66 €t F 7

(& 3)

1 b (12)

J@IkF% 7 ) — b OFHELE X OHlBEA/EH
=W A Eh T %R

SRR T TN S [ 2

TS-1WRESNE T 2 ) 7 — MiE, #EBRALKFEIT X 2 B RIRERAL BSOS R 20 2 MR AL fil BB
HEx A3 5720, ZAUEME R S Ol 5F C O IE6E L IS H O Wi T OS2 AT bt T
Who K DEMREBALMEEZ ST 5720, MEEE (TS-1) DUALOFHF & 2 20 r— b %<
sz, 512, Ti-MWW, Ti-MOR, Ti-MCM-68, JEIiRTS-17% EIZHERD D DI SN WiEETH
D, LR EEMICHOERZ 2L T& 7%, AFTIE, BROMFIEF Y 2 ) r— b & MWW
BF5 2 ) r— a0, BALEEE UCoamk & MiEial, G o ¥ing 2283802 X 25
ILOTERESE, TilEMER OB, BRALSS TORFERMN 2 SOSZE) £ 7213 L7 2 2 ANDIEHIZ
B U CH8 & N7z O a2 & IR 2 BEL T 5 6

F—TU—F:1FF /7YY=, Ti-MWW, TS-1,

1. oI

30 BUERTICENIALIE, MFIEIE A S5 4 b e
KR A~OMEALTI A + >~ ORIEE IR D TR
L7z, whbwaE—HfoFs 220 r—F
TS-1 2R 22Xy, nksE, nmiks
T7A VT IANVIERIIBITSELT T4 PO
A D6 K O R B il 456 BOIES 70> & TBURH 38 IR AL~
720 TS-1 & BIRALAKZE A S HIK S 15 il BOS R
F7 /=S i 7 = ) — v~k v
onFHd ) votFsal? FrsoL v
Liglk7a L v (PO) ~DOEHEMIL (HPPO 71
)Y BV THK ERBBICERLS R, Sl
BBRHMES: & AL A Y%7 L Db b EREE D
725 L72s Fig LWORT L 918, ZNLEEDHHF
5 7 ) o — MR & R N B B I ZE s A
WATbh, HE L OMENEN TS,

TS-1 filt B A 55 > B 16 P % 7R 3 2[R 1 MELAS
ik D E RN, KO IET B AR T oW %
Bk & 2= — 27 5 ZRoEMALEE kT 2 7,

ZHH 201643 H29H

T200062 HIE T HILALES 3663 5

Tel: +86-—21-62232292

*E-mail: pwu@chem.ecnu.edu.cn
Copyright © 2016 Japan Association of Zeolite All Rights
Reserved.

Je A, EIRRAL, KA Ak

—7, ZOmFI08E (MR) MFLIZA D AR
FNSHR B R TBDGRIRME 2 R L, BS54 T- oML
NNOILEE THEERANDOT 7 v A %GR L, &
BVWIEEBIAOTS- 1 il O #EH 2 15 1F %, 5
2, HEGEBRFELEDOBRREIIOVWTHTS-10
PR E R ORE LT LD EMMLICHETE
LLIEFVNT2v, T, B ARKE TiEE
TR A BRIH % W D TS-1 O BEDN L Bl s h
7o, BACEMMBICHER 20, Bz Asr 1 3%
TR, 7RI 7R VT yEZ YA FOR TR
(TPAOH) TAEEM ENF ) A4 R/ TH D
LENE, TS-IICBUT AN ORMBES ZMHNT
5720, MFLASHES HER O 14 BB A3 A
WoFs 7o) r— b ELETIiZERT S XY

400 =
350 - “
300 -

250 -

o ‘
?HMMMWGH,t

T T T
1985 1990 1995 2000 2005 2010 2015
Year

Publications

=
1

°

Fig. 1. Number of annually published scientific reports re-
lated to titanosilicate materials. Source: SciFinder.
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Table 1. A summary of titanosilicates.

Year Material FTC Channels (MR) Method® Ref.
1983 TS-1 MFI 10%x 10 HTS [1,5-7]
1989 ETS-10 HTS [8,9]
1990 ETS-4 HTS [10]
1990 TS-2 MEL 10 HTS [11-13]
1992 Ti-Al-Beta *BEA 12x12 HTS (14, 15]
1992 Ti-ZSM-48 *MRE 10 HTS (16, 17]
1994 Ti-SAPO-5 AFI 12 HTS [18-20]
1995 Ti-ZSM-12 MTW 12 HTS [21]
1995 Ti-UTD-1 DON 14 HTS [22]
1995 Ti-UTD-8 HTS [22]
1996 Ti-Beta *BEA 12%12 HTS,F, DGC [23-25]
1996 Ti-MOR MOR 12-8 PS [26,27]
1998 Ti-FER FER 10x8 HTS [28]
1999 Ti-ITQ-2 MWW" PS [29]
2000 Ti-MWW MWW 10-10 HTS, PS [30-33]
2000 Ti-ITQ-6 FER® HTS +PS [34]
2000 Ti-ITQ-7 ISV 12x12 HTS (35, 36]
2004 Ti-YNU-1 MWW HTS +PS [37,38]
2007 Ti-MCM-36 MWW* HTS +PS (39, 40]
2008 IEZ-Ti-MWW MWW HTS +PS [41-43]
2008 Ti-MCM-56 MWW’ HTS +PS [44]
2008 Ti-MCM-68 MSE 12X10% 10 PS [45]
2011 L-TS-1 MFI® HTS [46, 47]
2014 Ti-ECNU-8 FER PS (48]
1994 Ti-MCM-41 1D hexagonal HTS [49, 50]
1994 Ti-HMS 1D hexagonal HTS [51,52]
1995 Ti-MSU HTS (53, 54]
1996 Ti-MCM-48 3D cubic HTS [55-57]
1999 Ti-SBA-15 1D hexagonal HTS, PS [57-61]
2001 Ti-MMS HTS [62]
2002 MTS-9 1D hexagonal HTS (63, 64]
2004 Ti-MMM-1 HTS [65]
2004 Ti-MMM-2 HTS [66]

" HTS, hydrothermal synthesis; DGC, dry gel conversion; PS, post-synthesis; F, fluoride media method.

" Delaminated MWW (Del-MWW).

¢ Delaminated FER (Del-FER).

¢ Interlayer expanded MWW (IEZ-MWW).

¢ Pillared MWW.

" Partial delaminated MWW.
¢ Lamellar MFI (L-MFI).
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Fig. 3.

SEM image (a), TEM images (b, c), and graphic representation of hierarchical HTS-1 (d). The inset shows the N,

adsorption/desorption isotherms and pore-size distribution. TEM images show the core/shell intersection, the unilamel-

lar MFTI structure in shell as well as the irregular intracrystal mesopores generated by desilication in core crystalsGS).
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Fig. 4. SEM images of self-assembled TS-1 microspheres with the assistance of triblock copolymer (a, b and c), and the MFI

structural topology (d). The images were taken with different magnifications. The inset shows the N, adsorption/de-

sorption featured by a mesoporosityw).
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Table 2. A summary of preparation methods for Ti-MWW.

Gel composition

Ti-MWW product

Method" — : : SDA _ S Ref.
Si/Ti ratio Si/B ratio crystal size catalytic activity
HTS 20-100 0.75 PI, HMI nanosize 150-250 [30, 72]
PS 20-100 >100 PI, HMI nanosize 300-450 [31]
DGC 50-100 1.0-12 PI, HMI microsize <120 [32]
F 20-100 6 HMI microsize 200-350 [75]
HTS 40-100 5-20 OCTMAOH, HEPTMAOH nanosize 200-300 [76,77]
Dual HTS 30-100 00 TMAadOH + HMI nanosize 250-450 [33]

* HTS, hydrothermal synthesis; DGC, dry gel conversion; PS, post-synthesis; F , fluoride media method.
b Expressed in turnover number (TON) per Ti site for alkene epoxidation: 1-hexene or H,0, (30%), 10 mmol; MeCN solvent,

10 mL; temp., 333 K; time, 2 h.
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Recent Advance in Synthesis and Selective Oxidations of
Layered Titanosilicates

Peng Wu, Yulin Yang, and Jianghong Ding
School of Chemistry and Molecular Engineering, East China Normal University, China

The titanosilicates, with TS-1 as a representative material serving as efficient heterogeneous catalyst for the
liquid-phase oxidation with hydrogen peroxide as oxidant, have been extensively studied in the fields of material
chemistry and catalysis not only for the purpose of basic researches but also from the viewpoint of industrial ap-
plications. To develop much greener oxidation chemical processes, various novel titanosilicates with the crystal-
line topologies other than TS-1 have already been discovered. In particular, Ti-MWW, Ti-MOR and layered TS-1
possess unique catalytic properties not shared by the conventional ones, opening up new possibility for environ-
mentally benign applications. Focusing on the MFI and MWW type layered titanosilicates, this review article
summarizes the new development concerning the design synthesis, crystalline and pore structure modification,
chemical control of the microenvironment of Ti active site, catalytic oxidation properties as well as commercial
applications of these materials.

Key words: titanosilicate; Ti-MWW; TS-1; layered structure; selective oxidation; post-synthesis
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