A1 vopes

R TR WERPIRE -

1. ¥ 8

INHIFLZ > CHA ¥4 A4 biE Methanol To
Olefin (MTO) KOG filE<e, NH; @GR Tt & LT
HEEZHEDTNTND, DCHA FFEEIO U B,
T FIRIC FAU BRUIBA T4 FEHWDH Z &IT X
DENELT D ERNIMBNTWS, 2 ZOEl
IXERITH DL T A FOEREEN AW
EHZTHhH10THY, Mg sz L v
B OYTENEILT D L EZ DD, AHFETIE
LTL B8 AT 4 h& 7 I FJHE LT CHA ¥4
TA NOEKEIT, TV FHRTH D LTL 234
(LB X O O ERL A0, fliRrEC
FIETEEBIZOWTHLZT A Z E 2 HAE L,

2. £ B

> U BPRIZ Cab-0-Sil M5, 7 /L2 FJRIZ LTL A&
47 A+ (HSZ-500KOA, ¥ Y —, Si/Al=3.1), FAU
B AT A FJRC-Y-4.8, Si/Al=2.4), HHEEHE
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Bto€4Z 4 b) - kO OSDA)Y & LT, oz
B RN & #3 R X BREIHT, SEM, ICP, NHs-TPD,
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Sample Yield / % SVAl Na*/Al K*/Al  SDA/AI
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Z PSiMASNMR Ot A2 LICHEHT L, £
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FIRAE B X X F)L 7 I v OBEIR K ELER o fil i
WZHATE ZAEEMEDMRIEI N T WD M, ek Tk
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#] (OSDA) ¥ L T \» %2 TEBOP (N,NN’,N’-
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22. Ny FIRIEICEB2EEEK  KELF bV T LK
WRIZ A A v 5k & TEBOP KBS AZMA, X512
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AW HEOHRBEREEIZ L2652 FEHL -, 5
SN7=Y Y Tk, X fREF (XRD) #fllE, &A&R
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A4

Small and Medium Pore Zeolite ITO-52: Synthesis, Characterization
and Catalytic Performance in the MTO Reaction

(Tokyo Institute of Technology” * Institute of Chemical Technology®)
oR. Simancas”® * T. Nishitoba® * F. Rey® * J. N. Kondo” * T. Yokoi*®

1. Introduction

The zeolite ITQ-52 (IFW) consists of channels of 8R
and 10R that intersect one to each other forming large
cavities, accessible through two 10R and four 8R apertures.
The zeolite has been prepared by using two different
Structure (OSDA) an

Organic Directing  Agent

aminophosphonium [1] or a tetraalkylammonium [2] cation.

However, the material has been synthesized only as
borosilicate, limiting its catalytic applications.

Here, we report the first direct synthesis of aluminium-
and gallium-containing ITQ-52 zeolite using as OSDA the
aminophosphonium cation and its catalytic performance in
the MTO reaction.

2. Experimental

Zeolites ITQ-52 were obtained from synthesis gels
having the following composition: (1-(x+y)) SiO; : x B,Os :
y Y203 : 0.2 OSDA : 7.5 H,O : 0.04 Seeds, where x and y
were varied from 0-0.0325 keeping constant x+y=0.065,
Y,03 is AlO; or Gay0;, OSDA is 1,4-butanediyldi
[tris(dimethylamino)]phosphonium hydroxide and some
B-ITQ-52 crystals were used as seeds. The synthesis gels
were heated at their autogenous pressure at 150°C for 5
days under continuous rotation (40 r.p.m.). The as-made
samples were heated at 600°C for 5 h in a stream of 20% of
H, in N, (HT600), some samples were washed with an
aqueous ammonium acetate solution at 90°C for 2 hours
(HT600wh). The MTO reaction was carried out at 400C
and the weight hour space velocity (WHSH) was 0.5h!.

3. Results and discussion

The boroaluminosilicate and galloborosilicate ITQ-52
zeolites have been prepared with different B, Al and Ga
content showing the characteristic diffraction peaks of the
IFW phase in the XRD patters. The incorporation of the

trivalent elements in framework positions was confirmed

by B, ?’Al and "'"Ga MAS-NMR spectroscopy. All the
spectra show a main resonance assigned to the tetrahedral
coordinated atom (Fig. 1). The as-made samples were
heated at 600 °C under a stream of H»/N, for decomposing
the OSDA molecules and partially remove the P-species
coming from the OSDA. Those P-species can be fully
removed by washing treatments with an aqueous solution
of ammonium acetate at high temperatures. The occluded
extra-framework P-species interact with framework Al
species modifying their acidity properties. The presence of
P-species enhanced the selectivity to light olefins in the
methanol to olefins (MTO) reaction tested at 400°C.
Besides, the interaction between the extra-framework P and
framework Al improves the stability of Al species in the

structure under steaming conditions (700°C, 5h).

Sample Si/B Si/Al(Ga)
-4 ppm
B-ITQ-52 17
B,Al-ITQ-52 23 91
B-ITQ-52 B MAS-NMR B,Ga-ITQ:52 35 95
-4 ppm
53 ppm
58 ppm
27 -
B,Al-ITQ-52 118 MAS-NMR AIMAS-NMR
i T T i T |
80 60 40 20 0 -20
& (ppm)
-4
ppm 163 ppm
B,Ga-ITQ-52 118 MAS-NMR 71Ga MAS-NMR
1 1 T T T 1 I T T |
30 20 10 0 -10 -20 -30 250 150 50 -50
& (ppm) 5 (ppm)

Fig. 1. "B, Al and 7'Ga MAS-NMR spectra of the
as-made B-ITQ-52, B,Al-ITQ-52 and B,Ga-ITQ-52.

1) R. Simancas et al. J. Am. Chem. Soc. 136 (2014) 3342-3345.
2) S. Smeets et al. J. Am. Chem. Soc. 137 (2015) 2015-2020.
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1. %5

STW A% 458,10 BN DK INDF T 708
T4 MEETH D, F TN A SR ER
(Organic Structure-Directing Agent, OSDA)% fl\» T
FUF A —DIEY T HREREN TV D ME— D
ETHD ' EDD, FTIVOERIR AT L LT
DISHAPEEEN D, L LR S, STW BE 45
A MIFAEA & L TEWEE EEEE AT 57 vk
WMaE W EGROBPHRE SN TEBY | LEEEDOR
RS 7 At AR L WERRERRD b5,
7 oAk E TG RO BB HRE SN TN D EA
4 hD%LIZIE, CBU & LT d4r INMFAET 5. Si
RED 4 MK ELL EATEEKTARIND, &
W) STW AN S @92 — oSN B 5, AHFEE
TEHINOR T MO RICL DO THLEE
ZMOTIEIZLY 7 oAb 5 HF 2 RET5H 2
ETSTWHIPAS A4 FD7 vk 7 UV —aE B s
L7co BRRIICIR, BAERGRIRIZI W T dar DR
1T 7 AL DOBRN AR TH D &5 2 Flikdn %
W UBAERBRREZ A%y 795 2 2Rt Lz, &
72, Ge DRI XY dar DERDOMEEEZ K- T-, &
H5lZ, RIAFVvarn"—Y a2 (DGC) EBICk 7
WAV AREMETHS U D Ex T v~ v ) r—
NEF T A FOGERATZ, DGC X, JFEHESY
ZIMEAL CTHOLNDFMRZ IV &K% EEE L 72 RRET
BRI TN L AU KRR L > TEL T
A4 MRS E D HIETH D, DGC IZE D ARk S
NIZBAT A FTiE 3 flicEoRD VI T-O0 D
KBz & > T OSDA OERBHE S 4D 2728 Fifk
HELTTAHVIFEAZANEZSHAE TS 4 i) v
FEATA NEPERATRETHD EBEZ BN,
2. EB

TEOS., b7 N~=0 L TNAAVEER, <
HEAFNAIZ YT AL Fa %y FEPMD)KREKD
RAM 4R LT TEOS &N/ iR S8 7= ik A
ZUWINL. 80 °C THET 5 Z & TS NV & 4572,
TV U 4 JEIR & L CiX LiBr, NaBr, KBr % i ] L 7=,
FRAG S, BERR 3126V PMI & 7 vk & T
Bl L72ffis U 71 STW Al L 72, DGC 1EITHEV iz
V&K EIEEE L CEA L, 200 °C T 8 HEMAAL
oo Eloo 7Y ERIEORD Y IZ(NH4):S04 & H
W B bIT o 7o, AR OFHIIIE XRD, FE-SEM,
ERWENE, ICP-AES IZ X ViT-7=,

Intensity / a.u.

PARHHAT B« KRR = A - il A

3. BREEBE
LiBr, NaBr # i1 L 72 58 121d, 547 L 7o flks ki
KD XRD BE— 7 BBESNDHDHTHLHDITKEL,
KBr RN L7=38ICII e — 7 MERE K L THBY .
STW MfEsfb L TW\WD Z VRIS 7z, L7
NH | FERERCMOF DI bR I, FfMIT
800 °C DFEAL bIFE A HEFFT 2 DITK L, ZDH
7% 600 °C THEE D 53 L. Tridymite 234E5% L 72
ZEMNDUEBHNICRIENR S GELTWD EE XD
b, £, SEM ([T X FEfE&R & 3R 250 v MR
OFENBE SN, LRSS OEFETIERL
STW BH7IZAEMR LT Z E 2B TR TH D,
BT NS AR LT TV
Bepk L7-& 2 A, Bepkit b STW HE D HERE STz,
ZHUEK G & ERANTRE OOV T KEASBER TR T
BEZR NH IO Ha SN D Z ik, B0 &= Kia
FtOfEanafeL otz B2 b, DGC T
BRENTMOE AT A FORFRE —ET D 4

KBr OfX 0 IZ(NH4)S0s & W25 STW
DG EAEE LTme NHe' i KHE RS DA Ao 2
THEHD ORI REZIWMINARETHLEEZD
N35,X 10 XRD /34— & SEM #2025 (NH4),S0;4
ZHWD Z & TR O LR E IIHCE | EO AR
EOY U TIANELNTZ ERMHRENT, /-, fl
FEEEZ I L2 WEATEH STW Aoz, Zih
DY T VATHERR R DRGSR S, AR B
TNDFAZHOWTIEY H¥EERT S,

¥LlA~M wea ||
ko] [

A

D >

FoU—&ma | |

20 30 40 50

26(Cu Ka) / degree
1 &M a) XRD /82—, b) SEM &
1) S. K. Brand et al., Proc. Natl. Acad. Sci., 2017, 114, 5101-5106.
2) M. Matsukata et al., Micropor. Mesopor. Mat., 2002, 56, 1-10.
3) J. E. Schmidt et al., Angew. Chem. Int. Ed., 2014, 53, 8372-8374.
4) V. Vattipalli et al., Angew. Chem. Int. Ed., 2018, 57, 3607-3611.
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1. 8

AT A NOWEMEFRREL, BEEICE END
Al ORI L > THIETE 5 Z 2 pmbnTn5, ¥45
£ hO—>Thd CHA T AT 4 MCHAL, £ 3.8A
X3.8ADSEENLT VEATEX AKX —Vh AL
THRY, EAARCIERE L TAIEREN TN,
VTR, TEkPEOm A2 B L, & SYAL k&A% CHA
DERPRE LN TND, 7 AbkFEHF) 2 ETe 7€V
Tr7 ATV )V r—hEREE LT 2T h
CHA ARIZAEI LT\ 5 Vs, falire HF Z2FH LT
HZENMEE LTHET N5, £z, FAURIE AT A
MFAU) ZJEEE L THWE=E AT A MBIz LY,
CHA (SVAl th=6DA2 AR TE 5 Z LN s Tn5
DHDD, w1 CHA OERIZITE S TRV, A
72 %, FAU 2HFEEE LT, LVEs U b7 CHA
DAERBAE L, VTR AN RT3 R %
et L7,

2. FE

UBT I =T AEE LTERRD SYAL AT D
FAU (H ¥R, Si/AI=10-350) %, AHEHE
#| (OSDA) & LTN,N,N-h U AF)L-1-T X~ X
TrE=UAE Fudy B (TMAdaOH) | kAL LT
KEEtF R U U2 (NaOH) .| fdnffRtERI & LT v 3K
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Table 1 Synthesis conditions and the product phases

Sample Gel Composition Relative

Intensity [-]

No.  Si/Al NHF/Si  H,0/Si Product SN ystallinity[96]
1 10 - 44 CHA 77 100
2 50 - 44 CHA 315 146
3 100 - 44 CHA 80 141
4 200 - 44 CHA+AFI - -
5 250 - 44 GHA+AFI - -
6 350 - 44 CHA+AFI - -
7 200 - 33 CHA 93 132
8 200 - 22 GHA+AFI - -
9 200 0.1 33 CHA 148 136
v:AFI
s Ia L LA ®
(e
M In I.. [TO |
I @
l ' N
I © g
y l [ TN P ll A |
I b) &P
l ' N Z it Lo
Fig. 2 SEM images of products
1 | @ Sample No. @ 1, 1) 3,© 4, @ 7, 8,0 9
Al h l
510 20 30 40 50

20 [degree]
Fig. 1 XRD patterns of products
Sample No. (a) 1, () 3,(©) 4, () 7, ) 8, 9

1) M. Miyamoto et al., Micro. Meso. Mater., 208, 67-74 (2015)
2) T.Tanaka et al, Micro. Meso. Mater., 225, 524-533 (2016).

*LTYEH] Fax : 058-293-3335, E-mail : oumi@gifu-u.ac.jp
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Testing the Limits of Zeolite Structural Flexibility:

Introducing Mesoporosity in Zeolites in Just 1 min
(R KBE I A « University of Alicante® + BKA4JF © + National University of Colombia® « #iRKFEH 2 F)
Ce Peng® + OFIHEHR * - K{EFRIK " - Noemi Linares ® + IE € « Carlos Alexander Trujillo °
ROMEEEW A - IAZRIA F « Javier Garcia-Martinez®” + fif 54 A

Introduction

Zeolites with hierarchical pore systems are highly
desirable due to enhanced diffusion. One method for
preparing such hierarchical zeolites is to partially remove
framework Si or Al atoms from the framework by acid,
base or steam treatments; however, such methods tend to
generate mesopores of random distribution and less
interconnectivity. Recently, a mild alkaline treatment with
the assistance of surfactants, which was called as
“surfactant-templating”, was developed and has proved to
be effective to introduce uniform mesopores into zeolites."!
Accelerating this process is expected to open up new
opportunities in the scale-up of the preparation of
hierarchical zeolites. In this study, we present an ultrafast
method for surfactant-templating, which is capable of

generating hierarchical FAU zeolites in as short as 1 min."?)

Experimental

In a typical treatment, 0.09 g of CTAB was dissolved in
3.42 g of NaOH solution (0.49 wt%) followed by stirring
for 30 min. Thereafter, 0.18 g of parent zeolite (Zeolyst
CBV720, Si/Al ratio of 15) was added, giving a mixture
with a molar ratio of 1 TO,: 0.082 CTAB: 0.14 NaOH: 75
H,0. This mixture was subsequently transferred into a
tubular reactor,m which was heated at 190 °C in an oil bath.
After a certain time (typically, a few minutes), the tubular
reactor was quenched, and the product was recovered,
dried and calcined at 550 °C for 5 h.

Results and Discussion

Figure 1A shows the XRD patterns of the parent FAU
and the samples treated in the tubular reactor over different
periods of time. The intensities of the peaks only slightly
decreased with time, evidencing the preservation of the
structural integrity. N, adsorption analyses and TEM were
carried out to monitor the evolution of the pores. As shown
in Figure 1B, the parent FAU zeolite contained large and
randomly distributed mesopores arising from the steam
treatment performed by the supplier. After only 1 min of
treatment with CTAB, the large mesopores started to
evolve into smaller ones; and after 2 min, mesopores of ca.
4.2 nm and with a narrow pore size distribution were
obtained. Such an ultrafast evolution from initially large

=
A © B 05
£
5 A04
T o
= %203
E_ g
l 00 LR L T 5_mm &E 0.2
3 min 5
Wi (el s 40 A VA : .
2 min > 0.1
| G LA A ©
1 min
W avla 4./ 0.0
0 min
5 10 15 20 25 30 35 Pore size (nm)

20 (degree)

Figure 1 | A, XRD patterns of the parent FAU and the samples treated
over different periods of time. B, Pore size distribution of the samples
(calculated by NLDFT method from the N, adsorption-desorption
isotherms). C to E, TEM images of the parent FAU and the samples
treated for 1 min and 2 min, respectively (scale bar: 100 nm)."”!

and non-uniform mesopores into smaller and uniform ones
were confirmed by the TEM images in Figure 1C to 1E.
These results indicate that the zeolite structure has a high
flexibility that can allow it to rearrange very fast to
accommodate a large amount of mesoporosity.
Furthermore, a continuous flow process was established to
perform the surfactant-templating, which could make the

evolution of mesopores to complete in as short as 1 min.

Conclusions

In this study, an ultrafast version of surfactant-
templating for preparing FAU =zeolite with uniform
mesopores was demonstrated. With this method, a fast
evolution leading to the generation of a large amount of
highly uniform mesopores was achieved in just 1 min,
which demonstrates that the zeolite has a high structural
flexibility so as to rearrange rapidly to accommodate the
generation of a high amount of mesoporosity.
References
[117J. Garcia-Martinez et al., ChemCatChem 2014, 6, 3110-3115.

[2] C. Peng et al., 2019, submitted.

[3]1Z. Liu et al., Inorg. Chem. Front. 2019, 6, 14-31.
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%o & ZTH & 1%, Inverse Opal HE (4% (E#L7~ 5 #5771
ELUTERIR Y B 2R - RANES LTz ) hanm
A FFEEIZIER Lie, v Y hav A NS E#RT 5
U T RAITRIRE RS I FTRE CH H 72D
IR ZHIET 570088 L L THETH 5, ub>
L7en b, U BT oAb/KEEE £ 72 1350 LA ©
KHIRETED HOO, Zn0 NEPHERRILY TH 5 7=
DY AREOMBETHEMELTLE D L0 ) HEND
%S, AW TIEL ZnO % Fafniafif S B 7o R KA IR %
AR EICH WD Z & Ty ZnO DIRfREZIHI Lo,
BT o D) I A BRI S | Inverse Opal 1
EEATDHLIE Zn0 OERIZERTI L2 & 28
T 5,

2. BB P OZSBIT, KK 90nm DHL, \ﬁﬁzﬂﬂk
DN oAV is ek (2! L/“ﬁﬁ«ﬁz@ﬁa&fé\k}fﬁk X

SURF IR DERERE L) han A F‘ﬁ%aaa%
B, Wi, YU hhaaA RS ZoNOs), -
6H,O/EtOH ik 21705, Wolfe s, BEpkd 52 L T
Uan A RiEdOkRFHMRIC Zn0 # FRE L2
ZnO/SiO, AR ZERL L 7=, ZnO/SiO, A K%, ZnO
Z fRNEAME S 72 IM NaOH /KIRHE h CRIEHEET 5
ZET, VU hanA FEREELMICEREL, £
‘& ZnO % 1E84 L 72 (Scheme 1),

OZniRizE BEME
\'\-—\,\, (fﬁil‘?ﬁ)

‘ (QBER
::> \"\—\-\' \‘ t::>
!

JYhanAriEs ZnO/SiOJEé‘W ZF.EZnO
(Inverse Opal)

Scheme 1 Z V& ZnO O/ERLT1E

VU anA RiEdagil s U248 ZnO O/ER

(FRSEEF T A - BB B)
- JIRHA R A - tEFHEE A
- FOHZZHTA - Fug FAB - B2 ABx
IR VU aoA RO SEM 435 L O SAXS
IRNE = B0 ORISR 90 nm DERIR U S RS
HAIEL ST L7z a4 FREBOER 2R LT,
ZnO/Si0; EERDIAR XRD /3% —(Fig.1(A) (a)) &
D, ZnO [JIREFIRE/RE— T & TENL T 7 A Si0z 1T
i3k % 20=20-30 (D a2 — b — 7 28R LT,
PR L1 BB O R XRD 23 % — U (Fig.1(A) (b)) > 5
1% ZnO IZIRE FTREZR B — 7 MBI S D —F ., TEV
7 7 A SiO, kDB — B — 775“j<¢; 2 Lz, &
52, ICP I e/mir L 0 LI LY > U =
1A RGBSR LT & 75%} iz, #
AR EZ RO SEM 4 X 0 %) — 7o fiAL s BLRIR L2 B
FILTW5D Z & 2852 L(Fig. 1 (B)). SAXS /3% — >/
Hid, S THDT U B aa A N L REEOREEH
Az HTsZ mmaii, LbEED, vV han
A R OEEZIRE L7228 ZnO OIERL A fER
L7z,

Fed3EER & L C, 1M NaOH /KIRHRIC ZnO % Vi S
HPITFHUREAITV, Zn0 Z 80 S B 720 B2 MiaE
L7z, ZDORER, ZnO IX5ERITIEME L Z4UE ZnO 1315
LN oTo, 2L ARTFEOF AR LT,

>

)

Intensity

5 keps

15 26 25 3b 3|5
201/ ° (Cu Ka)

) 500nm e
—’3’_ L

Fig. 1 (A)#3°K XRD /3% —>: (a) ZnO/SiO, AR, (b)
FAIBR B DL FUE ZnO,  (B)ZALE ZnO @ SEM #
(inset: LK)

4. BEH

1) T. Wagner et al., Chem. Soc. Rev. 2013, 42, 4036. 2) M.
Ohtaki et al., J. Appl. Phys. 1996, 79, 1816. 3) M. Kashiwagi
et al., Phys. Rev. Applied 2018, 10, 044018. 4) T. Sumida et
al., Chem. Lett. 2001, 1, 38. 5) X. Deng et al., Chem. Mater.
2017, 29, 40. 6) K.-M. Choi and K. Kuroda, Chem. Commun.
2011, 47, 10933.

*MH—3% E-mail: kuroda@waseda.jp. FAX: 03-5286-3199
ORMARND » EODIEpHL » LESEWDHTZ - S
OAD - DIEOAHE - L LELDOL - K ALENTWE

-18 -



A11

AV R—F % RhNi RO G R & 2Efh

(The Univ of Queensland-{b22 228 O nf VEEAHL « |1 PN i *

s
PERDZIUVEMELE BZ2 0 B PSR OA TR S LD
EET UKL, USRSk O O R IR A
THEVVEEMEZA L, REEM, —RFEM, Bothel
FREL A E ST 5 EmE LA VSR
TW5. Fx D7 —7TIACHBRE LSSk
NEPFRE LTI 5 2 LT, (L8 TE, BT
EIZ L O kA R R OER T 2 E A LT
7. [1-3] &0 b, EAETHE FEITR) 1%, EE
JEICX Y, &BHIrHoORENENRS THY, B4R
PUADZRTHEATH LR TE S, Lavl, HEnEE
WREN DR E S Bip D A%lEE =7 (Ni) 72 EDR.
EEEASSE, 7/ SIS RS TS 2 LT,
FEFINCHEL < i SnpliEin. £, AfEOFT
LERMTRLT—DOKRE Yy A (Rh) X, #iFRoO
HDHT I HILZEE AAED Z s L b, KRB SRSy
NEL, BEeEREAELESED 2 & THT /R EE B
D EBNHIF SN D, £ 2 TARIIFETIL, s
AW, FTHSG s chilil+ s 2 Licky, £
Y 7R—7 A RhNi EEDO AR AR, & O IREN 72 FEAR
fibfit & U COMREAKEMRO T Y — RS OkFERAE
it~ ; HER) ZBlZ3Hlid 5.

FER

BUKME, BUKMED2=y P THEREIND Y7 v 7R
~— (PEO-b-PMMA) % THF (2> L72%%, Rh & Ni

DZENENDORIBOKIAR 2 k2 IEIE TR, @RA A
CHEEEA LIE IR EER LS. ROSEIRD

pH ZiEE Li=tk, TEMEM (S8 23R 1
FEEDOBEEZMA CTEREE I B O Y TETSH,

BRI (') Z2EEEREL, B—7oMila a7
%A Y AR—7 X RhNi #ilE4 G L7z, (Fig. 1a)

SEM, TEM, XRD %\ L DHEEM#YT, 72 SANS HIE
R ED IV OEHME BT o7, AR LT 2 O
#Hp% D> RhNi FERZ OV C HER {EPEZFHI L, Ni 0
DH-2 DA AT

ERLEBR

ERERS IR LZ A RN — (LSV) I[ZX W &&EA A4
DETTRMGEN T2 & 25, RhiF-025V (vs.
Ag/AgCl) FHICHIHHA R SNIZDIZxE L, Ni l3ARE
BRSho pH FTIE, -1.5V £ TEEAGI L TH R
I Ni OFFHIERRD Hiveho7=. LasL, RhiEasdt
FLTWDIETIE, 0.5V 125 Ni O bR
M, 07V CEBRLERETIINI GARES0% I[TEL

72. 29 L7ERh A A DiEcETEL T2 Ni o
HZEFIFT % 2 & CHEEEMHENORE < #e s R
+3¢2Rh:0.76 V ; Ni¥ +2¢ 2 Ni:-0.23 Vvs. SHE) 4
BERBHITHSED Z SRS L=, £, RRTOEG
TR O&BIEOIE & pH X, 55415 RhNi 5D
T BRI RESBIS LTS Z &G0, &
PR Faifb LT\ 2 & C, B 15 nm FRE D
BJ—72 K& SOEROMILEH T 2 HEEEZ 55 2 LTk
HL7=. (Fig.1b)

T, RREORMENIGEHMEE LT, RGMHCER L
AVR—=F A Rh R°Ni GTHBEORILD AV HR—=F A
RhNi ® HER {EPEZFHE L7, 26 OFERE D, Ni
L DOHEBALIZ LY ABROFF BN AR S S 512
EDDL—PlE R ZEMTE-. BB EC LS5k
FmfE(l, FIZITZM724m & OB X0 itk
a2 MEb#ifFshb.

a Au/Si £ 1

e S B EHERE
| PEO-b-PMMA @ Rh @ Ni | | .o

Fig. 1 (a) Schematic illustration of the synthesis of mesoporous
RhNi film. (b) Top-surface SEM image of mesoporous RhNi
film. (c) EDS spectra obtained from the corresponding sample,
indicating the atomic ratio 0of49 : 51 (Rh : Ni).

BE IR

[1]C.Li, O. Dag, T. D. Dao, T. Nagao, Y. Sakamoto, T. Kimura,
O. Terasaki, and Y. Yamauchi, Nat. Commun. 2015, 6, 6608.

[2] B. Jiang, C. Li, 0. Dag, H. Abe, T. Takei, T. Imai, M. S. A.
Hossain, M. T. Islam, K. Wood, J. Henzie, and Y. Yamauchi, Nat.
Commun. 2017, 8, 15581.

[3] K. Kani, J. Kim, B. Jiang, M. S. A. Hossain, Y. Bando, J.
Henzie, and Y. Yamauchi, Nanoscale, 2019, 11, 10581-10588.
*[LPN&Hf  E-mail: y.yamauchi@uq.edu.au
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1. 5

SEVEMER O B CAHMBRIC LD EEN DT /1
EEHHE L TCT R TR T DY YT
VOGS E T S5 & LR I S 7z 2
R—=F AV EHGELZENTED, I ZDX
D 225y FEERNELIAMC b S ETEYER D BT 5
H CAERk T s 2 B E L L, BERE T/ i &
LCHIRT 2 HENREONEBERINTE T, £D
1oL LT, SmEiEtAs 1 TEE (Fob0) ]
ICHAMHOFERELEAL, o rEARE (Kb
REE) TEHATAHT 7u—FnEFons, @ 2
DFETHLND ERPITIRSEHOFFD [/ #EiE]
ERGTEORFS [ L&) 2Ff> Y 7 b
JRTITNERD, Fox DM V—T T,
ZOBEAMEERSE R WS T 2 IERORRE o F
TH, V¥ A A N/ HE (Figurel) O
EHIEL A RS T T A v 2D TE 0
T, KlECTHRET D,

Figure 1. Gyroid nanostructure.

2. X 2 —Ey ZiRmEIE?

POHAGEF = — By 7RI, B ORI TR
) T~10 nm DY ¥ A 7 A g (F7213ho
KFPEDF = — By 7 1E1E) 2T D iRAbIE O
—fTh 5, B 1960 FAUFE R S 7ok snth
THDHN, T OMEFR =R & HERE~ L B
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WenZz WY 7 "y vy A aA REGIEDORE

RAERTRY) O JIFA

TLT7 7 —FREFEREEDHRD TN D, T
NETHL T, AL ML EahE & L
THEX 7e BOERE Y = — By 7 RGO % FHI DD
LC&7=DT, 2. 1~2. 2. TH#HT D,

2. 1. Yy A A P oF

POEREF = — B 7 IR ORERERB D% < Of]
I%. Figure 1 DHAT/RLIZ =KoL/ F ¥ =3
IVEKRES & LTEBBAMNIZE A ETh o T, FH
DB & U CTHE LRF O KB 5452/ A5 3C
MBI HEE L, B 2R At L TV D BRI,
BETRLERmE (Vv A A FivhRmE) &=
WICZEMIPIC R L CTIAB > TWNWDH I a8 2
D ERes & L TH7Z L AR LT,

o =
A + =
/C—@N—(CHZ),,,S%

CH3(CH2)n.1—N,

H

H+

FSC\S’N‘S/CFS

O// \\O O// )

Bicontinuous Cubic Phase

Figure 2. Amphiphilic zwitterions that were
designed by our group and their co-

organization with acids.

ZOTATATOF, ZOFREITH > TALR
VR EFERICEY S5 Z ENTE UL, TR
HIZIR > CTEEIZ T v by 2 fmEd 568 il
ZAILD DTV & B % | Figure 2 1237 &
9 7R WBUEENE Zwitterion Z §%Ft- ARk L7z, 4 =
Doy, B LA T D L2 IRt A 21
S, EARNY TR AL AR =LA 2R



(HT£:N)) DOIFEAE FIZHWTUE H O B
— by ZHERBETLAZLEZRWELE, B5
NEWEIZOWTA A ANEEEZRET D &
KBIZRESIKFET D Z EDBMHERTE, a%%
9.4 wt%IZH T 3.1 X 102 S cm! DIREE %
PERRCE =, W WA % Insitu AT 5
ZLT, EFETI0Seml DT 1 b ArEM A
R ES TIEOERICES Z L Tx 7, B

2. 2. AFVIRIKEREEL LT T —F
KB T B AR & L CRRe 32 B
& LT KRG FORFREG N EE B 2 H - T
W5, ZOKFRGOERIEMEIZER L, A4 K
KOPFTHKRFE-EGREOENEON Y A b
v JREIEEEE L CTHER TRV EB X T, A
F AR OKFEREARE A Hl#E 5 FiE L LT, M
PEERRIEDBANE 2 HI DD, — MR
REIEDE AT A A KD WK ME" 2 KEL T
FTLEY BHEEEREZALTHDICHLEDLL
TR TIZCBWTH 7 R R Z2 R A 4
WIRREL LC" T R VBB A A A" ICER LT,
Frlo, KEFHH2005 1, RIRT /a7 =
FELTTHA U LA IEY ) U AN
i CHIEROA F IR AT 2 & 23t L
TW5D, 6 RERIZBWTIE, 72 BBA 4 ik
R ZFIH U7 mBLBEE Sy -0 B SRR L <0
A T ARE O EALFBIPEE & OFABE, EIZITR
B = — By 7 FH O BUHI O AR B 12 o
WTHET D (Figure 3), 78

Amphiphile Amino acid ionic liquid

O oy W R
Val X NN~ N)krro‘ .
lonophobic lonophilic e
art art
* High hydrogen-bonding ablllty \
* Excellent designability >

Addition of
amino acid ionic liquid

— Designer lyotropic liquid-crystalline system

Micellar cubic

52
Lamellar Bicontinuous cubic Columnar

Selection of amino acid anion
Component composition
Temperature

Figure 3. Control of self-organization of

amphiphiles through solvent design.
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3. Bbvic

POHAEF = — By 7 IR DFAEIE 1960 FHR A
MO SR 20 BRI T A o35 2
L DEEL S RIT, BEREREM R L LT EBAIE

IR SN T I o tz, 2O X RO

LA MEOER A R PR HT AT Z
LT MERF 2 — By 7 HHEBTELE ETIES D
RWVETH, @R TEY T HikmaE T2
ZENRTE, Atk IO O EBAE L, MW
HFEY o — By ZRm B ERNT F A XD
DA uA RS ORE < IS TREMEIZ DWW T
BoMNE L, EHRBBEICOVWTHETF =LY L
W,
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FEBET N T RAR R AW

isoreticular synthesis (Z 5 MOF ®O& L

R T AR T) OSCATERE - EHERNE -

I

1. #%

FHER AR B R-POOH) XL E: P-C B2 H
L. BbESTHDHTD, ZRREHREEZEKICE
CEMEERE AN 7Y v REEZEERRETH D, Hx
72 & @R AR F— b MOF OA AR Thn T 5
e, BxlZA—7 7L — LT — 7 ORKEDOT-DHIT
BHER AR BBy TN DR AR RO 2 &
MEITHD EEZ, FRICRUEB Y MU RAR U
ZRAWEBIREEEZR—2 L L& RA AKX — b
F =TT V== ERELTNWDH D, — T,
NRUPUVBRERARVBEORICAF L o AE A
L. 7=V —JBRICHIREABRELZ LTS
L TERERRBEE b ORISR AR R — F A
ARTEDLZERREINTND 2, FxlTs bt
LR GIZ AT 72 BeA - OYER 21TV, BT = = LEL
ERARVBRELEDOBICATF VU EE T IAET
Z R AR B (BPTMP, Fig. 1a) %z HV =& @7k A7k

=]

F— A =TT L—2LU—2 InBPTMP-1 % #5&
LTWwW5 (Fig. 1b) ¥, AW TIlL. isoreticular
BPTMP Db 7 = = Vi &2 T )V 7 = = )LICE S #L X
7= AR R (TPTMP, Fig. 1a)& AW =4 g8 H Ak
a) b) v Vo v‘)
[} e
(HO) ,OP PO(OH), 22 4 4
O, B
" g by
(HO),0P PO(OH) , o—
and b) structure of ZnBPTMP-1 viewed along c axis.
2. EBR
5 HC1 (12 M) DftiAZ b TREVG A 160 °C € 3 H
MATV., EEAGKARD ZnTPTMP-1 #457-, SPring-
BEEAEIC X D2 9IREE T L OEH B X O Rietveld
EIZ X D EERE AT T,
TG-DTA 35 X O CHN Jts8 54T 0> & AR DOFA Rk &
ZnoHa[CooH1s(PO3)4] - 2H20: 0.4NHs (ZnTPTMP) &

synthesis?iZ K 24— A_X—Z2DYEKEI - T
F— MZOWTIHEEZIT -T2,
Y2
Fig. 1 a) Structure of BPTMP (n = 0) and TPTMP (n = 1)
1 TPTMP : 2 Zn(NOs)2 - 6H20 : 2000 H2O : 5 NH4F
S THIE L=y 7 v buy XBEFT—4 & T
3. MRLEZ
WRIE LTz, ZnTPTMP OB ZEMEIZ ST, TG H

VTHERE - RiHfnZ”

TEDOFER, #1100 °C £ TITIABEO BB X 55 8 %
O EEID DB S 7=, 120 °C TOEZENBGLE %
ITWXRD HIEZIT 7= & 2 A ZnTPTMP |35 TH
5Ky F OIS I BT b G 2 R L T,
ZnTPTMP O fa i & fEAT (X BLEHEIT T TH 503,
INFETIZELNTWS ZnTPTMP O#i&EE T v h
LN XRD NF—r DY 2 b— g v LHIE
T 3R —% L T\5 (Fig. 2a), € OfEEET L
% Fig. 2b, 2¢ \Z/”"¥, ZnTPTMP Ti& Zn I% 4 BT
T.TR_RTEARS TPTMP @ O FHF2 A L TW5D,
F7-. Zn 1% bEHFEICH AR VR A L. 1D $4
IR LTEBY ., 2N ET/)V 7 = = )VEMNLEEE LT
WiEAF-> T\ 5, ZnBPTMP-1 L HEk+ 2 L Zn @
BAZEREZ XA U Td 525, ZnBPTMP-1 (% Zn A7k A
RUBRBICEBEINTE “BEREER L TV D OIICx
LT, ZnTPTMP Tid Zn 78 b #ili 5 A2 7R A A g Bk
WX TRBEINZOEARD ID 2R L TEY
U MR =22 Enbiol-, LrLA
DH, ZIHOMEIFITHTEFLEEN 1D F ¥ RV
FIZAZ o T3 52 L THIFLBEEZTERR L TRV |
ZnTPTMP @ 1D F v > R DY A R TAREENL T D
HWESDOIERDEE TWD EEZLND,

a) D e M
o~ A N N
Paacasa¥eacacd
rA /)
oy - kyyq : \7;
\FH |
J _l_ Sim a 7 SR AT SR /
- L BB d
;‘5 c
o) 2
[ % K [ g
A" w“"&(‘“
S0 S Ay
inl Obs. p RS s
20 a

10
20/ degree [1=0.79991 A]

Fig. 2 a) XRD patterns and a structural model
of ZnTPTMP viewed along b) b axis and c) c axis.

1) K. Maeda et al., Dalton Trans., 2013, 42, 10424.

2) S. M. F. Vilela et al., J. Mater. Chem, 2012, 22, 18354.
3) HHED, 32084 T 1 MFJERFRE, A17(2016).
4) M. Eddaoudi et al., Science, 2002, 295, 469.
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1.
R AR B R-PO(OH), 1T 7E 72 P-C fEARHE
FROFE S 0D | ZARZREEE 2 B I8 U7 R
BENATY Y FUWEOREEIZEE TH D, flix D
B L DB DED DL 2R ERR R AR R —
RBFEN TV DD, ZIREIC L DA B AR K —
h OBERENEDYEE 20 & LT, Sk AR g E H
WD Z & THUE R BIE O & BT 5 2 & A
ONTE7, BIZIXYFEETIE, 77 ==/LT |k
THRARVEER VI 7 0 SRR AR R —
FEHE LTS D, ZORIIT VT = =)VENL & R
AR ORI AF LU ENEASNTEY , &
EEORWEOBRFGLARLT W E WS HRH D, £
7o, MRS IR OEOREEZ OB L A
LERE LT RIRARR— @G LR, 15
ODITHEEITEE THY , ELVERDRAZ v X T
LA bMER S NT-, T2 TAIETIE, EL U
EEHKICOLL 7 2= L UV EBIXOAF LU EOEA
WZ XLV EEAILR LT=T T AR AR FE TPMPhPy
(Fig. )2 AW TEB R AR L — FOAKEITV, Na
ERIOHEOREZRA L,

WQCQP
age
oiale

H,0,

[l

O H,

0,H,
Fig. 1 Structure of TPMPhPy.

2. EB

TPMPhPy (3L Z ke 35 6 BEFEDSUSIZ X
W AR L7z, 1 TPMPhPy : 1 AICl;-6H,0 : 3249 DMF :
2775 H,O0 OHIAI LT Y AR —=< L% 160 °C
T 5 BREATV, #HEOMAKD Al-Py-DMF %1472, Zih %
HNWTEEOX Yy 7 72V EB—2a vy &2iTo72,
3. RERLEBLE

TG-DTA ¥ XU CHN JTHR o as & AR DR %
Alz[(O3PCH2)4C4oH22] * 2.0(CH3)2NH2 ° (CH3)2NH L :,I:EH/];
L7- SPring-8 THIE L= v 71 bu v X &ErT
— % (Fig2a)Z WM& 1/3T A —Z —DiER LR
AP 2R AT NS AT E T E T, RO
GAHMNRE ST, 200 °C T 12 B OB AALEL 21T
> 72 Al-Py-DMF @ 77 K 285 Ny WG 584
(Fig2b)iZ 1A R L THY, I/ ZiasHT 52
ERbnote, £, TOMIAFEIL0.12 cem’g! (DR

ELVUERERTOSIMEER T AT R— DAL

(RERTREE L) O - TpRES - AlTmfnZ’

15 & HFE S b, BT O Al-Py-DMF @ XRD /¥
H—= Nk BE, BEIAOOLTNRY T R SRS
N OMERMEITHERF SN TV D Z L 2R L, F
7o  BEIEEE 300°C IBW T bRt L'z 7 n%
FLMEDMERF 2R L7, i\ T Al-Py-DMF OS5
RlcB I 58 EALT MVORE & ik E1T > 7
(Fig.2c), 200°C T 12 K DMALEE 21T - 7= Al-Py-
DMF O e KFE eI F 13 490 nm (hid I 266 nm) T &
V. TPMPhPy HRDO I 2R3 2 LS ER STz, L
LU AKX ) —VAFAE F TR RN REIL 453 mm (2
TNh—3 7 FLTEY, ZHUTHIALNE TORAZ /) —
My EEVUEROMBEERICEVEEZLD L
Ezbhb, £z, EFE L CHhZAW-HEIC
. Al-Py-DMF & RIEEOFLZ & H I 7 o 40 &
Yt EAT 5 Zn-Py-DMF &Sz, ZnbnZ b
N, AEIEORGHI LT L U B E T 2488
RAKRF— NOLZHAMKIEBRFARETH Y, TOE L F
AT BB R A R BT 5 2 &R S LTz,
a) b)

20/ degree (4= 0.79991 A) PPy

<)

Aex= 266 nm N Soaked with MeOH

—

%assed at 200 °C
Whesized
TPMPhPy(ligand)

)
-
N
—

wf

o~

/i~

—

L L 1 L 1 ; 1 L 1 L 1 ,
200 300 400 500 600 700
Wavelength [nm]

Fig. 2 a) XRD pattern, b) N, isotherm at 77 K and
¢) Emission spectra of Al-Py-DMF

1) HRED, 533 EEAT A MFFRREFES, C24 (2017).
2) BHS, 592 [ HALFRFEFFE(2012)
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AIPO A B AT A MKBERHAC LAEFHAT AV BRYE DA R

(B RBE T A, PERRIT B) O FAE AN A+ L ELER Be/ VR — A

1./

AT AN HF R L CTHWD BT A MK BN i
FENT, ISR T DT =2k R AR
T 57207 T2, FEME RO NS IEE LS 72
YA TANED G A AR T D7l OF AtER RS
T, T, BEHBIZE ST FAU BIP T A M FEHT
AT HZETHRT APV — M4 T A YNU-5
(YFI)V &SIz, LILT AR PN —MNEOE AT
AN W KRB I ZEERE D HDH DD AIPO F
BATANTIX, YT LT IUAFE FTO SAPO-5 (AFI)
— DNL-6 (RHO)X° SAPO-34 (CHA) 2, KOH & TMAOH
DIFAE T TOD SAPO-37 (FAU) — SAPO-LTL YD 2 {1
LEFESTND, Al Frx 1L AIPOs-5 FL TN SAPO-5
(AFI) ZHFEFEIELE U AFE R CHRT AU
fRtE CihD GAM-2, GAM-3, GAM-4 %A A LT=0D THis
T %

2. % B

JEEREL T L 72 AIPO4-5Y, SAPO-5%13, BEH SCiik%
SEITARRL ., ZZRFHET 600 C, 6 FEHOSMTHE
LTz, REE R UZIRA LT 10 38 EL . AIPOs-5 £
721X SAPO-5 Z % 215 T 1 BB L 7-0H | 557
FHLREKEE 1.0T204x B U227 5H,0 (x=1.0, 1.2, T=Si +
Al + P) OIEAWEA— /L —TNT 170 C, 1-7 HH,
BB S TN A S b B 7, A i I8 2 &
DENL ., 90 CT—HriL 7=, GAM-2 D BERKIT .
550 °C, GAM-4 OEERIZ, 500 CT 6 BT~ 72,

R LEBE

Fig.1 (ZJFED AIPOs-5 KOV L 72 GAM-2, BERRIC
FOREEN L T2 GAM-3 @ XRD /3% —> } () SEM #
ZRT, SEM MBI AIPOs-5 Tl sBIy72 N A FE,
GAM-2, GAM-3 TIEZENENEHROERENBIZZ SN T,
GAM-2 @ XRF HIFEN S ALOy/P,05=1.0 Th D4 fifeqe
L. it S AE S ARAT ORE . GAM-2 13 16 BERIEEN B0
GAM-3 (3 12 BBRAMFLZ AL TWDIZEN o7,

Fig. 2 IZ SAPO-5 K OVERKLT- GAM-4 DORERKRITHE D

(b)

L,u JlnLl N

Intensity (a.u.)

0 10 20 30 40 50
20 (degree)

Fig. 1 XRD patterns and SEM images of AIPOs-5 (a) GAM-2 (b)
and GAM-3 (c).

XRD /37— O SEM 847”73, GAM-4 1%, BERkHT%
TH BRSO BT > 7223, SEM HIEIC XY
SAPO-5 T, FACRDO KR EIREEMR, GAM-4 TITACR
DFNT A — NS, F-FAx OOHT B L O
TEMET ORGSR, GAM-4 1% 10 BER—otilifLA AL T8
D, BETO Al RT3 4 BAAZOMIZ 5 BITY 6 Blfro
AR AL TSIV TS FD 737 o7,

Intensity (a.u.)

0 10 20 30 40 50
20 (degree)

Fig. 2 XRD patterns and SEM images of SAPO-5 (a),

as-synthesized GAM-4 (b) and calcined GAM-4 (c).

<BEIHR>

1) N. Nakazawa et al., J. Am. Chem. Soc., 139, 7989-7997 (2017)
2) P. Tian et al., Chem. Mater:, 23, 1406, (2011)

3) Y. Umehara et al., Micropor. Mesopor. Mater., 179, 224-230
(2013)

4) The Structure Commission of the International Zeolite
Association : http://www.iza-online.org/synthesis/default.htm

5)S. Zho et al., Appl. Catal. B: Environ., 187, 11-18, (2016)
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CoAPO-5 ZJEEI L L= B4 T A FAKEGEHLZ I 5

i CoAPO R AT A4 MNEEME GAM-6 D& A%

(I B RPE T A« PERR

g&
il

1.

YA TA OB LWERIEE LT, B4 T A hkEE
ik 23EH SFWFZEAM TN T\ 5, Rk & LT, I
BREB TR ENRNE LT A FOBENATRETH D
Z e, EICHE LN EREMEE R AT A R MED
NIBIRET oD, o, BONTEBF T4 MIFEHE
FTA b & IRO RFTHIZHEERRT & RO AR S
NTEY, BATA FEHE VI B BHIFS LT
%o BEROEAT A MKEMEHIIT VI )Y r—
e LTHWD ORI TH DM, Fox OWFFEET
RSB0 IR NT VR ) RAT 2 — R EFEEE TS
BT A NKBESROFTRIZBUER $A TV D, AT
JECIX CoAPO-5 ZJFELE LT-BA T A MAKEME#IZ X
0. F#l CoAPO R EA T A MNELWE GAM-6 DERIZ
B L= DT+ 4,

2. 2B

KIZEARY DU a2z 10 Z318#R Uitk BERCSTHL Do
BRIEIC L 0 AR LTZ CoAPO-5 Z /% 1 BFHE L7z,
527 UCoAPO-S : EXY P 7k =1.0:12:27.5)
ZA— 7 L= L 170°C, 5 BREIOABGRIZ LY
flenfb ST, 15 DI AR ST, R, BERk
1To77,

3 fEREER

Fig. 1 {Z7RL72 As-made GAM-6 @ XRD /3% —> L1
20=7.46°,14.96°,22.52°,30.18° & ZE MG D &™— 2 AL
ESRE CHUbNZ 728 GAM-6 [TEIMEECTHD = &2
R S HUT2, TG-DTA JIERSF Tl 3500 HFs B e
— 7 BBV 15 wt %D E &b DN X 7, BERkgtt%
HEERS BRI L2 & 2 A, FHRHEE 0.50min, 350°C24h O
ST, KA E ST D 2 L ERY DU ok
FIZEHFh LTz (Fig 1), BERki%Z GAM-6 D —7 D2 M3
20<05FEECTEAMA~T 7 FLTEY, 2=y FMen
TRFEHAT T 1 %I LU L 722 & 3o Tz, AIPO %P
FTA M BHARED TR T2, BERRIZ K 0 Bl oofkisE
NI DHER 203 203, GAM-6 [ IBERKAT COME
WALIERBD bIRin-Tz, F72 SEM nB GAM-6 13 1E

WEE) OSHENA - fHEH B - /PE— A

N
[=3
(=3
S
—

2 Calcined
= U GAM-6
2 JE— |
7]
5
o
=
As-made
k GAM-6
k A ; |
0 10 20 30 40 50

4.0pm

26 (degree)
Fig.1 GAM-6 BERHIIZH51F 5 XRD /3% — & SEM 4

6 FFEOBIRDOIRER A L TRV BERkic L DD 2L
RSN T7, Table. 1 {2 GAM-6 DZEHENEHIE,
TPD-NH; HIZEIC & 015 H - Rimfs, LA, MM
Y, AERLYD. GAM-6 13~ 7 uflaF L, EiREE
BHEHELTOWDIENRDN-T, EtESERTICL Y
GAM-6 O E#HEEIT 6 FLhr L 4 BAALO Al & 4 Ffiod P
MHREY | 2-D AT A b IR CHE A Lz & 5 7ot
T2 10 BERMILEZ AT HEA T4 MNEUWE TH D
2 EDoTm, UV-Vis JIENS Co 28 4 Bifi CHAEL
TS Z EDHERES I, 4 BN Al ORI B L CIEAE
L. 7L ATy R E 2 TWDH EEZ HiLD, ikl
IIRFRI TS T 5,

Table.1 Calcined GAM-6 DLLZEHIfE, MFLAE, BeE

BET Pole Volume Acid amount
(mz/ 2) (cm3/ 9) (mmol/g)
237 0.201 0.80
<BBIR>

1) W.Yang, W. Sun, S. Zhao, X. Yin, Micropor: Mesopor: Mater:, 219, (2016)
87-92.

2) L.Xiao, J. Li, X. Shen, J. Yu, W. Pang, R. Xu, Micropor: Mesopor: Mater., 84,
(2005) 21-26.

3) W. J. Roth and J. Cejka, Catal. Sci. Tech., 1,(2011)43-53.
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VAT LRICRE 6N 3 ZHGHERACET0 /B EHE

(PERSHIF A« Bt ARG AL B)

O/NEE A BIO B 1A, MRS A, BREAS 7 A, 1= B

(=] Vo hUr A% TIEy 7 ae /L7 (DPA) &
WVHF Z 65 KRNI 5281280 LTA Bk iED
fhEa BT DI LM TED, LD AREA T A
L DR D 3t DDt il BRI O iR iR 72 E D HIFFC
Z5H00, ISAENE RSN DI LT o 5A
EFTELR U,

B2 IOV AABRAVT 5% LTA OGRS OER,
IR A RS OBRREORLEL, &R
% HF &7° LTA HHONERIZKREFEG-L, IZA LU ED
HF LW TIETEA 77 A HLMEL NN %
HEL[1].

Alal, G RIERIZIRINT S DPA BIKTFIEEREILZ
LZA, LTA HHESMC SRR R GO0 8% S,
WIELTZ, £77, 3P MAS NMR 78 LTA DA R AR D
EREILICAN THLZEZMER LT, ZNDEH0ICH
HEIT,

[528R] G RRBIILL T OSMC TRRL T,

1 Ga203: 1 P2Os : x DPA: 0.5 HF : 75 H2O (0 <x <8.5).
140°C, 24 BEIERE SIS OKBREAT VY, £ %
L AT >

[R5 SREE22] RO DPA BIKFMEAE I A XRD 1
\CEVFHL 72825, B 1 OfERE1F72, x<6.5 D XRD
PN AT RS E THY, x =0, 4.5, 5.5, 6.5
& DPA ST, BN ERMITENE R,
18 % FEFR D o-quartz kB GaPOs, GaPO4+2H>0, GaPO-34a,
GaPO4-LTA TH 5D, GaPO-34a [ TiITHES N 14 B
BR AR ORI [2] T, DPA &l 7= AR FliTFe 23
WIHTTHD, ZOFERTIE Ga Ji 11 4, 5, 6 DEED
BN RS &S 24735, )7, a-quartz £E:4 BIAT, GaPOse
2H>0:6 B, LTA: (F 25 )5 Bifré7eY, DPA &
& Ga JEIA D /i EE OFBIT RO, 723, x >
7.5 TIXLBES VO HIGHI, TOREH KD XRD %
WELT, 20~ 1.4 1T — 7 BBIIE L, 7 VNS
13 LTA LR O R JEWIE DR RIS D,

& T, LTA fHDOULRIZ OV T IPMAS NMR Z1#5 Lk
ERLSEEOND, B 2 ODINZTENT 7 AFHD I
725N CIE—6.4 ppm [CE— 2 %A T DIEDJKUNAY
L E7eh, LTAFH23 XRD (& CHER S DN ClE-11.5
ppm (AT — 723560105, ZDOZE1E, ZOFET

Sloxlo-'l|www|‘www||www||‘wwlnwwwl::wwlnnww
] l DPA/Ga,0, =
i 0 L
00 L x1(4
2 N 4.5 I
§ A A A A M Mo
O -5.0x10%
. i
7
=t
8 j
£-1.0x10°
A i
=4
=
-1.5x10°
-2.0x10° T T T T T T

5 10 15 20 25 30 35 40
20/°
1 DPA &% x=0- 8.5 DFiPH CELEHET=
AR D XRD /&7 —
3'p DD-MAS NMR
GaPO,-LTA
? --------- Amorphous
8 GaPO
k=
2""1'0""6""-1'0""-.io""-zo

Chemical Shift/ ppm
2 TENT7AME LTA MU ERAT VD A0
3P MAS NMR,

I% LTA #HICE END P JRFIETZDTED 10 %FREEL)
FAELZ WD LA EIRT 5, BIE, A NMR FHIEICEY
LTA FHOULZEDK 80 %k AARL LAV EILELIA L
INTIp ol ZHUTHOWTH IG5,

[£L] DPA BEOFIKICLY, GaPO-34a Z1hW, £k
RO ERATV Y MG E G R T 2N RETH D, £
72, LTA FHOIEZFHIIZ T 3P MAS NMR 23H %)
THOHZ LR LT,

[1] % 34 FIBATAMIFZERE S A12,2018 4F 11 H.
[2] L.K. Broom et al., Dalton Trans. 2017, 46, 16895.

*/ N7, kodaira-t@aist.go.jp
120G THOR, &6 b, WiIrE =<, ITA
9 Xx5Z, 1L oL
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NNN-FYAFILFTEIVEZ T UOEZDLEFRFOAXZTORE

RAWEIHEBIRT 1 BRIESSA-8DER E TN Z L

(I FLORPE [ 48N « MR TP+ i HORE « BERRMIED - I R AEAn 2 F)
O R EMWEA - PIEFES - EEPASEDSC - MmpnsaP « mARED « BEpiz? « g s

1. #%

JEIRT A BREIX. B AT A b EAEEEMEE AT D
o BRI A BREEZ IR E L CHWEHREL T
A MR E OFINA SN TV D, IR A
B D2 AL D FIEICIE, BRI ET D Ky 7 /
— VIR L EZBKEMRES S5 Z LIk RIS
HBERT D HEB IO BHICHFET S5V T 7 —v
a2V ML L R R EIC k> T T — 2K T D
FEVRS D, AR TIX, Fi-e L RO % B
FEL. NNN-FURFATH< L LT =T A
(TMAdaOH) % ## 1 HE A (SDA) & L TH W= #iiH @
R A BRHE SSA-8 DA E L UL LI OV TRE!
L7z,

il

2. EB&

BRI 7 A B SSA-8DARIE., 7 A FEIRE LT
t = —2A K3 U 7 (CAB-O-SIL® M5, CABOT), SDA &
L C TMAdaOH(25 wt%, SACHEM)% FV 7=, RiBRIA
IV DORARLDY Si02:SDAH,0=1.0:0.5:17.6 £ 725 X 5
(CRRBL L, EFESME T, 140°C, FTED Bk, KEL
U7, SN AL, ZRBEKCTHE L2, 60
C TMhELE I,

B A BRI DL AU, (1) REBER(S007
C. 10h), (i) ¥V fkHlE LT ZmrB XAF Ly
7 (TCMS)Z Hvy, ERIERiTR. BERIC XV A
DOFRFEB00°C, 10 hyB L OEHNICE 77— T
HHEICR VT, X¥ TF7 7 X2V E—Ta X
XRD, TG/DTA, SEM, 'H, °Si MAS, '*C CP/MAS NMR,
BEREWEREIZE VT T,

3. REREEBE

J@ WA A TR DA IT D AR B DB A
L7, AR HE 3 H Dt Ic kS v—7
NS, ARBENEDS o0, KAEROE
— 7RI R L, ARRBED 16 H TR ER-72
(Fig. 1 (a)), &A%k 16 B TH LGN E O
SEM #B#l122 L 0 | = OEREILEIRWE T FA 720K
Th ol (Fig 2), I 6T, MEEMITL Y, ARk H %K
16 HTHLNWEIX, FididEsHmT2BRr A
gt SSA-8 T 5 Z & M) 7= (Fig. 3).

2T, B o HHUEIR A W SSA-8 D& AL
Bl oW TRFE L7, £7°. SSA-8 & K&k L 7=k
. BERRET & BRI S KM D XRD B — 7

EEAEMCY 7 b L EREBENELS b & i,

A FE] O XRD O B — 7 58 1 RIBIZAR T L 7= (Fig.
1(b)). FE7-BERLATHE T SSA-8 %W 25 I E i
BLEELT- & 2 A, WBEZREAE, BEpitg, 11D
bvA 7 A7 TR~ L, £7- BET LRl

FEIZ14mYg 25 40 m¥g (M L 7=, LA ERE R L v |
REBERIC LY —EZ AT D2 EnbooT,

WiC, BRRZ U b L, BT 52212k %
b ZR ATz, vV b, BRIRBIZESIEKAD
XRD V—Z 3@ AERNICT 7 b L, BRI <
72> 7=(Fig. 1 (c)), 3C CP/MAS NMR JIEFREFR L0 |
BEINIZH DT 72— il TCMS NS L, “ U
JACIZ D LT Z E ¥ o 72, & HIZKR&MERL L7
FER. EREIBRIC IS < KA O XRD B — 7 13 A E A
WCBEN L, RIS < EAER O XRD OB —
7 BTN T L7z b O OH}ERF L7=(Fig. 1 (d)). 51
TV DEEFEWAESIRMRIT 1A A2 R L, BET lEim
FEIX 410 mYg & RXBERL LV @mWMEZ L, BT —
DR EV~A 7 0l BT DLLEYWE O
WP LT,

Intrnsity [a.u.]

(@)

|| | | |
510 20 40 50

30
20 [degree]

Fig.1 XRD patterns of (a) SSA-8 (16d), (b)
calcined (a), (c) silylated (a), (d) calcined (c).

~¥4 2

63%3'9
% &

) 4
% ;
734
¥ e

Jl

Fig.2 SEM image of
SSA-8.
2E M
[1] S. Takahashi et al, Dalton Trans., 45, 16335 (2016)

Fig.3 Structure model of SSA-8.

AL ¥EHI] E-mail: oumi@gifu-u.ac.jp
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YA BRMEITE L - MWW B84 5 4 FRIERIR S

—hEBIEZ VTR T OO FEDREERBARDERK
RIXMEET A - BEXBANPHRBAEL®

o=t

1. ¥E
i RIGICHITHMBAAELE LT, &%, ERFM
BNALLATNS. LAL, ERFEMBTFERASK
EMET 518, TRILF—HRAEL. EE, RIS
BTHLIMBEOHEMRT HAEZELT, ¥4 0
BO(MW) mEaNsRESh TS 1. LAL, €4
S MR MW IRIAEHEICZ LSBT 52 &N
BLL,. €454 FE MW THETS-OIZF, &
FOBIEZ VT RTURED MW IRIEEDS LY
BLEALTIRELHD. BIC, BS54 FEE
BICINET 10121, €454 & MW FIRIRT

SMENKEICHEELEBEEZL DI ENEFLLY

AR TIE, MWW RIERIAF/ — k&, MW I}
IWEMEOSWEIEE VIR TFUF/ — FEXREIC
BEL-XHFMERBK (ALN) &/ LT

2. KRERIBME

MWW €454 FRIBRIAEBRE2 VT X T %8
WIESWTAERLE [20 3] MWW BIERAE L U
BIELAVIORTUF/ O—FOREEENTFNAT Y
WRUARFZDOSUBEIU - ANLATRTREL
FUARFOOSUERWT ML VRTESZL
f=. B#HEOZ DD — k&S THILERHEIZ DMF
BEICAN, 24 BFHEERL, FA—IL—IURKEE
To1=. "onf-HBZBEIE, ¥R X REHE
BECHEEBTEIT o=

F1=, ALN Z 550°CTHERL L, N2i@ T T MW i
BEREREITLY, MEBMSMEEIEML /-

3. WBREER

MR X REFICE HEF/ A2 —2F2R 1 I2RT.
(@) Tl&, FA—LEEHLIBILZ VTR TD
(001) (110) ME—U AR 5H, (b) TIE MWW
AIBRAD (100) DE—I NE STz, FA—IL—T
URIEHED (c) TIX, 2.80° (d=3.15nm) & 5.68°
(d=1.55nm) IZE—7 (}, &) RS- Th
5DOE—71%, (a), (b) OEF/NEF—rFDE—H
CIFERELGBAEICHE L2 MG, ALN DFEREIC
HETIE—V THDHEHBLIz. £ (¢) TIE,
(@ @ (110) ME—4 & (b) @ (100) HDE—S
MRREon=Cehn, BEEERD () & (b) HiERE
EEHBFLTLWS I LD ofz. (d) TlE, f&e

5 AB - BERAKERA - FIAE= A - EAE#H B

DE—YIFRONEN - LEDEREMNS, ALN D
BRIZERMLIzEEZ T

B 2 (2 MW MBAEEBRDHERETT. ALN ORE
&, MEBEEEDEELHEBRLTRRICER L. F:,
MW BB &JHFRE 300 #12I1Z(%, ALN DAL ELEE %
TLf=. TASDFERIEX, MW OIRIRIZK YEEES
VORTFUIZELERMN, AIN TIE N RRICEVE
b3, RESNEEOTHEIEEZ. ZOIEDL
5, ALN [ MW INEIZ@E L TWB Z Ehbhhot-.

LB NS S S S e e s e
1

) |

A

L | 1 120=280°
i{ d=3.15nm _®20=568 ;
Ll T d=1.55nm(c) I

O

Intensity [a.u.]

i (0o1)
26=3.89°
d=2.27nm

(10)—_]

(a) ]

10 15 H20 - 25
2 0 [degree]

1 XK X EERIF/AE2—>2 (@) FA—ILEEHEEES
VHRT Y, (b) TYILEISE MWW BIER{A, (c) ALN (&
L2V TRTY 3B3wt%), (d) (a) & (b) DMEERES (E
2T RT 2 33 wt%)

1
— ALN(BERR)
- YERE (BERE)

O0 100 200 300
MW BB &3 BERS [s]
2 MW MEZ& 3 ALN EIEESHMOEELTIE
(MW 51 50 W, HiREKEk 2.45 GHz)

[11 H.Yuan et al., Energy & Fuels, 2009, 23, 548.
[2] A.Corma et al., Nature, 1998, 396, 353.
[3] F. Kishimoto et al., RSC Adv., 2016, 6, 73830.
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A20 )
Wit

TAAY) PEEEEES ) - T 58S 74 FARD

(AETLR A - BERBHEB) OIIARBHR™A - i e B« vh SR A -

S HSET A - NLITLZ A

1. #8

Fx XN ETIT, DT TLRLAN T U LIREDT
NI SR ARG PICEATLZEICEY, BT
AMZEELIL 7= LV — M E O H T Lais
L C&Tz, W THRONOWEIL, R/t 2R otk
VT —IRT AR AR IC IV G S, EE LA
Ea AL TR TRY, LTV HES R A TR,
RN — MR A S EAIENTENR, IRETITARAWN
72 BT AN E S5 NS (Figl) . ZZ CARRFZE T,
ZOT NI TR E AV — MR 5 AT A
AR OV TR,

2. EE&

AN LER I r—ME AES-1 1%, BERO AT
15 DIZHEN, A 2 0V RO ERI L CRELL 7= R A
Z 150°C T 7 HIH. HiEpSE T OB CTfE7-, 20
AES-1 % 3 M HBRIZ/y B, SRIRC 3 MR, Bk L7am
DESALERL 72, WRiLEi% 2 [AR0IR LT 1%, A, HEfgSE
T2 TNV SW%TF L DT IURIRIC A RS, i
T 3R, L3 DTV MR A T o T,

3. BRBLUBER

ICP /3Hnh, BRALERIZEY AES-1 OFREHILL T L
SERICBRETEI-ZENDI -T2, TOBRERE DY~
IVORIR X BRIEHT 2R E L= 24 (Fig. 1b) . AES-1 O[]
35— (Fig. 1a) L1305 @RV r—ReBbnsd
RAMEIEE DS — DFONT, FARAE —7 D&
25 AES-1 DOFFUTEE @A BB D280, i
VNI =i LSl RV ESaY b iy oY g o8

FRAVER L 723 TN T IRV 728 2 A, (Bl 2 —
> (Fig. 1) (T UL | Hlf A — 27 ONLE AR A LA

IZ 7T, 2T Vs U —NERIGE A S,

BB SRS N2 c I 5b DL bbb, 20Ty
W DY TNV LI 2 A, TEILT 7 AR,
MRS OO | st S S E (Fig. 1d) 235
5T,

SEXH

1. K. Yamamoto, T. Ikeda, C. Ideta, M. Yasuda, Cryst. Growth
Des. 12,1354 (2012).

2. K. Yamamoto, T. Ikeda, C. Ideta, Micropor. Mesopor. Mater.
172, 13 (2013); T. Ikeda, C. Ideta, K. Yamamoto, Z. Kristallogr.
228, 173 (2013); K. Yamamoto, T. Ikeda, C. Ideta, K. Watanabe,
T. Nakaoka, Micropor. Mesopor. Mater. 243, 239 (2017).
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Fig. 1. A. V2D NE AU —h AES-1 30V B. AES-1
EWI T DU DOBRE G SRS E I EA T
WY Ot .

(d) calcined (c)

(c) amine-treated (b)

Intensity/a.u.

(b) acid-treated (a)

(a) as-made AES-1

5 10 15 20 25 30 35 40 45 50
20r
Fig. 2. "ERMIOBR X BT/ —2. (a) AES-1, (b) (a)

ERRAERLT=HD, (c) (b)a =T LTI TR 726D,
(d) ()& BERRLI=HD.

"ILUASEE, katz@kitakyu-u.ac.jp
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1. &5

—IZ CST EMHENSAEmIET# 22U r— b
ITBA T4 MEEEZA L, A 3RS LT,
BC R T AL F o ~OBRERE N, B
55— U3 C i T B I MR R o i v A
A G OWEMELTHEHASLTWS,

Z D CST i%, Chitra011)V (2 L W ARREN TR E
NTW5H2, FL— 2 ERTITHEHEMEKTH D
HNa3TisSi,014 * 4H,.0 O OB E S v, —JF
T, CST OHEHIZ Nb Jii 1238 A L 72 Nb-CST %
BHPO TiYd 50T Siva N ICEHRLZL O
THY, /RKD CST LV b v AA A NTkT
DBEPPENE N EBHE S TW5S 2,

= 2 CABIZETIL, CST DAL Ma L, %%
FEOERBA A OZBFHEET~D L L blT, £
Db bl & D FRAT 2 5 A 7=, F72, Nb-CST 35 L O~
Al ZEHsHEEICE A L. AI-CST &AL, (Nb,
ADERSY BRI CST R B AT A M oW T oM %
Wt Lz,

2. FEBRFIE

CST 1% Si0, 7' /v, NaOH, % 7 F 74 YV 7'm
RF T F(TTIP) X Y Hy0, & FTE D E/VEL TIRE -
B L HBEWE 2T 7 v KRN O EEERK
BNE AL TE T 96 I SO S B TH A L 72, Nb-CST
B LY AI-CST 1%, NbOs £721% AICI; « 6H0,
NaOH, TTIP, 7 k7 =F /LA /L NEER A IRA - #
U7 M WE % [FIOK BV TS C 72 RERRT RO &
B TEHE L7z, NbyOs$ L OV AICL « 6H,0 13X, E4
ZTHRAE% 2, 4. 8mmol & ZB({LESH7,

AR 7T, £ 9 XRD, SEM-EDS } (O} TEM-
STEM (Z THEEMRHT LRI HT & 36 Z 72 o 7o, IRIC,
THENDY TN HONT, &g A 4 (Cs',
S, La*', Pb*)& W\ oA A4 RHERE B Z 7
U A AR - WOE R A AT
3. MERBIOEL

AFETHR Lz CST @ XRD 734 — (3B
ERBETH DD, [BIPTHERE L CH T OFHEN & D
Niz, F£7=. EDSIZ X BT 5%, Ti. Na,
O DA S, St T SN hrote, 2D
Enb ., B E B D F X TR Na WE N AR &S
Nizt&E2 65, —J7 . &S L7z Nb-CST(Fig.1)
SOV AL-CST 122V T, XRD TEE# @ Nb-CST &
AR D /% — > %7k L, EDS 2341 T Nb(F 721% Al),
Ti, Si, O MEH Sz, £72. Nb, Al DEA&ES
HimEE5 &, Nb, AlEGHEETENTS2HD0,
XRD /N — AR R EACIT R e oTz,
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Fig.1 XRD pattern of Nb-CST
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Fig.2 Nb-CST-4 TEM image

A FNE (AZHE - ) ekl VT, CST
Tl Sr. Cs, Pb 7%, AI-CST Ti& Sr. Pb, Nb-CST
TIX Sr, Cs, Pb OBRAINFE RN ZNENH BT,
PLEX Y, CST L[AAED XRD /¥ — 2 & oRd T
2 g LY Nb-CST, AI-CST REA T A Mk
WENE LI, ZO&EBA A U NERHEE T 5 )
iz L,

2 30k
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Stimulating the Nucleation and Crystal Growth of ZSM-5 by

Ultrasonic-Hydrothermal Synthesis

(BEAPF%T) OChing-Tien Chen - Kenta Iyoki + Tatsuya Okubo - Toru Wakihara"

1. Introduction Recently, synthesis of functional
materials with the assistance of ultrasonication is gaining
much attentions, for its efficient local heating effect and
improvement of the system homogeneity. For zeolite
synthesis, the employment of ultrasonication during the
aging process was reported to reduce the total aging and
synthesis times.["?) However, there is still lack of
information regarding the employment of ultrasonication
during the hydrothermal synthesis of zeolite. Therefore, in
the present study, we demonstrate the ultrasonic-
hydrothermal synthesis of ZSM-5 and try to understand the
effect of ultrasonication on its nucleation and crystal

growth.

periods. With the assistance of ultrasonication, the particle
size of ZSM-5 can be reduced from ca. 0.6 pm to ca. 0.2
pm, indicating that more nuclei were formed in the system.
Moreover, the relatively narrow particle size distribution
suggests that the nucleation event is concentrated to a short
period of time. Thermogravimetric analysis revealed that
ultrasonication can promote the formation of organic-
inorganic composites in the solid phase, as indicated by the
arrow in Figure 2. These organic-inorganic composites are
probably uniformly distributed in the solid phase owing to
the effect of ultrasonic irradiation, thus more nuclei were

formed compared to the system without ultrasonication.

8

2. Experimental Section

AS-40), sodium aluminate, sodium hydroxide,

Colloidal silica (LUDOX®

and

I— wl/o ultrasonication

tetrapropylammonium hydroxide (TPAOH) were used as
reactants. The synthesis was conducted under 80°C in an
ultrasonic device constructed by ourselves, which allows
the control of the ultrasonic irradiation power as well as the
synthesis temperature. An illustration of the device is

shown in Figure 1.

Water level control

Ultrasonication tip

reactant
mixture

i
1
v

(PID controller)
i~ Temperature control

Figure 1. Illustration of the ultrasonic device in this study.

3. Results and Discussion The solid products obtained
after the hydrothermal synthesis with and without
ultrasonication were analyzed by several characterization
methods, and the results are shown in Figure 2. It was found
that ultrasonication can promote the crystallization of

ZSM-5, reducing both the induction and crystal growth

nica s wio ultrasonication
—@— wl/ ultrasonication > 80
. Mean: 0.6 um

120 3
= . 3
& g

9.0 4 S
£ I
2
c l . 2
° 6.0 E 20
o ° P =
& 3.0 z
& [ 4 00 02 04 06 08 10 12

Size (pm)
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1000 1 ° 2 w/ ultrasonication

S %
3
< 800 e Mean: 0.2 ym
2 %
c 60.0 i T
= e
8 400 w= 2
4 ]
[ 20.0 L] 2
o g

00 es—8 —® 2

T T T T T T 0 ——
0 25 50 75 100 125 150 00 02 04 06 08 10 12
Synthesis time (h) Size (um)

Figure 2. Relative crystallinity and TPA" content of the
solid products at different synthesis times (left) and the
particle size distributions of the fully crystallized ZSM-5
(right) in the two systems.

4. Conclusion  Ultrasonic-hydrothermal synthesis has
the potential to control the nucleation and crystal growth of
zeolite by adjusting the ultrasonic irradiation time and the
irradiation power, which could further achieve the control

of particle size of the crystalline products.

5. References

[1] Wang, B. et al. Ultrason. Sonochem. 2008, 15, 334.
[2] Reinoso, D. et al. Ultrason. Sonochem. 2018, 42, 303.
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1. B

BA T A MIEFE Sy FRGERZ VKRG
TCHERFMNSHEEMMIGSE 2 Z L TAKR IS,
— 7 FRBRAEIEIT N v FRIKGEC X DAk &
0 HEENFEOBNTENNTRY GIFEELTA b
e 7 n ZUER SO EA IR T AT
DILTND 2, il 2%, Bx VLA BRI EINT 2 flfs
bl & ST L OB A 4T 9 2 & TLSAPO-34 D
AR A R L OB E b L ITIRIEE R
HLEFILTWD3, 2oL, MBEAEROERDT-
DIZIF I CDICRHBELETHEL T A bOEHE AT
e tE 2 AT Z EBFETH D, Fox 1Tl L v
E ORI, FREEOWRIN, mIRA K. mEAIRR EI
XV ZhFETIIELDOEAT A P BIOEEHE S
BWTERBAKREZER L TND,

CON BIPF T A Mk 1995 IO TR U A
— h & LTHERELZ 4 Yoshioka HIZEHNICZT /L
S=ULEET CONBIY 4T 4 FDEFESRICH)
L. Methanol-to-Olefins (MTO) KIizB T a
Ly ETFLUBRBRBIZEON, 2 —F 7128 D
RIEHEE WL 72 2 L2 LML 5,
L L7 BBERSE I TS CONBIE AT 1 |k
DARKITIE 20 FER2>5 21 B RS OB R 23 42
THDHZENLIRARITHENTIE ARV, £ Z TR
fFFETIE, CON BI¥ AT A FOEHEA RS RED
DR 3 BN T A EREME AW T i@ A I DWW T
BEt&E1T -7,

2. R
2-1 CONHMIP AT A kD

CON BB AZ A4 NMIKEMZAT UV —IZ Ltk
E—XIN (TvHTT7 AT v LMZ015) %
FAWTHE 21T 5 72, - E—X 3o ra=7
fORIEIE 300 um TH D,

2-2 Fa— T RIS & VT @i ek

KEE(LT N Y 7 LKEEHK & N,N,N-trimethyl-(—)-cis-
myrtanylammonium hydroxide (TMMAOH) /K¥&iE %
RAEL, EZIWZAUEE, MEBT T2 LA EHSE
Too ZOWKIZT Y H (Ludox AS-40) %Nz, ¥J—
W72 D F TR LT, FfSd 2 > U IS5 LT 2 wt%
FTNL 10 W% L7e, Z DB LENTIES U T 14 Ref]
TV T ol Fa—T7 RN EHWT
200-240 °C T 20 4376 15 BRR. $#{E 5h T T2
B EIT ST,

CON HEAFAMDRmESRL

CRKBEL) O BELAREKR - +)1E -
Watcharop Chaikittisilp + /A PRIEEHL « A0

2-3  JiEAK

FER 2-1 L RO FIETHEEL L 208 L | il s
FRIEE D ) DI E A U Tz, TR AR E 13K T
WizIN TR HIEREZHFH T 5 2 & THENOE
TNI#&AR 3 MPa (\ZIRTEND K D12 LT, milEAKDK
TEIREIE 230 °C, 2 mL/min THR L, A—7 D%
TEIRFE T 220 °C, FUEHZ LV O 25GE FE 1 0.1 mL/min,
BHIKOBEEHEE L S mL/min & L7,
3. BRLEE
2-1 CONMIP AT A s Dy

30 43,120 I HELER 23 % Z L1 &k o TR 1%
PRI b S 4L, [RIRFIC A B L BE I 2 E 0 55%. 28% %
TR T L7,
22 Fa—TRINEERE T EE A AR

30 43k L7- CON ¥ AT 4 b &FEfEG L LT
WA IR LR E N R bl < 2o Te, T O,
FEAE ORI, Al TSINE, =— Y > 7 40F, JOGIR
EORBEENEEASRICEETHD Z LN S
iz, OSSO R#EIZ LY 45 5T CON H¥
F 74 FOBERITHEE) LTz,
2-3 iR

A R ATRE 2R SR 2 O, B A AT o 12, 15
NPT XRD /8% — 2 & SEM 4% TIXIZ
79, CON HAHG G, Wl e A LD CON HY
BA T A ERERFHETH D Z BRI NT,

Wmm
[ Simulated CON

AL L L S
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20/ degree

—~
[
-

Intensity / a.u.

AR D (a) XRD 734 — - & (b) SEM 4
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1. Introduction

The high-silica CON-type material is an effective
zeolite catalyst for the synthesis of light olefins in the
methanol-to-olefins (MTO) reaction.” We investigated the
crystallization mechanism of the CON zeolite in order to
(1) simplify its synthesis, (2) achieve the introduction of
heteroatoms other than Al, (3) modify the physicochemical
properties, and (4) reduce the amount of OSDA required for
the synthesis or achieve the OSDA-free synthesis of the
CON zeolite by using other templating functions such as
pore-filling agents? and/or low-cost SDA.Y
2. Experimental

[ALLB]-CON (Si/Al = 300, Si/B = 20) samples were
synthesized with the different crystallization time (0 —
168 h). V The obtained samples were designated as CON_x
where x represents the hydrothermal synthesis time. The
prepared samples were characterized by XRD, ICP-AES,
SEM, TG-DTA, ?’Al and "B MAS NMR, and FTIR. For
the TG-DTA analysis, the as-obtained samples dried in the
100<C oven were used to minimize the adsorption of water.
3.  Results and discussion

Figure 1 shows the XRD patterns of as-obtained

samples. During the [Al,B]-CON =zeolite synthesis, initial

mixing led to the formation of the amorphous nanoparticles.

These nanoparticles in the solid phase consisted of
aluminosilicate species containing Na and OSDA cations
and they started to form [B]-CON-like species by
incorporating B atoms and OSDA cations into the solid
phase, as confirmed by ICP (Table 1) and FTIR. The crystal
growth process proceeds by the incorporation of B together
with  the  reorganization of the  amorphous
boroaluminosilicate species to form the [Al,B]-CON
zeolite. Although the details on the reactions between liquid
phase and the solid phase during the crystallization could

not be clearly understood yet, we could discriminate the

Insight into the crystallization of the CON zeolite

LEA
B BpAE T A - BRI A

different crystallization stages in the solid phase.

Table 1 The results of TG and ICP analysis

Weight loss in TG (Wt%)¢  Molar ratio®

Sample
(150—=600 °C) Si/Al Si/B Na/Al
CON_ 0 8.4 310 615 2.2
CON 24 10.6 300 130 33
CON 48 10.8 280 130 2.7
CON 72 10.9 290 130 2.7
CON 96 10.0 280 125 2.7
CON 120 11.2 290 90 2.7
CON 132 14.6 300 60 2.7
CON 144 16.2 300 45 2.7
CON 168 17.5 300 20 2.7

a TG (as-obtained sample) b ICP (calcined sample)
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)
R I A 1 N s—
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< 300000 - M(%
\__A.______./Jw\'_..._%_
2 T
§ 200000 o WQD
=
= 100000 { WE%
~———
0 . .(a)
0 10 20 30 40
2 theta (CuKa) / degree
Figure 1. XRD patterns of (a) CON_0, (b) CON_24, (¢)

CON 48, (d) CON 72, (e) CON 96, (f) CON 120, (g)
CON _132, (h) CON_144, and (i) CON_168, respectively.
1) M. Yoshioka et al., ACS Catal. 5, 4268 (2015).

2) T. Yokoi et al., Phys. Chem. C 119,15303 (2015).
3) S. Sogukkanli ef al., Chem. Lett. 46, 1419 (2017).
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(IR ) O B b

&
BA T A4 FOEEEIXT TIZ 240 ML EHE S
TWDH A, TFIE, 8 BERAMAL & IR E ek v
T A ELOBERICEENEE > TEY, CHA €47
A %, Methanol-to-olefin i~ L TN NH;3 12 L 5 NOx
BPURTTICRT H A2l & U RS RBIS T
WAD[1], —H T, &2/ - T, HLUEH#H %2 > AEI
AT A M, ERREIGK LT CHA X 0 7z filigt
FRPEZ R TS D < Dhie Zd, Ol - A poF
GEDSE AN T2 > TN B[2],

LML G, Bko AEL ¥4 T4 FOARKICIE
— W72V PR TV FIROMR DY I, FAU B A
FTA MR RAKRTHY | Z ORFERR AT M EE T
FUEATA FOGREEM (LIZ LIS b
LR BRI & S LR D B MIEDH R
ZRELETCND, T, B4 T4 MEEHI, Hx e
BRRICBWO TR R R ECEREA T A FOF
fEmfbE b 7252 N BNTEV[1,3,4]. A AEI
YAITA4 FOERE FAU AT A4 MELTITH 2 &
L B4 T4 REEIOSAERKRT S & SN TERERR
TN U — MR ERE LR iR
HLTWLMERTIDICEWEHRNY TH D,

AL T, — 72> U h - TAIFEEAD O
AEI B4 T A b EREZ AL, £ DOERIETEZ NMR 5
Tz v 7 v AT L—A A AERSHT (ESI-MS)
Lo THELZ [5], AEI P T4 FOARFEE L
Tk, OFFEIRMED M E 2R - 7 FE S miRINES L O
OIEHICER D 2 BEFE LA T 5 72 O OFERS b TR
MTOERKREAT> T,

[l

OfFERKRRNEEZ AW AEI 3514 hO&RK

FERE SR TSINE T ERICBIT 2 BEA T 4 Ol
BRI FICAZITH Y . B4 T4 N O Z Rt
T5EENTND, AFFETIL, AElI A T4 FEAK

CHWHENTE T 3 FMOAMEEFEA (OSDA)
(N,N-dimethyl-3,5,-dimethylpiperidinium (DMDMP),
N,N-diethyl-2,6-dimethylpiperidinium (DEDMP),

tetraethylphosphonium hydroxide(TEP))¥ L 8V 77 -
7 VI FPRE LT colliidal silica * NaAlO, & FHV 7=/
AEIToT, Fio. —MA—BRED KNS L
(CGP) F X UFk 4 MLURIBHAIE Lizm 7 v ) - K
SI/AL e D RTBRA S V% R 3 25 Z B o &7 L i
(SGP) [SI\C k> TAT V&S, £, BFEOY

AEIY AT A4 OB RRE & L0 AN A REDBF

B - TERME - EEIETE - R

Table 1. Synthesis AEI zeolite synthesis with seed crystal®

Starting Gel composition Product
materials  OSDA  NaOH/SiO: Phase
HSY DMDMP 0.1 AEI
HSY DEDMP 0.1 AEI
HSY TEP 0.1 AEI
LSY+Si DMDMP 0.45 AEI
LSY+Si DEDMP 0.6 AEI
LSY+Si  TEP 0.6 GME, CHA
SGP DMDMP 0.45 AEI
SGP DEDMP 0.45 AEI
SGP TEP 0.45 Amorphous
CGP DMDMP 0.45 AEI
CGP DEDMP 0.45 Amorphous
CGP TEP 0.45 Amorphous

2 Synthesis condition: Temperature = 150 °C, Synthesis
time = 3 d, Seed =2 wt % (AEI zeolite, Si/Al = 10).

FZ74 MEEFE LT &Y U FAUBAZ A |+ (HSY)
BEIMET Y B FAU B4 T A b &Y DEEHE O
HabE (LSY+Si) HEH L7z, Table 1 IZ7”T X9
W2, FERSBISINGHEECIE T X TOJRENT AEl B4 7
A NOENARETH D, L LB L, B AITHER
OSDA OFE¥E. H3E47 /LD NaOH/SiO; Hix B 1 |
SGP J5UEFS 2 f> OSDA 775 AEI B4 7 A k& ARk
HIHE L CGP JiUk} & bl U CEENLIEDS R S 472,
ZNHHERICET DD HT %2 NMR B LW
ESI-MS TiTolz & 2 A, BIHIEBRE D AEL B4 Z
A MEKRANZ GETIZESE OB EWT L v
Vo—A) I —DHERDPHER I L, 21508 AEL
A TA FORCIZEEE L TWD Z ENRE I
72, Table 2 (2, iS4V I~—DH T OSDA
ﬁ%ﬁ/%aiﬂﬂ)&%OD%/E'J%JE%%/T?“(Z‘) =i
—DONEEEIH EFTHLTHRTHY T oFEH L
AKEW ORI ELEETE D), AELEA T 1 MM
FLRTOWRFNZIEL, A RUFEHC 7V DEWIZ D 5
I L2 A Y I —FENTEE LT, OE&EIT R
H D OSDA OFEFICHRAKFT DN HoTo, F
7o DEWIARE) B BB TR O SR E AR
EESNT, ) I~v—DZDOEWWiAKE L AEL DX
Mg (dor) BB T DL, %44V I~—2% AEI
BIAAER OBRR K FR) AR U722 T L iE s
FHAIATe Z X TE RN Z ERDND, ZDZ LW
EFREN D, W LT- AEI fEfS NP AT A ML
OB EREL CTE Y A4V I~—FIIZ 0N
DfEmREZMR L TND EEE LT,
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Table 2. OSDA-containing aluminosilicate oligomers that are commonly generated from different starting materials that can provide
AEI zeolite: right illustration indicates common building units of FAU and AEI zeolite (d6r).

Common aluminosilicate species

D\ .. OSDA T2-W0  T5-W0  T6-W5  T7-W5  T8W3  T8W4  T8W5  T9-W4  T9-W5  TI10-W5

(cationic _—{ Building unit
(- | adduct) ; @ B B 1) (inFAU and

i o AEl zeolite)

hO S {1~ DMDMP v v v v v v @
\_( i--DEDMP v 4 26r

)” \ {t—TEP v v v

— = dimeric T-atom species with oxygen linker, where T = Si or Al atom

QM RERINTD AEI B4 74 FAAR TG R I O et Tl BRI B RS T, AEL &

o ()

. " .
Increasing abundance ratio

Qk

0 ¢\
=
=
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2 A
= \¢\ \¢ ﬂﬁ /:',7:
) N\
= Nuclearformatlon
)
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E L
>
Dccdmposition ’ Decompgsition
FAU zeolite AEl zeolite 5 Jeolite
(trace)
Crystal‘growth

‘ AEI zeolite

Figure 1. Schematic representation of the formation of AEI
zeolite from amorphous silica/alumina source.

AR OFER B | FERE SRR TlE, AEL A7 A
kN OFE % 2 R L T 2SR O R e 1 XN T B
%, &I T, MEERBESRINTO AEL B4 7 4 Mk
ZRREt LTz, AR OARGE RS L A RN e S
7= SGP FEHK L O'DMDMP % FNn i B« 7L
R FPEB L OSDA & LTHW., At E A&
MEtL7o, ZOfER, HEERWIRE (125°C) L&
WARRIRFRE (4 3818) 23 AEI B4 T A4 b RAbIC S
ThHZ ENnnolz, 567z AEl €474 o
TR I IBEA i & i fare < FlEASSL & L C Rl o,
e INEICE ] C& 7=, — T, — iy a7 Vil
1 (CGP) CHFE M ERIMO G E{T o7& Z 5, AEI
B4 T A NOFERITHERR S 720, FEIMEL | ARk
TN ORI A 3835 SGP D H RPN /R S
Nz, ZoO—#HOAEKIZE>T, FAU B4 74 MR
BHa 52 2R AEL P AT A4 M ARICESh LTz,

IZIERFFIC FAU B L ONGIS B4 T4 FEIEL, #
NOENHESND LIRS AEL B4 T A - Of AL
FDEIT L7z (Figure 1), ESI-MS #4725, AEI £
T4 NMEROERNC, TS RINEE el s
nigino ﬁﬂ}bk%t@d\foﬁb\?i‘) =~ —F& (Figurel )
DIFENER STz, T bFREIEZE OBAKE D
RShb, MEEZ 2 T AEL ‘B ICHA2IAT Z &
DT FANCAEREN IR S TRVREE) S AEL
BAT A NOBEIBREZETTSE 52O EHEREE
EfoTnbH ETHLTE,

ER)
FAUBA 74 F&EELE LTHWTIZAEIE AT
4&@Aﬁ’ﬁﬁb AR CTOAFY I~ —FED
HEeBE L, £V I~v—FHOREEREIZITNL
O#&%%%éﬂfﬁé#(@%/7w SIS A A
NEDBEDO A Y T~ — g QL IREE (Fsy i)
@ﬁ%@ﬁﬁximmm%m\%%ENMR%mﬁi
CHERFEIC L T, 200 2 L T,
LN %Vmwf@% AH=ALHEEE N
WZESW=ERIE G AIRRIC R D B 2 b b,

PEE

AWFFENT A B R ST LA TREREME T FR LAk 4L
s, JSPS BHiFEr (JP16H04218, 16K14481) . JSPS Core-
to-Core 7' 12 77 ADOMEZZ T2 H DT,

BE IR
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1. ®BE

TA T A MIZILEME O F T b LLE T ANE D
ENEENTWDEN, &R (3800°C) D AF— L5k
TTIFBEDIE Z %, B 21E, FCC I A #4512 T
RO AT — LTS AU, A 40 )5 R 2 Ol A3 g
FEINTND L, Fﬁﬂ}%wiokaﬁﬁﬂw&ﬁx
fifiiEo A R h—R > F 7 v THBIZENTH . &
HBORF—IIZBEINFITHZ L2 D 2, 6T,
HEIEHRIZI TS TOF at 2 & il U T iom
EHEESBECRBT DI EDRHE LW EAT A NC
K DM AMED ERITZ O RO LNV IZoh
TEH LS R TETND LENZ D,

PA T A kDOMANER LD 7= ORI, Z DR
WWEVERD, AlY v FEALT A b T Al O]
B, Si VyFEAETA T i/7/~ﬂ/ﬁz[ﬁ%®1ﬁ%ﬁ
NELERD, AFETIESI VyTFELTA b (Z

TIE SI/AL > 120 F2JE) Zxtgel Uiz, /7/~M<
MR O 7DD FikE LTiE, [KIBATF—I 7
(500~600 °C)* R0 U ALALER A X EN H LTV D, £,
T ok E LA E L THWTEREINTZEAS T A

MIRBERDIRNT ERFHLN TS S, L LR
5. 2B B ORI LV KRG DI & ST
HEHTA MZBEWTH, BEIBOATFT—L5MT
(>1000 °C) TIF¥HILL T Li 90
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Zeolite Crystallization Triggered by Intermediate Stirring

(B8 AF%T) OChing-Tien Chen - Kenta Iyoki® « Toru Wakihara « Tatsuya Okubo”

1. Introduction In the present study, we demonstrate
that the crystallization of mordenite in an organic-free
dense hydrogel system can be induced by an intermediate
stirring method—quenching and opening the reactor in the
middle of synthesis to stir the substances for 1 minute.!!!
Through characterizing the evolution of the aluminosilicate
particles during the synthesis, we propose a possible
crystallization behavior of mordenite in this system and

address the role of intermediate stirring.

2. Experimental Section Fumed silica (Cab-O-Sil),
sodium aluminate, and sodium hydroxide were used as
reactants. The reaction mixture was prepared with the
following composition: 0.275 Na,O: 0.025 Al,O;: 1 SiO;:
25 H»0O, and the synthesis was conducted in an air-

circulated oven under 140°C.

3. Results and Discussion Figure 1 shows that the
crystallization of mordenite is triggered by the intermediate
stirring, and the quenching process do not contribute to this
phenomenon. We also found that smaller crystals are
formed when the substances were stirred after a longer
synthesis time, as shown in Figure 2. These results suggest
that the crystallization in this system may follow the

autocatalytic nucleation theory.!

Static 40 h + Cooling + Static 100 h

— |

Static 40 h + Cooling + Stir 1 min + Static 100 h
3
XA
2
7]
<
1}
£

Static 140 h

Static 40 h

5 10 1 20 25 30 35

5
2 theta (degree)

Figure 1. The effect of intermediate stirring.

In this system, we found two types of amorphous
aluminosilicate particles: the worm-like particles (WLPs)
and the large spherical condensed aggregates (CAs) with ca.
10 pm diameter formed through the aggregation and

coalescence of WLPs (Figure 3). Based on our observations,

we suggest that mordenite nuclei could form inside the
WLPs, and the formation of large CAs as well as the
increasing packing density of the solid phase would reduce
the chance for these nuclei to contact with the liquid phase
and grow. By applying the intermediate stirring, the nuclei
in the WLPs could grow before they are enclosed to the
CAs, and the nuclei that are already enclosed in the CAs
could be released owing to the enhanced dissolution rate of

the aluminosilicate particles.
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3 1 * F20 >
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0 ® . . . 0

0 25 50 75 100 125

Intermediate stirring timing (h)

Figure 2. The mean particle sizes (m) and the relative
number of crystals (@) of the fully crystallized mordenite
obtained from different intermediate stirring timings.

Figure 3. The SEM images of WLPs and spherical CAs.

4. Conclusion This study demonstrates a new method
that not only achieves the control of particle size of zeolite
without changing the other synthesis parameters but also

provides new information to their crystallization behaviors.
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Fig. 1 (left) XRD patterns and (right) SEM images of
obtained zeolites.
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Fig. 2 3P MAS NMR

spectra  of  obtained

zeolites.
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