odudt® wéi‘?ssé’g’ﬁfﬁi’% * f r'ohd t he 59881t &REsSBY T rati on and washed
with ion exchang&le mmeropqmmmsngnvvgsamebe@ eckumpedforwedpH of the
washi ng wat ixcRe¢arBr9udind e95is Mif-2hbal Bedasedi i PlRduglswas dried at

a tenperature of, 5QC and subjected t0 an acid treatnent for 20 hours at a
terrperaturec’g'ftalfﬁgcbﬁyt%%l Jn‘if% SRt Sésnﬂ?W?‘Eer 'ﬂleet FeGC5¢Pl per g of -

51 - 7 Sept emwserlt8086e shewsoln d'gileddet. After the conpletion of acid

treatment, g RLAduch Wesntid tor ebiRdat hoe OBL Sl SOlbi-daues;gal ci ned

for 10 hours at a tenperature of, .
of MFI-Typ Tftanosfilcate Catalvst and Production of

Oxidized Coﬁpound

In a 500 ml-volume beaker equipped with a magnetic

stirrer, 62.5 g of tetraethyl orthosilicate (produced by

20 Wako Pure Chemical Industries, Ltd.) was added and then
107 g of an aguecus 20 mass% tetrapropylammonium
hydroxide solution (produced by Tokyo Kasei Kogyo) was
added at a temperature of 30°C over 10 minutes. After
stirring for 1.0 hour, a mixture containing 38 g of

25 isopropyl alcohol (produced by Wako Pure Chemical
Industries, Ltd.} and 14 g of tetrabutyl orthotitanate
(produced by Tokyo Kasei) was added over 30 minutes.
After stirring at 30°C for 30 minutes, the mixture was
heated using a hot bath at 80°C and the stirring was

30 continued for 2 hours. To the thus-obtained mixture, 230
g of water was added. The resulting solution was
transferred to a Teflon (registered trademark of E.I. du
Pont de Nemocurs and Company)-made autoclave and a
hydrothermal synthesis was performed at 175°C for 48

35 hours. After the completion of hydrothermal synthesis,
the contents were taken out from the autoclave and the
solid product was separated by centrifugation. The



to obtain an MW type titanosilicate catalyst. The 5 titaniunfsilicon
nolar ratio of this titanosilicate catalyst was 0.0217 and the
boron/silicon nolar ratio was 0.0204. Al so, the infrared absorption
spectrum was neasured in the dehydrated state and on the spectrum an
absorption band having a relative maxi rumvalue at 960 10 cm was
observed. Fig. 7 shows the spectrum -The same operation as JeAtCBREMAIE 3
was performed except for using this MWWtype titanosilicate catal yst

obtai ned by the .direct synthesis nmethod. The reaction, results are shown
h Tabre 4 RSN PR IO b ER Ty i e StDeteaT AT Yt bguct  on
of MFI - Type anid afdsir itbat eclatat st ahdraBhddgct cehcbhied Gxi dit€d Conpound

{nta 533 T‘ﬂq}lhmloﬁ%ﬁﬁh eqyi ; ﬁé@é szfgavqgg@%; i:@mo§éic53f<fe{riicf32-d5 tg of
etraethyl orthosilicate_ (produg 0 Pure Chemical. Industries,
Ltd.) was aasdlé’c?té"ﬁ‘&etshenTg‘%o?"gl‘gfmaa%egql%’&ﬁ%nfe {‘Hﬁs%/% (@ IESREFYParmoni um
hydr oxisde sofas isoipjepredutedadid Twaaio ikader K8gyo)ravass imylddd mit od
tenperature 4f 3R6cR%en ., d0mgLpies: A8t a8tk 5b0gci .0 Soyr, a

m xt ure contai ni nq,éB % of ZSH%EO roq%lr al cohol, ﬁprgduc_ed by \Wako Pure
Chenical | ndifstSPtés, "EEESY - a9 16 CCBPrEHAPYI Obratist iMashare
(produced bytiEokyd idapepiuanswas degpaoated3®ynfnlit estioAfdmey téeinrri ng at

30C for 30 rnWigsa hRespbxé UEgr vBs ndiedt ed URLNGr&sdinte RAt h;at +80C and
the stirring was 30 continu hus- obt ai ned m xture,

%c: for 2 hours. To the t
230 d%f wREPrWadPaddBEeN G HektRenG156PaEE bhC R a4 Sterred to a
Tefl on (regirstvemgd at tademank/ ©f LiEdn ndlarPoatideofNehorirds? .and1€oppany) - made

aut ocl ave a%@in@%@&@ﬁhgﬁw?&y&{ heRict RS wRE! hOL I Al nL LRE for 48 35
hours. After, the coggl etion of _hydrQt her nal s¥nt hesi s, the contents were

taken out frAGRYERETEH: BERES AP IFEe SBRFETBRodRR (2RRRTPESSAr REBE by
centrifugat itevinfhe rebativd Sepiremberl2e06t BHO acmédvaoldicsepveduct was

washed swi t h wdist igl bedwwatge spukafier the conpletion of washing, calcined

at 500C . .
The same operaticon as in Example 3 was performed

except for using this MFI-type titanosilicate catalyst.
The reaction results are shown in Table 4.
Example 5: Study of Reaction Substrate

20 In a 20 ml-volume three-neck flask eguipped with a
thermometexr, a reflux condenser and a magnetic stirrer,
0.84 g (10 mmol) of 2-hexane and 7.8 g {10 ml) of
acetonitrile were added and ﬁhen the MWW-type
titanosilicate catalyst 1 (50 mg) prepared in Example 1

25 was charged. The mixture was heated in a hot bath at
60°C and vigorously stirred. Immediately after the
temperature of the reaction mixture reached 57°C, 1.1 g
(10 mmol as hydrogen peroxide) of 30 mass%$ hydrogen
peroxide was added to the system. By setting the

30 reaction start time to this point, the stirring was
continued until the passing of 2 hours from the start of
reaction. After 2 hours from the start of reaction, the
reaction mixture was immediately cooled with ice to stop
the reaction. Thereafter, the reaction mixture was

35 filtered to separate unreacted 2-hexene, unreacted
hydrogen peroxide, water, product and solvent from the
catalyst. At this time, the concentration of organic
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Comparative
Example 6

cyclohexene

cyclohexene oxide

0.9

*1 Yield of epoxide:

Amount of epoxide produced (mol)/amount of raw

substance hydrogen peroxide (mol) x 100 (%)

Exanple 6

The same operation as in Example 5 was performed

except for using 0.82 g (10 mmol) of cyclohexene and 0.55

g (5 mmol as hydrogen peroxide) of 30 mass$ hydrogen

peroxide.

The reaction results are shown in Table 5.

The yield of cyclohexene oxide as the intended epoxide

compound was

7.5%.

Comparative Examples 3 and 4
The same operations as in Examples 5 and 6 were

performed except for using the MWW-type titanosilicate

catalyst obtained by direct synthesis method in

Comparative E
Table 5.

xample 1.

The reaction results are shown in
The yield of 2,3-epoxyhexane as the intended

epoxide compound was 50.3% and the yield of cyclohexene

oxide was 2.2

%.

Comparative Examples 5 and 6



chr omat ogr aphy and the concentration of unreacted hydrogen peroxi de was
determ ned by potentionetric titration using Ce(lV). The reaction results
are showmmn 5 in Table 5. The yield of 2,3-epoxyhexane as the intended
epoxi de conpound was 70.0% [Table 5] Table 5 Substrate Epoxi de Product
Yield of Epoxide (%9'1 Exanple 5 2-hexene 2, 3-e ox hexane 70.0 Exanple 6
cycl ohexene cycl ohexene oxide 7.5 Conpdrative 2-hexene Zjék@ﬁEQVﬁ@Q%ne
50.3 Exanple 3 Conparative cycl ohexene cycl ohexene oxide 2.2 Exanple 4
Conmpar ati ve 2-hexgne 2, 3-epoxyhexane_ 16,8 _ Exanpl e 5 arative

cycl ohexene cycloﬁ%ﬁeﬁé@%»éﬁ? G}QnsEiiane§%9qé¥g%.SYﬁgﬁgBoVeE%oxide:

Anount of epbgiderpedderembt( folk) LadpanthefMFhviyreulbdttanceihydaogen
peroxide (mMbxtX1380 &8aimeMmhecBnpheatan® NREGAL 2N agnkn-EXAIRIE 5 was
performed 15_except for&ﬂflng.O.%Z 9 (%0 | ) .of cy Ighgxene and 0.55 g
(5 Mol as h§8?5§gﬁ Pt NG 187 T35 fra S%Eﬁ%ﬂﬁBﬁ&ﬁ Oge oxide. The reaction
resul ts>are showwmhérxamaldse the Théeepded depdxide |cgirgoeand was det adt t he

i ntended epoxhdech& OpRIOUNG ARG cT1oh¥&kerd SPIMAnald e okxanples 3 and 4 The
sane operatigns [ §5a pl. es .5 and .except _for using
the MW type=fft&t 3 404 : R FeeE25§nthesi s net hod
in Conpar at Zepi&kain®l 471 raThesreaction results are shown in 25 Table 5.
The yield of 2,3-ﬁwmeae@,n%faﬁwwh@yp@t@fmgtsiqa@éltdesﬁggp&%& was 50. 3%
and thfoylelgagin§y§§é¥g¥g%QeSi9ékd§a¥%§§flf%mthe same mannes as in

Example 1 except for adjusting the amount tetrabutyl

orthotitanate. The finally obtained products had Ti/Si
ratios of 0.027, 0.023, 0.016, 0.008, and 0.004, and the
Si/Ti ratios which were the reciprocal number thereof

15 were 37, 44, 64, 124, and 240. The IR spectra of these
samples are shown in Fig. 9. As the 7Ti content was
increased (i.e., as the S8i/Ti ratio was decreased) the
intensities or extent of the absorption bands of 930cm™
and 1010cm™ tend to be increased. Accordingly, it was

20 found that these absorption bands correlated with the Ti
content contained in the titanosilicate.
Example 8: Preparation of layer-exfoliation type
titanosilicate catalyst-3 -
[Preparation of Ti-MWW (P)]

25 At 25°C, 14.5g of PI (mfd. by Wako Pure Chemical
Industries Co., Ltd., purity 98%) was dissolved in 30g of

ion-exchanged water to prepare an aguecus PI solution.
Under vigorous stirring, 2.3g9 of tetrabutylorthotitanate
({purity 95%, mfd. by Wako Pure Chemical Industries Co.,

30 Ltd.) was added teo this aquecus PI solutiocn. The
resultant mixture was stirred for 30 minutes to
completely promote the hydrolysis of
tetrabutylorthotitanate, and thereafter 10g of the
deboronated silicate B having a mole ratio of the

35 boron/silicon of 0.0017 obtained in Example 1 was added
thereto, and the stirringrwas continued for further two
hours to obtain a mixture having a mole ratio of 1+5i0, :



Conparative Exanples 5 and 6 - 54 - 7 Septenber 2006 The sane operations
as in Exanples 5 and 6 were perforned except for using the MFl-type
titanosilicate catalyst obtained in Conparative Exanple 2. The reaction
results are shown in Table 4. The yield of 2,3 5 epoxyhexane as the

i nt ended epoxi de conmpound was 16.8% and the yield of cycl ohexene oxi de
was 0.9% Exanple 7: Preparation of ME¥type titanosilicat/Sesrnbii2fPQus
Si/Ti ratios Five kinds of MAWWtype titanosilicate substances 10 having
different SiJ/ Ti,qf 0s, the a mannes as in Exanple 1 except for
adj usting tr?/e-ggrsmg% 2tet r%butyl16 H‘%{ ‘hotitanate. The finally obtained
products had Ti/Shisraixvarefwap oxansdegesd tooael5® megolang 0. 004, and

té Qe 1;»4 [ Ti g@téf%@a %a&%&w@léﬁe arn]‘c%lmsﬁfiQ@'éB flcb'ﬂ’lﬂﬁs thereohela vvelr: e 379 44As
an e S a 0 es es_ ar I n 1g. .
Eae” Frera i Bell 08 BrnBEPars B 700"

the Ti cont &n ase ecreased) the
i ntensPties A(frteéxﬁéﬁppemqtﬁé? mtppmontban@@ntﬁnmmel coghgd10d0cm 1

tend to be ipsereagadendcsorii Qg:ld&udtt w\A@SSa fafore 4t thiese absorption
bands correl at% cante i neqé n the &II tangsilicat e.
" a |

Exanmpl e 8: Bre epar atc’lg% P{fshfratlon 4 *PTRNES Preat e

ayer - ex
cat al yst -3 [WRtepgar a?h%rwféﬁhfﬂg AR/ G-‘IBPFaQSdA‘@nQBJC thi p8g oéf the (nfd. by
V\fko Pur e Cﬁa@h@ab wbﬂ@ﬂ&ié’daﬁtﬁ‘e Qoor Lkds. Prké tyhBB%praased §§gia/ed in 309
0 i excnan [ an a eous ut.1 on Under VI gor ous
sti rr?ﬁg, p§° ?d' % ﬂﬁeqooﬁf%ot%ﬂ"g urla[oﬁ’@%% %ba By Wako Pure
Cheni cal | ndggﬁrﬁést%anomq_qu:e) %ﬁwﬁdﬂédﬂ oatgﬁ@ua’qaéoﬁgrmn sol ution.
The resul t @~ m{gséuwoy\we Stigyied 1ta9ér89 @%M@ﬁcé qnadcgrml etel y promote

t he hydr ol y% $.9 }e abut cirthotltana @1:{1 ter (?
debor onat ed EPRcaPLEH FER e arst Part o0 of Y e Borany st FHEwh of
0. 0017 obt ampédri naExcamgﬂf éJ P 0dFs added

15 [Modification of Ti-MWW (P))

With respect to lg of the obtained Ti-MWW (P} solid
product, 20ml of nitric acid of 2mol/l was added, the
solid product was acid-treated at a temperature of 100°C
for 18 hours. The thus acid-treated sample was poured

20 into an aquecus solution which had been obtained by
mixing 5.6g of hexadecyl trimethyl bromide (purity 99%,
mfd. by Aldrich Co.), 6.0g of tetrapropyl ammonium
hydroxide (purity 22.5%, an aqueous solution mfd. by
Tokyo Kasei Co.), and 129 of ion-exchanged water. The pH

25 of the resultant slurry was 12.0. The slurry was heated
to 80°C and left standing for 16 hours. Then, the
suspension was treated in an ultrasonic irradiation
device at 300W, 35kHz for one hour, and under stirring,
nitric acid of 2 mol/l was added thereto until the pH

30 became 2 or less.

The solid content was collected by centrifugal
separation, and further, the solid product was washed
with ion-exchanged water. This washing was repeated
until the pH of the rinse water became 9 or less. The

35 thus obtained solid product was dried at a temperature of
80°C, and then calcined at a temperature of 600°C. With
respect to lg of the obtained solid product, 30ml of



thereto, and the stirring was continued for further two hours to obtain a
m xture having a nole ratio of 1SiQ2 - 55 - 7 Septenber 2006 0.038Ti 02 :
1-Pl : 10H20. This m xture was transferred to a 150 m -vol une Tefl on-nade
autocl ave and stirred for 158 hours at a rotation speed of 40 rpmat a
tenperature of 175C. 5 After stopping the rotation, the contents were
cooled to 25C and the solid product- Vigs -separ at ed from t HSePEBMreAts by
filtration and washed with ion-exchanged water. The washi ng was repeated
until the pH.of.the . washi ter be or less. Th hus, ot ai ned
2011 d 10 pr BALEL BT e PRRpEParT, P HHDED PO OBEAFR: A0 ayer ed
titanosilicapéidipMiNG) ads aa tereedatore fof 10 °aWintt ypehoensite. This

| ayored, SUDEEBBECL IR LdoBUUMALS| LIGOR TR hiaabbg 8f 0.033 and 2
oron/silicgn. nmolar ratio 0. : ificatio -

Pespect 10 THLETETHR G ad FEONAN ? PRt SH,R00 SORTT ofrhi 111 ¢
acid of 2nohpirsas Hklewhle watisobf dt praniuot/ sdds caei dft thasted at a

t enper at ur engh; ADOE 1 £4rkB hedkancdhgad N aci d-treated sanpl e was pour ed

20 into an aqueoys solution which had heen tained by..m xing 5.6g of
hexadecyl tri net DR é:efﬁuf’?t §g§9€%us rﬁ%g.a %Afnagi“éhe‘é:o. ), 6.0y of
tetrapropyl layeoed isnbahadoexiideshpuni ty 21.5%0.anTadgaedagesed ution nfd. by
Tokyf) Katsel f@sﬁan@é‘%lr;eg.%défshhoaigﬁﬁm r?’ﬁtt%r&:n }hﬁég% 2§% Oéhatfétﬁe Cand
resul tant slurry s 12.0.,.The slurry was heate 0 and | eft, standi ng
for i hour 8 M an g ot sortPEhiles: i baeaokR oF (THR G

i rradi ati onthaevilties ®HuBBEWce3BREzLDIS ones throigituragnd imhder gt iMWH-ng,
hitric aci dtp{;e%mc/éux\@as addedat bes 8! orintdsbribiacBHs30-bagams 2 or |ess.

The solid cog ent was col l.ect gd by. centrifugal s\%gar? ion, and further,
the solid pFBUlCI RESARES HED S PRI R o ExrtanG8d wfet X 5hi¥hashi ng was
repeated use¢énd hbiffidrentibé speaseradtierdodcame 9espedeberlyThe

15 shown in Figs, 12 and 13. Although it not clear, the
curve of the second differential spectrum of Fig. 13
crosses the zero point of the ordinate axis in the
neighborhood of at 930cm™, and there is a local minimum
value in the neighborhood of 930c¢m™. Accordingly, it

20 was found that this substance had an absorption band
having the maximum value in the neighborhood of 930cm™,
as a characteristic of the present inventicn.

Example 9: Preparation of laver-exfoliation type

titanosilicate catalvst 4

25 A modified layered titanosilicate catalyst was
obtained in the same manner as in Example 8, except that
the irradiation of ultrasonic waves and pH adjustment
were not conducted.

The titanium/silicon mole ratio of this modified

30 layered substance was 0.026.

Examples 10-12
The same procedure was repeated in the same manner

as in Example 5, except that 10mg of each of
titanosilicate catalysts obtained in Examples 1, 8 and 9
35 was used, and 0.84g (10mmocl) of 1- hexene was used. The
obtained reaction results are in Table 6. The yield of
the intended 1,2-epoxy hexane was respectively 29.3%,



35 thus obtained solid product was dried at a tenperature of 80C, and
then calcined at a tenperature of 600C. with respect to |lg of the

obtai ned solid product, 30mL of - 5 6 - 7 Septenber 2006 nitric acid of
6nmol /1 was added thereto to acid-treat the solid product at a tenperature
of 100C for 20 hours. after the acid treatnment, the solid _obtained b
filtration was calcined at a tenperatus® of 600C for ten ’>cRETPY 208he
nole ratio of titanium silicon of this nodified | ayered substance was
0.024. The XRD pattern_of the thus, obtained nodified |ayered substance is
shown in Fi §1-E0. THRo2fabkr ed™ GUaRCe PRBVFHER YeH AHRER on pattern
simlar to t(iT&w)1lehothMidt yeen zddldineds bpstantéinanchd merlehamdert was

found that _Jﬁit%esg_bgaaeeebmm HJIS AnBeEUSEUEE, SidW | Qs el MM L yPE
structure. in a%&kgl R ﬁbsorb nce spectrum of }hIS substance i s shown

n, .l
in Fig. 11, ‘afd °2r?ét L Tdirf PRAAP PBPLSWHcTa t hereof are
respectively 15 shown in Figs. 12 and 13. Although it not clear, the
curve of the second differential spectrumof Fig. 13 crosses the zero
point of the ordinate axis in the neighborhood of at 930cm 1, and there
is alocal mninmm value in the neighborhood of 930cmi . Accordingly, it
20 was found that this substance had an absorption band having the
maxi nrum val ue in the nei ghborhood of 930cmi, as a characteristic of the
present invention. Exanple 9: Preparation of |ayer-exfoliation type
titanosilicate catalyst 4 25 A nodified | ayered titanosilicate catal yst
was obtained in the sanme nmanner as in Exanple 8, except that the
irradiation of ultrasonic waves and pH adjustnent were not conducted. The
titanium silicon nole ratio of this nodified 30 |layered substance was
0.026. Exanples 10-12 The sane procedure was repeated in the sane manner
as in Exanple 5, except that 10ng of each of
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and 0.55g of 30 mass % (in terms of hydrogen peroxide,
Smmol) were used. The thus obtained reaction results are
shown in Table 6.
Example 13-15

The procedure of Example 10 was repeated except that
25mg of each of the titanosilicate catalysts obtained in
Examples 1, 8 and 9 was used, and 0.34g (5mmol) of
cyclopentene, 3.9g (5ml) of acetonitrile, and 0.55g of 30
mass % (in terms of hydrogen peroxide, 5mmol) were used;
and the reaction was started when the temperature of the
reaction mixture reached 37°C in a water bath of 40°C.
The thus obtained reaction results are shown in Table 6.
Comparative Example 8

The procedure Examples 13 was repeated except that
the Comparative catalyst-2, MFI type titanosilicate
catalyst obtained in Comparative Example 2 was used. The
thus obtained reaction results are shown in Table 6.
Examples 1§-18

The procedure of each of Examples 10-12 was repeated
except that 0.55g (5mmol) of cyclooctene, 7.8g (10ml) of
acetonitrile, and 0.55g of 30 mass % (in terms of
hydrogen peroxide, 5mmol) were used. The thus obtained
reaction results are shown in Table 6.
Comparative Example 9

The procedure of Example 16 was repeated except that
the Comparative catalyst-2, MFI type titanosilicate
catalyst obtained in Comparative Example 2 was used. The
thus obtained reaction results are shown in Table 6.
Examples 19-21

The procedure of each of Examples 10-12 was repeated
except that 0.42g (2.5mmol) of cyclododecen, and 0.275g
of 30 mass % of hydrogen peroxide (in terms of hydrogen



wwwuwOwuwwwuwwwu, - 59 - 7 Septenber 2006 Conparative
Exanpl e 7 The procedure of Exanple 10 was repeated except that 25ng of
t he Conparative catalyst, M-l type titanosilicate catalyst obtained in
Conpar ative Exanple 2 was used, and 5 0.42g of 1- hexene (5mmvol), 3.9g
(5mL) of acetonitrile, and 0.55g of 30 mass % (in ternms of hydrogen
peroxi de, 5nmml) were used. The thus 6Btained reaction rdEpPEsbeA06 shown
in Tabl e 6. Exanpl e 13-15 10 The procedure of Exanple 10 was repeated
except that f ea the titan SI| catal ysts obtained in
Bcanpl es 1, RO 22 Sliudl) | SRee o (Ao FegroBLY B iy o
(5m) of acerFH Iy lagce &hQWO.SlsgI‘#Pl%Cﬁ mass % (in terns of hydrogen
per oxi de, 5@%@1\/@1%@@@@15 agd the reaction was started when the
tenperature o reaction m re reached 37C.in ter bath f 40C.
The thus obt ai neﬁ} e &XEOF SHUF%S%%( %Jx ﬁrg aFnr?ﬁﬁ?g Qtl ve
Exanpl & 8 Th@@r&mwlm&l@aqptahyﬂ’@—ZlvaglﬂIemeaEedie&n@@llime 20 t he

Conpar at i ve 5@@@9@% o%ta%ledtwecém[smvel eabRp162a abystundy.ai ned in
Conparative ﬁi“% e s used, The thus obt abned rea t|on esults are

shown in Tabf | BE29 kL9 RN IS0 AEGUPROBR HAC anpl es 10-12
was repeat edEx@plex@dnt that 0.55g (5mmol) of cyclooctene 7.8g (10m) of

acetonitrile, ancbr@ 515@ @p §0ti@a%§os@1(ﬂcratreeea§a9§sbyﬂrpg@n{b per oxi de,
5mmol ), were sed huS_ obt a reacti.on_res %t hovvn in Table

ned
6. Compar at i Il«? §¥3BPThe' pftt SMTrFEe8r *BxAnpP ’f’é‘ FEpeat ed
except that equier@shpatat pveagattaly sitizrenk| angpe.- 8§t ahusl) icfate cat al yst

obtai ned in Lompariatdive, E¥aﬂ@|c§f 230/@& 4sed. adheout pa e ned reaction
results are shown jn T 35 The pro edure of each of

Exanpl es 10- %ﬁfqﬁiﬁeréﬁzaFéan {(in tég%s oflgygrogen perc¢xide, 10m

mol) were added thereto. After the resultant reaction
15 system was cooled, the air in the autoclave was evacuated
with wvacuum pump. Then, under stirring with the magnetic

stirrer, the autoclave was heated in a water bath of
40°C, and propylene was supplied to the autoclave by
connecting the autoclave with a propylene gas c¢ylinder

20 equipped with a pressure controller and the internal
pressure in the autoclave was maintained at 0.25MPa. One
hour after, the supply of propylene gas was stopped, the
gaseous product in the autoclave ﬁas trapped by bubbling
the gaseous product in 10 ml of acetonitrile, and then

25 the suspension in autoclave was added to this trap liquid
to collect all of the product. Then, the catalyst was
separated by a centrifugal separation device, and the
concentration of organic substances in the thus obtained
réaction liguid was analyzed by gas chromatography.

30 Further, the concentration of the unreacted hydrcgen
peroxide was determined by potentiometric titration using
Ce (IV). It was found that 6.00mmol of propylene glycol
and 0.003mmol of propylene oxide were produced, and the
selectivities thereof were respectively 99.95% and 0.05%.

35 In addition, in additicn, the conversion of hydrogen
peroxide was 67.4%, and the efficiency of the hydrogen

peroxide was 85.1%.



except that 0.42g (2.5mvol) of cycl ododecen, and 0.275g of 30 mass % of
hydr ogen peroxide (in terns of hydrogen - 6 0 - 7 Septenber 2006

peroxi de, 2.5mol) were used. The thus obtained reaction results are
shown in Table 6. Conparative Exanple 10 The procedure of Exanple 19 was
repeated except that 5 the Conparative catalyst-2, Ml type
titanosilicate catalyst obtained i n-Cobparative Exanpl e 7 Sasmber@806 The
t hus obtained reaction results are shown in Table 6. Exanple 22: The

MANM t ype tiH?nosiIicate catai sf. 1 (10ng) 10 obtained in Exanple 1 was
charged in a4§§§F£§6¥§cF§%%Q—%qL%pped with a magnetic stirrer, and 7.8g
(10mM) of acetofinopyllenelvdy ofidikasd .i% ¢heagameusatyelr ocgenin per oxi de

sol ution (i retfMdie of h¥dr o8s8an&l Q?S!éiff)t 18 ené)c&r%@r@&d,%d thereto.
After the resul tant eag%ronﬁ&S system was coal alr in the

aut ocl ave wa¥ @A Tate o Rt v%ﬂnﬁﬂﬂ%ﬁﬁﬁﬁlv?hgﬁamﬁ%ﬁer a9 5859 with the
magnet iS5c  stit mi@rs, folwadabbat| Jvdimes! datpedpl heae wak bde baatch of 40C, and
propyl ene was, qeRld1ed st Brobel énd ofl a,%q R¥reCRPRECLLAY 4hE t%lét oclave with

re sure control er and the

a propylene s, &Y% li.nder 20 e
i nt er nal é Vit iERet ?E%hja§%¥gmﬁ?sﬁﬁFﬁ YPhed’ 4t ¢ 2L 2Bne  hour
after, the §Upgkyh¢ﬂ0pnopylem@ﬁzﬁnn\MmﬁestoppedsloMeofgqshmu&nproduct in

the aut ocl ayg MaS der BREE4 Diys Pubp ivig etf%cgeﬁeyuef prrpéi%ﬂgggéotg* tﬁ:‘s

aceto btrrle and t hen 2§ t e suspension in autoclave was a
trap | qurclp%Q?ﬁﬁﬁelgéf Pt°®f the product. Then, the catal yst was
separat ed byca gaamgbeataat i on devi ce, and the concentration of

organi ¢ substance%olp 1Ehe Mwsoﬁ%aseraeqn ERBCLARD hd. .0 Magqanal yzed by
gas chronatggg&r Further, the concentration of the unreacted
hydr ogen rdE

Waﬁtﬁﬁ?ﬁqﬁﬁf'ﬁfCSBFeﬁPFBnE??|QPWRQ94§HW8n using Ce
(rvy. It masxﬁ@unﬁtbﬁabbﬁaimhﬂnﬂn(ﬂbmmampyheeeEgam@iﬁ 2 angt @s6a3nmol of

propyligne oxude:a\yerseuaaogw&ecb BthdiNer pebeeidyd td.esud Releof were

respecti vel 99 95% angd O.
P y U4mmol o propyfene glycol were produced, and the

selectivities thereof were respectively 98.7 % and 1.3%.
In addition, in addition, the conversion of hydrogen
peroxide was 8.3%, and the efficiency of the hydrogen

20 peroxide was 39.6%.

Industrial Applicability
As described in the foregoing pages, it is apparent
that the titanosilicate catalyst of the present
25 invention, represented by the following compositional
formula (I) and characterized by the infrared absorption
spectrum measured in the dehydrated state, where on the
spectrum, an absorption band having a relative maximum
value at 930%15 cm™ is observed, is a very useful
30 catalyst for use in the production of an oxidized
compound of an oxide compound using a peroxide as the
oxidizing agent.
Compositional Formula (1)
xTi0,* (1-x)Si0,
35 (wherein x is from 0.0001 to 0.,2).
It is also clear that according to the production
process of the titanosilicate catalyst of present



35 In addition, in addition, the conversion of hydrogen peroxide was
67.4% and the efficiency of the hydrogen peroxide was 85.1% - 61 - 7
Sept enber 2006 Conparative Exanple 11 Propyl ene was oxidized in the sane
manner as in Exanple 22 was repeated except that the Conparative

catal yst-1 obtained in Conparative Exanple 1 was used. 5 It was found that
3.04nmol of propyl ene oxide and 0.005gpol of propyl ene glyaspicmbgrr2806
produced, and the selectivities thereof were respectively 99.8 % and
0.2% In addition, in addition, the conversion of hydrogen peroxide was
44.6% and t¥estEiogi.eAcPioh-PREI MRS et itEpOFé bR R SR IBF 5gRn
Conpar ati ve yxxajgtla@nkd RiepyLese aeSidiendiyzed in the same manner as in
Exanpl e 22 was repeated except that the Conparative catalyst-2 obtained
in Conparative Exanple 2 was used. 15 It was found that 0.32mmol of

propyl ene oxide and 0.004mvol of propyl ene glycol were produced, and the
selectivities thereof were respectively 98.7 %and 1.3% In addition, in
addi tion, the conversion of hydrogen peroxide was 8.3% and the
efficiency of the hydrogen 20 peroxide was 39.6% Industri al
Applicability As described in the foregoing pages, it is apparent that
the titanosilicate catal yst of the present 25 invention, represented by
the follow ng conmpositional fornula (1) and characterized by the infrared
absorption spectrum neasured in the dehydrated state, where on the
spectrum an absorption band having a relative maxi rum value at 93015 cmi
is observed, is a very useful 30 catalyst for use in the production of an
oxi di zed conpound of an oxide conmpound using a peroxide as the oxidizing
agent. Conpositional Forrmula (1) xTi02 (1-x) SiO02



35 (wherein x is from0.0001 to 0.2). It is also clear that according to
the production process of the titanosilicate catalyst of present - 6 2 -
7 Septenber 2006 invention, a high-perfornance titanosilicate catalyst
can be obtained with good efficiency. 7 Septenber 2006 - 63 CLAIMS 1.
A titanosilicate represented by the foll ow ng conp05|t|onal formula (1),
wherein in the infrared absorption spectrum measured in ¥Reptefabaydfef ed
state, the absorption spectrum has an a sorption band having a relative
maxi mum val ue at 93015 cm 1; and the greatest wvalue in the region of
900- 950 cnf' of the absorption spectrumis present in the region of 93015
cm1l: Conpositional Fornmula (1) xTiOgrki¥sSi O, (wherein x is from 0.0001
to 0.2). Z The t'1a“OSA'J#%%s%‘?eégknﬂaﬁﬁﬂrﬁde@ %’?’ \Q’geﬁc?ifbdﬁc%he

ate

i nfrared absorption spectrum nmeasured in X state

greatest val UBSPROEHeIIMRH SRTERL2008) 95 TH Y™ df° ttll?e aBSBRHd on spectrum
I's present inabferptami aipeafr@830h0asated th tHee deyamasedi sadee acter di ng
toclaim1l or or Mﬁ%{ & h n fﬁ%& i € nmeasur ed
in the dehydra%ed %tate é Qubsgﬁ%t%%ﬁéfﬂectrSﬁPEﬁgg §%€a %ggktlon band
havi ng a reIateb%txﬁaqmammmualu@lu& atl@BOiSScmﬁ'irnﬁﬂkﬂHd QBes©eH3015 cni'’ .
1. The titanogj ﬁgqgetﬁpcgrgigg é- 3 wherein in the
i nfrared absorp ; A e~
absorption spepéctmm h&paesa@emrptﬁh@ rB@ﬂ@in f@ﬁllm:tasr &k‘at' ve maxi mum
value at 86515 cmin agdition to The Trtanosilicate
according to any one of% mPOSltlﬂpgéq;xﬁ%qglél crystalline titanosilicate
having a structure cod ETHRWY (G 8éPer i zed by the powder X-ray

(wherein x is from 0.0001 to 0.2).

2. The titanosilicate according to claim 1,
wherein in the infrared absorption spectrum measured iﬁ
the dehydrated state, the greatest value in the region of
300-950 cell of the absorption spectrum is present in the
region of 930%10 cm™.

3- The ;itanosilicate according to claim 1 or 2,

. wherein in the infrared absorption spectrum
measured in the cehydra*ed state, the absorption spectrum
has an absorptlon band having a relatlve maximum value at
1010215 cm™ in addition to 930215 cm™

4. The titanosilicate accordlng to any one of
clalms 1-3, wherein in the 1nfrared absorption spectrum
measured in the dehydrated state, the absorption spectrum
has an absorption band having a relative maximum value at
86515 ¢cm_ in addition to 93015 cm™

B. The titanosilicate according to any one of
claims 1-4, which is a crystalline titanosilicate having
a structure code MWW characterized by the powder X-ray
diffraction pattern shown in Table 7:



diffraction pattern shown in Table 7: - 64 7 Septenber 2006 [Table 7]
Table 7. Powder X-Ray Diffraction Lines provided by MM Structure d/A (s:
strong, m medium w weak) 12.30.6 s 11.00.6 s 8.80.5 s 6.20.4 m
5.50.3 w 3.90.2 m 3.70.2 w 3.40.2 s 5 (in the above Table, "d/ A" neans
that the unit of the lattice spacing-dgiss-Angstrom) 6. The
titanosilicate according to any one of claims 1 to 5 wher&cpenrbsrd09¢ om
0.001 to 0.2. (. A process for producing the titanosilicate 10 descri bed
in any one ofTadk@ nkl 1 to 6, conprising the following first to fourth
steps: First StepradiStep GohiRal kA M XEMFLCUY al W frodiRIR] ale
conpound, a boron-contai ni ng_conpound,” a 15 silicon-containing conpound
and water to obtain a pred‘ﬂ%osr Tt %cond Step: a step of acid-treating
the precursor (A) obtained in the first step; 20 Third Step: a step of

heating the cﬂﬁ%d'”eat ed pr ecyg§ogtgé%ggg#gilgggihrq tQ(:a agg)tg?d step

together wt m xture contalning a conpbund, tani um
cont ai ni ng cohpvthd and water $o obtain a precursor (B); 25 and Fourth
St ep: 11.0%0.6 s

8.8%0.5 s
6.2%0.4 m
5.5%0.3 W
3.9%0.2 m
3.7%£0.2 w
3.4%0.2 s
5 (in the above Table, "d/A" means that the unit of the

lattice spacing d is Angstrom.)
€. The titanosilicate according to any one of
claimgl to §, wherein x is from 0.001 to 0.2.
- A process for producing the titanosilicate
10 described in any one of claims 1 to &, comprising the
following first to fourth steps:
First Step: )
a step of heating a mixture containing a
template compound, a boron-containing compound; a
15 silicon-containing compound and water to obtain a
precursor (A):
Second Step:
a step of acid-treating the precursor (3)
obtained in the first step; '
20 Third Step:
a step of heating the acid-treated
precursor {A) obtained in the second step together with a
mixture containing a template compound, a titanium-
containing compound and water to obtain a precursor (B);
25 and
Fourth Step:
a step of calcining the precursor (B)



a step of calcining the precursor (B) - 65 7 Septenber 2006 obtained in
the third step to obtain the titanosilicate. The process for producing
the titanosilicate according to claim-1, wherein the following first-2
step is performed between the first step and the second step 5 and the
substance obtained in the first-2 step ¢5 dsed instead of t he precursor
(A) in the second step: First-2 Step: a step of calcining §e$%PW”8Wm
entirety of the precursor A) obtained in the first step. 10 R The
process for PGddEchd ™ kb e ithdgdsistieFatt® cktedndithg FétéPQ?#rBCéFeq
wherein the follamnngmm@ @&o%esstaari@r@ambem@Edhbetwaaﬁohh&lbhkéd step

and t he fourth .ep he sybst ance .qbt ai_n n_t.he h|r
used i nst ead 1" 4%n %ECUfE&P~zB) % Fﬁn ;tour?ﬁlIl lng1 2 5%
step of aC|détm€Eﬁbm@e§ partwesn éhﬁlﬁéﬁ?t @Fephénéréb@rgécops)SGBPauned in

the third step +He éﬁ@%t&&%@e%%tEQhearQ@UQ%BQfEG@tLQt@E@%‘Ebcaééd
according tq any one of the 20 following third-3

step i s per SRR db@Fwé@ﬁ Pﬁ@CPﬁFPE (éﬂeﬁnoF%FhFFHOQ%SFEﬁP and the fourth
step, and the substamdesablasneg:in the third-3 step is used instead of

the precursor (B) in the fgurgg SE?pcaIg15§n§ §t§9rtzé gpeg% g%atlng

the precursor (B) obtaine Phe 't K ste -trea
precursor (B FBEEESSL A hebtRingds igt spe ﬁhrﬁﬁesﬁﬁésence of a

swel | Log agent sogas &%esw@bbebbefbayg&aduQEQQUEa@rtlt@nobmgiebyenvdlfy
the state of thedgupe posi,ti.on ther of

0.1 The uci ng
the titanosiAS€&Ce"%dCoF Fﬁ@-peog gégFlclghe fgﬁggwiﬁ gﬁ E g t he
tenpl ate comﬂ@mnd5|9eafw¢mﬁdgbﬁtweﬁnaﬁhﬁnghegdpanﬁg angd, tﬁhefpmucbss for

produci ng thedd Ga0thlel GAL8taReeObeiadnka ¢hatAklinivbepespephes
ni trogen- Contalnln%tead of the precursor (B) in the fourth step:
15 Third-2 Step:
a step of acid-treating a part or entirety
of the precursor (B) obtairned in the third step.
10. The process for producing the titanosilicate
according to any one of claims 1-9 , wherein the
20 following third-3 step is performed between the third
step or third-2 step, and the fourth step, and the
substance obtained in the third-3 step is used instead of
the precursor (B) in the fourth stépé '
Third-3 Step:
25 a step of heating the precursor (B)'
obtained in the third step, or the acid-treated precursor
{B) obtained in the third-2 step, in the presence of a
swelling agent so as to swell the layered precursor, to
thereby modify the state of the superposition thereof.
30 1li. The process for producing the titanosilicate
| according to any one of claims 7 to 1o, wherein the
template compound is a nitrogen-containing compound.
1l2. The process for producing the titanosilicate
according to claim 1}, wherein the nitrogen-containing
35 compound is amine and/or quaternary ammonium compound.
13. The process for producing the zeclite substance
according to claim 1!, wherein the nitrogen-containing



35 conmpound i s am ne and/or quaternary amoni um conpound. 1-. The process
for producing the zeolite substance according to claim1ll, wherein the

ni trogen-containing 6 6 - 7 Septenber 2006 conpound is at |east one
menber selected fromthe group consisting of piperidine,
hexanet hyl eneimine and a mxture therepf._12t. The process for producing
the titanosilicate 5 according to any one of clains 't t o SEBteRpA08p n t he
bor on-cont ai ni ng conpound is at |east one nenber selected fromthe group
consi sting obmponnd aei d- bermatepnbomenbeoxbsdéscherlofirbal ttde andup

trialkyl boraghs: 19:n kN6 ePLoEERTA AL, PHRAUALEYYE DR 1REAROGHLI gate 10
according to _any one’of cfafns [ to"14t, érdin the  si | con- cont ai ni ng
conpound i sMaKtPEgstN8R8OFenber selected fromthe group consisting of

silicic acid, ggg%catae prbteep @xkdprogubisgnthal tdeanbuikdcstéi cas,
tetraal kyl oqrthosilicate nd_col L.oidal_silica.,15 16, The ocess for
br ot ng. t RECPERARBSED: B0 otmEors, Bl AT otaty i BREEFATnEP ro 15
wher ei n t hebpabnocontaboioag compphndonsi att heaakxboneemarbehesélestedt ep

is, in tergpopfthBegtBLA cbAbiotiRGr BR boPiki 88047 BoPartd BOron 1. 20
11. The process fog Erod C mg t he tltangﬁlkgcate according to any one of
claims 7 to°¥6%ewnh8PEPR Hﬁél §t PBY 5FLBOFEAPPEORPEi con in the mixture at

the first step i85. i Mheepmecobst Rernpkaducatothbotdnanocsilicave= 0.05 to
10 :,4. 25 . : he t1 panos. 0. t
1. 255120 TURGPLOEES LOE BEOHMGLAD Uheo! 1y angRLLLER! enoaccording o

any one of clai 11, ereinthe, er to silTicon in the
mxture at ERe1FPRsFOBELAPNIBY CPRPPEPAs18f athéeadF apPnealeBPe iat er

silicon = 55t0e2@@d froROthy. gfbapprensssting pEodutiogctBeidjtanosilicate
ccoord 19, 8530E,00°, BLAEkANRLGLo Ly MARTELADE FOE Rl iLEp Bte,
mol ar ratiopetgnpﬂgyé—orthosilicates and colloidal silica.

15 1lé. The process for producing the titanosilicate
according to any one of claims 1 to 15, wherein the ratio
of boron to silicon in the mixture at the first step is,
in terms of the molar ratio, boron : silicon = 0.01 to 10

1.

20 17. The process for producing the titanosilicate
according to any one of claims 7T to 16, wherein the ratio
of boron to silicon in the mixture at the first step is,

l in terms of the molar ratio, boron : silicon = 0.05 to 10
1. '

25 18. The process for producing the .titanosilicate
according to any one of claims 1 to 11, wherein the ratio
of water to silicon in the mixture at the first step is,
in terms of the molar ratio: water : silicon = 5 to 200
1.

30 19. The process for producing the titanosilicate
according to any one of claims 7 to 18, wherein the ratio
of template compound to silicon in the mixture at the
first step is, in terms of the molar ratio, template
compound : silicon = 0.1 to 5 : 1.

35 20. The process for producing the titanesilicate
according to any one of claims ] to 18, wherein the
heating temperature in the first step is from 110 to



compound : silicon = 0.1to 5 : 1. 35 20. The process for producing the
titanosilicate according to any one of clains" to 1% wherein the

heating tenperature in the first step is from 110 to - 67 7 Septenber
2006 200C. 21. The process for producing the titanosilicate according to
any one of clains | to 99, wherein the a&id used for the aC|d rea@nent
in the second step is a 5 nitric acid or a sulfuric acid. 'JP¥REC B ess
for producing the titanosilicate according to any one of clainms | to 2t,
wherein the 2f@af Png tenperature in the third step is from110 to 200C.
10 23. The procesg_t_foeréoﬁﬂecegsthertptaﬂ@sthgc-ahe tﬁﬁ@@d&ﬁiingcé'@eany one

of claine '7_.t0 2 wherein  the c natio e ra re i N hg fourth
atep i TronfouarebrdTEnce sty ER FLEEhE T 8 RE R Ee ] € acka
titanosiIicameed1soactbed&ﬂ§dtbreﬂymene oh thelﬂscgﬁdOSQ%p hezein the

cal cination ﬁggygéaggig bg ghguifﬁ§£c 2;8tgp is from200 to 700C. 25. The
process for prod | cat e accordln to any one of clains |

he titanosil
to 24, wherein |n—%he THhy PRPFaSStERY PREIRCTT tFiSt BHt#p Y5t] A
obt ai ned in abeosécngdtst apyaodetbe clxims el contai niwigereieniat e

o han nah hE0GU T EROLELELRG POTPRUNG AN MELET & Erol P APV X
accordi ng t 02@fyCone of claims "1 to 215, mhereln inthe third step, t he

aci d- twceat ed pr EC%SOFTﬁé\)pfécéd‘,@ai@ﬂ lb)ijod@cﬂﬁt}' Q@é mmmwat a
m Xture contgégégglﬁ cid- treat tai ned ,i.n the second

e
Step. o 1t AHONTA S nty hfrof ARt Whrke Ly T
cont ai ni ng aC@b@pm@teO@oh@DBma'almUGMeth%tr@O@m gEtep siepafearel3n0 tiwe
vapor of theygengaining a tenplate

2%. The process for producing the titanosilicate
15 according to any one of claims % to 23, wherein the
calcination temperature in the first-2 step is from 200
to 700°C.
25. The process for producing the titanosilicate
according to any one of claims 1 to 2%, wherein in the
20 third step, the acid-treated precursor (A) obtained in
the second step and the mixture containing a template |
compound, a titanium-containing compound and water are
previously mixed and then heated, .
256. The proceés for producing the titanosilicate
25 according to any one of claims 1 to 2%, wherein in the
third step, the acid-treated precursor'(A) is treated by
a dry gel method such that a mixture containing the acid-
treated precursor (&) obtained in the second step, a
titanium-containing compound and water and a mixture
30 containing a template compound and water are charged
separately, the vapor of the containing a template
compound and water is caused to contact the mixture
containing the titanium-containing compound and the acid-
treated precursor (A).
35 271. A process for producing an oxidized compound,
comprising performing an oxidation reaction of an organic

compound using the oxidizing agent in the presence of the



conmpound and water is caused to contact the m xture containing the
titani um contai ni ng conpound and the acid treated precursor (A). 35 27. A
process for producing an oxi di zed conpound, conprising perform ng an

oxi dation reaction of an organic conpound using the oxidizing agent in
the presence of the - 6 8 - 7 Septenherg®2006 titanosilicate descrjibed in
any one of clainms 1 to 6. 28. The procégi for producing aﬁSBQyﬂviégﬁ?
conmpound according to claim 27, wherein the oxidizing agent is oxygen or
peroxi de. 5t29andhélpretesdetoripedddei rgyannexicdi zédimenpotadé. accordi ng

to claim 28, whehgin ihe perextderbs phokBashy ARC&OHRONAd-SRbSELEd from
t he group consi sti'ng of hxg[ogen peroxide, tert-butyl hydroperoxide,

g OuL yl.
tert-anyl RGOPEPERBxFReCiiMead s hfOPEEePokI e efhEBENZERRE 1DS
hydr oper oxi deygexcbehprybxhydr oper oxi de, net hyl cycl ohexyl hydr oper oxi de,

tetralin hydropejoxid i | b e per ox| h al ene
hydroﬁ%roxide a&@:'pe?gge ?ggé§%dsggogg?ﬁgxgbgcgésé%ggiﬁgéd%%ﬁﬁg@%%
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15 according to any one of claims 25 to 29 , wherein the
oxidation reaction is performed in the presence of at
-least one solvent selected from the group consisting of
alcohols, ketones, nitriles and water.

31, The process for producing an oxidized compound

20 according to any one of claims 23 to 30 wherein the
oxidation reaction of an organic compound is an oxidation
reaction of a carbon-carbon double bond. )

. 32, The process for producing an oxidized compound
according to any one of claims E; to 31, wherein the

25 oxidation reaction of an organic compound is an
epoxidation reaction or a diolation reaction.

33, 'The process for producing an oxidized compound
accofg;ng to any one of claims 25 to 30, wherein the
oxidation reaction of an organic compound is an

30 ammoximation.



