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CHABIEF T4 FOFFOTH A + GRMTEIICE
BRORLZLIA M) PIHETHL I &h 5 CHARL
EF I 4 DA IETISHENO AR FF Lo
BB OWTHIRSTE Y, 20 AlSHid &
FOBTHIEC B A 5.2 5 2 EAMESATwEY,
B 2L, A B S H 2 #) (1-adamantammonium cat-
ion hydroxide, TMAdaOH) ® & % J\» TH B % 17 9
EAVE T LA BEN 72 AL B AFFES S IR0 L 72
(Isolated) AIFEAMEIICIER S B —J5, KiB1L
F YUY AETMAdOH 2 9% &, L7
(pairing) AIFEATES WEIA TR SN B & v ) #iils
DHs" TOXIIC, CHABIE A T4 M IS
BUBLAETFOSAIE, ThETIEEALEMHN
T YADBEPLEINTE

AFETIE, CHATIY F 54 b AIGAIZ KIS
ISR OB R 50T B 72DIAT o 72, EH
5OREDWIER R Z AT 5o —HICCHARE
F 54 M, TMAda % 75 K BE#1 (OSDA) &
LCHHLT, FEMET VI ) A BIES Vh B
Bamkshs, — 5T, SiiBXUAlEE LT
FAUBIEF 54 P2 HWEY L T4 Mlg#g:ic
Lo THEMWHEL S EpaHE sty il
BWE, TbbSiEE X CAIFOKEEX, CHA
TN B BB OBLTA B OWFEIIEE T
LN, AR NOREIZOWTIZINT THII
HROENTI b oz, ARMTIEETHEMETY
7, KBILTVI=w A, FAURIEF S A4 AL
OWMFEFEROLFELESET, CHAR Y S J 1
FEARLZBICE SN D AL DN IZOWT
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AT 5. BE LT, AIGAAES T4 b DKE
T AV 2 2588 b 7R T IRIZ, OSDA % flv7z
W CHA G D o — 22O W TEHWIT 5, #ikIZAl
A DSOS G- 2 5B DN T A 8 i
& MTMIE) BEX A Y ) —btoF L 7 4 ¥ Kb
(MTO BUi) % BT o

2. BAIEECHAR ZLI /S Ur—EFS5A
b Al 37 1]

CHABIZ VI /20— bEF 54 bOGW T
WL orBEENTW5S, Sill, AlJRE LTidIE
WWE ) # (Cab-O-Sil M5, Cabot), TV VEEF MY
A, KBILT VI = 20, FAUREY LS A b
bHWALZENTE S, EE, FAURMY A T4 M %
FUEHI L7284 7 4 MBS HHE shTwa”,

X DIICHARIE A T4 T+ D Al Ol % B
BAZ, MBEESERSNSCHAMY Y 54 D
AVGARNC BT T3 B % Mt L 72. BN o AT
S5 A5 O A 12 13 ARSI MAS NMR IS & 0 FE#i L
720 CHAMIXF T 4 F OHWILSIO; : ALO; : NaOH :
SDA:H,0 = 1:0.05:02:02:10 D #LK Lk THT 5 720
Al E LCFAURIE S 5 1 b (JRC-Y-5.5 (Si/Al=2.8))
B L AIOH); 2 Hvy, O AL OE A %25
fL&¥5Z & TH®EAT> 720 Siifiid CAB-O-SIL”
M-5, A B EBEH X TMAdaOH % Hl Wiz &2
TIEHY ~ 7V % CHA-F-x (x 134 Al O FAUR
YA I 4 RO AIFEOEE) L KLT 2, &b,
AR DIREEE LTA F V58t & BED &
15 Isolated pairing Tld 7% {, CHABIEF 7 1 |
DTHA P TH L L2 ZE L, USiMAS
NMR A7 bV 55 &5 Si(0Si)s—n(OAD,
i (0'(nAD) DEIGZ VTV 5,

9, WHRERE L THW/AFAUREY S T 1
(JRC-Z-Y5.5,Si/Al = 2.8) D Al 43 4i & F1 % 72 812
¥Si MAS NMR 2 X% bV & fl5E L 7245 % (Fig. 1),
— 111 ppm A J5 12 Si (0Si) 4 H (2 & T i3 0*(0Al) &
# i), —105 ppm I Si(0Si);(0Al), H (0 (1A1),
—101 ppm I Si(0S1),(0A1), F (0" (2AD), —96 ppm {2
Si(0Si), (0AD; i (0*(3A1)), —99 ppm IZ Si(0Si);0H
(Q(0A) DY 7 FABB SN0 K7 F LD
WS HEORER, & SiFin® 413 0" (0AD), 0°(1AD),
0'(2A1), 0*(3A1) = 13.0, 40.9, 38.8,7.4% T & - 720
¥ ¥, Fig. 212 OFAUR 2 K & { £ 2 72 CHA-

Q*(2A1)
Q*(1Al)

Q*(3Al) QY (0AT)

L) T T T T T T 1
-60 -70 -80 -90 -100 -110 -120 -130
Chemical shift / ppm

Fig. 1. FAURI ¥ % 5 4 | (Si/Al = 2.8) ® *’Si MAS
NMR A2 |,

F-0.10, CHA-F-1.0 @ *’Si MAS NMR il & #5 - 5 & O
AT bV DWPWITEER R 2 7R $ o CHA-F-1.0 T
0'GAD: 0'AD: 0’ (0AD): 0*(1A1): 0*(0AD IFZF N2
10:68:40:20:69, —F CHA-F-0.1 Ti30:3.4:3.0:
2:62L7%0, EEWho 0 (A 2 CHA-F-100(3
3H% <, 0'(1AD 1L CHA-F-01 BB\ s L a5 72,

W, FERHOFAURIY F 5 4 RO ALRED
AT B CHATI X+ 54 MIRIZT B LD
MPICT B2, B VO FAU DR 22 L ¢
THWREAT > 720 Fig. 3ICEROFAURIE L+ 5 1 b
BEAERDO AR, 0'(1AD &, 0'QAD &L DM
RIZOWTIR L7z, BRI VHICE TN FAURE
FIA4 PHROAIEDP L 25138, ERYHO
O'(1AD) E2SRA L, 0'QAD BAII L 720 HFEJE
BTHLFAURL 5 4 b O AURT- 504 A AR L
7ZCHARIEF 54 b AR AT HEEY ITL
THEY, QAN EHFLVFAURE T 4 F & JTw
7ol & TS CHABE L T4 b 0'2AD fEAS
wimTaseEiohs’, cokyie, Erbo
FAURIY F 5 4 b OFIAIRAE L CTERY O ALS
fii (0*AD ) ZREHEICHMTE 5 2 E2bh o7,

3. AIDTHKEMAMEICH L TRIETHE

ALGIAGE DS R ERTF A MRS RE L CRAT T B Ww
TOHMAET L7zo CHA-F-0.1 38 X O°CHA-F-0.75 24 L
T 800C TR % 4T\, 2258 1 % 5FAfi L 720
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Fig.2. (a) CHA-F-0.1 35 X 0¥ (b) CHA-F-1.0 ® Si MAS NMR A X% L.

® : Q%(1Al)
° H : Q42Al)

Q*(2Al) and Q*(1Al) / mmol g*

0 0.5 1 1.5
Amount of Al species derived from FAUtype zeolite in gel / mmol g!
| — i 11 | I T T il

0 I 0I2 I ' 0I4 I 06 0.8 1
Proportion of Al species derived from FAUtype zeolite in gel
Fig.3. JHOFAURIE F 5 4 & EARD O AR,
O0'(1AD i, 0'(QAl) £ & DRI

XRDY =7 8% — v 2 fffl 35 &, Mk & bk
BOLBLS RN DT T LTWA75 CHA
FORE TR 3 HERF ST W72, Fig. 4 12 %308 0 K 24
AGRBRAT 2 0 Si MAS NMR @/ %2R L 720 K
BALELZ TS 2L TEDL LDHEE b 0'(1AD) Hik
(—=105ppm) @ ¥ — 7, 0*(2Al1) H1 3£ (- 100 ppm)
DY — ZREIWA L 7275, CHA-F-0.75 1% CHA-
F-0.1 £ T Q' (1AD KD ¥ — 7 DA R AR
EVZ Ebhr oz, THIIKBMILEIC X 1 BLAL
AT LR EREAIE L 2720 e E2 6N b, &
[l L 8¢ L 72 CHA-F-0.75, CHA-F-0.1 & & Al & A 13
ZIERILTH Y, KD KEZRWI Edbho
TWwh, CHAF-0.75130' QAN %2 % <A LTV

TLEEETLE, 0'QAD o ALE T 0 (1A
FOAEFEHRBELTHET VI =7 AL T W
LEETEDL, LA o>T, FAURIE L T4 A
WEISTHE SN CHARIEF 5 4 M2 o' 2AD ©
BERE NI, KREMHIIN L TEETIE WS
LIRS 7z,

4. BAEBCHARITZILI /S Yr—EASA
r D Al DT I

CHAM ¥+ 5 4 MIOSDA7 Y —DEMNTH -
TLERDBWRETH D, FOBITIESVALILA /NS
S hpI ML RTVwS), 22 THEES I
OSDA 7 V) —DEREMITB W TR S 2 %
MEERE Lz I & EFRIKEBET VI =
A LFAURIE A T 4+ (Si/Al = 15) & Z L Z 1Al
e LTHWTOSDAZ D FTICCHARIE 4 T A
MAGH L7z 7OVHLE R AT 2 & B
DHY) TH Do ARTIRIEHE >V 7B L UKL
TVI =y A& WIEERE LTER I N Y T
% CHA-Am, FAURI €4 5 14 b % 3R L LT
EF I 4 MEHECL > TER IR T L%
CHA-FAU & %529 %0

Fig. 5(A) 1213 ¥SiMASNMR 2 X 7 b+ L % 7% L
T\ %, —110 ppm ff 3% 12 Si(0Si) s 7 (0*(0AD)),
— 104 ppm 12 Si(0Si)3 (OAD) & (0*(1AD)), —98 ppm IZ
Si (0S1),(0AD, i (0*(2A1)), —94 ppm 12 Si(0Si), (OAl);
i (0'(BAD) ¥ 7 F VBl & 7z, Fig. 5(B) 1&
YSiMASNMR DAY M & 4DDY — 7 125
BEL CHiR OS2 LR EZRL TS, &
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(a) (b)
after after
before before
-E;O -9'5 -1(‘)0 -1(‘)5 -1;0 -1;5 -150-9‘0 -9‘5 -‘H!)O -1(‘)5 -1’10 -1‘l15 -150

Chemical shift / ppm

Fig. 4. KESUHFIH D (a) CHA-F-0.1 8 X U (b)

(A)
Q(2A)

Chemical shift / ppm

29,

CHA-F-0.75® ~Si MAS NMR A X7 kL.

Q(1Al)

Q4(0Al)

CHA-FAU

CHA-Am
L L L I L L B L BN
-80 -90 -100 -110 -120 -130
Chemical Shift / ppm
(B)
i 4 3 9 4
Sample SiIAl Proportion of Q4(nAl) and Q3(nAl)/ % Q*(1Al) /

Q4(3AI) _Q4(2A1) Q3(0A)) Q4(1A) Q40AN) Q4(1ADN+Q4(2AI)

CHA-FAU 35 3.8 251
CHA-Am 3.1 6.7 34.8

484 227 0.66
43.9 14.6 0.60

Fig.5. OSDA 7Y —4fFTHEBENTZH ¥ 7LD (A) Si MAS NMR 227 kLB X O (B) T2 B 8.

OfEFRD, 0'(1A) 1283 % 0 QAD DFEIGITHEH T
% &, CHA-Am D139 2SCHA-FAU X ) b AEITK
ERfitoTVWAIENDbNS, ZIITZOSDA 7
Y —DOEBEMITBVTFAURIE F 5 1 b % I
B L7z¥ 4 74 Mgkl X > TCHARIE A T 1
FEAKRLZESA O'UA) OBEIGREL RBZ L
ERLTWA, ZOMAIZOSDA % FHIWTHM L 72
BOEG Lo TWh, ZHIFFAURE L 5 1 b
EHWCTHEREN/ZCHARIY + 5 4 N 2SFAU D Al
DA% —IBB E N TV DE 2D EEEENTWS,
DF ) AIGHEND R VFAU Z FRHI AR Sz
SI/AL I @D /N & W CHA (XKL L 72 (Isolated) Al @
HENL LR, KAZAIGEHEDS WFAU % K

FHZ AL S L7z SYALIE AR & W CHA X L 72
(pairing) AIFEDOHIEH L { o T2,

5. CHABtEF Z 1 MDAl D7 2 AREEMIC
5z588

CHARI ¥+ 5 4 M, MTO KIS Oflli e L CE
nNTHY, BwAL 71>, Ficoysy (=)t
FuRy (C3=) ZBRWIERT S 2 EDASN
Twa W, 2 LT oM, KT A X7
T SRR D MR KR T B0 B 2 I MFI
B O AL I MTO BUB I B 5 il g 12k
EhEBE5 22", 22C SIALLAIZIZNE L
CHA-F-0.1, CHA-F-0.25, CHA-F-0.5 % filt f% & L CJ{
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WTMTO RSFHI 2179 & & C, CHARIY A+ 5 4
kD Al ASMTO BUS I BT 5 it PEfg 12 5- 2 5
BEEW ST L,

Fig. 61, 350C TP * % J — Vi b3 & A i
REDREMELEAL 2R LTV 5D, SALLL &k TIERE
MEBRETH L2 b 5d, flFHFa % 2
M A S N 72. CHA-F-0.1, CHA-F-0.25, CHA-F-0.5
DTOS=4805712B1F 5 * % ) — L olEfbRiZZFh
Z1100,97,94% T 1, Z ONEFIE 0 QA Hi %
DOHEEL—HL Tz, IBEOMEEH LT TG-
DTAME T o7 2 A, a— 27 ZHikT 2 HEE
WAODT R COMBECHERINIZZ Lns, FKIFIE
BEZEATE R I—27OWIBICE B DEEZD
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Nb, F/DTATH T 7 4 IV TIE, TXTOfME
BRI — 27 OBBECHRT 5 00 RME -2 ZIRL
7o =D HODOY =713 XTOMEET455CIZHN
7273, O HO Y — 7 OB il T B
LENDHY, TNEFNS25537,544CTHo7z. T
NS DRI, 0'QAD MBI AN AT &,
BERZIC W=l she3 btz
R L TWb, MTORUBIZ BT 5 3 — 7 135 F ik
b 2RE L BRI TEBY, ZOHFRILA
WEBAZEENL27O YL v 7T v o n
ko TBEREShaEE2bNTWAEY, L
7= (pairing) AIFEIZBEAKFEROG 2 2HE T % & & 5%
HEERTws70Y, 0'(AD O #I4A A5 W CHA-
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Fig. 6. (a) CHA-F-0.1, (b) CHA-F-0.25, (c) CHA-F-0.5\281F % 2 ¥ J — Vil b3 & B o BIRF 02 L. s s
4 P (veom, 5 kPa; W/F = 34 g hmol 5 KU JE il B2, 350C. @ : Conversion, <> : propene, V : paraffin, [ : ethene,

A\ C4s, O:DME, : over C5.
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F-0.51%, CHA-F-0.1% CHA-F-0.25(2ktx, H\»a—
2 RELHERL, MR LTERIEFRET o728 £58
LY (AL

CHARIE G T 4 NMIWA 4 ¥ &2 A 4 354 A
MCHEAT S L CMIMEB IS 2 RS, 2
ZTOSDA 7 V) — &2 THK E /- CHA-Am B
L U'CHA-FAU K LT Cu A & 5% 47w, filti
& LTMTM KIS 2 w7z (Fig. 7) o BB % 33
572012, KHEREO0, LD SBALIIAH VN0 &
HAWTRIBE T 72, WifiliEE &, X & fgfbaix
TR (TOS) & & HITAKTF L7248, Cuw/CHA-FAU
13 Cu/CHA-Am & V) b BV EZ IR L7z, & DR
W &, BRI OGAITIEI S D RN DS R S
N720 CwW/CHA-FAU TIX, A% J —VIZHIZ TI#
ALK FE DA R S 72— T, Cw/CHA-Am
TIEFICRAY =V COPEREINTED, kit
KFZHFEEALER L h otz BALKFZED A %
Fig. 7(c) ISR T 2%, CrCy 72 E DM HAL K FE 2558
FITERLTWELZ bbb, it CHARY
YF I 4~ ETOMTO KGO A 2 fE 8 TH
D, L7245 T Cu/CHA-FAU 2 MTM S 2 & -
THERENIAY ) =V EESIZMTO KIGIZ L -
THRRALK TN E B L 72 EAURIE S Tz,

Cu-H/CHA-Am & Cu-H/CHA-FAU O filt B 36 4 A3 K
S RLELENEHL T A7, in-situ NO
W7 FTIRMNE # W CCu D REZ BIZE L /2
(Fig. 8) o IHTETALZ W S A2 T 572012, 623K

(a) Cu/CHA-FAU

(b) Cu/CHA-Am

TIREBINO I & BT AL 2 ATV, ZORIERTAN
7 MOV E KL 72, 1800 cm DN Y FidCu”
FBAEICAE A L 72 NO R L, 1900-1970 cm ' 443
DAY FiEed FICRE S5, 1800cm ' ®
NV FIZHEHT A &, Cw/CHA-FAU (A-1) DT 9 A8
Cw/CHA-Am (B-1) & LR L THED W Z & 5%h
Mho Lzh o T, AlD5AA Culli o IRHE | BiZE
LB E 5 2THY, 0 (1A WA Cu F o A i
WCHMTH B EfEmOT o b, Zhidcu 7icy
ICHARTEIHINCZETH Y, BN
T 5% A P TIECud F 4 ¥ il REE & B
B 72D ThH B EHEEIND, T/2N0I2 K BT
PEALT:, 1800 cm ' DN Y FIEWH » 7 & b A
L., 1900-1970cm ™' @8 ¥ Fid#inL 7z, Zhid
N0 & o T80 Cu HANEHAL S, cu " Hliic
BALL7:ZERRLTWVWD, TLTIDLHIIN,O
WHHALIC X o e’ " ~NEZEILT B Cu M2 22
MTM Js DG PERA. O ICFH G LTH Y, Cuw
CHA-FAU TlZ Cu' MO B A AT Ao 72 2 &A%, &
WA Y LR EB L2 EREE 2 SN, YL
DFERDP S, CHAD AIGAILEA S N7-&RFED
REBICKEREBEEEZTEY, MENICX Y Vi
e BOIE Ol B LRI FICERR L 2 RS R
(Fig. 9) o

6. BHWIC
AR TIEICHAR €T 54 b OBFEN AR T-OL

(c) Products distribution
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- N
($,] [\S] [4,] w
. .
T T T
»H [0} [e0] -
o o o 8
-
- (8] [\S]
. !
ettt

B

0 1 1 1 [ 0

O

100

80
) 60

40 40

Products selectivity (%)

20
o L

205 }

ofﬁ%%?

Distribution of hydrocarbons (%)
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O CH, conversion

Il cH,0H Il DME [l Hydrocarbons [ CO, [ CO

Fig. 7.

1 1
130 190 0
Time-on-stream (min)

10 70 130 190
Time-on-stream (min)

HcH, BcH, Oc,
Il c.H; B C;H; (] OverCs

(a) Cu-H/CHA-FAU 3 X 0% (b) Cu-H/CHA-Am % fill#it & L TH W72 N0 & % 2 & VBALBUSK 5. (o) [Cu/

CHA-FAU DRI B 2 RALKZE DA o34, FOSSAME © 100 mg filtl 5 Peya : Paoo : Pizo : Par=0.4:0.4
0.08 : 0.12 (atm) : 4XF£ 0.1 MPa : HJE623 K : SV=1.5%x10"mLh ' g
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(A-1) Cu/CHA-FAU (A-2) Cu/CHA-FAU activated by N,O
0.04 NO amount I 0.04
&Jm s A
500 Pa
% 0P
120 Pa
T I [0k N
T N | 40P [N
— = e S e— s ———
—————a Nsywasynngt B IETCY -2
2100 200 1900 1800 1700 2 2100 2000 1900 _ 1800 1700
(B-1) Cu/CHA-Am (B-2) Cu/CHA-Am activated by N,O
] 004 NO amount I 0.04
1000 Pa
500 Pa
250 Pa \—J\/\\v
7/ VAN - 120 Pa _—JV—\*,_
AT | 80Pa ——— VN
—— AT 40Pa [N
e 20pa A
10 Pa
T T T 5Pa : v v
2100 2000 1900 1800 1700 2100 2000 1900 1800 1700
wavenumber (cm™) wavenumber (cm')

Fig. 8. Cuw/CHA-Am (A-1) & Cu/CHA-FAU (B-1) ® NOWL 75 FTIR A X 7 b )V B X I'N,0 i YL # @ Cu/CHA-Am
(A-2) & Cu/CHA-FAU (B-2) ®NOWL#5 FTIR A X% kb (5-1000 Pa, Zifit) .

+ CU-H/CHA-FAU ssssssmssmssmssnssnssnassassassassnssnsnnsnnannans .,

: Q*1Al) rich structure :

H / :

: si” :

: o ) : Carbon Pool Mechanism

s | ~Si— \

. 0-SIT . XX e
. ,\ i Si . (\( 4 . b \” 4‘_/
P =Sy UN - : N A% \

[ N . 1
0 o000 O T

Cu H/CHA-AM s=rsesassassensassassnsssnsssarnnsnnsansansansansnns

Q“(ZAI) rich structure Cu?* species
NI

Si
i

: O
—SI— »
:@ / \O‘%

Low MeOH yield

LEELEEEEL TN

(W) : Hydrocarbons

’lIllIlIIllllllllllllIllllllllllIlllllIlllllllIlIIllllllllllllllllllllll’

Fig. 9. ¥4 I 4 MO ALGAiD A & VRIS 5 2 725 B oK.

[T AR a1 s R S A [T AR 7 R O 7oo F7z, ALGAT I KBV BN D B A RITT
fltEVEBE IS D W Tl Rz AT BT OH T D 3 SRR TETND, Tk, BILEEDTHA
DARF I HF 4 v OMBEEEZ S L TH MIOARAIRTFZEET 5 L Vo 2FHfLANLVT
oA EfTsZ AN TEL, CHARIY T 5 DEASTTRIC T, BF T4 P EV IR E
£ FO%E, HubSiRAlBFEESNLEL I A FUVXNEESLIIEODLIENTELTHS ),
MDAV AN B E JATT 2 Db h o Tze FEh SHICAIFTFIZE & F 6T AL Z AT Ti
Hiss, ERNALR, RTIBENRETH > TDH AL BT O HIH S FREV, F 72, SN L 72 CHA
AATHIE e AU RE I E WA B Z &b h o BIZF T et T4 MEETH AT O T
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DOALE G % ER L, #8E AT o706
B A, IR A o A O B AR & R
LTWEZWERSTWRY, AFOET oM
R LAVTHIEIT 2 & v 2 &id, FERCES
T4 NERIER B FHF LRV SHIET S 2 &
WCELL, ¥F T4 - O O BRAY 722 1,
EHIH LW EDOEF 54 b OGEAET
EHLEEZTVD,
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Control of the Distribution of Framework Al Atoms
in the 8-ring Zeolites and Its Impact on Catalysis

Kengo Nakamura and Toshiyuki Yokoi

Nanospace Catalysis Research Unit, Institute of Integrated Research, Institute of Science Tokyo

The catalytic properties of aluminosilicate zeolites depend on many factors such as the pore structure, acid

strength, and acid amounts. Among them, the acidic properties originate from the presence of protons balancing

the negative charge induced by the framework Al atoms in tetrahedral sites (T sites). Recently, the distribution of

Al atoms in the zeolite framework has been recognized as an important factor for activity and selectivity. Here,

we have focused on the control of the distribution of Al atoms in the CHA-type aluminosilicate zeolite, which has

been widely used as a solid acid catalyst in petrochemical catalytic processes and also in the methanol conversion

process. We have found that the Al distribution is affected by the raw materials, especially Al and silica sources,

for preparation of CHA-type aluminosilicate zeolite; the Al distribution was tuned by changing the ratio of alumi-

num hydroxide and FAU-type zeolite. We have successfully demonstrated that the Al distribution affected the hy-

drothermal stability of the zeolite and also catalytic performance.

Key words: zeolite, Al distribution, T-site, CHA-type zeolite
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Fine Chemicals Synthesis Catalyzed by Mesoporous
Silica-Supported Metal Complexes

Ken Motokura and Masayuki Nambo
Yokohama National University

This study investigates the influence of mesoporous silica pore size on catalytic activity in allylation and
1,4-addition reactions using supported metal complex catalysts. A diphosphine palladium complex (PP-Pd) im-
mobilized on mesoporous silica exhibited enhanced activity in the allylation of a ketoester with allyl alcohol. The
hydroxyl groups on the silica surface played a cooperative role with Pd species, facilitating substrate activation.
Notably, kinetic studies revealed that mesoporous silica with a pore size of approximately 23 A showed the high-
est activity, attributed to optimized molecular interactions and substrate accumulation within the pores. In addi-
tion, the study evaluated 1,4-addition of phenylboronic acid using Rh complexes co-immobilized with octyl
groups to modulate pore hydrophobicity. Under aqueous conditions, increasing the proportion of octyl chains im-
proved catalytic performance, indicating that higher local hydrophobicity around the Rh center reduced water in-
terference and improved substrate access. This hydrophobic tuning was most effective with smaller pore sizes,
where confinement intensified the water-shielding effect. Overall, the results highlight the importance of control-
ling pore size and surface functionality in mesoporous silica supports to enhance cooperative catalysis and opti-
mize reaction environments. These findings offer valuable insights for the rational design of heterogeneous cata-
lysts in fine chemical synthesis.

Key words: mesoporous silica, metal complex, supported catalyst, allylation, 1,4-addition reaction
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Neural Network-Based XANES Analysis for Predicting
the Local Structure and Valence in Amorphous SiOx

Yu Fujikata®** and Hiroki Sugisawa™

*Mitsubishi Chemical Corporation, Science & Innovation Center

**Institute of Industrial Science, The University of Tokyo

Characterizing the local atomic structure of amorphous materials is a significant challenge due to the absence
of long-range order. While X-ray Absorption Near Edge Structure (XANES) spectroscopy is sensitive to the lo-
cal environment, interpreting its spectra is often complex and computationally intensive. This study presents an
advanced analytical framework that integrates simulation and machine learning to overcome these limitations, us-
ing amorphous silicon suboxide (SiO,) as a model system. We first generated a diverse range of amorphous SiOx
structures with varying compositions using molecular dynamics simulations. Subsequently, a large-scale dataset
of over 5,000 Si K-edge XANES spectra was created from these structures via first-principles calculations. This
comprehensive dataset was then used to train an artificial neural network (ANN) to solve the inverse problem:
predicting local structural parameters directly from a XANES spectrum. The resulting model demonstrated high
accuracy in determining the atomic valence and radial distribution function (RDF) for individual Si atoms. More
importantly, the ANN showed excellent generalization performance, successfully predicting the average valence
and RDF from averaged spectra, which correspond to experimentally measured data. This measurement informat-
ics approach enables rapid and quantitative analysis of the local structure in amorphous SiOy, establishing a ro-
bust inverse model applicable to material design. The proposed framework is not limited to SiOy and holds signif-
icant potential for accelerating the structural analysis and rational design of a wide variety of amorphous
materials crucial to industrial applications such as battery electrodes, barrier coatings, and optical components.

Key words: amorphous, SiOx, XANES, measurement informatics, neural networks
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Report on the 21% International Zeolite Conference (21* 1ZC)

The 21* International Zeolite Conference (1ZC2025),
held in the picturesque city of Dalian, China, marked a
landmark event in the field of zeolite science and tech-
nology. Bringing together leading experts, researchers,
and industry professionals from around the world, the
conference provided a vibrant platform for the exchange
of cutting-edge research, innovative ideas, and collabora-
tive opportunities. As a participant, I found the confer-
ence to be an exceptional academic experience that sig-
nificantly deepened my understanding of current
advances in zeolite research, particularly in titanosilicate
zeolites and their catalytic performance. The event also
offered valuable opportunities for in-depth discussions
with distinguished scientists, allowing me to explore the
future directions of zeolite development. During the con-
ference, I presented my recent work on enhancing the
catalytic performance of Ti-Beta zeolites through post-
synthetic modification using ammonium fluoride in
methanol solutions. This study focused on the applica-
tion of the modified zeolites in the epoxidation of cyclo-
hexene with hydrogen peroxide, demonstrating notable
improvements in catalytic activity.

Personally, one of the highlights of the conference was
the opportunity to present a poster showcasing my latest
research, which focuses on the regulation and character-
ization of titanium active sites in titanosilicate zeolites
and their application in the epoxidation of cyclohexene.
My presentation, titled “Ti-Beta zeotypes with open
Ti(OSi);0H sites for the efficient epoxidation of cyclo-
hexene with H,O," attracted significant interest from
both experimental and computational researchers. The
ensuing discussions were both insightful and stimulating,
with attendees offering valuable feedback and perspec-
tives on potential future research directions. This session

underscored the critical role of fundamental material de-

Yokoi Laboratory, Institute of Science Tokyo

Bowen Xu

Fig. 1. My poster at this conference.

sign in addressing practical industrial challenges, partic-
ularly in catalysis and energy conversion. In addition to
my own presentation, the keynote and plenary sessions
provided a wealth of insights into the latest advance-
ments in zeolites research. Renowned scientists shared
pioneering work on novel synthetic methodologies.

One of the most compelling discussions at 1ZC2025
centered on the interdisciplinary applications of zeolites,
which significantly broadened my understanding of their
potential beyond traditional roles in catalysis and adsorp-
tion. For instance, Professor Feng-shou Xiao presented
innovative work on the sustainable synthesis of zeolites.
Another noteworthy presentation focused on the regula-
tion of titanium coordination states to synthesize six-co-
ordinated titanium species, which exhibited enhanced
performance in olefin epoxidation reactions. This topic

resonated strongly with my own research interests.
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Fig. 2. Plenary lecture from Prof. Xiao.

Fig. 3. Oral lecture from Prof. Xu.

The ensuing discussions were thought-provoking and
inspiring, sparking ideas for possible future collabora-
tions. These interdisciplinary explorations highlighted
the remarkable versatility of zeolites and their potential
to address a wide array of global challenges, particularly
those related to environmental sustainability. Another
fascinating aspect of the poster sessions was the empha-
sis on computational modeling and simulation. Several
researchers presented advanced techniques for predicting
the structure and behavior of zeolites, enabling the ratio-
nal design of materials with specific functionalities prior
to actual synthesis. The integration of computational
tools with experimental research is undoubtedly a prom-
ising direction for the future of zeolite science-one that I
am eager to explore further in my own work.

These interactions offered valuable insights into novel
synthesis strategies and catalytic applications of zeolites
and facilitated in-depth discussions on potential collabo-
rations that could integrate our complementary research

strengths. | am sincerely grateful to the Japan Zeolite As-

jniversity of Patroleum (UPC).

Fig. 4. Lab group photo.

sociation (JZA) for their generous financial support,
which enabled my participation in this high-level inter-
national conference and allowed me to gain a broader
perspective on recent global advancements in zeolite sci-
ence.

In addition to the conference’s intellectually rigorous
program, the city of Dalian left a lasting impression with
its natural beauty, cultural richness, and historical depth.
Under the thoughtful guidance of the conference organiz-
ers, participants had the opportunity to explore the city’s
stunning coastal landscapes, notable historical sites, and
vibrant local culture. From the serene views of the coast-
line from Bangchui Island to informal conversations with
researchers from across the globe, these experiences pro-

vided an ideal setting for relaxed yet meaningful aca-

Fig. 5. The scenery on the island.
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demic exchange, fostering both collegiality and the pros-
pect of future collaboration. The city's cultural and
historical context added a distinctive humanistic dimen-
sion to the overall conference experience, rendering the
journey not only academically rewarding but also per-
sonally enriching.

The 21* International Zeolite Conference was an im-

mensely rewarding experience, providing me with the

opportunity to learn from leading experts in the field of
zeolite research and to share my own findings with the
scientific community. The conference served as a valu-
able platform for the exchange of ideas, the exploration
of emerging research directions, and the establishment of
enduring connections with scholars from around the

world.
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The 21* International Zeolite Conference (1ZC2025)
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Report on the 21% International Zeolite Conference (IZC2025)

The 21* International Zeolite Conference (1ZC2025),
held in the vibrant city of Dalian, China, was a pivotal
event in the field of zeolite science and technology.
Gathering world-renowned experts, researchers, and
industry professionals, the conference provided an
exceptional platform for sharing cutting-edge research,
discussing emerging trends, and fostering international
collaboration. As a participant, I found the event to be an
inspiring academic experience that significantly broad-
ened my perspective on the interplay between zeolite
structure and catalytic functionality. In particular, the dis-
cussions on framework modifications and their impact on
catalytic properties resonated strongly with my own re-
search, which focuses on elucidating the influence of
dealumination on metal dispersion. Presenting my work
at 1ZC2025 not only deepened my understanding of this
topic through valuable feedback from leading scientists
but also opened new avenues for collaboration and future
exploration in zeolite-based catalysis.

Personally, one of the highlights of 1ZC2025 was the
opportunity to present my poster entitled “Effect of

e et

Fig. 1. Beautiful view from conference center

Yokoi Laboratory, Institute of Science Tokyo

Xinbo Pang

Dealumination on the Loading of Metal Species into
Zeolites.” The presentation attracted significant attention
from researchers interested in both zeolite modification
and catalytic metal dispersion. The ensuing discussions
with experts from academia and industry were highly
engaging, providing valuable feedback on the mechanistic
understanding of dealumination and its role in enhancing
metal loading and dispersion. These interactions not only
helped refine my research perspectives but also opened
potential avenues for collaboration.

In addition to my poster presentation, the keynote and
plenary sessions offered a wealth of insights into the
most recent advances in zeolite science. Renowned
scientists shared pioneering research on novel synthesis
strategies, advanced characterization tools, and innovative
applications of zeolites in catalysis, adsorption, and energy
storage. These sessions underscored the growing signifi-

cance of combining experimental and computational

Fig. 2. My poster presentation
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approaches to design zeolite-based materials with tailored
functionalities, further reinforcing the relevance of my
own work in addressing practical catalytic challenges.
One of the most compelling discussions at IZC2025
was the green synthesis of zeolites. In the context of the
dual-carbon goal, greener and more environmentally
friendly methods of zeolite synthesis can give zeolites
the potential to be more sustainable and better serve in-
dustrial applications while maintaining excellent catalytic
capabilities (Fig. 3 shows Prof. Xiao presenting the
green synthesis of zeolites). Another noteworthy presen-
tation was on the advanced characterization of zeolites.
Research forward residual participating experts demon-
strated the use of advanced characterization techniques
to analyze the position of atoms and their changes in the
zeolite pores, with vivid animations, which were very in-
tuitive and fascinating. The topic resonated deeply with
my own research interests. The ensuing discussion was
both thought-provoking and inspiring, leading to poten-
tial ideas for future collaborations. These cutting-edge
research explorations emphasized the versatility of
zeolites and their potential to address a wide range of
global challenges such as environmental sustainability.
Another remarkable aspect of the poster sessions was
the strong focus on the relationship between zeolite
framework modifications and their impact on catalytic
metal dispersion. Several presenters shared compelling
studies demonstrating how dealumination, coupled with
precise characterization techniques, can significantly in-

fluence the distribution and accessibility of active metal

Fig. 3. Plenary lecture from Prof. Xiao

sites. These discussions resonated deeply with my own
research, further reinforcing the importance of under-
standing framework chemistry as a foundation for
rational catalyst design.

Moreover, the exchange of ideas during these sessions
highlighted the growing trend toward combining struc-
tural tuning strategies, such as dealumination and ion
exchange, with advanced in-situ and operando character-
ization methods. This integrated approach not only
accelerates the development of highly efficient catalysts
but also provides fundamental insights into structure—
performance relationships, which are central to the future
of zeolite-based catalysis.

Beyond the academic rigor of the conference, the city
of Dalian left a lasting impression on me. Under the
warm guidance of the conference organizers and the
support of local volunteers, we had the chance to enjoy
the city’s beautiful coastline and relaxing seaside

atmosphere. Strolling along the shore and sharing

Fig. 5.  Group photo of our laboratory
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informal discussions with fellow researchers created an
ideal environment for building meaningful connections
and exchanging ideas in a more casual setting. The
combination of Dalian’s natural beauty and welcoming
culture added a memorable dimension to the conference
experience, making it both academically rewarding and
personally enriching.

The 21" International Zeolite Conference (1ZC2025)
was a profoundly enriching experience, providing me
with the opportunity to learn from leading experts in
zeolite science and to engage in inspiring discussions

with researchers from around the world. The conference

1 b (44)

served as an invaluable platform for exchanging ideas,
exploring emerging trends, and building meaningful pro-
fessional connections. In conclusion, this event has
significantly broadened my scientific and professional
horizons. I am now more motivated than ever to continue
pursuing excellence in research and to explore new
opportunities for collaboration within the global zeolite
community. The insights and relationships gained at
1Z2C2025 will undoubtedly have a lasting impact on my
future academic endeavors, and I look forward to the
next opportunity to with my peers in the zeolite commu-

nity.
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Report on the 2025 International Zeolite Conference

Wakihara Laboratory, The University of Tokyo

1. Introduction to the Conference

The 21% International Zeolite Conference (IZC) was
held from July 14 to July 18, 2025, in Dalian, China. As
one of the largest and most influential conferences in the
field of porous materials, the conference brought together
researchers from all over the world. The event was joint-
ly organized by Jilin University and the Chinese Zeolite
Association (CZA), with the aim of advancing global
collaboration and knowledge exchange in zeolite science
and its industrial applications.

The conference featured six parallel sessions running
simultaneously throughout the week. Topics covered
wide and cutting-edge research areas, including zeolite
synthesis, advanced characterization techniques (e.g.,
operando spectroscopy, synchrotron radiation), catalytic
applications, gas adsorption and separation, direct air
capture (DAC), and computational modeling. In addi-
tion to plenary and keynote lectures by internationally re-
nowned scholars, the program included oral presenta-
tions and poster sessions, offering rich opportunities for

academic exchange and industry interaction.

Fig. 1. 1ZC venue

Hanlong Ya

2. Knowledge and Insights Gained

During the conference, I explored a wide range of re-
search themes and technological innovations. What im-
pressed me a lot were the presentations on the rational
design of zeolite structures and advanced separation
mechanisms. Additionally, in the gas separation sessions,
several talks addressed the role of zeolites in separating
small molecules such as CO,, CHy, and C,H,.

Operando spectroscopy emerged as a particularly ex-
citing topic. On the first day, Dr. Bert Weckhuysen deliv-
ered a compelling plenary lecture titled “Operando Spec-
troscopy and Microscopy of Zeolite-Based Catalysts.”
His presentation showcased real-time characterization of
intermediate and phase transformations. Similarly, Dr.
Zhu's study using operando X-ray absorption spectrosco-
py (XAS) provided detailed insights into copper species
in Cu-ERI zeolites, showing that the Cu/Al ratio critical-
ly affects reducibility and methanol productivity.

Prof. Wang presented a breakthrough in the single-
pass conversion of syngas to C, oxygenates by develop-
ing a dual-site methanol—carbonylation catalyst. This
system reduced the CO/CH3;OH ratio requirement from
2>30/1 to ~2, enabling high CO conversions and ~90%
selectivity for acetic acid or ethanol—an unprecedented
achievement.

Prof. Shang introduced the molecular trapdoor mecha-
nism, enabling invertible separation of Xe and Kr by tun-
ing door-keeping cations in LTA zeolites. This innovative
concept challenges conventional sieving logic and offers

promising applications in noble gas separation.

3. Academic Activities at the Conference
During the conference, I also presented a poster titled

“Two-Order-of-Magnitude Enrichment of Trace N>O in
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Fig. 2. Left: poster presentation. Right: discussion with Prof. Xu

Sludge Sintering Exhaust Gas Using 13X Zeolite.” My
research focuses on the selective separation of CO, and
N,O using cost-effective 13X zeolite under industry-re-
sembling conditions. During the poster session, I re-
ceived valuable feedback from many researchers.

In particular, I had a meaningful discussion with Prof.
Xu, an expert in XRD refinement. His practical advice
and experience were highly relevant to my research, es-
pecially in the structural analysis of ion-exchanged zeo-
lites. The insights I gained will directly support the ad-

vancement of my ongoing work.

4. Outlook and Future Perspective

Participating in the conference was an invaluable ex-
perience. The opportunity to contact leading experts and
learn about cutting-edge advancements has expanded my
academic vision and strengthened my commitment to re-
search. In the future, I aim to integrate advanced charac-
terization techniques into my investigations. The con-
cepts and technologies I encountered—such as trapdoor
adsorption—offer exciting pathways for improving gas

separation performance.
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Report of the [ZC

The 21" International Zeolite Conference (21% 1ZC)
was held from July 13th to 18th, 2025, in Dalian, China.
Together with Prof. Ogura Masaru and Dr. Taeyi Nam,
we joined this conference which focus on the micropo-
rous and mesoporous materials and their application.

This conference has totally 5 plenary speakers and I
am impressed by the lecture that given by Prof. Feng-
shou Xiao. The title of the lecture is sustainable synthesis
of zeolites. Prof. Xiao introduced different kinds of
method that can be used in the synthesis of zeolites with-
out using organic structure directing agent (OSDA). By
reducing the usage of OSDA, the cost and pollutions dur-
ing the production of zeolite can be decreased. In addi-
tion, not only the small-scale synthesis was done in the
laboratory, but also the scaled-up equipment that can be
using in industrial was developed. As a Ph.D. student in
university, | always think about the results that obtained
from the experiments and how to write them to a journal
article. Prof. Xiao's lecture noticed me that the real appli-
cation is also very important. We need to think about
how our research results can be used in the real applica-

tion.

Fig. 1. Opening ceremony of 21" IZC.

Ogura Laboratory, The University of Tokyo

Shuran Liu

Another plenary lecture I want to mention is given by
Prof. Christopher W Jones from Georgia Institute of
Technology. The title of his lecture is direct air capture of
carbon dioxide with nanoporous materials. Nowadays,
large amount of greenhouse gas is released in to the at-
mosphere and the global temperature raised rapidly. To
solve this problem, the technology of CO, capture and
utilization need to be developed. Prof. Christopher W
Jones use modified nanoporous materials which contain
different kinds of amine groups. First, he studied the CO,
adsorption behavior of primary, secondary and tertiary
amine. After that, the effect of amine amount was also
considered. Since this type of material is used in the air
atmosphere. The effect of O, and H,O was also dis-
cussed. His works on this topic were developed step by
step and I think it is best to carry out the research based
on the logistic and finally a couple of systemic works can
be done.

On the evening of the 15th, I attended the poster pre-
sentation and discussed the topic of partial oxidation of
CHy4 with students from KU Leuven. They used Cu-
based zeolites, which could oxidize CH4 to methanol at
low temperatures using oxygen. In contrast, Fe-based ze-
olites could not catalyze the reaction between CH4 and
oxygen, and could only catalyze the reaction between
CH4 and N,O. The difference in this property between
Cu-based and Fe-based zeolites is a very interesting re-
search topic. It gave me a clearer understanding of my
future research direction.

On July 16th, before I present my work, I first become
the chair of one secession. As the Chair of the session be-
fore my presentation, I was responsible for introducing
the speaker, managing time effectively, and facilitating a
smooth and engaging academic discussion. I began by

delivering a brief but informative introduction of the



168 £+ I 4 b (52)

i )
SYNTHESIS AND CHARALTERIZATIO

Present
Dr. Warot Pr

chool of Energy Science
Vidyasitimedhi Intitute of Scie

at
The 21 st International Zeolite Con

Fig. 2. I was chairing one section of the conference.

dies on selective catalytic

L XAFS-DRIFTS stu ;
Operando 1R and i it x.\Fi& and NH-containing atmospheres

reduction of ,0 by CH. i

Shuran i, S Yosunum, Z2n Mzeno, Takeshi Ohishi, Masaru Ogura
3 2050716

Fig. 3. I was presenting my works.

speaker, highlighting their background.

After that I present my work, about the Operando IR
and in situ XAFS-DRIFTS studies on selective catalytic
reduction of N,O by CHy4 in NO- and NH3-containing at-
mospheres. This was not my first time presenting at an
international academic conference, and I was very famil-
iar with the content of my talk. I successfully completed
the presentation within the allotted time. The audience
asked several questions, and I responded to them accord-
ingly.

In the evening of July 17th, I attended the banquet that
held by the conference. Many famous professors were
also attended. The banquet was held on a cruise ship and
we can enjoy the beautiful landscape of Dalian Port to-
gether with the delicious food. During the banquet, the
international zeolite association presented awards to
many professors who have made outstanding contribu-

tions in the field of zeolite. In addition, some professors

Fig. 5. Night view of Dalian.

extended their self-composed song of zeolite, whose lyr-
ics include multiple languages, bringing joy to all the at-
tendants which from different countries. I also exchanged
research ideas with several students from the University
of Hong Kong.

Midway through the banquet, many people went up to
the upper deck of the cruise ship to enjoy the beautiful
night view of Dalian and the lights on the buildings
along the shore. I discussed the CH4-SCR reaction with
Professor Xiangju Meng and compared the similarities
and differences between their cobalt zeolites and the Fe
zeolites that I am researching. Time flew by quickly, and
we returned to Dalian Port as the banquet came to an
end.

On the last day of the conference, I attended Prof. Ji-
angfeng Yang's presentation on the adsorption of N,O
and CHa. In my research, I use the reaction between N,O

and CH4 to remove these two greenhouse gases, while
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Prof. Jiangfeng Yang's report focused on adsorption us-
ing Fe-MOF materials. I discussed with him the issue of
adsorption of these two gases on Fe zeolites.

After that, we left the venue for the airport and re-
turned to Japan. Attending the 21™ 1ZC broadened my in-

ternational perspective, allowed me to make new friends,
and deepened my understanding of my research. I sin-
cerely thank Japan Zeolite Association (JZA) for spon-
soring this trip.
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