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X2 Topology of MWW zeolite (k0! plane).
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1 Hydrothermal synthesis of Ti-MWW from different gel compositions.
No. Gel composition? Product composition and surface area (SA)
Si/B Si/Ti Ti-MWW-PI Ti-MWW-HM
Si/B Si/Ti SA/m2 g1 Si/B Si/Ti SA/m2 g—!

1 0.75 o 11.8 o 616 13.6 oo 601
2 0.75 100 12.6 120 625 16.3 138 621
3 0.75 70 12.2 63 612 14.2 79 628
4 0.75 50 11.4 51 621 12.4 53 —b
5 0.75 30 11.0 31 623 11.6 31 613
6 0.75 20 12.7 21 540 11.4 22 —b
7 0.75 10 13.6 10 537 1.5 9.6 541
a Other compositions: PI or HM/SiO, = 1.4; H,0/Si0, =19. b Not determined.
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[X]3 XRD patterns of (A) Ti-MWW-PI and (B) Ti-MWW-
HM as-synthesized from the gel with Si/Ti ratio of
(a) o, (b) 100, (c) 50, (d) 30, and (e) 10; and (f)
as ¢ calcined at 803 K for 10 h.
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NF, TI-MWW OFRIFES, LL, AREEROTI-
MWW % FORECIEET 5 &, AERMOFEINT 5~
T2 BRI ET A LN TE, ZOBRBELT
LF Y v EAEOBRIIEVD DEFRE, FEHICE
WZUENE DT % 2 FOTi-MWW 35517 (K
5B), Ti-MWW |[ZAEMF % CHEASEA SN D DIL,
MWW RiBRADR RS BT 5, —EDF 5 V98
J& DILWRIENALE LAENKEZH) RV EED
N5be FERDTS-1 & Ti-Beta L%V, Ti-MWW (2D
WIS & SRR B LTI 459 2 E3FFEHIC
HFEETH D,

FETHEL-TI-MWW %2 2 7 0AF o DIR
FAbEA L, O % TS-1, Ti-Beta &1
72820, TS-11ZZNEF THE SN TV 5EH 2D,
¥ unF b U THEEFE IOMR #IFLIC AN W zo,
IBEAERNERETH 720 —H, =RITI2MRAFLD
Ti-Beta &, MEE{LRFZFBEILAICH V2L &, Ti-

B4 SEM images of Ti-MWW-PI (a) and Ti-MWW-HM (b).
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XI5 UV-visible spectra. (A) As-synthesized Ti-MWW with

the Si/Ti ratio of (a) 100, (b) 50, (c¢) 30, and (d)
10. (B) Acid-treated and further calcined Ti-MWW
with Si/Ti ratio of (a) 170, (b) 116, (¢) 72, (d) 59,
(e) 38, and (f) 17.
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BRLaWEEZ DL, KEKRY v MIMET LTS~
BOIERICEREECH LI L, F-INLOEMSA
DFDHALS DEE, ABEEI L HIHOTEE X
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#2 Oxidation of hex-l-ene with H,O, on Ti-MWW, Ti-Beta and TS-12.

Cat. Si/Ti Hex-1-ene TON? Product sel./mol % H,0,/mol %
conv./mol % oxide diol conv. ~ sel.
TS-1 36 16.5 69 98 2 19.0 87
Ti-Beta 40 8.6 40 97 3 9.8 88
Ti-MWW 38 448 214 99 1 48.2 93
Ti-MWW 72 235 222 98 2 25.5 92
Ti-MWW 146 113 203 95 5 12.0 94

a Conditions: cat., 0.05 g; hex-1-ene, 10 mmol; H,0,, 10 mmol; acetonitrile, 10 mL; temp., 333 K; time, 2 h. ® In mol (mol-Ti)~ 1.

#3 Epoxidation of hex-2-ene isomers with hydrogen peroxide over various titanosilicates?.

Cat. Si/Ti Conv./mol % Prod. sel./mol % Epo. Sel./mol % H,0,/mol %
epoxides  diols cis trans conv. eff.
Ti-MWW 46 50.8 99 1 19 81 55.1 92
TS-1 42 29.1 96 4 66 34 325 89
TS-2 95 13.6 96 4 67 33 18.0 77
Ti-Beta 40 159 91 9 73 27 358 45
Ti-MOR 79 2.6 99 1 52 48 39 66
Ti-Y 43 3.8 40 60 55 45 8.4 46
Ti-MCM-41 50 3.1 36 64 62 38 21.0 15
Si0,-TiO, 85 0.8 37 63 61 39 7.6 10

a Cat., 0.05 g; hex-2-enes (cis/trans =41:59), 10 mmol; H,0,, 10 mmol; MeCN, 10 mL; temp., 333 K; time, 2 h.
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Ti-containing MWW lamellar precursor

{6 A graphic scheme of post incorporation of Ti into
MWW structure through a structural conversion from
3D MWW to corresponding lamellar precursor with
the assistance of cyclic amine.
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Bi7 V3 =7 L MCM-22 % TiCl, CHLEE L Ti-MCM-22
PARTAETIHEINRTHSEYD, LiL, 20k
I ZFBLL 7 Ti-MCM-22 13 2 7 anF b o DER bt
LCHiff SRz b Eige e, Zhid, TiCl,®
DFFAX (6.7%6.7 A) MWW DEEFE 10 BERHTL
A0 @0X55 A) LHhREVWD, fHFL~DOEXE
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#1174+ (Si/B>500) ZRET 5, ZOM, s
PIA T2, ) H T A MIBBICRIEEATOR &
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7 XRD patterns of as-synthesized B-MWW (Si/B =
11)(a), deboronated MWW (Si/B >500)(b), Ti-MWW
(Si/Ti =30) precursor prepated by treating b with PI
and TBOT solution at 448 K (c), and sample c treated
with 2M HNO; and calcined (d).
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BIZEEYY AT MIBASN, T0L) kiEE
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152 ¥4 74 ¢

(12)

¥4 Epoxidation of alkenes with hydrogen peroxide over various titanosilicate catalysts?,

Catalyst? Si/Ti  Substrate Time Conv.  TONc¢ Product sel./mol % H,0, Efficiency
/h /mol % Epoxide(cis:trans)  Others¢ /mol %
Ti-MWW-PS 43 allyl alcohol 0.5 95.9 510 . 99.7 0.3 98
hex-2-enes® 2 70.1 377 99.8 (21 : 79) 0.2 93
Ti-MWW-HTSf 46  allyl alcohol 0.5 77.1 440 99.0 1.0 96
hex-2-enese 2 50.8 294 99.0 (20: 80) © 1.0 90
TS-1 52 allyl alcohol 0.5 39.1 249 75.6 244 85
hex-2-enest 2 35.7 227 95.2 (73 : 27) 4.8 87

a Reaction conditions: bath reactor; cat., 50 mg; substrate, 10 mmol; solvent, MeCN (for Ti-MWW) or MeOH (for TS-1),
10 mL; temp., 333 K. P PS, postsynthesis; HTS, hydrothermal synthesis. € in (mol(mol-Ti)!). ¢ Diols and solvolysis products.

e cis:trans =41:59. T Si/B =49.
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Bbh a7, HEr ik CII T I ERK AR
B X ) TR T ROBREANDBEFI 2 EADE
ST, L0BIIET A MCEASK, RN
FA MFFET 5 2 LA ER OB L% &N T
WE L) THHW,

4, WIS EETEF 2/ 20 5r— MRS
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BEVISESEEE ST Y ) V) - FOREE TR
27229, H8IZIIBHBEER COERWDXRD /3%
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BREEOMID MWW k2% 2 (8a-c), LA L,

~001

0 5 10 15 20 25 30
2 Theta

8 XRD patterns. (a) as-synthesized Ti-MWW-PS, (b)
a was refluxed with 2M HNO;, (¢) b was calcined
at 823 K, (d) b was treated with CTMABr and TPAOH
at 353 K, and (e) d was calcined at 823 K.
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BHEHFEN TV B Z L b o e NREREEICL 5
&, R ORAEE & WRERIEAIEI L
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TTi-MWW OREGEDFIBE SN, FEF IRV UoE %
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75 Epoxidation of cycloalkenes with H,O, over various titanosilicates?.

Catalyst Si/Ti Surface area Alkene epoxidation®
/m2 g1 Cycopentene Cycooctene Cycododecenes

Conv. TON Conv. TON Conv. TON
Del-Ti-MWW 42 1075 58.9 306 28.2 147 20.7 57
3D Ti-MWW-PS 46 520 15.7 89 43 24 33
TS-1 34 525 16.3 69 1.6 7 1.2
Ti-Beta 35 621 9.9 43 4.6 20 1.9
Ti-MCM-41 46 1144 35 20 5.1 29 4.1 12

a Reaction conditions: cat., 10 ~25 mg; alkene, 2.5~ 10 mmol; H,0,, equal to the alkene amount; CH;CN, 5~ 10 mL;
temp., 313 K for cyclopentene and 333 K for other substrates; time, 2 h. » Conv. in mol %; TON in mol (mol Ti) !

0 S5 10 15 20 25 30
2 Theta

19 XRD patterns. (a) Ti-containing MWW lamellar
precursor (Si/Ti=100), (b) a was calcined at 823
K, (c) a was refluxed in 2M HNO; and dried at
373 K, (d) ¢ was further calcined at 823 K.

LB ERFALICERL, ZOREAFEE Ti-MWW
LD F 5 2 ) r— b EHELL 7 (B5), Del-Ti-
MWW [ L3BEDOTI-MWW L ) 3 ~6f&Z\WTON £/ L,
X VHIFLE AT A TI-MCM-41 £ 1) L0 A% Tdh -
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T, FRROERBECHE7-Del-Ti-MWW (3 LRV
2 E - TRV, HREHRIEOS:, TIKT Vv
7 DIRE AUEEEE TR THRBIRT 5 /L)
r— NERBTE30, CORIKRFY /) r— M
T ErE CAR L 7= F ¥ v A DKWV Ti-
MWW (Si/Ti >70) »HHERETAHIEIZENGEOND,
F ¥ EARBIRAIER A EHEER T 5 LREEEIC L B
001 & 002 ED[EHF Y — 7 2%H%E L (X9a &9b), 3D
MWW H5E 127 575, BRUUE L CHEIE 721 3BEi e 1T
o784, 001 & 002 HOEHTE — 7 A%k - & 1) #il
N (9c & 9d), BEEENTEEICHERF SN TVDH
BEIRF& /) r— b, Ti-YNU-1 55772,
XRDf##TI2 & A &, 3D Ti-MWW & Ti-YNU-1 D%
EfTalhl bENIIZIZFEMETH L5, cEETNEN

[X]10 Edge-on TEM image views of 3D Ti-MWW (a) and
Ti-YNU-1 (b). The arrow indicates the thickness of
10 layers.
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C1A%3D Ti-MWW OEEFZ 10 BIRAN 1L D25 AlZE
[ o TWAZ L& L7z, Ti-YNU-1 KR
(676 m2 g—1) A33D Ti-MWW (528 m2g-!) L) K&
W & D Ti-YNU-1 IR SN RBHEEDET 5
LR BT,

Ti-YNU-1 OREfEE & ARSI 213040
ENTWERWEDHH DL, LarL, F7 VEADEKN
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6 Epoxidation of cyclohexene over various titanosilicatesa.

Cat. Si/Ti  Conv. Product sel./% H,0; sel.
/mol% Epoxide others® /mol%
TS-1 83 33 17.9 82.1 -
Ti-MOR¢ 92 9.0 55.0 45.0 63.5
3D Ti-MWW 45 8.1 35.0 65.0 74.8
Ti-Beta 35 16.5 78.4 21.6 51.6
Ti-YNU-1 240 21.2 90.8 9.2 78.5

a Reaction conditions: cat., 0.05 g; temp., 333 K; time, 2 h, MeCN, 10
mL; cyclohexene and H,0, 10 mmol. ® Djols, 2-cyclohexene-1-o0l and
2-cyclohexene-1-one. ¢ The amount of catalyst used was of 0.2 g.

LETHLLRIEY A NS LHEET D L EDOATI-
YNU-1%2F8ITE 528 &, IR, 2Si MAS NMR &
AFAEBIE L Y Ti-YNU-1%53D Ti-MWW X )44 0D
V)= NEERTHI LD, Ti-YNU-11Z, BRL
I & o THRBRIEAE MWW OS> — RO
AR EPTHEIT L R VERLZ-bDTH S
LRbIE,

Ti-YNU-1 Ofitfiisiconcid, BIR7 L4 o d
AL 24T, BDF 5 ) 2 ) o — Ml & L
THRET L7 (3R6), TS-1138EE 10 BIRHTL L 24572
W, V7 andtr ORI IED o 7
3% 12 BBRO—KITTHHL% 43 A Ti-MOR b AFGIZ
BFHHTIdedo7z, 3D Ti-MWW X, BEFE12 B8RO
F A FRyw FEET L7280, TS-1 X 0BG
ZARLIAS, B 12 BRO=KTTHIFLO Ti-Beta 1213
R drot. —F, Ti-YNU-11ZF 9 v &HEISE
FIAEWIZ b oT, RIBVI 7uadt s
HLEE R L7 Ti-YNU-1 TR E L FEFHO
FREDROED o7 TI-YNU-LIZFETHY S/
—NVEIZE LBRITTREY FOIKBERIEZ 1T &
AETHEL W &d%hholz,

Ti-YNU-1 i3, ABEHETI-MWW A2 b & Ti-
MWW L [af%, SRR ORI % 22580 TR L T

oI ruAFtrOIRF ALY E LAV
2l 2B, IHT-BREERL TRE Y FERERL
720 FULHEBHEEL eI R SN TWA Z EAXRD
Lo THHER I N

Ti-YNU-1 DRILOK & S DO1EHE IEHIZE 57290,
DFHARXDBRELBRT VY, Y 27URYF Y,
vrankkry, YrOANTFy, Yratrirk
T ru F7e s OB{EEiT, TS-1, 3D Ti-MWW,
Ti-MOR & Ti-Beta & [WBE L 72 FUBERE DA X2k
LSS bR A HMILA Y HiE 3D Ti-

MWW < TS-1 < Ti-MOR < Ti-YUN-1 < Ti-BEA D)l &
20, Ti-YNU-1138E 12 BEBREILOSEE L, &
BORICZIETE B2 Ehhho 7230,

5. #&bHi)iZ

FE5 ) r—MEFT A b, TS-1 DFERLFH20
EVEERL, TS-1LSOFRT 5 /20 75— OEH,
HEEDWT, FUCHHEORY, # LWL~ DILH%
IZOWT ORI BEAI > TETZ, BELEIT LY
Y DIRFACICE LTl d mitkaE L TI-MWW il %
EHKBERE E MWW BEEDTIRME LRI L 7R A
METHRBICX 7, TEMWW IZSERT7 L7 > RS
UAENDIEABRIRFCE D, $72, HpEHEET
B EWRSEEEOF ¥/ ) r— b 0N
BIEERFOF 5 /U= DT 7 A IANRE
BADICAMZE b 2 LB H A . i LS
DAL= 2L BF % L REDRBEIZBWTTI-MWW
BIERDTS-1 EHARRESELRD, BHRIIBITD KT
FERIEY A N OIAEDT ¥ o~ OfEEEN: & RE
PR ) BEERIZES V2 H D, LerL, &
TR LK BE L B A MEETIEMWW DA
IZE o> TEZELEEE S VEEV, 44, it
Az AV WEELR KBABEEZHLTUE, L0 E
N7 B UAEABESR S N5 b D LT 5,

E

ARFFEICE o T, TR TRAZ/ B S8
(BHRITE), /MAMEZ IR % b VTR AT
TERFBEIR D THEW 1% W /272722 Lk, Weibin
Fani$t & D. Nuntasit§t OB 2oL %, 22
WZFRECL, G OBEERHLETEY,
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Highly Effective Titanosilicate Catalysts: Novel Preparation and Application to Alkene Epoxidation

Peng Wu and Takashi Tatsumi
Graduate School of Engineering, Yokohama National University

Titanosilicates containing tetrahedral Ti ions in zeolite framework prove to be
attractive catalysts owing to their capability of oxidizing a variety of organic compounds
with clean oxidant of hydrogen peroxide in liquid-phase. In the last two decades, the studies
have been focused on two representative titanosilicates, MFI type TS-1 and BEA type Ti-
Beta. However, these two titanosilicates have a lot of difficult problems to tackle. Medium-
pore TS-1 lacks the ability in the oxidation of bulky substrates, and there is still a large
space to improve its specific activity per Ti site. Ti-Beta, on the other hand, encounters serious
disadvantages of easy leaching of Ti active species due to its structural stacking faults.
From the viewpoint of developing new heterogeneous catalytic processes for alkene epoxidation,
it is urgent to prepare more efficient titanosilicate. Very recently, we have succeeded in
incorporating Ti into MWW zeolite having a very unique pore structure. Both hydrothermal
synthesis using boric acid as a crystallization-supporting agent and postsynthesis through a
reversible structural conversion result in Ti-MWW catalysts extremely active for alkene
epoxidation. Ti-MWW is also converted to the catalysts with accessible reaction spaces suitable
for bulky reactions. This paper reviews our recent studies on the preparation and catalytic
properties of Ti-MWW.

Keywords: titanosilicate, Ti-MWW, epoxidation, hydrogen peroxide, hydrothermal synthesis,
postsynthesis, delamination
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BEELE* BIUAIE*, HEHEF

*FREARFERF LA AR ER F Y, B RER S

AR NV — T, B4 T4 b OREREEBRREEL, €474 MfLENEARS T
HEERZEFLNVCEBHET AR /O 27 Fe#EERLTWS, KFETIE, Kfchabazite
& BB OIS 2 R L oM LEEE DL A I B S LB A 5 CHM GRS T ENATE D
AIPO-34 (CHA) ¥V —XIZBT 2REDAHRERS L USRI RICBE L T L. 8
BOBRT I VERCERENRERIZE 2T, FEETHAIPO,-34 B X UNHLEE W
AIPO,-34 2 ENEBEIRETH L T E X EFH L 720

1. FU®HIC

Y454 ML SN DREA + v B LUKS
Fid, FA OEIEEEHIET ST L4 (A
BBTHb, ZDLH)BY¥FT A MIFLOSFEICER
5, M, WEB LA F s EOREEE M
BEME LOBHT 270 OEBFRIEA CER
EhTwa, LAL, MIFLAOERMNES X U&RE
GF~OBIEM T ERF LV OBBIERICED W
B L ERBR AT S R HIRICH Y, BRET
B ORI SRS,

KEFFET V— 7L, €451 b OHERILFREE
%40 TR OFAREIE £ R EEIL, €474
MEFLE WEA RS FOREER % BT LV TR
BT Ta Y7 FREEL T 5, BIFEER
EbEE T4 MIBELHHN, BITREAER, K
WYL S5 A+ OB R M- - ALP-ORYE A T 4
MZEE LTWA, A TCIE, KiRchabazite &
OMFLREE % R Lo LB LA S TS
B EBRSFENELTE S AIPO-34 (CHA) 128
T AR OBENMRLBH T 5,

T 113-8656 BEAFSCHRE AR 7-3-1
WA A A e A B BRI

e-mail: kazumasa@eps.s.u-tokyo.ac.jp

2. chabazite & AIPO,-34

chabazite (2, AR KEBEDPIZLERT S
57 N EBEYY S A M TH D, ABRRKEBE
DEERIEZ R THA % O THZ TIRERA LT
nTwab, —fi%iZ, chabazite D{LFMEIE, (Na,,
K,, Ca) ALSi,Op,+6H,0 LEBMENLHDY, FOIE
TEVEERITHIE L Si0 AT DEAUIRII KRB HF T
BATH5b, chabazite DiERMHEEL, {LHHENE
MW 2 ML B b7 o TEROW SR L o T
VB8, AR L BREEICE L TIZ 19580
Dent B X O°SmithDIZ & o THRBRISB SR,
DR DOEEM 2 BBITIC X > T AL-Si-O BHHEED AlO,
R Si0, WEHB L CHIFLRI DKM A 4 > D577
LM L o TERL MR R T I LT
Wb, TMBOBIT T, BHREEFIZAIONB
X USiO, MERDFFEF D % WEEBER3m O
EETFNVHTH SN TWADY, BETIZAIO B &
U SiO, EAEAFERFESI L, FRFRIHTLOR 1 4
YA BFESIT A EREEPT OBEEFUIRE S
}1}’(‘\,\ A47 8)0

1984 £ Wilson 512 & 0, AT I Y EHVzK
BARIZ X 5 AL-P-ORIE DA RUENREV. SN TEL
Mo, SEERLY) YBEEL T4 FEEDEOE
BARALON TS, BOHNIWEE AIPOyn (n
I3EHE) LEFTRTIERINS Y, chabazite BIF
g % 780 AL-P-O RIWE % AIPO,-34 LT85, &
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#1 A summary of syntheses for a variety of materials with the CHA-framework.

name temprate solution  chemical ageants reference

SAPO-34 TEAOH H,0 Al,0;, H;PO,, SiO; Lok et al. (1984)
[ALSiP;04][H;0] - nH,0 MOR H,0 Al,0;, P,05, SiO, Ito er al. (1985)
[AlgSi| 4P460241[CsH;;NH,], 4 - 2.5H,0 MBA H,0 Al,03, H3PO,, SiO; Pluth & Smith (1989)
SAPO-34 PIP H,0 Al(OH);, H3PO,, SiO, Dumitriu et al. (1997)
[Al3(PO,);F1[C4H (NO] MOR H,0 AlLO;, P05, HF Harding & Kariuki (1994)
[A13P30,,F][CsHsNH] - 0.15H,0 PYR TEG Al,O3, H;PO,, HF Oliver et al. (1997)
AIPO4-34 PIP H,0 Al(iPro);, H;PO,, HF Rajic et al. (1997)
CoAPO-34 TEAOH H,0 Al(iPro);, H;PO,, ZnAC Tusar et al. (1995)
(Co,Mn)APO-34 TEAOH H,0 Al(iPro);, H;POy, (Co,Mn)AC Tuel et al. (1996)
CoAPO-34 PIP H,0 Al(iPro);, H;PO,, CoAC Rajic et al. (1997)
CAP-CHA3 X1 H,0 Al(iPro);, H;PO,4, CoCO; +xH,0 Feng er al. (1998)
CAP-CHA4 R14 H,0 Al(iPro);, H;PO,, CoCO; +xH,0 Feng et al. (1998)
CAP-CHAS C2 H,0 Al(iPro);, H;PO,, CoCO; +xH,0 Feng er al. (1998)
CAP-CHA6 R9 H,0 Al(iPro);, H;PO,4, CoCOj; +xH,0 Feng et al. (1998)
CAP-CHA7 C3 H,0 Al(iPro);, H3;PO,, CoCO; +xH,0 Feng et al. (1998)
CAP-CHAS X2 H,0 Al(iPro);, H;PO,, CoCO; +xH,0 Feng et al. (1998)
ACP-CHA6 RS51 H,0 Al(iPro);, H;PO,, CoCO; +xH,0 Feng er al. (1998)
ACP-CHA7 R61 H,0 Al(iPro);, H3PO,, CoCO; +xH,0 Feng er al. (1998)
ACP-CHAS Cl1 H,0 Al(iPro);, H;PO,, CoCO; +xH,0 Feng er al. (1998)
ACP-CHA9 C4 H,0 Al(iPro);, H3PO4, CoCO3 +xH,0 Feng er al. (1998)
ZAP-CHA1 RI3 H,0 Al(iPro);, H3PO,, ZnO Feng et al. (1998)
(Mn,Ni)APO-34 PIP H,0 Al(iPro);, HyPO,, (Mn,Ni)AC Rajic et al. (1997)
[Zn7(PO4)6][N;CeH 712 AEP H,0 H3;PO,, ZnAC Kongshaug er al. (2000)

MOR: morpholine, MBA: methylbutylamine, PIP: piperidine, PYR: pyridine, TEAOH: tetraethylammonium hydroxide,

X1: N,N,N'.N".N"-pentamethyldiethylenetriamine, R14: n-amylamine, C2: cyclohexylamine, R9: /,9 -diaminononane,

C3: 4-(3-aminopropyl)morpholine, X2: 2-(aminoproply)-/,6 -diaminohexane, R51: 2-methyl-/,5 -diaminopentane,

R61: N,N'-dimethyl-1,6 -diaminohexane, C1: 2-(2-aminoethyl)-/-methyl-pyrrolidine, C4: 4 -(aminomethyl)piperidine, R13: di-n-butylamine,
AEP: ]-(2-aminoethyl)piperazine, TEG: tetraethyleneglycole, Al(iPro);: Aluminum isopropoxide, OAC: acetate hydrate

ST ALFERSDZEIZIL LT, SiO, & &t Al-P-O
FWHE % SAPO-n &, EREEMe £ &L Al-P-O 5%
WE % MeAPO-n LIRILT 5 %°, TS 588 F &
BRI L DG L&\, chabazite BIOFTE
&2 HOWE L, YFISAPORTER S 1D,
FOHFEEFEMT A2 &1L Y, morpholine,
piperidine 3 & UFpyridine %2 EDFHT I 2 NEAT
5 AIPO,-34 DR A& L B & 7214100, 1995 4 LURE
13, FHFLMBERASERTA2EF 71 FOREE
H$g L T, chabazite f#i&% O MeAPO bEAIZE
BENTWAHI62D, L L MeAPO IZB L TiE, #
KESMEET LIZ LA LITTORTE LY, £0MHE
DI TH D, K1, ThETERINLC
chabazite BIFHHLE 2 OME T T L D5,

X112, KO chabazite & AIPO,-34 D5 Gt
%7"¥ o chabazite DAL, (ALSDHO, UEIAK

AlPOs-34

chabazite

A roo B sio
s  H20 Ca

1 chabazite & 4IM/OH % AIPO,-34 D5 SiEE

A%, MER, NERBIVCAHREERELZHTL3
Rhy b — 7 EERERL T 5, MR
THI L g CaB L UNafA A v £ 72
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Synthesis Procedure
H,0 7 Template
} « piperidine
AI(Pro),/AIF/Co(oAc),4H,0 | * merhelinc

. +  J-methylimidazole
Stir

»  [-(2-aminoethyb)piperazine

template Parr acid-
I digestion bomb
v stir
H,PO,(85% ) stamless—a{j
...... Do Teflon ——
vosw Al(iPro), HH,PO, _
lheat( 180°C 4days) ys) | template+solvent

M2 KREEHEOFME

KT, NBEP VA VEEED 3 RITTMIIRET
ARELGBBEICOMLTNS, T/, TORK
chabazite i¥, ¥+ 51 MEEIZR R 515 D6R
(Double 6-membered Ring) #iE1 = v b DEHMIE
T (PHF) BLEEE, bbb, FEFENCERL
D6R1=v M UERICL > THELIRTA Y b
T — SRR L TR L LBRTE L, ZOME
TAIO, B X PO, Bifi Z A A chabazite BI3 KTT
Fv b7 I BEEZ T 5 AlPO4-34 DfEER
B3 5L, DR 2TZH T AURIRD 1/3 |25k 2 B
HSBERAIOF, SSHFET 5 mIBEORFREL R T
T ENTEL, F7-AIPO,-34 DFEREETIE, AlO,
BIUPOEN EHARPEEIHRFEE L TWAH7:
O, ZHBIRLEVEETORIL LD, EbIC
ZRIZCaBLUNaD L) RERTHEMTEBREA A+
v ERL BAREIMECERT I U oFAEE o T
W AEEN RS L DO EMBEL BT 5.
CHDBEIR, BRHEETLFMIBSELZYANTS
NAEBRASFEEIRT LI LI - TERHEEO
L HMEEL R, BN BEE ethh oy
LR RSN HIECE AW REE LM R L T
Wb,

3. EBAHZE
Al-P-ORELT T/ FOARIZIE, EY VB
(H5PO, 85 mass%) 3 L UKIBHED & v» Aluminium
tri-isopropoxide (Al(iPro);) %M L7-, B21IR
TEBFMIZRE, #MUKIZAIGPro): BL U7 I V&
EHEROFEMZTHREL, EEOBB2HERELOD
LETOMI BRI NVKYE L RET 5, TOHE
FVIRWEE 770 Y BRICAR, SLIZATF YL
ABORCERICEHAL, KIDRE180T+5CTT

#£2 A summary of syntheses for a variety of AIPO,-
34s.

product template  Al(iPro); additive = H3PO4(85 %) solvent

—  (PIPR20lg 10g 136 ml  (H,0)8 ml
PIP-F  (PIP20lg 1.0g (AIF;)0.137g 136ml (H,0)8 ml
—  (PIP201g 1.0g (CoAC)1.22g 136 ml (H,0)8 ml
—  (MOR)2.14g 1.0g 136 ml  (H,0)8 mi
MOR-F (MOR)2.14g 1.0 g (AIF;)0.137g 1.36 mt (H,0)8 mi
—  (MOR)2.14g 1.0g (CoAC)1.22g 1.36ml (H,0)8 ml
4IM-OH (4IM)2.02g 10g 136 ml  (H,0)8 ml
4IM-F @IM)2.02g 1.0g (AIF)0.137g 136 ml (H,0)8 ml
—  @4IM)2.02g 1.0g (CoAC)0.98g 1.36ml (H,0)8 ml
—  (AEP)159g 1.0g 1.36 ml  (H,0)8 ml
AEP-F (AEP)I.59g 1.0g (AIF;)0.137g 136 ml (H,0)8 ml
AEP-Co (AEP33.17g 1.0g (CoAC)1.22g 1.36ml (H,0)8 ml

PIP: piperidine, MOR: morpholine, 4IM: 4 -methylimidazole,
CoAC: Co(CH;C00),4H,0, AEP: I -(2-aminoethyl)piperazine

I6BFHIRIFL 720 ¥4 T4 ML E T 2815
FIZE L TiE, TEEDOBIFEE &% 12, piperidine
(CsNH,;;PIP), morpholine (C,ONH¢;MOR), 4-
methylimidazole (C4N,H4;4IM) BLFT-(2-
aminoethyl)piperazine (CgN3;H;5;AEP) %33R L 7=,
7, SEOMETIE, FETBIUEBILEColZ
&5 AIPO,-34 BREBEOLENBH L &/ TLH
WO L ORERICIFICER L 72 FEESEZHMT
53541 Aluminium fluoride(AIF;) %, Coa%
w3 % ¥ & I3 cobalt acetate hydrous
(Co(CH5COO0), +4H,0) Z#H\7z, #2112, AAF%E
THER L 7-FEH B X U1F b 17z chabazite I
T4 T LD, BoNERL MABIUT
¥ —VT#HYELEEL, EEMETEME
(JEOL JSM-5400) |- X 2TREEIR B L VBT
B & B RSO 21T ) o &R, BiEREE
fEtT#E (RAXIS-RAPID) %AW THEAHEET
ET 5o

4. FER
4.1 BRER

B3 {2, #2Dchabazite BHHEHEEH T LD
SEM BEH % 7~k$, PIP/F-, MOR/F-, 4IM/OH-,
4IM/F-3 X UF AEP/F-AIPQ, D#E AV 3 [Ex il
DHEEZRET, INFEFTOHELFEFKITITC=
FHRRDAIPO,-34 MR Lz L HRrTE 5, $7-,
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13 MOR/F, PIP/F, 4IM/OH, 4IM/F, AEP/F 1 X UFAEP/Co %! AIPO,-34 DSEM EE

#3 Structural analysis of a variety of AIPO4-34s.

PIP/F MOR/F AEP/F 4IM/OH AEP/Co
LA [ALP3O,FI[CsNH )] [ALP3O,FI[CNOH 6] - [ALP3OFICeNsH )i, [ALP3OHIICN H,]  [(ALC0)3P301)[CeN3H 7],
[H,0li2 [H30 or NH,]y
HFER a=9228()A a=9.144(1) A a=9.151(1)A a=9.248(1)A a=9471(1)A
b=9.186(1) A b=9.164(1)A b=9.226(1)A b=9.077(1)A
¢=9.402(1)A c=9.326(1)A c=9.227(1)A c=9.413(1)A
a=93.17(1)° a=93.63(1)° =93.89(1)° a=9251(1)° a=94.26(1)°
B=100.65(1)° B=102.47(1)° B=101.91(1)° B=102.91(1)
y=87.43(1)° y=88.37(1)° y=89.24(1)° y=88.89(1)°
Etitifid PT P1 P1 R3
RAT 0.0801 0.0649 0.0637 0.0474 0.0875
wR2 AT 0.1671 0.1427 0.1756 0.1231 0.2490

AEP/Co-AIPO, 12 L TIE, FHIAOEE R LB
BRTEZ2 eI E L OMESSHEECH DL, K2
BLUOHB IR EN DL BEREBRDERD A5 T,
AR L ONE SN L E ST L LS
ELOMEFERIGGHT LA EETELRVA, FEL
TLFHR T AU T O=2085HM S5 N7z,

O FRTDPHETS VKR ICE A5G, PIP,
MOR, 4IM 3 X OFAEP & 4 a)#IR L 723X T
DOFEBETIWE % F\W 2R T, AIPO4-34 73k
KT %o

@ WRSVIRWEDFRETFEE& T 2VIEE, 4IM
ST HHWIRTOR, AIPO,-34 D3R
T 5,

@ 2ffiOk A A+ >~ & L THRES 5 AEPHHDF
PRV R TOMRAIPO,-34 DEHEEIZCo
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Synthesis and Structural Analysis of the Al-P-O Materials with the Chabazite Type Framework

Junya Takashima*, Kazumasa Sugiyama*, and Tokuhei Tagai**
*Dept. of Earth and Planetary Science, Graduate School of Science, The University of Tokyo
**Tokyo University Digital Museum

The interaction between the alumino-phosphate framework of AIPOy-34 and the occluded
organic molecule has been discussed through the structural analysis of a variety of AIPO,-
34s. The F-typed AlIPO,4-34 is favored when the organic molecule of piperidine, morpholine,
4 -methylimidazole or I-(2-aminoethyl)piperazine is used as a templating agent. However,
the novel OH-type AlPO,-34 is produced only when 4-methylimidazole is employed. The
space group symmetry of the obtained AIPO,4-34 is enhanced by the point symmetry of the

organic molecule located in the zeolitic cavity.

Keywords: crystal, AIPQ4-34, chabazite, zeolite
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14th International Zeolite Conference
April 25 - 30, 2004
Cape Town, South Africa

Organised by
The International Zeolite Association
Catalysis Society of South Africa & India

Plenary Lecturers
"Catalysis by Zeolites" Giuseppe Bellussi / "Advanced
materials and new applications of zeolites and porous
materials” Jiirgen Caro / "Structure and characterisation
of zeolites and other micro/mesoporous materials" Lynne
McCusker | "Synthesis of zeolites and micro/mesoporous
and mesostructured materials" Tom Pinnavaia

Keynote Speakers
"Advanced Materials" Keui-jung Chao / "Zeolites and
environmental chemistry" Pierre Jacobs / "Modelling"
Rutger van Santen | "Synthesis" Jihong Yu

Pre-Conference School Lecturers
"Synthesis" John Casci / "Catalysis" Dirk de Vos /
"Catalysis" Michael Stdcker ["Structures” Francis Taulelle/
"Separation Processes" Martin Biilow / "Advanced
Materials" Francois Fajula / "Characterisation” Michael
Hunger

Key Dates for Submission

Dec. 15, 2003 Submission of Revised Papers

Jan. 31, 2004 Submission of Revised Extended
Abstracts

Jan. 31, 2004 Recent Research Reports submitted

Apr. 22-25, 2004 Pre-Conference School

Apr. 25-30, 2004 14th 1ZC

Commences May 1, 2004
Post-Conference Tour

Organising Secretariat

Electronically: izc@chemeng.uct.ac.

Mail:Organizing Secretary: 14th 1ZC
c/o Department of Chemical Engineering
University of Cape Town, Rondebosch
7701, South Africa

Fax: +27-0-689-7579

http://www.14izc.org.za/

4th International Mesostructured
Materials Symposium
IMMS 2004
May 1 - 4, 2004
Cape Town, South Africa

Main Topics
The symposium aims at discussions of most recent
advances in synthesis, characterization, and applications
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of mesostructured materials exhibiting the mesoscopic

periodicity. Topics include

% Synthesis and characterization of MCM-41-type
periodic mesoporous silicas and other metal oxides

% Organic-inorganic hybrids with mesoscopic periodicity

% Sol-gel approach for mesostructured materials

% Synthesis and applications of mesoporous carbons

% Synthesis of new nanostructured materials using
mesoporous templates

¥ Mesostructured and mesoporous organic polymers

¥ Pore size analysis and structure modeling

% Host-guest interaction and molecular imprinting on
mesoporous materials

% Catalytic apblications of mesoporous materials

% Adsorption and separation using mesoporous materials

¥ Application of mesostructured materials for optical,
electronic, electric and magnetic devices

Abstract submission is only possible via the Internet

but a WORD copy of your abstract will have to be

Uploaded to our server.

Invited Speakers

Pr. M. Jaroniec (USA)

Pr. S. Kaliaguine (Canada)

Pr. M. Lu (Australia)

Pr. D. J MacQuarrie (Great Britain)
Pr. T. Maschmeyer (Holland)

Pr. C. Sanchez (France)

Pr. G. D. Stucky (USA)

Pr. D. Y. Zhao (China)

Important dates

Nov. 15, 2003 Deadline for 2 page extended abstracts

Jan. 31, 2004 Acceptance of the paper

Feb. 28, 2004 Deadline for recent reports (2 pages)

Apr. 15, 2004 Deadline for full paper to be submitted
for publication

May 1-4, 2004 Symposium at Cape Town + book of
abstract

Authors are invited to submit original contributions

for presentation in oral or poster sessions.

Local Organizing Office

Catherine Mitchell (UCT, Cape Town)
Tel: +27 21 650 5793

Contact Us

Conference co-chairmen

Pr. Laurent Bonneviot (E-mail: bonnevio@catalyse.univ-
lyonl.fr)

Pr. Peter Jacob

Conference coordinator

Bruno Bégin (E-mail: bruno.begin@hospitalite.com)
Secretariat

International Mesostructured Materials Symposium
c/o Hospitalité Québec

580, Grande Allée Est, suite 305

Québec, Qc, Canada GIR 2K2

International

Tel: (418) 522-8182 Fax: (418) 529-7548

http://web .hospitalite.com/Clients/IMMA/IMMS/imms_ho
me.html

1CC 2005
— Claysphere: past, present and future —
August 21-27, 2005
Waseda University, Tokyo, Japan

Symposia -Clays, Science and Technology-

Symposia consist of presentations by invited persons.

S1. Interstratified Minerals: Aspects of their Structure,
Chemistry and Genesis

S2. Crystal Structures of Clay Minerals

S3. Exfoliation and Swelling of Clays

S4. Clay-Polymer Nanocomposites

S5. Advanced Applications of Clay-Organic Intercalation
Compounds

General Session

G1. Teaching Clay Science

G2. Clays in Geology

G3. Crystal Chemistry and Structure of Clays

G4. Synthesis of Clays

G5. Physical and Chemical Properties of Clays

G6. Simulation

G7. Characterization of Clays

G8. Clays in Industry

G9. Waste Management and Clay Barriers and Civil
Engineering

G10. Clays and Environment

G11. Clays and Human Health

G12. Clay-Biology Interface

G13. Soil and Non-Crystalline Clays

G14. Layered Double Hydroxides and Anionic Clays

G15. Zeolites: Properties and Application

G16. Activated Clays and Porous Materials

G17. Organic-Clays

G18. Other topics
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Field Excursions

F1. Bentonite resources of northern Honshu

F2. Clays in active (Hachimantai) and fossil (Kuroko
deposit) hydrothermal systems, northern Honshu

F3. Sedimentary kaolin deposits in central Honshu

F4. Pyrophyllite deposit and Hiroshima peace memorial
park

F5. Pottery stone deposit and Arita-yaki porcelain
(Imari) of western Kyushu

F6. Volcanism, alteration, and clay mineralization in
the southern end of Kyushu

F7. Clay mineral deposits in southern Korea

(F1: Pre-conference, F2-F7: Post-conference)

Pre-conference Workshop
It will be open at Kanazawa before the conference, probably
from August 18-20, 2005. It is a workshop on
biomineralization including field excursion and small
conference at hotel. Also the participants can enjoy parts
of Japanese traditional life such as Kutani pottery, Japanese
garden and castle of Edo period, foods, sake etc.

A 74k

(26)

Workshop will be organized by K. Tazaki (Kanazawa
University)

Time Schedule (tentative)
Sep., 2004  Publication of second circular by web site
The end of Feb., 2005
Deadline for submission of abstract
The end of Feb., 2005
Deadline
publication of third circular by web site

for pre-registration and

Address for Correspondence
Prof. Takabumi Sakamoto
Secretary General 13th ICC
Faculty of Science
Okayama University of Science
1-1, Ridai-cho, Okayama 700-0005, JAPAN
Tel & Fax: 086-252-8922
E-mail: icci3@das.ous.ac.jp
http://wwwsoc.nii.ac.jp/cssj2/131CC/index.html
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