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Application of Clay-Organic Hybrids to Nonlinear Optical Materials

Yasutaka Suzuki, Jun Kawamata

Graduate School of Medicine, Yamaguchi University

Organic compounds surrounded by layered inorganic polymers such as clay minerals
exhibit specific properties significantly different from those in solution states and/or in crystalline
states. This is due to steric limitation of the surrounded space and/or layer charge of the
layered polymers. Although such inorganic-organic hybrid materials are expected to exhibit
specific optical properties, such materials are typically light-scattering media. Difficulties in
fabricating a low light-scattering hybrid material with a sufficient thickness have hindered
the use of such materials for optical materials, especially for nonlinear optical (NLO) materials
which require considerably low light-scattering. Hybrid films fabricated through a simple
protocol, which involves mixing an aqueous dispersion of an exfoliated clay mineral with a
dye solution, followed by filtration, are known to show relatively low light-scattering properties.
We have optimized fabrication conditions of the protocol. The obtained films were not only
suitable as NLO devices in both size and thickness but also possessed very low light-scattering
properties. In the present paper, the key points of the novel protocol are introduced. Salient
NLO properties characteristic to the hybrid materials have been found from the novel films.
Two-photon absorption and optical second harmonic generation properties of the films are
exemplified.

Keywords: Inorganic-organic hybrid materials, Clay minerals, Nonlinear optical materials,
Two-photon absorption, Harmonic generation
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#1 Product distribution in toluene alkylation over uncoated
ZSM-5 and silicalite/ZSM-5.

Silicalite/ ZSM-5 Thermodynamic
ZSM-5 equilibrium

Reaction temperature [K] 673 673
WIF [kg-catalyst h mol-'] 0.06  0.06
Conversion of toluene [%] 37.2 42.7
Product composition [%]

benzene 0.2 0.4
p-xylene 34.8 24.5
m-xylene 0.3 9.8
o-xylene 0.3 4.6
ethylbenzene 0.1 0.1
p-ethyltoluene 0.7 0.4
m-ethyltoluene 0.0 0.2
trimethylbenzene 0.8 2.7
Fraction of xylenes [%]
p-xylene 98.9 63.1 23
m-xylene 0.7 25.2 53
o-xylene 0.4 11.7 24
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[X]2 Toluene conversion and para-selectivity in toluene
alkylation with space time. 7 = 673 K,
[MeOH]/[toluene] = 1.0, reaction time = 60 min.
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Catalytic activity of toluene alkylation over
silicalite/ZSM-5 with different methanol/toluene
feed ratios at 673 K. W/F = 0.12 kg-catalyst h mol-1.
Open symbol: toluene conversion, filled symbol: para-
selectivity. [MeOH]/[toluene] = 0.5: circle, 1.0: triangle,

2.0: square.
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[X]5 Catalytic activity of toluene alkylation over (a)

silicalite/ZSM-5 and (b) uncoated ZSM-5 at different
reaction temperature. W/F = 0.15 kg-catalyst h mol-!,
[MeOH]/[toluene] = 1.0. Open symbol:toluene
conversion, filled symbol: para-selectivity. T = 623
K: circle, 673 K: triangle, 773 K: square.

Too RIZ, AY = VERE (A5 —)ViiE=
FOTIVEMMEIZHE SN-EE) IERT5 L,
AE )= VEIRERIE, X&) — VIBEDRWEED
B3 RERRIZBWTH A Y ) — LERERIZ X ¥
=,/ IV =05BLULOIZBVWTEFNEN
%180 % B X US55 % TH o720 Fh L7z Undelt
T, X% — VA4 T100 % Td 1) B
WaECAZ NG, KXY ) —IVBEDO A F
LWeER 5,

RIZ, BUBIREDFEIZ OV THRE 21T 5720 H
SR & 9IS, KEEDZSM-5 TIZUBERED F

WIWINEEOR AR sz L LADH,
FUBREE 400 °C, 500 CO4, SUnBE 4 B
BECRIBISEESER T T 28R E o7, —h,
silicalite/ZSM-5 T, RULREEDSFIINGEYEICS-2 5
PRIREOLAIIERE CHLT, WIhoK
IBREICB O T O BN ST B AR L7z, $ 77,
BUFRZEZ 212, silicalite/ZSM-5 Tl SUB TR
ZBWTHLELMEEEE R L Enb,
silicalite-1 I —7 4 ¥ 7 A3l o5 L & i< % 2 &
Wbhpotz, —fkIZ, 4T 4 MB J‘éﬁﬁlﬁ%’%‘ft
ML, MFLINER S LIS R BT T 5 2 &1
éﬁ%@%%%ﬂ%f@ﬁ%ﬁm_;éﬂ%%%&
ENEZHND, REMEDL S, AN silicalite-
| BTHFRAHEST A2 LI ) Herst s n
T2 e h s, HIFLBAIIERC o pe FpT S T 2 sy
LR TH -7z EZ2TW5D

3. Silicalite/ZSM-5 DiE&IEE
K%ﬁ’ﬁwéﬂbf%wﬂﬁﬁmﬁi ZSM-5
fEen 12 BT B silicalite-1 /8 DR & I - T
Who % T, ZSM-5f 53R T D silicalite-1 DK,
FliE B L ZOREEIZ O W TG 21T o 72, X6
|Zsilicalite-1 #78E TAR 123517 5 ZSM-5 # i 3RH OFF
RZLZIRT, I—T 4 ¥ ITAHIEEIIBNT, #
&7 B ZSM-5 /DO ERIXIZE A SRR ST,
ZSM-5 FE S F N3 nm B D silicalite- 1 5 55 D
BEIFROOLNL, 512, HRL 7osilicalite-1 ft
B lE ZSM-5 R ZIR - TR T 4. BRI
silicalite-1 [ ZSM-5 LD (100) B LY (OlO)ﬁJ:
ZBWTERLRT K, TOROBE B
7o THETT 5, ZOBREBEIZBWT, I
Al L 7z silicalite- 1 Ok REIA A > % — 70—



142 Y+ I 4 b (12)

Uncoated

16 SEM images of uncoated ZSM-5 and silicalite/ZSM-
5 during the first 3 h synthesis.
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at 120 kV.
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3%2  Effect of sol composition for silicalite/ZSM-5 synthesis in toluene alkylation

Al A6 A7-1 A8 T5 T6 T7
Silica source FS* FS FS FS TEOS TEOS TEOS
Sol composition
x (Si0y) 2.0 0.5 0.5 0.5 0.5 0.5 0.5
vy (TPAOH) 0.12 0.12 0.06 0.03 0.12 0.06 0.03
Conversion of toluene [%]2 353 36.5 394 38.6 439 46.6 41.7
Yield of xylenes [%] 31.0 30.2 34.7 31.5 38.9 42.6 35.0
Fraction of xylenes [%]
p-xylene 97.5 98.3 98.7 99.6 98.7 94.2 85.6
m-xylene 1.5 1.1 0.7 <0.1 0.7 34 12.3
o-xylene 1.0 0.6 0.6 0.3 0.6 2.6 5.1

*FS: fumed silica, @ W/F = 0.11 kg-catalyst h mol-!, T = 673
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Core-Shell Zeolite Composite Catalyst for Selective Formation of para-Xylene

Manabu Miyamoto® and Norikazu Nishiyama*”

* Department of Materials Science and Technologies, Gifu University

** Division of Chemical Engineering, Graduate School of Engineering Science, Osaka University

Production of alkylbenzenes is one of the most important technologies on the chemical

industry. p-Xylene is, in particular, much valuable in alkylbenzenes due to the steady

increase of its market demand, and catalysts development for selective formation of p-

xylene has been attractive because of the low p-xylene selectivity in the thermodynamic

equilibrium and the high energy consumption on its separation from xylene isomers. For

selective formation of p-xylene, MFI type aluminosilicate zeolite, ZSM-5 was coated with

pure silica MFI, silicalite-1. The core-shell zeolite catalyst showed extremely high para-

selectivity with high toluene conversion on the alkylation of toluene. The silcalite-1 layer

with a few hundred nanometers was epitaxially grown on the ZSM-5 crystal resulting in the

direct connection of pores between ZSM-5 and silicalite-1. This direct connection of pores
and deactivation of acid sites on the external surface of the ZSM-5 crystal could achieve the
remarkable para-selectivity with high toluene conversion.

Keywords: ZSM-35, silicalite-1, core-shell, p-xylene
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(SV/AL,)  conv. (%)

Yield (C-%)
CH, GH, CH, CH, CH, others

H-FER(55) 100 969 0 0 0 0 0
H-BEA(75) 1000 996 0 0 0 0 0
H-MOR20) 98 82 0 0 0 0 73

H-Y(5.6) 98 941 0 0 0 0 39

H-ZSM-5(80) 100 274 03 157 33 234 299

Temperature: 400 °C, W/F= 0.003 g/ml/min, C ,HsOH concentration: 20%.

#2 ZSM-5 L CTOI Y J — VEERGIZ BT B A
7.

Si/Al, ratio Yield (C-%)

C2H4 C2H6 C3 H6 CSHX C4HX CAHI 0 Z(_-:5

30 259 14 235 74 140 102 174

80 416 00 271 58 132 47 7.0

280 96.9 0.0 1.6 0.0 0.7 0.0 0.0
Temperature : 500 °C, W/F = 0.0025 g/ml/min , C,H;OH concentration : 50%.
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Production of Lower Olefin from Bio-ethanol on Zeolite Catalysts

Atsushi Takahashi and Tadahiro Fujitani

Heterogeneous catalysis group, Research Institute for Innovation in Sustainable Chemistry,
National Institute of Advanced Industrial Science and Technology (AIST)

Industrial demand for propylene is increasing. Alternative sources of propylene other than
petroleum are of wide interest. The catalytic transformation of bioethanol is a promising
avenue for the production of propylene. In this work, we investigated the catalytic activities
and the reaction mechanism for ethanol conversion to propylene over ZSM-5 catalysts.

We found that the ethylene production by the dehydration of ethanol is observed over
BEA, MOR, Y, and FER. On ZSM-5, propylene and butenes were produced, indicating that
the oligomerization of ethylene proceeded over ZSM-5. Futhermore, a moderate density of
Bronsted acid sites on ZSM-5 was necessary for effective production of propylene. According
to the result of the product distribution of the initial reaction stage at a very short contact
time, we propose the following mechanism for the ethanol conversion reaction. i) Ethanol
was converted to ethylene by rapid dehydration. ii) Ethylene directly transformed to
propylene via a m-complex on ZSM-5. Ethylene was also converted to butene by dimerization.
iii) Propylene or butene subsequently reacted with ethylene to form C5 or C6 olefins, respectively.

The catalyst deactivation of ZSM-5 is come from the dealumination because of the existence
of water which was produced by dehydration of ethanol. The catalytic durability of ZSM-5
was drastically improved by phosphorus modification. The dealumination with water was
significantly suppressed by the addition of phosphorus.

Keywords: propylene, ethanol, ZSM-5, dealumination, phosphorus modification
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