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AVR—=F AL A ThDHMCMA1 ZHHEE L,
AFHOEEF 7 FT (Au,Ag, Pd,Pt) Z[EE L7
THFF AR il % P L 720 MCM-41 1K L CTZE N2
NOKBEMEEALDIEZ TS wt% 2% 5 &5 &R
Mz &AL, Z0%H0200C I8 5 KRERT
MBI L) Y ) AT IR TRER S,
DU A REIH L 72 &Ik O R & % XRD IS
Lo THiL7 (Do $XRTORBTHET S
& )7 FE o T 0 3 5 T (Face-centered cubic, FCC)
WIS B /87 — VBl S iz FE1I
X, IhHonITy 7 F Ve v =5 — (Scherrer)
RICE o THIB LSRR O PR 1% RT, Pd
BLUOPOPYRTFEE 7 — FaEHTE—2 %
L, 24nmmB L 3. 7nm & BfED Sz, —7,
AuB XU Ag IR & B ER THEEZALTE
D, MFLY A XD/ E % MCM-41 OFAFL L E 2
TERWVWEEZDOND, £2T, &BF /M TI2X
HHLHZE DB A DD 5 72, DR NE IS
Lo TP OB L OHILEZ 551 L 720 X2
BLUECE, AR OBAESRME FE - 7Y
ML RS TRTOREDS I 7 1V B S5
WY ZRLTHY, ZOEMRIET0~920m’g
SEIHMILEIE2.8~29m TH o720 T b 0k
fEIZEEHR DO MCM-41 L FISETH Y, SERA % HEE
% AR 2 LRI R FE S T w/z, XRD T
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£1 AVR—F AT HIHFEEE O W

Ll 2 -1 et = [b] SIS KT/ nm
ﬁﬂﬁ% SBET /m g Fﬂﬂ}[ﬂ% Il [l
XRD TEM
5%Pt/MCM-41 913 2.4 29%0.7
5%Pd/MCM-41 889 3.7 Not measured
5% Ag/MCM-41 770 23 Not measured
5% Au/MCM-41 822 35 Not measured
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2 AVEKR—=F 2T AR D N, W S

A b o728 T4 X EMILEEZZET 5 &,
PRI T O AL IS S iR s hTwb &%
ZHN5b, PAMCM-41 b MIFLELL T DR 13 XV
LHNEICHEEENTWSDS, 3nm% LR Z¥ A X
ORTIIMALA BT 5 2 L HEmICEE ST
TeEZONL, —F, KiBGOEBRTHHIFLY
A4 A% KIFIZ B - 72 AwMCM-41 8 £ O Ag/MCM-
41T, RELEBBTVIMHET L LR INR
T O AN E S N7z PUMCM-41 O PR -3 4 X
133E M B TS (Transmission electron microscopy,
TEM) \CX 2880008 Lz, M3IRLE
PYMCM-41 ® TEM G- H. T, MIFLNTBICHE T/
R DR STV B R E SRR SN2,
TEMBIEIC L o THRMED 5 72 Pthi T 4 X329+
0.7nm & 7 U, XRD[H#HH RO - GEAF1E L
—H L7

3 Pt(5wt%)/MCM-41 D TEM 5 .

AR O 2, [ PR BOG S & 7z
IF L EBALBOSIC & o TEMli L 720 $HF 40 st
(020g) ATV L ABMBSERICTEL, Z2MHH
BE 1500 mLh ™' g~ ' (CoHy : 0.32 vol%, O : 20 vol%,
Ny:5vol%, He: /N T ¥ A) ORI Tl UGS %
FEL 720 K412iE, 25200C 1B K0 F
L U LR O ZALEZ R0 PUYMCM-41 142 B 58
WCBWTERILE>999%E2RLTBY, TFL /&
AL BB L CMied T Il 1 2 R L 72e —
J5, Ao 3HFF 4 )E fil 1% 25-50C o Ik TR AL
40%LLT L2, 50C LLEDBUSIREE 23§ 2 k47
PEZ K& B 5 720 PAMCM-411F50C 2L EA S
FalcnF L vl ks EA L, 125C 0L LTzt
F>99.9% % /8 L 720 Ag/MCM-41 1 4z il 5 3638 T
—EDRALE (#40%) ZRL7=0ICH L, Aw
MCM-41 » =5 L ¥ b381E 150CHF A Bk 4 12
EHL20C TS LEE R ST LT, AV
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FIRALT1F/ nm
folt Sper/m’ g ! Gl oy g™

COW5 XRDY TEM'™®
5%Pt/MCM-41 913 0.38 3.0 2.4 29+0.7
5%Pt/SiO, 270 0.25 4.6 5.8 43*+1.2
5%Pt/Al,O3 143 0.44 2.6 — 20x1.0
5%Pt/ZrO, 72 0.50 23 — 1.2%£0.5
5% Pt/TiO, 52 0.20 5.7 — 28%1.1
1%Pt/MCM-41 820 0.51 2.2 1.7 2.0£0.6

W BET A, ™ CONVAMIEIC L o TRAD 2 7250C IS B 28BS E, " SRR TH (paed) = 1.13/D (D:
COPtA S RS » =& maiE), Wy 25 —R% Mo TXRDE Y — 225 REED - - 4R T% © TEM
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25 50 75 100 125 150 175 200
Temperature / °C

B4 XvER—=F AT HHFEEE Mo FOS R &

IF L Ui bR oMM

@®: Pt/MCM-41, ®: Pd/MCM-41, ¥: Au/MCM-41,

A AgMCM-41

R—=F 22 ) AHFHEMELS T F L VBILROR I
X U CHRR IS WA E 2 R 3 2 L S & 222
otz

3. HEASHEOTIFL OBbICHT 2BHFIE

WIZ, B & 2 B4R & T w TR il i A 3R
L, ZOTF L ALY 30 L7220 JERIIZ L
PED Si0,, TiO,, ALOs, ZrO, 125 L T MCM-41 & [k
DERFEICE VEARD S W%l b L) ICHEE
HFEL 720 K5I B SN HEOXRD 78S —
%Y, PYSIO, TIZPYMCMA41 & AR A&k T- 0
FCCHEEIRIE SN BT ¥ -7 PRS0
L, MoORE TP ORI — 7 e
NOIRB LY DX R EO YT — 7 L EHE L T
Wizo 207z, BALWERIISVE S i F4ah T
B A4 X% XRDEHTE— 27 O HMICAMED 5 2

|
|
|
W
1 5%PY/TiO,

5%PY/Zr0,

;
/J\J\_,/-/L_/ 5%Pt/AI,O,
A |
am \ (220) \ (200)
i : 5%PY/SiO,
: i
;
H
'

TN~ 5%PtMCM-41
|

L 1 o | ! | L | L
30 40 50 60 70 80
26/ degree

X5 HFFAEMED XRD /S — >

Intensity / Arb. unit

LIZTER V. XoT, CONVANMES XU TEM
BEC X o TR SN2 AEOR 1% % 35 L 72
F2121, Ao con o AMED, S SN
SRR L PR TR % L7 Y K& KR
AT 5HPUMCM-411E, H\Va&EsaE (0.38) &
NS BPORLFE (3.0nm) %R L7z, 4FE ORRAL
PR O FH R IE MCM-41 & 1) b KIFIZ/N S VWS,
Z D5 &R T AR MR IIARAT L 2 &
7 o 725 PYSiO; & PUTIO IEMCM-41 & 0 /NE 7
EESTEEZRLTEY, WERITO AR 75D
R SsomBEIE & B o 720 — ), PYALO; B & U PY
Zr0, D F M FE 1T MCM-41 D 1/6 FEETDH % 25, PY
MCM-41 % K& L2 E V&R HEEZRL TS
0, ZOHESRTRIEH25m & HED bz,
6IITHE D TEM B AIR T, T XTORE T/
7 AR T ORMICASK T2 BRI TBY,
ZORTEIECOIV AMETHED SNt X
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X6 JHFFE4filio TEM 52
(A) Pt/SiO,, (B) Pt/AL0s, (C) PY/Zr0,, (D) PYTIO,

3okt ol B, PYSIO,DHER T£
WEXRDOEHT Y 7 Fuh bz =KX - TH
Fbo7zASTEE I RW—8ERLE (K2,
NS OFE OB VE A, R 5 PR SO 2
EHWI LT L Y BALBORS X o TEHI L 720 X7
12, B 025200CIC BB F L VEE{LRD
A% RS, TTITRLAZL 9IS, PYMCM-41 134
TR I B CTHRIEEE >99.9% % 7k L 72o 3HEHH
o M FFE 4 il B (PYALO;, PUTIO,, PYZr0,) b
125C PL oo ik BE 3 ¢l AL 3 >99.9% % /- 4%,
125CULFClkfic oo F L Vil b E2METF L 72
Pt/Si0, 13 At o filt #8512 N CIKIR IS T b v
L Ui bR 2R L, 25CICBIT 55 L bR
MDA & 0w (L3 >60%) & 7257z
LHL, 25CICBVWTIF L Y DOREFHEIFE
72572 DIEPYMCM-41 DA 5 T2 o THEH
Frmz 1wt% & L72PUMCM-41 2 &% L, 25C &
0T BT BAKHEEE T F L~ O % 3R i

Ethylene conversion (%)

0 T 1 1 1 1 1 1
25 50 75 100 125 150 175 200
Temperature / °C

7 HFFASAEEOSOSRE & =5 L i LEOM
BT
®: Pt/MCM-41, @: Pt/SiO,, V: Pt/ALOs, A: Pt/
ZrO,, M : Pt/TiO,

A L7720 B L72Pt(1 wt%)/MCM-411Z MCM-41 4§
HOMILEEE: (KK 820m g, MILE:
2.81m) EEWEIRSEE (051) 2HLTWS Y,
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A 100 [N —i—t——t——0—0—0—0—0—

80 4

60 4

40 <

Ethylene conversion (%)

20 4

Time on stream / h

B 100 . v

80 4

60 = N i .

40 4

He flow| He flow
20 - 200°C 200°C

Ethylene conversion (%)

0 T T T
0 1 2 3 4 5 6 7 8

Time on stream / h
X8 Pt(l wt%)/MCM-41ZJH\\ 722 F L VLG D
R AL
(A)25C,(B)0T

Pt(1 wt%)/MCM-41 O 14+ 481, Co 8
5E, XRDME, TEMBIZE26#2mm & /KD bh
7oo F7z, HEFFL 2B SR T P(S wt%) /MCM-41
ERBRICHIALARR IS m o R S T vz (K9
(A))s K8IZIE, 25CTHB L TOCICBT LT L~
AL BUS ORI L 2 7R3, HFESE ML (0.40 g)
BAT VUV ABBIGAERICHREL, EMEE
1500 mL h ' g71 (C2Hy4 : 50 ppm, O, : 20 vol %,
Ny:5vol%,He:/NF Y &) OFEMICTZF L U
LIS % FEhti L 720 Pt(1 wt%)/MCM-411325C 2B
WTR2IEMIZD ) =5 L Vi bE>99.9% & fi ¥
L 726 50ppm & W 5 KR E T F L » 15 L TPt
(1 wt%)/MCM-41 13 RIRFIIZ b7z o TR L 721k
BRaiEtk 2R LY, FEHMEL LTomVwET
VIR NVERLT. FIT, WICKIBIRER 0CIC

Mo T F L ¥ AL ST % O Pt(1 wt%)/MCM-41 O
TEM 5.E
(A) BUwdr, (B) RG#

i 7€ L T PYMCM-41 O filt B35 P % 57 Afi L 720 Pt
(1 wt%)/MCM-41 (& B 2> & 1R DL i b
725 T998% L LB VI F L Vg bR EZ R L7
B, FOWHEIEEA IR Lz oMK TIZT
F U VBAUIC & o THERL L 72K 5 T 25 &kl T~
HLAZLIGERLTW S, WPEET L 72 fildi 2 ~
U7 AR TIZT200C TMET 5 &, HaEH A b
R LT G R ASER 2 S TG P s Il 45
L7z FAELZPYMCM-A41 I EIEMICH 2> TH
WIF L VR EEZ R L, 3EHOMY KLU
BOTOHIHMHETIZR SN0 o e KIBHI DR
HoORIELEZ TEMICE > TBIg LA (X
9), MFLAEE DB TR HETS /T O&ES
TRIRTEOWEKRE EQMHER SN o7 Lo
T, PUMCM-41130C I BT A RREEZF L ¥
(50 ppm) DFEALIT IR L T2 T i o il 1k
Ry R T 5o
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Z|o.005
(e) O,+He(35 min)

3278
4, 2078
2941

/
(d) O,*+He(25 min)
(c) Oy+He(15 min)

(b) O,+He(5 min)

11 (a) C,Hy+O,+He(30 min)

L] L) L] L
4000 3500 3000 2500 2000
Wavenumber/ cm™’

B s
s < Z]o.02
e = ® 9
g —~ 0,+He(35 min)
i — | 0,+He(15 min)

; — O,+He(5 min)
. ? ' i 0,+He

C,H,+0,+He(30 min)

- L] - lI - T T
2000 1600 1200 800
Wavenumber/ cm-!
1o xTF L »&WEHEL KPS wt%)/MCM-41 O
50CIZB1F % DRIFT AX7 kL
A: 4000-2000 cm ' 4H $, B:2200-700 cm ' 4H
I

4. P/MCM-41ICH 3BT FL CBRILHBED XA H

= X LR

AYR—=F AT ) ARMMEELZAET /KT
WCEBIFLVBILOGA H = XL %, 7—1) T
ZEWRAMIEBUCET (Diffuse Reflectance Infrared Fourier
Transform, DRIFT) 7G0TI & o THRGT L7z K%
KR T T200C, I O i AL EE % L 72 Pt(Swt%)/
MCMA41IZx LT, 50CICTZF L YREN A
(C;H4:02mLmin ', Oy:4mLmin ', He: 16 mL min )
Z 30 MBS TIR AR MLEHIEL (K10
(@), EBICZFDOHBTIFL Y OMHORZELL
T—EMFEICTIRARZ MVEIIELE (X10(0)-
(€)o BI0IWRL72ANRY Mg, N7 A5PH
KETMELIZNY 2759 FART P Ve D
AT MVTH5B, K10 (a) TEEALZZT L

= ~
Z|oo2 N &
S S 1
N 2 w0 =
(c) HCOOH g3
on MCM41 \ / 2

2954
2909
1726

o
(b) HCHO on \ / 8 ~
5%PtMCM41 S 5]
= -
Q\ /R 9
<
(a) HCHO N
on MCM41

N
2840
1725
- <« 1480
-—
\1 395

r T T T
4000 3500 3000 2500 2000 1500
Wavenumber / cm™'

K11 (@) ANVATNVFe FaElsE S8R50
MCM-41 ® DRIFT A X7 k)b, (a) FIV AT
VFe FEWaE S 872Pt(5wt%) MCM-41 D
DRIFT A X7 b, (c) ¥FEz WG €7
MCM-41 ® DRIFT A X% bV

VRSN DWIPN Y FIZR S e wDds, sl
X o TEH L72AK%T (OHM#HIESE), 3278 cm™ ")
W1 (2978 em ™' CHANARREY, 1730 om '
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Low-Temperature Oxidation of Ethylene over Platinum
Nanoparticles Supported on Mesoporous Silica

Kiyotaka Nakajima and Atsushi Fukuoka

Institute for Catalysis, Hokkaido University
Kita 21 Nishi 10, Kita-ku, Sapporo 001-0021, Japan

Ethylene released from fruits and vegetables accelerates their aging even in refrigerators. To oxidatively re-
move traces of ethylene from a gas mix, supported metal nanoparticles were tested. A Pt catalyst supported on
mesoporous silica gave complete conversion of 50 ppm ethylene even at 0C. IR experiments suggest the facile
oxidation of CO over Pt on the silica supports is the key to the catalytic activity.

Key words: Ethylene, Supported metal catalysis, Oxidation, Platinum nanoparticle, Mesoporous silica
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Table 1. Synthesis conditions of layered silicates HUSs
Layered . OSDA/SiO, NaOH/SiO, H,0/Si0, Related zeolite
o SDA cation . . .

silicate ratio ratio ratio type
HUS-1 Tetramethylammonium 0.6 0.2 5.5 AST, SOD
HUS-5 Tetramethylammonium 0.6 0.2 5.5 AST, SOD
HUS-2 Choline 0.4 0.2 5.5 HEU
HUS-3 Choline 0.2 0.2 5.5 CDO
HUS-4 Choline 0.6 0.2 5.5 CDO
HUS-7 Benzyltrimethylammonium 0.2 0.2 5.5 HEU
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1 : I 1-layer

Fig. 1. Crystal structures of layered silicates HUSs; (a) HUS-1, (b) HUS-5, (c) HUS-2, and (d) HUS-7.
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Fig. 2. Adsorption isotherms of Ni*" from seawater on
(@) HUS-1, (0) magadiite, ( X ) montmorillonite,
and () mordenite.
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Fig. 3. Adsorption isotherms of (@) benzene and ([])
phenol on HUS-7 from (A) single- and (B) bina-
ry-component acetonitrile solutions.
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Fig. 4. (A) N, adsorption isotherm and (B) TEM image
of novel nanoporous silica HUS-6.
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Design of Adsorbent, Porous Material, and
Catalyst Utilizing Novel Layered Silicate
Hiroshima University Silicates (HUSs)

Nao Tsunoji and Tsuneji Sano

Department of Applied Chemistry, Graduate School of Engineering,

Hiroshima University, Higashi-Hiroshima 739-8527, Japan

Layered silicates, consist of silicate layer with high structural similarity with zeolite and interlayer exchange-

able cation, have attracted interest in many applications such as catalysis and adsorption. From such viewpoints,

we have investigated the syntheses and structural analyses of new layered silicates, Hiroshima University Sili-

cates (HUSs), which were synthesized using various types of alkylammonium cations as structure-directing

agents. In this paper, we reported their adsorption and ion-exchange properties and the potential as precursors for

catalyst and porous material.
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Alternately Stacked Lipophilic and Hydrophilic Nanospaces
in a Novel Crystalline Organic—Inorganic
Hybrid Microporous Silicate

Katsutoshi Yamamoto™, Takuji Ikeda™*, Norihito Hiyoshi**,

Shun-ichi Matsuura™* and Tetsuya Kodaira™**

*Faculty of Environmental Engineering, The University of Kitakyushu

k. ¥ Research Institute for Chemical Process Technology,

National Institute of Advanced Industrial Science and Technology

A novel crystalline organic—inorganic hybrid microporous silicate material has been successfully synthesized.
This microporous material is synthesized through the self-organization of a bridged organosilane, bis (triethoxysi-
lyl) benzene, tetraethyl orthosilicate, and alumina and constructed from a lipophilic silicate layer bridged with
phenylene groups and a hydrophilic layer bridged with Q2 silicon species. This unique structure can be called a
crystallized Langmuir-Blodgett film. Hexagonally arrayed 12-ring large pores penetrate the layered silicates to
form alternately stacked lipophilic and hydrophilic nanospaces, so this microporous material has large adsorption
capacities for both an organic compound and water. In addition, this material shows a large adsorption capacity
for an enzyme and unique fluorescence behavior.

Key words: Organic—inorganic hybrid, bridged organosilane, lipid bilayer, amphiphilicity, enzyme immobiliza-
tion
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