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+ Union Showa / UOP Hybrid Adsorbent "AZ-300"

Eiji Ishizaki*, Tomoya Kimura*,
Shogo Fujiwara*, Yasuhiro Daima*, and David L. Smith**

*Union Showa K. K., **UOP LLC

The combination of high selectivity and high capacity for light acid gases with their low
reactivity and heat of adsorption make modified activated alumina especially suitable for the
purification of olefin streams. Alternatively, molecular sieves have a high capacity for polar
molecules. Ideally, one adsorbent would exhibit the properties of both modified activated
alumina and zeolitic adsorbents. Such an adsorbent is Union Showa / UOP's AZ-300,
hybrid adsorbent, a homogenous combination of modified activated alumina and Zeolite
Molecular Sieve (ZMS) adsorbents that takes advantage of the complementary performance
characteristics of both materials. It has reduced reactivity and high capacity for light acid
gases as well as a broad range of polar molecules.

Though the AZ-300 hybrid adsorbent contains ZMS, it does not require a "preloading
step” when processing olefin streams. The elimination of the "preloading step" without
sacrificing of the effective removal of polar compounds provides the olefins producer and
polymer manufacturer with tremendous process and competitive advantages. The unique
AZ-300 hybrid adsorbent enables the processor to consider using a single product for the
adsorptive removal of a broad range of contaminants. The broad capability of the AZ-300
hybrid adsorbent is of particular benefit during periods of intermittent and fluctuating levels
of unanticipated contaminants.

Keywords: hybrid adsorbent, AZ-300, zeolite molecular sieve (ZMS), modified activated
alumina, chemisarption, preloading
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[X]1 XRD patterns for interzeolite conversion of FAU type
zeolite (Si/Al = 23) into *BEA type zeolite at various
crystallization times with TEAOH/SiO, ratio of 0.2.
Crystallization time: (a) 0 h, (b) 2 h, (c) 12 h, (d)
24 h, (e) 27 h, (f) 33 h, (g) 36 h, and (h) 144 h.

F1 Interzeolite conversion of FAU type zeolite in the presence of various SDAs.

Synthesis conditions? Product
Runno. o T oF FAU  SDA/SIO, NaCl/SiO, Time/days Temp./C Phase Bulk
Si/AIP
1 12 0.2(TEAOH) 6 140 *BEA 11
2 23 0.2(TEAOH) 6 140 *BEA 21
3 38 0.2(TEAOH) 6 140 *BEA 33
4 23 0.1(TEAOH) 14 140 *BEA
5 17 0.2(TMAOH) 6 140 RUT 17
6 22 0.2(TMAOH) 6 140 RUT 20
7 28 0.2(TMAOH) 6 140 RUT 28
8 16 0.5(Choline) 0.2 7 125 LEV 8.8
9 22 0.5(Choline) 0.2 7 125 LEV 12

2 H,0/Si0, = 5, under static condition, ® Determined by XRF.
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[X]2 Crystallization curves of *BEA type zeolites from (@)
FAU type zeolite and (O) SiO,/y-Al,0; with
TEAOH/SiO, ratio of 0.2.

1=y N(F/78—=) H’SDATFAET C*BEA R
PF T4 PAFHHEE SN TWAEZ 2R LT
W5 (M3 E), B, 29 LicF /8= VETELT 7
AJEED S SRS B )5, F ORI LRI DS A
57280, LIS BER SR R b EEZ N5,
ZIT, ZOEEFTA VHEDF 85— DIFAE
AR T A 72002, M3 TITRTEHICEFTA b
HEEAR TR SR SV N ATV T Y EZY
LAEALY (CTAB) %70 (CTAB/SiO,=0.15) L
T, FHOUKBILE (150C, 5 d)ZITV, AV R—
I AWE D F ) 23— O E A9, M4
I121Z2 h, 18 hB L 124 h ® TEAOH ALFERFRE %1
CTAB Z#II L TIE LN BB DO XRD /8% — &~
%Yo TEAOH MM SR 2 B 12O TA Y
K= T AP 2 A M O ¥ — 7 BRI
AL, FIZHFBEARIY A T A MIES L E— 27 H
BENDL Lol X VFE—TF AWE I
AR O ¥ — 7 5RE DA, TEAOH RLELIK:
MEebicF /= ELAKELRY, CTAB
IV E DMHEEHPHEEE 22 5720, HAIE % X
VSRR TE R A 2 L ITREAT 2 L Bbh
%o F72, HSITIEHEH LIz AV R—F ZAWE DK
FEILTHIR DO FT-IR A7 MV % 7RT, *BEA R+
S A b DAL T E S TEAOH LI 24 h
2 TIVTIE3700 cm — MREDO KRS T —IVEEIC
IRRENDE— 27 L LB, ZOREIZIHO LG
KEEF (Si(OH)AL) (@R Eshs ¥ — 27253610
cm ~ ML ICHHfEICEIZE S 7z, B 2 &1, XRD

O
CE8Y
Mesoporous material

3 Proposed mechanistic pathways involved in
hydrothermal conversion of FAU into *BEA type
zeolite and formation of mesoporous material.
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[X[4 XRD patterns of mesoporous products prepared
from intermediate phases obtained at different
crystallization times: (a) 2 h, (b) 18 h, and (c) 24
h. The asterisk denotes the typical peak of *BEA
type zeolite.

NG —VIZFBEATIY F 5 4 MO E—2 274
CEREEE N> 72 TEAOH JLFRIERT 18 h o> 7
WIZBWThH, ZUEKIBRIIED CE— 7 IR AN
7 MVICBIEESN, TOY—213¥ ) VU REES
WD EICE DR L. T OBMAAEKEEIEDTT
1L, FAUBRIYF 54 FOMRIZE Y ELF T4 Ml
RDF I X= PR L2 EERIRL T WA,

3. T4 54 MG H T B SDA DRSE
YA I 4 FHRDF / x— Y DRE#EIE, FAURIE



(13) Vol.27, No.3 (2010) 77

(&) (E)
L le) ll\,_ﬁ
e I‘\
M
Z AL
g | (k) ™,
Sl LN
.\__ M,
k!
"\._.
\"\.
A
I.II\\ (a) "
el e—— b
4000 3500 S000 370035008800 3400

Wavenumber | cm-t

[XI5 FT-IR spectra in the OH stretching region (A) and
their magnifications (B) for mesoporous products
prepared from intermediate phases obtained at
crystallization times: (a) 2 h, (b) 18 h, and (c) 24 h.
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16 SEM images of starting FAU and various zeolites
obtained: (a) FAU, (b) *BEA (Run no. 2), (¢c) RUT
(Run no. 6), and (d) LEV (Run no. 9).
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32 Interzeolite conversion of FAU type zeolite in the presence of BTMAOH.

Synthesis conditions?

Product

DHE—FTHE S5 72 (Run nos. 12,13), X D{KIET

Run no. ‘Si/Al of FAU BTM?%H/ Additive/SiO, Time/days Temp./C Phase Bulk Si/Alb

10 23 0.2 10 170 Am.

11 23 0.2 14 170 Am, MTN

12 21 0.2 0.05(NaCl) 10 170 MTN 22

13 23 0.2 0.05(NaCl) 10 170 MTN 22

14 21 0.2 0.05(NaCl) 21 120 Am, FAU

15 21 0.2 0.1(NaCl) 21 120 CHA 17

16 16 0.4 0.05(NaOH) 14 125 OFF

17 23 0.4 0.05(NaOH) 1 125 OFF 7.6

18 31 0.4 0.05(NaOH) 1 125 OFF 8.0

a H,0/Si0, = 5-5.5, under static condition, ® Determined by XRF.
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[X]7 SEM images and 13C CP/MAS NMR spectra of various
zeolites obtained in the presence of BTMAOH: (a)
MTN (Run no. 12), (b) CHA (Run no. 15), and (c)
OFF (Run no. 17). Asterisks denote spinning side
bands.
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[X]8 Interzeolite conversion process of FAU type zeolite
into LEV and CHA type zeolites.
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[X]9 Zeolites obtained by the interzeolite conversion of
FAU type zeolite.
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Interzeolite Conversion — Design and Synthesis of Zeolite —

Masaya Itakura?, Yasunori Oumib, Yusuke Ide?, Masahiro Sadakane?, and Tsuneji Sano?

a) Department of Applied Chemistry, Graduate School of Engineering, Hiroshima University

b) Life Science Research Center, Gifu University

Interzeolite conversion, hydrothermal conversion of one zeolite into another, was investigated
by the use of FAU type zeolites with different Si/Al ratios as the starting material in the
presence of a variety of structure-directing agents (SDAs) under various synthesis
conditions. As compared to amorphous materials, the use of FAU type zeolite showed a
short induction period and a fast crystallization rate. These results suggest that the
dissolution of FAU type zeolite with a specific SDA provides locally ordered aluminosilicate
species (zeolitic fragments, nanoparts) that assemble and evolve into the particular zeolite
framework. The presence of such nanoparts was confirmed by analyzing mesoporous
products which were prepared from the intermediate phases involved in the hydrothermal
conversion of FAU type zeolite into *BEA type zeolite in the presence of cetyltrimethylammonium
cations. We succeed in synthesizing 6 kinds of zeolites of MTN, RUT, *BEA, CHA, LEV,
and OFF type zeolites with different frameworks so far. It became clear that under milder
synthesis conditions, we can synthesize zeolites such as CHA and LEV type zeolites, whose
framework structures are similar to that of FAU type zeolite.

Keywords: Interzeolite conversion, FAU type zeolite, Nanoparts, Hydrothermal synthesis,
Structure-directing agent
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Suzuki-Miyaura Coupling Reactions Catalyzed by Pd/USY

Kazu Okumura and Miki Niwa
Department of Chemistry and Biotechnology,

Graduate School of Engineering, Tottori University

Suzuki-Miyaura coupling reaction was performed over the Pd/USY catalysts in which
USY zeolites were prepared by steaming of NH,-USY under various conditions. We found
that the Pd/USY exhibited extremely high activity when bubbling with 6% H, were applied
to the reaction before and during reactions. For instance, TON = 13,000,000 was obtained
in the reaction between bromobenzene and phenylboronic acid in 1.5 h. Pd/USY catalysts
were applicable to the various kind of Suzuki-Miyaura reactions including naphthalene and
chlorobenzene derivatives. Selection of an appropriate support (USY-zeolite), preparation
condition of USY, solvent (o-xylene) and partial pressure of H, (6%) affected the catalytic
activity of Pd to a great extent. Pd K- and L;- edge XAFS analysis revealed the formation
of atomic Pd with cationic character in o-xylene. Furthermore, catalytic activity of Pd/USY
prepared under different steaming conditions was correlated with the strong Brgnsted acid
sites arisen from extra-framework Al, which was characterized by the peak appeared at 3598
cm! in IR spectra. Based on these data, atomic Pd anchored on the strong Brgnsted acid
site of USY zeolite was proposed to be the active species.

Keywords: Suzuki-Miyaura reaction, palladium, USY zeolite, XAFS, IRMS-TPD
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Hydrocracking of Heavy Oil

— Development of DAO Hydrocracking Catalyst Composed of Zeolite —

Masaru Ushio

International Business Planning Department, JGC Catalysts and Chemicals Ltd.

Although hydrocracking of DAO (Deasphalted Oil) could be considered as a process for
producing of middle distillates from heavy oil at high conversion and selectivity, catalysts

had not substantially studied yet. Therefore, we selected Y zeolite as an active component
for DAO hydrocracking and carried out reformulation of Y zeolite. As a result, Y zeolite
catalysts, which were at first de-aluminated then re-aluminated or inserted with titanium
atom, showed high cracking rate and middle distillate selectivity in DAO hydrocracking.
Among them, titanium inserted de-aluminated Y zeolite showed highest activity with maintaining

excellent middle distillate selectivity, product quality of middle distillate and bottom oil,
and catalyst life stability. Therefore, the developed DAO hydrocracking technology based on
titanium inserted USY zeolite catalyst was found to be one of the most excellent

technologies for up-grading of heavy oil to middle distillate among competing processes.

Key Words: Y-zeolite, De-alumination, Titanium insertion, DAO, hydrocracking, Middle

distillate selectivity
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Application of Zeolite Membranes for Hybrid System of

Chemical Reaction and Membrane Separation

Hidetoshi Kita

Graduate School of Science and Engineering, Yamaguchi University

Membrane separation appears to be a promising candidate because of low energy consumption,

compact unit, simple operation and low environmental impact.

Therefore, strong interest

exists in the synthesis of membranes that exhibit both higher permeabilities and higher

selectivities than presently available polymers. The performance of zeolite membranes is far

superior to any other membrane previously reported in both of pervaporation and vapor

permeation. Thus, A type and T type zeolite membrane modules have been put to practical

use for dehydration of organic liquids.

Here, new applications of the zeolite membrane are

introduced for hybrid system of chemical reaction and membrane separation, such as pervaporation

membrane reactor for esterification reaction and pervaporation catalytic reactor for oxidation

reaction by TS-1 membrane.

Keywords: Zeolite membrane, Pervaporation, Membrane reactor, Esterification, TS-1
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SR IR(AR) I E L COERER /R L 720 MSNs A T/ MO ST IZ MSNs 3 A = DA,
HHWEAVILOIRE AR T Lz, PLRICE Y, MSNsIZZALE T/ 714 9 — & L Ok

EANDICHD R TH L Z EHFHAL P Lo 72,

F—T =N XAVR=F AL hFRA, B RATFIV L)AL, R, BB IR

1. ZU®IC
REEHHOS TREKEZHE LTHELND
AVE=F ALY A, 1990 4RI S TLL

k13, % OFFEEEIC & o TR AT S kel

Z DR R IE D L7 SIS S ICH R E S LTn
b Fl, BOWELARICES L ENKFER

(low-k) - IJEHT=E (low-n) 14, A1 - BRI ZETE,

EEIED S, B BTN AR E L TR
HEEDTWLY, BT, FAFEDPERERNE
(ENEIEIC &0 G L ASE A 7528 AR U % BRI
DIEFIEIESRERME L 2> THBY, BHOER

SZHH 1 20104E7 A 13 H

T 113-8656 XA T7-3-1  HEUAFRF B L
FARIETERE AL AT LTI

E-mail: okubo@chemsys.t.u-tokyo.ac.jp

BE% T A0 low-k L L 724G R AL $ h
TWb, Zhao 539Z 70y 7 K1) v — % H\720%
BHEIS 7O R 2012 L - T, Z2fLET5 %, WFHEX
145 ~2.1 DXV K—F A1) HHEFEOERK & HiE
L7z THE—ICHWSNTWE ) (L
EwHL2) 7 vFT A (FHFEE30~4.0),
R=F A% (HFFEFE2.0~2.4) HEHFED %L
EHELTH MR, Bz low-kMETH D 2
EWGIDs F72, TOXIBAVR=FT ALY A
WENZ low-n FFME D el 2. 5 720, e HE s
LTLr X (IREREER) 71 AT L1 (R
FLE) ORGSR (Anti-Reflective; AR) Jii
89.10% 7 3 N = v 7 FEELOFEEPEEE D 7 S
5 N5 EREE UL R DILH I T £ 2,
FEOBBIER IO AL, AVKR—F AT A
HBIREBDOE N HTHED—DTH H)361012:14) 5
O A FIHMER AT 5121, BATROH
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AR B S OB Rk Hivs, $7z,
T & B FHRNG TR DB 2312 ZBERCR BRALFE A5
FCTHY, THRIZEMD 5\ I LERICE R
HAEAET B & B RIFT RN H 5, 72T,
HOEMPLOER LAV KR—=F A ) ) kT
(Mesoporous Silica Nanoparticles; MSNs) % 7
= LTY MY v 7 AFITHOAL EDSRET
&%, COHFEOFELLT, (1) AVKE=FAY
VADEHT O A ERET T X2 T E 5,
(2) MSNsiZ< FV v 7 AHICHDIAT NS 72D
$HfL (close pore) DEEAEHTHL, (3) fix
B M) v 7 AMELE OB LDSTTTRETH B, L
MREITON D, KFFHTIE, FERAPRELT
VT — R TE\ I 2 A 5 BRIKMSNs O
Pk L, O E IV TER L 7 MSNs — &
D AEE T EIEASARE L L CEN MR R R T
CEIZOWTREL KHRT 59,

2. BPEEX YR—F AT hF JRFOER
MSNs (32 Dk, MFUZIK, a0 4 Forfldz
ER A RIS 5 2 EATRETH A 15200, S 512,
EHIEERIC & o THEE(L SN/ MSNs X, FF v 7
FUVIN) =2 AT KR0NA F e o — filli e s
DI ST W5 152729 S flg & LT,
Fif%15 ~30 nm OMSNs DL¥ ) — L5 & A ¥
ya— b LTER SN FIE 650 nm, JEHiE1.2 0
R E SN TWAE), L LA MSNs D F
JRETE LTOHN A XA ED L 72 TN A A
VERLOHE 1L v, OB & LT, MSNs [3%EE
L9 <, WO E - 72 F 75 ZITHIAA
G EDVHEETH A Z EDBRITHN S, MSNs D&t
i) 7 — FEERIE A/ R T (Silica-
Surfactant composite Nanoparticles; SSNs) 7>5 5
TEHH 2 RET DEICAEL B 2 ED% v, FRIhE
WIS & BBRE T, A [ OAN] Y 7% B 5k
o, 22T, BUEcEEihiIc X 2
TR DR EDT A SN T & 72152429, 7030, BT
\Z &2 SIS HRIBRZ OB NEDTR S NF20520), 5
VHU B 2 MR L 72 MSNs S BaiR O B 13 F
PROENTWEONPHIRTH S, S HICLEMICH
WALE, SHCREEICBT 5 BRIk S
%728, MSNs DEWGHZENIZT TR, Ay
R—=F AT HOWIKIEED) X VRGO &%

BCBELHE, SOLH REREWLT 01
A IISSNs R P AF LT )L (TMS) 1L
B 2 & TR (R L oD R £ I Et
% LGS, ALFRVLENE R @D B 2 & B AARTZ,

2.1 LentziZZHWE R XFILIYILEICE D
MSNs FKEFRK L

BEEOHE 191256y, SSNs DA EAT 272, K,
IFLY ) a—)v, hFF oMWFEETETH 5
tFNVRN)AF VT EZTLT7UIF (CTAB),
25% DT Y EZTIKOBREWHIZ, T PTLbFT
v5 ¥ (TEOS), »-73I /70 )T hFy
v (APTES) %i# FL, 60CTH#EL TSSNs
SR 157219, %3, APTES X, JFRMICHEY
Y—BlE AL L EIIT vt sl
MEL, 73/ 70UENEE ) HERBERICEAT
B72OITRML T 5,

—KIZ, AVR=F 2L D IIMEICIE, &
a7 rEOIKRRATORILHFHEN LD
3032 AT, KEEFP DT ) r— MEDTMS
ABICHE L7- Tk & L THIH LA Lentz 123330 % flwvs
7o 2CTHREEINIAFH XF VI a R4
(Hexamethyldisiloxane; HMDS), 2-71/%/ —)b,
SN EERA S 7 ZIM7K 2 AR 12 SSNs D4 & i T
L, 30 Zrf4EfEs 5 2 & TSSNs DEFEM % TMS
ftx47->720 X1 1ZLentz #% F\v272SSNs O TMS
{LDORIBA ¥ — 8% RY o SBPESEMFIZE YD, XV
LN TSi-O- & EAHAAEH L T 2 FLAE A7
O b e, 2 VLN S BEET 5, RIS,
HMDS O 1 4 GO L TERBR L M) A
FIVY T /=) (MesSiOH) A T-FEMHB L U A Y
JLNE O SiOH % & Uk L CTMS LA HEAT T 5,
TMSAbIZ & » THBIKL & 1172MSNs (LR, TMS-
MSNs) ZREOHMDS % F 85 & § A uiEH I
SRLTBY (M1EESH), Bk L 72 FmmE s
&GN BER) EAEDICHHETE 5, W
DB & DB 2 B A 72012, T
5 ) = VTG - B TEER AR DR L, i
TMS-MSNs & 7 )VIRO LB & L Ti%720 TMS-
MSNs|ZT¥ /=), 2-7 a8/ —=)v, 1-7% J—
W, 1-AFH =V D7 3= VIZGHTEET
HY, K2R LzEH 1S, RYMICHED i3
IZHMEDMRNTWD 2 L FHER L TV 5,
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HMDS, 158, 2-7n/{/— )L

T

Si Si
H,C~ \ ~o~ \ “CH,

CH, CH,

H :
s ool

Hac’g%Hs

HO+Si

H,

H,C" %\H(;)-

k8

—
CTAB, xR, A%

M1 Lentz{#3¥ % Wz XV R—=F A1) AF R F-(MSNs)D b 1) AF)L2 ) )b (TMS) 1k

EtOH 2-PPOH 1 OH 1+Hx0¥
2mL 2mL. 2m 2ml

2.2 TMS-MSNs DHEIZTE M

S Ok, FoETVa—L) RER SR
SN A AR SSNs & TMS-MSNs @ FT-IR B U &
13C CP/MAS NMRIIFEIZ X D, Lentz LERZAE D 5L
HEHEMEAI OB R SHR S 7z (RAEHEHR) . K312
SSNs & MSNs ¥R D[E 42951 MAS NMR A X7 |
JVERT, TMS-MSNs 133U ZHH51C X 5 Q2 Q3,
Q*¥ 7+ (Qn : Si(0Si),(OHH B\ IZ0),,),
T3 TEENEIZELTIY 7L (CSi(08Si),),
ZLTTMS ¥ I2XAM!I Y 7 F )L (=Si0SiMe;)
ZIRL72Z LD, TMSAILOMETHHER S Nz, Q7

o ; —1 T BN
5
- --.-44 vl
M2 KAET VT — VETEIC SR 1 AREREE L 72 TMS-

MSNs 43l ((a) =% /=), (b) 2-7 Q287 — )b,
(©) 1-7% 7=, (d) 1-~FH/ —).

20Si-NMR o

(b) e

(@)

I ’ I ! T I ! 1
50 0 -50 -100  -150
Chemical shift / ppm

3 (a) TMSALEIO TV 5 — R iGHHIE AR/ RiT-
(SSNs) & (b) TMS-MSNs D[E£29Si MAS NMR
AT Fb,

IR A M Y 7RIV ongER (MY(Q2+ Q3 + Q%))
THEENDTMS EOBHZRIZF19 % ThYH, h
{2 TMS-MSNs O/ F1£% 80 nm, ¥ T/ — V3%
J£% 3 SIOH/nm?2 g L7z &, RT- 0RO
AHMEHT S NS E O (K92 %) XD b KIFICK
E\, [Eo TTMS RIS RO 59, 2 VAL
NERE T S NTWA Z EAVRIBE NS, TMS #E
DlEtiiEld, ROCFEHZ T 5 2 & Th HFEH
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DLS
(©)

/.
"
A

(@)

o J\

T 1 f T

1000 10000 1 10 100

T

1 10 100 1000 10000

Particle size / nm

M4 [A] 2-70,8 ) — L2458 S 472 TMS-MSNs O
BRIEHELC £ DR 5 (a) WM I200HE,
(b) ¥lS5 HEFTHL (o) atR40 BRI (4]
TMS b I B C RIS 2 bR 2 L TR H 1
72MSNs D 2- 7178 — VR D BRI GHGEL IS &
DRIAEGAT 5 (d) BTSN (o) ¥ol4 HFRTH
L () $2Kk28 N TSI

EURECH Do BIZIL, PUCLKH % 30557 5 6 iR
FTELL2E EOTMS EDOBEIFRIZHI26 % & 7
-7,

TMS-MSNs DI eV 2 MRS 5 720, wlf
ERETNZ2- 708 = VI L E L, WIS
H M US40 B#EEEIC2- 71078 — VICHES B S E 72
Bt DR T- O HCREE 2 BhiEHiEL (DLS)IZ X o T
PRz, M4(a) LY, TMS-MSNs 7#if i 100 nm
NETHESBLTWAZEWSh b, B LI2HE
IZDoWTIE, —ERIdHeE Ik L L Thk o 7275,
VKRS HIR IS B S e ok Icon Ty, ihik%
LY B\ 72l B TR SR 72 Tn 7z ()
4(b))o L22L7%2D55, WZER40 HERTIE, BE )/
A= MV A ZOEEROFAEE RT E— 27 LB
ENTze TNUE, RIBHEIO T T ) — VIR DA
L —EBORL TR ICEE L7272 & B2 b
5 ("5(), W7z, TMSALET, WL
W &0 FUETER & B2 LTS 572 MSNs [ 2D
T, WA RCT ISR L 722- 70X — VB &,
WEREA H MU 28 HEGBA IS B S B 7o ok
Bz A ~OITRT . TOREIE, TR
- CTMS-MSNs & L8 L TH & - O gD
HEATWDEZ D bH D ([5().(F), BLEicky,
MSNs O TMS {bidkr F-oEE 2 Bl L, o
FITKELELGLTWAZ EDVRENT,

B5 |2 TMS-MSNs & FRULIRIZ X - TR H N7

e XRD
z
2 (d)
2 an
£ (20) (b)

(a) ()
T T T T T T T T T v
2 4 6 8 2 4 6 8
2 theta (Cu Ka) / deg.

M5 (a) ¥EEEHADOTMS-MSNs, (b) #2028 HE D TMS-
MSNs, (c) HZEREHOMSNs (BRULELLC X b BTG
MEAIBRZY), (d) F2l21 HEOMSNs O XRD /8% —
.

MSNs 34 D XRD @5 % /-3 TMS-MSNs |2
DOWTIE, BERETZE28 HEO L L 5 B I3IZH
UHREET, 2RTEAFT ITFI (pomm) HEEIIRIE
ENB(10),(11),200D ¥ — 7 DSHER SN D, —H,
TMS At L TV 72 » MSNs (S IRFRGE IRV S 222
E— 7T LTBY, ZBRPOKFIZED ¥

) HEROFEHIAEATZZ EAVRIEEN S, DL
D X912, TMS-MSNs (3 EWW 71T T 2% A

VIEEOLEEL R A TBY, ML LTk
M R B DRI T WD T EDTRENTZ,

3. AV EIALZTMS-MSNs DERL

MSNs D low-k, low-nJBIZIANF CTEDZEfLE L
@O 572012108, MR —E D £ £ X VLT L
KEEIT LV, AKIFFETIX, SSNsAHROBEIC
1,3,5- ) AFURUE Yy (TMB) ZHEhNL3, 4
3 BV A ZOPKITE B XV IIEKICOWTH
L7,

M6 [/] IZTMB/CTAB =0, 2, 4 D&M TE
5 #1172 TMS-MSNs @ XRD &/ 2 770 kTG
ANFHITFVHEED (10) HOMME (d) (&,
TMB %L 2% Wig4E133.9 nm TH - 727°, TMB
RIMz X vk, TMB/CTAB =2, 4Dkt &, #
NZFNS5.0nm, 59 nm &% o7, M6 [Hd, #7]
122N OEFEOEARIE iR (SEM) %L
FERE TS (TEM) (22783, FTH 1 X
40 ~80 nmTH Y, TMB 2Nz THIT & A EZAL
LW, F72, WFhoikcbwTd, HH)
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(a)

Intensity

(b)

(c)
B R
2 4 6
2 theta (Cu Ko) / deg.

6 TMB/CTAB = (a) 0, (b) 2, (c) 4 CH#LL 72 TMS-
MSNs @ [/£] #EXRD /%% — > [Fi] FE-SEM
% 4] TEM {4

#1 TMS-MSNs D/ N T X — .

TMB/CTAB | d,, spacing | BJH pore [ Wall BET surface | Pore
ratio [nm] diameter thickness area [m’ '] volume
[nm] [nm] [em’ g']
0 39 2.5 2.1 943 1.3
2 5.0 3.7 2.3 857 1.5
4 59 5.0 2.0 829 1.9

B 7 ANF TV D F v 2 OVIERE 2SHERE S 723,
TMB/CTAB =4 O3 A IHFLOIL K E - THT-#
AR CHTARAICHO L2/l ZoTwb 2 &
ﬁ§?)ﬁ‘<>f:o

B 7 |22 HWR BT E O R 2R, SEmE,
IVEITH ), TMB OENINIZME, SEOBAEEH
WAL, $7-2VILIGERT 2WAEDS LAY A3
AT HEMNC Y 7 R LTWb 2 %5005, BIHEE
I & o THE SNEOMILE, MIfLARE, BET It
FIFE, L THIILERE dioflEih S8 L 7-EE %
F 1R T, MFLEE TMB/CTAB 250 4254 T
DIEALIZE 5 T2.5 nm2*5 5.0 nm IZPE KL T 5,
— 7 CHIFLEEOE X 132.1 nm B2 T2 L LT
"\, ZOFER, TMS-MSNs OMIFLA R & KR
BINEEDL 2 LB LT,

1200

(@)
1000
800-1

oy

600

(c)

400

Volume adsorbed / cm?® g' STP

200+

V) T T T T | [
0 0.2 0.4 0.6 0.8 1 10 20 30

Relative pressure (P / Pp) Pore diameter / nm

17 TMB/CTAB = (a) 0, (b) 2. (c) 4 G 7-TMS-
MSNs OZRRFIEFRE (@ ;U O; Bk &
UBIH AL AT (A CRIGE) .

206 nm

Cross-section

8 30 wt% MMSNs # i A L7231 J D) Fm MO
Wi SEM £ & (b) %Il AFM 4.

4. TMS-MSNs # B /=RRSIEEE 7 / SEED

gz

FEEOTMS-MSNs % 3 1) & — M7 14 5
— & LTHEAL, #IAER -T2 7T 5
CETCARMIEA{ER Lz, v OFH 24 Tv—
(MS51 ; 43F-&500 ~700, CH;-[-O-Si(OCH3),],-
OCH,;, =2 b H) 2 &8 2- 708 ) — VERH
12, TMS-MSNs D 2- 7175 — V558, 0.1N il
M EL A5z, 60 C, 1T —Y > 7k,
LN E T T AR LN N—a—F —%
Ta—54 7L, 120C, SHOMEEL:, &6,
MS51 HI3ED Si0, E MSNs DEEHIET 1 3 L4 5
I L7z TOLHITLT, HTAMERESRE
bHEVEREE, INTH] o2 RRETIEF X2
e WIRE ORMARIE 2 G35 32— 7 1 ZIEMMS
5N7zo SEMIZK IUNAFM %% X8 12779, SEM{%
I ) EEOE 1387100 ~ 120 nm T, »>MSNs
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IS

|

©

>
ez

Reflectivity (%)
N w
L \Q
oS
Minimal reflectivity (%)
~
(o]

o

R — 0 |
400 500 600 700 800 0 10 20 30 40 50 60
Wavelength / nm Amount of MSNs (TMB/CTAB=0) (%)

M9  [£] (@) I— MELTT AW, (b) MS51 > # i
i — MR, TMB/CTAB = (¢) 0, (d) 2, (e) 4 D
TMS-MSMs 30wt% %38 A L7231 77 — N HA
OO K= [45] TMB/CTAB = 0D
TMS-MSNs @ V) 7 HERANOE A & & RO
BAFR.

W) AR M) v 7 AR OATF N TV S
ZEDTRENT, ARMIZ L AFERIT Y E VI b,
PR E (Ra) 1225 nmARJE & D 57,
L LT BB E AT A 2 EAVRENT,
2R a—7 4 v VEORPEEY FNE N, n
ELEE, RIS a—F 1 VTR AN L
FD TV F— SRR 1,

R= [(ny—ny)/(ny+n)]2

ELTERINDO, ZHROEIFHE=1.0TH5Z
EDD, TAVF—FHERIZTI—F 1 ¥ VO
P L0 DO T ENEL LD, EHIZ, H
JEDa—7 1 v 7RO AR M, BE % d, A % A5
HDWEEETHE, d=Al4n, DEMEZH L2k
X, ERETORIHEE T AERET TR
DRMIFERETTNE L TTHDB E, U
PETT 5, ARBEIZAMOHIZH b BU&7% 550 nm
EDWEZRFESEL LT LL, BEofih
Fny 5145 ~1.100 L &, FEIEAT95 ~125 nm T
HoHIEDNROLND, M9 [JE] 127 T AEWK,
Y HEE, BLUTMB/CTAB =0, 2, 4 DTMS-
MSNs & 0155 77/ AR TG E D
P ERT o ) AERUMSNs — 3 ) 71 /48
AR O S 400 ~ 600 nm DY EAEIE T
IMEZ DT Lh, BEZHIHTAZLIZE-T,
TADEE TR BRI ER R 2 Ffo TWna 2 &
WRENTz, T72, FEETREZ L L LT, ffLE
DORERTMS-MSNs ZE AT 5 2 LT, Hxhy%
REIEDRA LTV b 2 e DR SN, TR,

AVINEANDT R w7 A () H) OEREICE
> TEILENRAT 5 2 L B L, AP
BRI A SN TWAEZ L ZRIBEL TV,
X512, |9 [A] &b, <~ U vy APIEAT
AMSNs DR ZHER T Z L 12L - TH MEPEMPMET
FTAHZEDIRENTZ, DRICED, BH—iz<w )y
7 AHZ5E L 72 TMS-MSNs 13, # OifLiE=0E
ABETLEE L ETa—T 4 ¥ FEOREIE=R
WO EEDZENNEETH S I EATRENT,

5. &V

BOWRERE T E 72 AV R=F AT A
F RO L, SEITE) 2 EEO /R
ERGBIEE L LT OIS REM: % F53F L 72, Lentz
BRI M) ATV )X, R ELO
BRI E o0, FMEHRIORRZE & LmBUKk{LA
WRECH 5o T2, HONTAVR=FT X HiE
A VRSB L2 E F, TVa— vy
Bl CRINIE - TREfl L 72K CTORIEA T RE
ThHhb, TOLINRF /74T =ML, BENLL
ARBREZ R THEA T 7 #EE LTHHT&E 52 L
DIRENTzZy AVR—=TF AT ) I OEFMIEILZ D
204ECTRE MR LAY, ERWRFIHE V) HT
3% { DREDN D 53D, RRTHFE LFHEILD,
AVR=F AT I RFIENTN FY) 7
PeaFp-g b Z EHREE 2 ), TEMRER
M C—EDREERT I ENTEZ, 4B
12&oT, AVKR=F ALY HF I KTOEHED
B HUREE A IER L7,

E

KWPgeido sy =y 7ETEOILFEIFIZL - T
D SNTz, WFEEHEDBIZH720, KAR - TiE
PR F AT B GRRKFRFR) Lo
K= bM2IEE, $72, WESEL (SRR
FE BN Y=y 7B L)AL EEE
Wiz, F72, RO (TEMB152) 13305 FHE:
BOIT 2T, TWEKRS DEw) v 777
A= T EHIT ] B TER S, )
BIG, OHEERBIKO T 2 TH 2, 2 ORKTE 2l
D THEAL L BFE S,
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Synthesis of Mesoporous Silica Nanoparticles with High Dispersibility for Optical Application

Yasuto Hoshikawa, Atsushi Shimojima, and Tatsuya Okubo
Department of Chemical System Engineering, The University of Tokyo,

Hiroki Yabe and Takeyuki Yamaki

Advanced Technologies Development Laboratory, Panasonic Electric Works Co., Ltd.

Mesoporous silica nanoparticles (MSNs) are promising as nanofillers with low dielectric
constant and low refractive index. For their applications in electronics and optics,
preparation of MSNs with high dispersibility and high chemical stability is essential. Here
we report the preparation of the stable dispersion of organically-modified MSNs in alcohol
solvents, and demonstrate the fabrication of MSNs-silica nanocomposite film applicable as
antireflective (AR) coatings. Direct trimethylsilylation of mesostructured silica-surfactant
composites nanoparticles (SSNs) by treating with hexamethyldisiloxane under acidic conditions
enables us to impart high stability and dispersibility to the nanoparticles as well as to
achieve surfactant removal and facile particle recovery. The resulting TMS-MSNs have 2D
hexagonal structure and their pore sizes and pore volumes are increased by adding 1,3,5-
trimethylbenzene during the synthesis. Nanocomposite films prepared from the mixture of
TMS-MSNs and siloxane oligomers exhibit lower reflectivity than a silica film without
TMS-MSNs, and the relative reflectivity is decreased with increasing the amount or the pore
volume of TMS-MSNs embedded in the films. It is thus demonstrated that TMS-MSNs are
useful as nanofillers for fabricating functional nanocoatings.

Keywords: mesoporous silica nanoparticles, trimethylsilylation, low-n, anti-reflective coating
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If it’s zeolite, it’s Zeolyst.
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