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B TEEMBHIBT ATERE LTOAXA Y R=F AL )T

BRI, Bk, EHHER
HILHERSE RERETEHER WS EE

AVE=F AU (MPS) i&, +/F—F-—DEROHIL2EHETIRENLEEL D
DEBNTTHY, T/, BEENEAMBEORIED O, BOTFEAMBICBITATEERL L
THRIETE B, £ETIE, FOMEGIZIOVTEHREL TV S, BEFTFRASERZEICBVTII,
FOAF ATEEB L CHEMRE L EME 200 EER T 15— LTMPS 2H 8
THZENTESL, T72, MPSOFIFLHICE A + AZERD A F MW % B LA, MPS
DA VB EEA F ATE AL LTHEER €L D 3T AMLThR T2, SRR
FThHHE)-L-AEEOEALIZBNTIE, MPSE2FET A LI2L Y, 7UH)KEHEHT
OIKSBRE FIRIARE S L Z ENTE S, NI, SBOMIALEETAMPSDOT VA YK
BEANOBRENEE B WD TH S, MPS I, WIFLY A4 X, 71 5K, EmRELR L
RELERBIET, BARIDANEZ LN, SOTHELOEALLVIBNEIrLb ETHE

RIRVHHTH %o

1. BL®IC
XVUE=F 2 A (MPS) 1&, 199242 Mobil
HAERE Lo REEEH I 2L 2 EESHFRFNICH
TEBLL 7-MCM-41 Z 5 & LTY, Kk RiIFLEE
EEETAHLONPERIN, MELHEDSE,
¥ - R - ERBREL EOTFNA AMBOGE R L
BV TEBRCICHFESITORTE 2218,
MCM-41 % SBA-15 % ¥ OMPS frFi, 370>
F—F—OfFEESL, KFFITIZER2 ~50 nm
OB T — LA = A ZARICHEBIE L < $3%
ZBWEBEEEL TS, 20X ) k& L0
5, MPS &R —LDFEERIZBWTIE, UTF
D& BFIEEZ SND, MPSIEAE L LERERK
PHFLEREZ oD T, FOMILAICRY) v —4F
RPEARIETGE, RU—¢ A LOREEE
KELT B ENTE D, MILNBOKELZIEH
IR - oFEHEEADEETE, FE

FHH : 20064E10 A3 H

T 152-8550 HEHBE 2R KR 2-12-1

HH T ERSERZ G TR E R EER
e-mail: sasai@o.cc.titech.ac.jp

RHRER AT ARARRAIET A L D HFTE S,
T/, VUMK TRER L2 L, NTFTER
B TFEEMEICL AL TV AL L ERY
4 T =W, MPS DRFH A XERE WD, K
Y= b v 7 ARIIHBERRT L, H—LHE
BREBHILVBESTHH, 51T, MPS OHIfL
EE% 50 nm B F TOFMHATHIE T2 Z & A8k
THY, RY~—Dt7 2 MEBRRERLRE &
ZER A XL OBRICHET 5 BB LIIED7-01,
FOF ) Ar—VOEMEFETLZ L OAFTE
519, KEFTIX, EHOMELHLIC, S5 TFEE
MHENCZBUT 2 TeEH & L THOMPS OFHEFIZDOWT
BT 5o

2. /A XESBIALIC £ B MPS DIE &R R

T§, R TEAMNT 2RFZEICH 72 MPS (SBA-
15) OFEE 3 EfEIC OV TS, SBA-1513,
TEEHEO b)Y 7Oy 7 2R~ —TH oISV
HREFEES & 4V M EEEET + 5 = F v (TEOS)
RV, KEABICE DERL -, R %5 R
B/ L7z, 400 CTARFRIBER L, SBA-15 2872

EE L 72SBA-15 Of& % F @R EFHME
(TEM) #2835 L OV XEEEL (SAXS) 124
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(b)
€1 SBA-15OTEMEH ; (a) BIE I, (b) WiEHTA

SR L 720 K112SBA-15ODTEM EE %R, HifL
DOREH 5> DEE()IZBWVT, HWERSFHTSIOLI
Y2BET, BOWEGHPARTHE, ZOFEELD),
ILOFEBERHIOmm THY, F72, HFILEZRICH
NTEDELIHNT L2 b, F72, MILOKT
HHADSDEED)IZBWT, HIFLI =4 L4KIC
HAEL CEATVEHRFPRONL, SBA-ISD
SAXS HifEIZ BT, B2IIRT 912, HED
BELNY ML OREHE (s=2sinB/A) DHAT1:/3:2
DRBIZE=2PBNRTBY, AHRRNNY -0
RENTWVAS, M2DOSAXSHIF L VETE L2—K

Intensity (a.u.)

0 0.1 0.2 0.3

s/nm’”

2 SBA-15 D/NE XAREEL (SAXS) HiHAR

Y. (x)

x / nm

X3 SBA-15DSAXS Hll%E & 1) ke 7z —RITHBIBIEL

TAHBRE # M3 IR, CO—RITHBREE DM
WIS, MILAERIRHBIE L CEATYD
ZENbRb,

— R % EEE AT A BE2HETIVICE
SV —RTHEMBROBITICL ), REAH L)
BIVEHNDEE @BLVLA) KDL ENT
X220, ZOEFVL, BFEEFERY, TH
FN—RKTWN—FEOELEET 5240, —%EHE
HMTHRAMICEATZBEETVTH S, BE2MHE
FLO—RTHBEBRICBNT, —KBROME
(X EE) 2SLTH Y, WHHOEE (—a;a>0) X
RATEREND,

_ -t
o(1—9)L
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CIT, 0BLU - RREAMOBEESETHY, &
IR BEE BT 2 EXICHEIT 2 &
RETEZDT,

L
Thhbo L7225oT, (HREQXIVBFN LS
AT AZRFRANEL K, BHOERIZE
DZODFELT@RD LI IEZLNS,

ad?—ald+L=0 3)

al T Va?l?2—4al
2a

d= @

D) IC—RITHBEERE AT, FEARES
FFOFEM BRI A7) LEREIPSRIER
B, HICERER S X SEOBITHRERDLITH
nTwb, MPSIX, YU hH# (BF) LZ&548 Gl
L) D2 EHICIEATHEELEZ B DT
50T, LEoBrrERTE, FRENDHE
NS BOEEBIUVHMILER) %iFMTsI L
HTED, H3 IR L—RICHBEBEOBTIC &
h, ER#AIZ10.1 amTH Y, 2HOELIZ2.6 nm
BLU1S5 mm ko bhiz, »224EE L 20
% RER & 72 2 s, EVICE CAIBEEx 5
ZBDT, SAXSOBEZIPLIZIZOo0E &N %
NPNBEOE L LHILERED LS 5 IIHIET 5 0%
WOLZLHPTERVY, TEMEDERN S, BED
EX X VHFLEZDIZ) FEVWI L 2hho T3
DT, BEOEEH2.6nm, MILEEAT.50m TH5,
INLOFRRIE, TEMBZEOFKREERS—HLTY
5o '

3. 17 AzBMSHFICHT 3 MPS OFIE
31 MH 1 =BUESHTF/ EBET 1 I—HERDA
T AZEE

A * AMZEMESTF (CP) &, EAERETHI
BHBWA L AMZEE AT 5720, FLwl >
oz 2FRE LTS ENTWS, LAL, ®
VIFLUFFTF (PEO) JEHEAKIMAESN
BLREROICPHHENE, ZDA T MZEENFZRICE
WTERAKTI0-4 S/IcmBETH Y, 72, £oH2K
NEBEMENE VI REAED > TS, L7 b

n=7 A8H, FICESTEGERE (SPE) &L
THRTA7:0121%, BE7 14V LAKRET10-3
SlemPLEDA F AZEEFEET N TWAE, TI T,
ICP % BRREE IR L - 3 I ERLFMMEER K
ECUEBTELIEDLVHENTHLER 71 T—L
DAL, 4FICMPS L OBEALICOWTHAT 5,

B 72 PEO/Li ¥ SPE I & D Al,0,, TiO,,
Si0, 7z EOEKEMRN T4 745 - LTHRETS &,
AT NEEEPELLMEL, BBREOREND
RELHEBESNDZ LAREINR TSR, Zh
bid, 74+ 7-KREAIHFETH-OHREDL S
ERELR) I—-FLhOL—FLVEEELLIEE
DNVAABE-BEHEERCGERT2D0TH Y,
WAL FREIC BT B FATH 2 Li A 4+ ¥ Ok ZRR o
EBB L UEBHOMRETH L LEREER TV S,
F7z, B Z-TAPEREESTTFTHIHE, &
W74 7—OFEICLY, Z2ORHHIH &
BALEIVNEL 2B Z L DRBLUT TOA 4 V58
EOmMLEICESET 5,

8012, PEO/Li¥ERSPE DA F VEBE# A
EEEL7-0, BETFROER 71 7—TlE %<,
AR L7z & 9 24582 F 35 MPS (SBA-15) #H
WA Z kR RRE L2293, PEO/LifE/SBA-15 46
RRBOERIL, BB T4 527 & N rHRISE
XETEREL, FYAMILVTFo, EET 45
—DFHEEA10 wt% D & X DPEO,(LiCF;80; (Li
1RIREE 10 mol%) /M7 14 7 —HEHDA F V15
BERORERERLE4IIRT HTFR7417-D
HBTRO A+ AMAREEIT 2B EOETIO,
IZHA~TYH, SBA-15DPEO;(LiCF;SO; HAEA~D
FEMNREOBENHRTE L, EEMEORY =—F
NV EWZEES, PEORL D S 20O%RITNEH
57275, SBA-15 DFEIEIZ & V) A & AR 38
L7

3.2 MPS &1 #1455tk EDESE

—7, MPS OHRIN =L EE=FAHL, SPEH
TXVEIRE LA T ANTENREEET 27200H
72 L BT TV 533, ZhE TORF
FEClE, BEELMPS DEMBEARTIIZFDOKRE LR
KEEZTHEATET, 1+ EEEOE L\
IR TE RV LD o T 5293435, 2C
T, EBELIIMPS DX VEBHICE AL F V58K
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4 PEOLICF:S0; E#7 15— (10 wt%) BEHED
A+ MREFEOREKT @: 71458, O:
SBA-15, [J: TiO,#IF)

HEEHLID, #hEFHL74 7L LT
Z RGO THAMR03D, 97, MPS DZEILAIC
BATLEAF MEEMYE L LT, 44/ HElE
(L) %272, AVEBRMNICELIODOLNZILG
Fi, HHNEEIES R4 T VBB EZER
L, BAEBIFHCRAF A EHE A L LTS
T EDHREESIN S,

SZTIE, ILELTI-ZFN-3-AF)ALIFY
UywaF b7 R —t+ (EMImBF,) #H
WiBlERT, 7, ILFEMPS (IL-MPS) DfE
BUILLT D@ Y 4T o 720 BEBEDMPS & EMImBF,
ZHO60CTERLL:I0DEAST24EBRAL,
100 CTEZEZBRE, & OTHE1To TIHERE 20
L7z R=AFPREBEZT L P TIEBEELT
BRORBE2HB. B5NAIL-MPS2DoWnT,
SAXS R USEHRAHHEIE %17 - 723032, SAXS #HllE
DFEREHP 1L, neat-MPS & FAEOBRIN 22 55H 5
B8 F—ERL, MTLIC L ARSI RSN
TWBZ L ERER L7, IL-MPS i, neat-MPS & #f
LOBHENIZIZRA L TH LD L, BEEIRR
K& L, ILBEIVNEL RO ORI, F72, RS
WORKED S IZEMImBFE, OFEFESHEZ SN, IL-
MPS 3 ZIAREETHI09DIL 5T el o &
{)ﬁ\ﬁxo 7*:32)Q

& SPEHEAROIEENL, AHAESZAVEVE
I A4 At AETIT> 72, IL-MPS % 7213 neat-MPS,

13 o 4
T T T
P
V]
N’
] 1 1L

log (¢ /S cmt, 30 °C)
~
Q
3

©
n
T
i

©
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O: original PEO,gLiBF,
@ +IL-MPS B
& +neat-MPS

log (E’ /Pa, 30 °C)
®
(o]

N
[$;]
T
1

5 10 15 20 25
Silica Contents /wt%

[e]

X5 PEOyLIBE, RUEMPS HARD 1 * M E#EE@ LD
EFEEEER(b) & YU A (pure MPS) FEEEDRR

PEO, Li¥ (LiBF,) #FR—-VILVETREL, &
LN B~ REIRERT CHEME L T300
umEN T 1 VA %EE]z, PEOyLIBF, (74 9 —3%
FoiE, LitEjBRE5 mol%), neat-MPS, JUFIL-MPS
PREL-HEEDI0CITBIT A4 4 VEEE R
FEHEEED Y ) AFEEHE (neat-MPS ) K
2S5 127K 32, neat-MPS % 7l | 7-SPE 4
iE, 414 EEEFI0 wiR FIRTRAELZ AL,
ZFNULOFTEETIIREETLTWS, 10 wt%
FZFEE D neat-MPS OFEIEIZ & 5 £ * VZEEE ORI
X, PEORRHOBI P KRECHEELTnD, 10
wt% LL D neat-MPS DFHE T3, SPEHTEREL
72MPS F X 4 VA%t & L TEIV T B TTREMEDS
Eiohb, T, Ok REMIFTROF /K
HTFREAERCBVTIREINTWS20, —7,
IL-MPS & FeH L7 AR TIZA 4 REEN LY
KELEESN, FEEOHENE FHICHEIIHLEL,
50251k, MBFBORESEIICT 4 5 —-DFHEIC
& o THEGEMERP R4 ICHIML Tw5,, IL-MPS
AT, neat-MPS R & FIZASOEEARLTS
D, REEKE L D DETOHBIIBVWTEVEE
LR L2, 2%, IL-MPSOFHEIZSPEH
BHDA F AREE L IR OME 2 FRICE
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#1 SPEHEAKDI0CIZBIT B4+ MZEE (o) LR
it (F)

Sample c/Scm-1,30C E/GPa 30T
PEO,LiBF, 1.4x10-7 0.36
+IL-MPS, 10 wt% 8.1x10-7 0.54
+IL-MPS, 20 wt% 1.6 X106 0.59
+IL-MPS, 40 wt% 29x10-6 0.70
+EMImBF,, 10 wt% 1.1 x10-6 0.31

BRCEHLVBEENE 74 7-THDHEER D,
RE30CTICBIT B4 F MEERE & FRRELREE
LICF L7230, &FEICIE, PEO-LiBF,IZIL
(EMImBF,) % HAIRMLZRICDOVWTHISED
729OIZRLTéH B, PEO,LIBF, (74 5 —kFH)
13412 5 & 9 2 LICFSO; % & 0 b Hiisv A
F BEEERLTWADS, 30CIZBWTIZ10-7
SIcmfEEIZL £ E o T3, IL-MPS DFHEIZ L -
TAF VMEEEIRAECHEEL, 40 wt% OFEE
() HWETIZ21.8 wt%h) TIZ30CT20RL L%
L7z, FIRICEHEEESRIEEINTEY, 40
wt% OFCET 2V VEZ R L 7o —7, EMImBF,
HAEFEERML-RTIR, 14+ ASEEOIC
MR L THEBEEEESETL WS, —fFAYIZ,
SPE DA 7 VMZERE & MR % FRICKET 5
ZLIIREETH D, /o T, IL-MPSOD X 2 LS
747 —0OFEIL, B TOERGEYEL MR L
FEAF EERTYETEIE—DFHETH B,

4. ESBRESHFEMPS EDEAMH
41 RUY-L-FBZOWT

RV-L-FLB: (PLLA) X, RNEEHEDOESH
UETFTHE. EEBEURRESESELET S
728, DDS (LY AT L) 7% CEERRST
THBEREASSFL L T4 2 BE~OFH
PHED LN TWVWA, PLLA X, RRGIEHEOES
FORTITHER, M, WM, BIEHER N
FUABLBERTWADT, BEEHERED-OI
AUEFFO—HERETELBSFL L THER
NTWa, T0LHIC, AEVPIEFSEEIEL
TYBEANDERDIILKENTL B, HIZIT, TEE
%, BELREONFERHEOmE, BILREOM L,

B SR T A - 00RRILEEDORA L, 58
WOLEEL2EEZ EA, LIBB LV TERS
NTL %, PLLADEEFZR 7V 71 VI & BHKS
IZ2oWTIE, ZROEHHTALDICRY =T
R3ORMEET 4 T — DTN L ERE A RIS
ENTWE, ZZTIRFO—PFIL LT, MPS (SBA-
15) ZFIE L 72PLLA O7 VA Y Bk fEM3® o
WM 5,

4.2 PLLA/MPS#EAMHEDIERIE LU 7L H ) Bk

PLLA~®SBA-15OFEHEIF, 3FL v ru—3
ZHV, 180 CTOBERBHIZ L V7072, BTV
AREx AV, ZOREN % 180 CTHEREMREE L
2%, EHIOKGKRTES LT, EX05mmD 7
A VAR E R 7,

TV ) IR SRRER, 37 CO—EIRE IR
L 721 mol/l®> NaOH KW (pH=12) FTITW,
TR B DS RRBRR B A 4 KTk L, 18
B2 L7z, KR X912, vHiER L ATERH
OHRBBHTOEEPOEERE (Wr) XKD,
T -EEREOSBEMKEES O S REE (R)
RDIz,

Wr (%)=W, ! W, X100 3)

R (%/h)y=Wg /1t 6)

ZIT, WoIHER, W \RRSBROEESL
R

4.3 PLLA/SBA-15 D7 LA Bk AR

PLLA & UFPLLA/SBA-15 S FEHEEHXBDO TV
VRS ERERIC L 2 ERREOKER 6 IIRT,
745 —RFEEDPLLA TlX, FDIITLE050k
FRENDDIZHTISHEREEL-DIxF L, SBA-
15 % 10 wt% 7538 L 7-PLLA/SBA-15 Tl, #3.58
e ) IR ICERRITOMISET L. 28, &
NSHOREL7 4 Vv AFHOPLLA X5 ERERH 2B
TIHTERREZ MR- TBY, ERILOEEIIR VW,
ZD X312, PLLAICSBA-15%FHET L2210k
VELLTBEVRESR, ILFOTEELBLE
L THBEELHIHT AL TED, &R
BHIBWTEERFIISHEERIOT L TIZITERDY
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100
O PLLA
0 SBA-151%
80 © SBA-15 3%
— A SBA-15 5%
é O SBA-1510%
{@)]
£ 60
C
©
=
(0
« 40
iy
R
=
20
0 YD £
0 10 20 30 40 50 60
Time/h

6 PLLA RUFPLLA/SBA-15D7 V1) MKSESERIC
X Z2EEREOE

R L TW2ZOT, K6 DMEE oo RE

(%/h) %D, FOFXEERFEE R TIRL .

B D28, SiOkF%FHE L 72PLLA/SIO, D F
—F bR LI MELD 71 F—OFEICE VMR
EEIEMLTWED, 74 F—FHEEPEL k5
& SIO R & DIREEDZENTE 2 bo ALS
BEE T 2 DICHER T 1 7 —EiL, SiO %
F LY SBA-15DITH) 4% b, BlZIL, 30
%/h DFIREEET B 720121, SiO B FIZ SBA-
I5SOBLEL 2D, DL ROREEDE,
SiO, B F1213 22V  SBA-15 DRI 4 TS IR
HLTwaetEZLNE,

SBA-15 % DY) HIZL HE L WAHIEREDE
BHELT, YUAT47=0B7NH ) ERICTIER
IBET DT ENBTOND, Si0 I3 H T TidE
TS, TAAYTTRUTOISICEEL, =
RIEB RV AZy P T =T PN ECGFRA F
Lo TR T 25,

Si0, +2NaOH — Na,Si0; + H,0 )

745 —BEBXUPLLA D7 V7)) BERABRORE
RERBIIRT . 7V H ) KEEATIESIOHT D
BIRT 55, SBA-1513Si0, D#1100 45 B { iBHE
$ho TNIESBA-ISDPEHOMILEET 5729,
NaOH &R & DEMEEIRKE W20 LEZLN5,
FROEBERIY, YUI 74T -OFEICE

—®-PLL A/SBA-15
- O PLLA/SiOQ

N @ P ()]
o O o o

Hydrolysis Rate / % h™

-
o

0 10 20 30
Filler Content / wt%

o

7 PLLA/SBA-15 R USPLLA/SIO, D7 V7 V) Bk 534k
BD7 1 5—TEEREN

100

oo
(=3

60 f

40

Dissolution Weight / %

20

083 ; .
0.001 0.01 0.1 1 10 100
Log ( Time / h)

8 SBA-15 (@), SiO, (O), BXUPLLA Q) TN
) B

% PLLA OO EROBERZUTO L 9 123HBT 5
CEHNTED, TUAYIKBEFTDPLLA 7 4 )b
LONKRGFREE, TN ) KEBITELZ 71V A
EEPSHETTAEOT, 1T T7 4 NVATBRE RS 72
FF T4 NVAENFTES LT IRETHETT 2, L
72955, PLLA/SBA-152PLLA/SIO, %2 ¥ D7 4
VAT, FRBIEWS ) A T745-2T7 1 VAE
HICERT S, YUH 74T —IIPLLAL Y T
VKA COBEBENBE D, 74 IVAREIZ
BHLAYY A 745 —DPLLA L) RISERLC
LEIDT, Bo/PLLA L 7% ) KB E D
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MEEATIEINT 5. I OFMEE OEINASFRIEE
DELBERTHAHLEZ NS, SBA-151ESi0, 1T
AT VA ) ERESIEEIIHVOT, ZOERD
KELADHRIBEI TS L2005, 28, B
SFIHFLAICAL 28I E BRI EZ SN A,
AEBRIER L7-PLLA 13, EETHSTFEIFI2
FORBHESFEDDOTHY, 3L ATHIFLA
A2 TWRWDT, FORRITIILALENER
bbb, (HFFEMENDLZEOES T TIEHMILA
KA, FNEREESTFOBE, MILNICAS
TRV ERMPEIRIS NS 19, REEBRTI,
MPS F5HI- X % PLLA O#ESALOBIEIZ A 5 Nz A
S572DT, 13 AYDPLLA 3TN L
TWwhEBbhb,)

5. BbWIC

KRTE, ZHOMILEETHHRNLEEL D
D212 AVER=F AL YA MPS) 2&ELSTEEME
BB 7 45— LTRIBE LBIERIZ A L7,
B FEGERE (SPE) I2BWVWTIE, 20144~
(BB LU HHNRE 2 NS €57 00H# =
BT 55— LTCMPS2FIHTHI LN TE S,
F7-, 44 W0k (L) FEMPS (IL-MPS) O
BICRL 72X 912, MPS OFIFL%E B4 F 5%
AL LTHEEEE L) L) BEPL, MPSD XY
ZEEPICEA F VZEEMEER LD, FheH
B A+ MEEHE 7145 LTH) EWIIEAD
SHOBEFRFEENG, EFHEESTFTH LK
1)-L-#E (PLLA) &OHEALICBNTIE, MPS %
FHETH I LX) TIVA ) KB TOIKS R
PRBICREILZLNTE S, 2, ZHD
HFLEZA T 5 MPS O 7V 4 KB OEBEMH TR
BBV OTH S,

MPS %, HHFLY 4 X, 74 5 —F4R, FERER
ERELERBILET, BARIDAPEZLR, B
SFHE OB E VI BADNS D & THEBE
VHETHLLEDNS,
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Mesoporous Silica as Inorganic Filler in Polymer Composites

Shigeo Asai, Yoichi Tominaga, Masao Sumita
Department of Chemistry and Materials Science, Tokyo Institute of Technology

Mesoporous silica (MPS) is an inorganic particle having well-ordered hexagonal nano-
channels and large specific surface area, and has attracted increasing attention as a novel
material for separations and reactions. The MPS is also available as inorganic filler for high
performance polymer composites, and two applications of MPS were reviewed in this manuscript.
The MPS was used for poly(ethylene oxide) (PEO)-based solid polymer electrolytes (SPE)
as novel inorganic filler. For improvement in ionic conductivity in solid state, an ionic
liquid (IL) was introduced into the periodic nano-tunnels of MPS, and the IL-filled MPS
(IL-MPS) was filled with PEO-based SPE. The addition of IL-MPS was able to realize the
improvement in both ionic conductivity and mechanical strength of SPE. The MPS was also
used as a filler for poly(L-lactide) (PLLA), which is well-known as a biodegradable
polymer, to control the hydrolytically degradation. Incorporating MPS into PLLA highly
accelerated the hydrolysis in an alkaline solution. This is due to the high dissolution characteristic
of MPS in an alkaline solution. The MPS is interesting materials as functional filler from
the viewpoint of the composite with polymer because of its tunable characteristics such as
pore size, filler shape, surface condition, etc.

Keywords: Mesoporous silica, Solid polymer electrolyte, Ionic liquid,
Biodegradable polymer, Poly(L-lactide)
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CRUAFEZ B XY R— T R EREEE

FPAET*, PR
* WP LERFRRLFRITERT, = B HhRBFERT

Bis(triethoxysilyl)ethylene

((Et0);-Si-CH =CH-Si(OEt);) ZHFEERE L, ZRILAFY

TFN (2D-hex) WEERETAINATY v FAVKR-SALF=VL >~ % (HME) ZHE
L7z RWTXA VILEREICEH L72-CH=CH-#\2, FItHICEL RV VY7 a7 7 2o
®, 7z VUERC-CHEAEM L CHFLAEE CEE L7-#E 28lo 72 (Ph-HME). #iFLA
KECHFET S 7oLy BRBEFHIANET AT B LN TE, BRETHORNED BV EFEE
it % AT 5 Z & ASTE 7 (Ph-SO;H HME), UGHERE TPh-SO3H HME &, EF I — ViR
MG, ANy 72 VEMRIE, 7Y—FV 25797 Y MVEReE L 7V FVERIE,
F V74 OEEKME, FLTHVKRYEEE TV I—AD DT AT VERBIIHL, W
T MOBAEE L B L B WEREEE A R L e 72, RIBEEANDOA 27 R OFH b
A BN D S B UE 2 Ro TV A Z L bR &SNz, ZORE, ¢ ELOKBIS

WTHKIEIRBRONTRE L7 miiEE 2 R L7z,

1. RIS
AVR=FAMEEMEE LTHVWIRAL, &
KEBOBEE L THWLZ LT o2, LAL
M CEE X N7 FSM-16D35 X IFMCM-4120 X
R=F AT HIA & VHFEEEH 2 EEER &
L, Ev (<2nm) EEEE B) CEEIATY
72728, ML L TRV A OIIIMEMEICHE
PRENIZ, ROTHEOREEERI 2 VL Z &
TEVEE (>4nm) DAVR=F ALY HIERE
n, WEEIELL{MELAY, ERETIE [{E
FRR] Lvwbhsiis, ALEEREER L%
EOEICIER LT ORI X o TSR 2 5
ZEBEN, o T, HERLLTON) -V 3 >,
723X OMEEROREL RO TRA VKR~ F M
BoOFENTS ) A LUNOBEALY~EEF o7, T2&
TSR R B 7m0, BB THETELT
FAVVHTNIFIZBo2 AV E—FAY ) H—

ZHH : 2006410848
T 226-8503 MR KRN 4259, R1-10
HRLERFRRILFRISERT

e-mail: jnomura@sres.titech.ac.jp

T IF2H2, AVR=FATIIFIOFTHEHNE
HbNTz, FRRIC, EEEEEEIR L RIL~ 2
VYL AN Y T AR ERERE LA VR~
T AMEDTBEI NSO, FEFIC, Ll A VR—
S AEBBILHDOREIBRAITOITERD, ¥
2, BREBREBLYH 5V IEARIUWEREET
LHEOIE, FNFNELIEERASVIBIUER
HEERT 20, L LTORL L THRLT
IS4 ZREE LTHIF SN TWa, L LR
DYEETENT FADA VR -5 AR R 72
FEIRBELA-0ILL, BRIV LETHS, 7
EVTTADRAVR—T A& R R 75 T O
BB L OPOEIIESH S L OD,
EBRERBRYH 5 IIEAE L L ERRE T
H57:0, FNOEDOFRITFZ—REHTIEL VY,
AV ER— 5 ZAHRREROBTRALEALNRT
WAEDIE, EBEINATY) Y FLAEAVR=FR
) A#F (Hybrid Mesoporous Material, HMM)
DERIOE, TNODOHEBELEICHL SN/ HR
1bZEO RISz BB LIELT 2858 TH 5,
EfETOBEIE LV 2IE, ThnETRBMIOE
HEKERE, HICVYARENS T/ — )V (Si-OH)
WY IALRIBIC & o THEE S 2 EE{LT 5 HEEC
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BONTWiz, THITHE L TERERLO UG IC &
LBHERBO TEHTH L, ZD-H, HMMEE
WERERE TEIK I 21 LA TR R, FHizk
EEAE L LTEE 3T 5,

HMM BEBBES NI 7T LI XS0
(-Si(OR);) ETHEE L7, HoVidET NI
LYEL N, B4 RAERENL, B X VILOESIE
EEFT DS OPEIHRE SN T B 1D, FHEFT
OBERHETIE, V) IV IEALIRNVY BV ERE A
VAR AL L TARERFE-SOHEIIR 201D, &
VOIS LT VENFF—NVEBILLTT IV
FNANF Y BEEE AV F- 5 AMBOERIHE
BB L Y, BRI EREORL - BTK
|y (V- R AV

—HT, RS L 2 REBEZITo 722 VR
—FAMBOREHRESA TS, —BERT L,
AVR=FG ALY A %T Y )= VHRTERLEL,
FEAEEE (Si-OH) 27 ¥ (Si-OCHy) ~
WY B, TO%, ELLETH (LiAlH,) %1E
S THIFLETICSI-H 2R & &, 72~ SR
V74 YRETHIERILEME L EESi-CRHa%
MLCTAVFNVELTEELLT 2BE8ETH S
(Hydrosilylation) 20, FLEiZEN & IO RKIE,
T b b RS PEGERIICHFET 2R THK
(LB EIRIGERAZ L8 - T, MILEEIC
EHLINVEYR (72=2V 0 E) zEELL,
SI-CEAICHFEEIN W T2 oL v ESHEEL, X
LITIBEITAZ & THMM 28k T2 L 22
2o FD7-0%F, bis(triethoxysilyl)ethylene
((Et0);-Si-CH = CH-Si(OEt)3) 2V %& HEFHE L L,
TRTEAFHFTFN (2D-hex) HEEHTHNAT
VY FAVE—F AT FL YA (Hybrid
Mesoporous Ethylene-silica, HME) % 3l 722223,
2D-hex OFEEIE, XA (XRD) RLEF O
AR, BATETIEMSE (TEM) REERETH
8% (SEM) 7% &C, &R TOHME DS
LA BRI CE B OLETH 5720 RNTA
VILEBEICEH L72-CH=CH-Z£ICFUGEICE LN
»iyru7i s (CHCH,) ZRILEE, 7=
Z L VEPC-CHAL N L TREICEARBL L 48
%flo7: (Ph-HME), Z0#E, HME OFIFLAE
AHFETAH 722 LV EEBRFICANERALT S
ZLNTE, BRETHODNED B EFERALE %

%1 HME OEE

S \Y Pore size d(100) Pore wall
Sutactant Im‘;l?r1 Im{o;" Inm l(nm ) fom
(a)P123 652 1.27 6.8 9.3 39
(b)Brij76 1167 137 40 5.7 26
{c)Brij56 1203 1.18 30 53 31

@C,TMA 1040 135 33 45 19

 HME

P123; H(OCH,CH,),6{ OCH(CH;)CHy)7o(OCH,CH,),0H
Brij76; CqgHar{OCH,CH,) O

Brij56; C1gHsa(OCH,CHz)10H

C 1o TMA,; [CH,(CH,),,N(CH,),1CH

8425 Z LHTE7: (Ph-SO3H HME) 2429),

AR TIZET, FLU2D-hex HiiE%E 3 5 5L
FZEBEOEADR L 5 HME OFELE & #Ee B2
OEME RS, BRHICESR XV R—F ZFEE
Heftfi (Ph-SOH HME) O XICHER, KILHIED
YRS & OSR 1 B LERDERIIOWTET,

2. 2D-hex &% H ¢ 3(0), 5Si-CH=CH-Si(0) 5

1=y b 5EB3HME

HME DO E ¥ T & 5 bis(triethoxysilyl)ethylene
((C,H50)55i-CH = CH-Si(OC,Hs);) 33Tk T
- C, vinyltriethoxsilane (CH,=CH-Si(OC,H5s)3)
% Ru % (RuCl,(PPhs);) OFETTEIML T
8720 IERIZHI80 % T, BMEMMALLIZ(EN(Z)=
86/14 TH o7z, T DFEH & KIEMEESHEIF % FE
L7500 SRR L2202, BEMmEICL IR
HelhEdT s L, BEHFRAICL > TH 4 % 2D-
hex fE%* A3 2 HME 235N 52223, /-
EHER LB LN-HME OYEEZFR1IIZE LD
TinTo EDHBEFHEA AT RAEOHILAE
B2 ETHHME D BS54, MFLE L MfLED
ESIEELZEVWFERERRL TS, P123
(H(OCH,CH,)20(OCH(CH3)CHy)7o(OCH,CHy),,OH)
ZREWEA, BON/-HMEIZRE ZEOMILE
FEVETHEINTWS, MOBEHFRF TREL
7-HME Z B/ S MLz AL TB Y, MfLEE
12 C1sTMA ([CH3(CHy)17N(CH;3)5]1Cl) % w7
HME THRICEL o7z, o T, MHE: - BN
ZEELCTMA THRELZ-HMEIZZ O L DN
VECROBEBI ALK AL Tb o7,
10> 3 D HME 13131 % Ph-SO;H HME % TO
BiziTo72,

RYVEVBRORBEB L VAN F L2 ITo 251
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‘ Surfactant
(czH50)33'\/\si(oczH5)3
1. Hydrolysis

Nt 7 N A
2. Polycondensation (7 R0
iels-Alder

e

S

Ald

®1 Ph-SO;H HME D& BHRER

BHNAEFNFNOPh-SO;H HME OEEE B X U
TR, HEESETIRASP123, Brij76, BrijS6 OIS
Ef=2%1.44 mmol-g-1, 1.36 mmol-g-1, 1.32
mmol-g -1, #fL#3£6.8nm, 2.8 nm, 1.9nm &
%olz, BMEIIIBMRENEL NV, BEY
B Td5HME IZH S N HIFLEDE VA RRA 2

EkEsfii T 5 Ph-SO;H HME |24 S ICBN T2,

D, B LTy ) — VDI AT MERIG L W
I N E R BT ORIC T TTOBEFBEIE CR%
DIEEERLIZDS, T2V —VORY VLTI I—
Iz X A Friedel-Crafts 7 V¥ W EB L ¥ Fa2— 1
EMRIC%R &, WEBHKE 25T 0O KIS TIEHFLE
D/ EV>Brij76 & Brij56 2578 5172 Ph-SO;H
HME T3 Nafion 2 Amberlyst-15 & [FfEEDERT,
P123 2 W TS & 72 Ph-SO;H HME & B L€
TEEDMED 0 720 $Eo TLUF, P123 2855504 &
L CEREL L 7-Ph-SO;H HME 2D W T DR % TRT,

3. HMEDOAXL Vo oO7F L EDRISICE BN

T UROEE & RIVAER AL

HME D541 2 RS TIT o 720 BI1 TR L7ZERIS,
HME 2 EENV VY7077 Y HRICEAL, B
FRT200CT24BMMELT 5 &, FECEHRLAT
FLEBEIGL, RVEVRPC-CHEEZELT
EEftEnsd, SORBIE, XUy rasy oy
IMBAEGETCRICEDEB NI N F ¥/ TV 25 2L
L, ZhHDiels-Alder RIGiZ & W BHEERmMO LT
L VEIIT ABECETT S (M2), 2OK
BEAWAFIEI, REEORY VY7075 R

N
Benzocyclobuty o-quinodi) G

si s;
7o o\
Si_ HC=CH Si
7N N Ph-HME
J
HME

K2 ¥V rass vt sHME OB

SFRERICE 0 ERT BEIERPI 7 n kL L
LT U TOREBCESIIDMTELZLTH D,
Ph-HME #5504 R IE, 13C CP-MAS NMR B X ¥
298i CP-MAS NMR ERICRERE L 72, EEICEHL
TV 5-CH =CH-ZIZERLHE TEBEDRH20 % &
REL LN, THIEIERLATRTOH NMR OZ1L
PHLRELoEL B LA, —7, REICEH
L72-CH=CH-#£D~R> ' ru75 v L ORIEIE,
FIBRI#ORR (HME & Ph-HME) ®O'H MAS
NMROV -7 HBEOEILB I VHREESH
(Thermo-gravimetry, TG) THBEIMIIZHET HE
BRAOEDS, 12100 % THEITLTVWAZ &
Hbrorz,

Kz, ANERvALIZPh-HME % 8582+ 80 C T 3
HELET 2 2 & TITV, FRET6RMAET 2
Z L% 2@ R LS L7, Ph-SO;H HME O
%% Ph-HME & [F#1213C CP-MAS NMR B X Of
29Si CP-MAS NMR £ CRERR L 7224, ErEidwfn
WEL D 1.44 mmol-g-1 EREL LN, ZOE
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(A)
60
HME (652 2 g-)
SO0T" ph.sOH HME \

(565 e )

Volume / mL STP-g !
(V) o
2 8

9
=
g T

(506 m?g)

PO | PRI IV WOUES SO SUNN SUONY

0
PP,

0.0 02 04 06 08 10

e e
n =8

I
>

e f
)
Y

Volume / mL-g?-nm-!
(=]
W

o
=

2 4 6 g 10 12
Pore diameter / nm

E3 HME, Ph-HME, Ph-SO;H HME N&E&E N AWAESIRMR & MFLES A

3;

z Ph-HME

g

= Ph- SO;H HME
HME

i 4 }

L
10 20 3.0 40 50 6.0

28/ degree

K4 HME, Ph-HME, Ph-SO,H HME /M XRD /S8 — >

MEEH Y OB IMOBEME (i, /57 b
IYANKYEBBEUT V8= X b-15) & HB
FTHERNEWD, TLIZTLRELELELTTA
FEIZIZAEETHD (3o

BEIRTO HME, N» ¥ BRE%E{L#% O Ph-HME,
AV ik v {LALEE{% D Ph-SOH HME DMyt % Fhlig L
72 (M3, 4BLURK2), HTEROR - HRESFR
B (XM3) T, BT A L CTREENSIR
BT BTN HEREMBEZ RS 2D-hex FHED A
VR — 5 ARRHEEA R IV BIDSEREEHEE LT
W3 Z L Hbirk, HME DPh-HME (7% HBRICE
EEFBLTADEIRY Y 707 F v EDRIED
Bz LR, I 7 0ilaNEER Lo Th s L

#2 HME, Ph-HME, Ph-SO;H HME D&

Seer v D d{i00) Lattice Constant  Wall thickness

Img' /mlg! /nm  /om Iom /nm

HME 652 0.73 68 9.3 - 107 39

Ph HME 506 0.70 6.0 9.0 104 44

Ph-SOHHME 565 078 80 102 11.8 58
EZ bbb, MIFLES A TIIREIIAN VLV RBFE

FALENZBIZ08 nm B L T b, ZOEIE, B
IBOBEOEIINEEIC & B SEOBEELE, 1545
BIER L7 REICEH LA REOFEICL 2
LOMBEOHROBENTH 5, MILEEFICEILIZ
b5, FOHAIZHME, Ph-HME, Ph-SO;H
HME T %y, TDOZ EHS5, HMEDHEE®
Ro 7% £H—ICRIEH ST L Ph-HME & Ph-SO;H
HME Ff# &7z Z & D5, XRD DF— % 2
SETFELRE RED 5 &, Ph-HME %5 Ph-SO3H
HME 142 AR ICBLEORETEA L Twb, L
PLANFKEZBEA LR THRFEEDHEML TY
BEREIZOVWTIE, 40 ZasbhoTnin, &
2 Ti3® 57%, HME, Ph-HME, Ph-SO;H HME
DTG TEREKREADL DL, TRENI0 %, 6 %,
13%&%o70 2DI EH5HHME 5 Ph-HME (2
% HESICEEDBOKIC R Y, AN ALLTAN
FELEATHIETIILOOHME X b Ekiyic
Rol:Z bbb,

4. Ph-SOzH HME DEAAISRHEEE & R
S 7-Ph-SO;H HME OEfilEIF 4% 57>
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K3 MEORLE & BARERUD
Catalyst Add Amount Ethyl acetate Pinacol Beckmann Friede! Crafts | Friedel Crafis Olefin
/ mmol-g?! formati rea acylation atkylation hydration
Ph-SO,H HME 1.44 (o] o QO (e} C [e]
H,S0, 20.4 [e] o} o O
P»TsORM 5.80 O O O o]
Nafion NRS0 0.80 Q O C O O O
Nafion SAC @ 017 Q ¢}
Ambedyst-15 4.60 (e} o] O o] o]
Nb,0y0H,0 0.30 O O Q
H,PW,,0, 1.05 o] O O
HZSM-5 ¢! 0.39 O O O O
H-Mordenite &) 0.63 M O
HY ® 2.55 ™ O
HBeta © 116 M O O O
@} paoluin sulfonic acid
@ Nafion; 10-20 wi% dispersed on amorphous silica
) JRC-Z5-90H
@ JRC-Z-HM20
83 JRC-Z-HYS.6
© JRC-Z-HB25
01 Estimated fom 8i0,/AL O ratio
(1) Pinacol rearrangement {3) Friedel-Crafts acylation
\f( 5 ({J\O/l\o Acid Cataiyst Hs
H H
+ H,0
>?€ / Pinacolone H
OH K""" Anisols  Acetic anhy dride OCH3 M"'”""”“‘"
Pinacol
+ 2H,0
2, 3-dimethyH1, 3-butadiene {4) Friedel-Crafts alkylation
{2) Beclk rearrang
Acid CdSyst Cr\o/\o
- Aoid Catalyst NH
H e Dibenzy | ether
Y Anisole Benzy| alcohol Benzy! anisole
(5) Olefin hydration " {6) Ethyl acetate formation
Acid Catalyst Acid Catalyst O
+ N\ + (o]
> + B0 T® )’\O/H OH T o™~ Hy
2,3-dimethy-2-butene 2,3-dimethy }-2-butanot Acetic acid Ethanot Ethy! acetate

H5 FBABERIEDOAF— 4

DI, VWL OPDORERICORE R % hoofigt & ik
U720 RALMSRIE, Bl -EiERs L veh
LOBMERRIICT LD, SHOEBRTIIMES
202gk LTz, BOAEEMEIZL - TE
BBV DS D, WEEEE L TIERERE 85 PV
LYANKVER, ¥—REEREE L LTI 7o b A

ONTURYEE, BIEOBEE LTIXF 74407
YN=Y R, FLTEERE LTEEKk=78
LBADYEFTA M BWTHB L, B, £F
<NV TREL 7D CEBRI AT o - B TH 5,
FAWBMERIEDAF - L% F512F L7, L
T, BSHPW)25IEXE-> THREETT,
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F4 EBEUE ETOYSI— VERED

Acid amount  Conversion

Selectivity of Pinacolone TOF

Catalyst i ol g 1% 1% | iy
H,S0, 204 94 ZK; 0.21
Ph-SOH HME 144 920 835 3.24
HPW,0, 105 705 90.8 327
Amberyst 15 .46 695 83.5 088
p-TsOH 58 08 744 0.28
Nafion NRSO 0.80 22 88.2 230
Nafion SAC13 017 08 833 134
H-ZSM5 0.39 25 90.9 0.18

Catalyst, 0.20 g (preheated at 150 °C for | h); substrate, pinacel 5.0 g (42.3 mmol):
solvent, neat; temperature, 130 °C; reaction time, 2 h; analysis, GCH FID(Capﬂlary

column, DB-FFAP).

41 EFa—-IIERFS

ORI, ZHOT7TNI—VHERIZ X o TH
K -EMNTLRIOTHS, EEFPITEFao s
THbHD, ZDODOKEBERENFRBKESYT 5 G
PHETDE, BIERPL LT23-VAFNV-13-7
FIOLUWPEONDL, RADPLDDOYHEY, BH
B CIIER ISR VLR CRIEAEITL, ST by
IV AR VEER AT TR Bl & —REEfhE
THET L7z —HEKELAWEE, ZoRD
XFT74FVRTUN=Y RN EDBCEBEEE
TAMEETANRVERIS LV EFMLRTY
720 BEDD, GA=F 7B TIIRBIEEITL 2
#o72c Ph-SO;H HME # [E{FERtfE & L TRV A
&, BRI F 74 F R T U= A EEZ,
BE L0l b S FIEERIZITIZIL
B A2 0ER %R L7, Ph-SOsH HME OE S
PHRAELBNTWBEZ LI, F—VF—N—KD
fEATKEVT LIZEN TV B, Ph-SO;H HME H*E
WEMREEIIEIC 2 o 72013, RIbThrYFa—
VAV F =)V THh5E7-®, Ph-SOsH HME OFAKME
LEMBESEPRBICE L TWiz v 2 L2 —H
Tk htEZ6N5,

4.2 RNy 7 < UEMRG
6-FAUDERELBeATOT I LETY
OAFH ) dF T AP SBIBICHAVS KT,
BATOHE V70 £ A TIIEMEE T TR & filg
ELTHWTWE, ZORIERIZINERS98 %L ET
ELTVEOREWEFELNTE 7228, PHLBRE

Y MEE LREDWHEREIERM L LTHET 5%
COBETY Y -7 IA M) —OBE,S b RIE
Bah, BFRBRMENOBITHFILEZINTNS, Th
B2 TERIEETIZO AT 4 P EE e LR
Ry 7 < VEMRICARZE SN, ERLEhTY
%, ZOfifitE VOO RKIBSEA TR EITY
TR RELRIB LN VD, ERES T
TERREIC X o TiFo TVWb, FAZidd 2 Tl
FIGTPh-SOsH HME % fiVi7zRy 7 < VB UG
iTo7,

#5Ti3, Ph-SO;H HME, 77144 2L TE
F 74 MRV TEAN Y 7~ VB RIEE T o 72
HREEB L, WTFhofiEd e 70527 7 4
DEREII80 B RRTEVIRONLE o722, T2
aAXY >/ vFF L ADELRTIZPh-SOH
HME "BWER R L7, SHEERLIZIIZEE
WEHRTIEH 505, BEELZRLIZEVIEE,SL
Ph-SO;H HME DN 7-ERiMEREATER T & /2,

43 TV=FI- 957 IYT7IVUERS

FEBEOT I MEFIETHAT)—FN - 757
VT MERIeE, NaFr AT YV ERIEA VR
VERREEAR A NVR L BE T VLRI L, B
FHETCEITT 5, B LTRIL7 VI =Y 4,
WAL R DN A AR VL L, IROAERY
THLTIYNT P LR LEFELTLE) 2
B, EENVELDEOMBEIVEL 25, Lo T,
VA ABAEERNET A Z LORET, 51258
BEOREMTERLTLE) CLPHELSTH S,
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=5 BEE ETONY 72 VENFIG

Catalyst Conversion (%) M
al nversion
e-caprolactam Cyclohexanone 5-hexenenitrile
Ph-SO,H HME 3.6 214
Nafion-H
1.7 .
(NR50) 7 18.1
H-Beta
{JRC-Z-HB25) 88 28
H-ZSM5
30 21.2
(JRC-Z5-90H)

Total conversion and selectivity is measured at 20 h after the reaction started.
Catalyst, 0.2 g (preheated at 150 °C for 1 b); cyclohexene oxime, 0.2 g; DMF, 20 mL;
internal standard, n-decane (0.1.mL); reaction temperature, 130 °C.

}6 B LFTOTY—FIV - 2577 IMERIE

Catalyst Yield Selectivity of p-MOAP®  Mass balance TOF™

1% /% 1% fmin’!

Amberlyst-15 >99 97.1 97.0 0.28
Ph-SO,H HME 90.3 875 100 0.68
H,PW,,0,, 38.3 96.1 98.3 0.42
H,S0, 177 95.0 100 0.005
H-ZSM5 112 100 100 0.29
Nafion-H (NR50) 7.7 97.2 100 .12
p-TsOH 4.9 100 100 0.008

Catalyst, 0.20 g (prebeated at 150 °C for 1 h); substrate, anisole (40 mmol) and acetic snhydride

(10 mmol); solvent, neat; intemal st

dard, n-decane: P , 70 °C;

ion time, 2 h;

analysis, GC-FID (Capillary columu, DB-FFAP).

* Para-methoxylacetophenon
** nitial rates per acid site

—F, TV ATy FEEIZ A VR VEEREA A VKR
CBEERT MBI LT ARIGICEN TH B, FIT,
#5E13Ph-SO;H HME filff CHE/KFEERIC L 27 =Y
— VDT U MERIGET, AR TV VAT Y F
ERfE % V7o & EORR LB L7 (R6),
RICHES B> 720137 > 73— A } & Ph-
SO;H HME T & Off T13IR k& { FE - 72,
FTAF I TCEEI RS2 EY, F74E Y
Al TSR, () B COEKERP LD T ¥
WA FVER, HE0IEOER LTIV, F oD
BErLBEHELTBIAT7 V- VEDRE, OW
TNPPFIERSTFA 7N LT RNWI EATRIEE
Nbo TANT VARBLE, BERENTHRNT 2N
— A FRATIERY) TR AEHT, fil
BETOI-F U FIFRETVEEEZONE, —
HCHEMFE CHEEE LTEX 51 5Ph-SO3H

HME TIiZ100 % £ 72 V), L S KIS HT LT
W ZENRY = F =N -FERENWZEDS
bbb,

4.4 7V—=FI - 75T IYTIFIHUERIS

TN FIALRILOBHE D 7 ¥ VLRIE & BRI,
o7 VEMEF L LTa s A s E LT
VLI EHFEVI, FL T4 VERTVI—
EVLLAWENTWS, iz 7 LY A5 v FEE,
WA ABDOWITNTHETL, T/ T AFMRIIM
RATTTNEMEBHERT S, ST TRV AT
NA—= WL BT = VDT NFMMEERST L7,
CORIETIE, BRI o TR N FF 28
AR LN B0, FRICEIERY &
LTIRYINI—=FTAOHELND (H5),
WMRTIET AL (%7), Ph-SO;H HME i3fbo
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#£7 EBEETOTY—FN - 75 7Y T AFMEEIE

Catalyst Conversion  Selectivity of Benzyl anisole  Mass balance TOF*
/% /% /% { min?

Ph-SOH HME 718 85.7 100 0.19
H,S0, 496 90.4 80 0.02

H,PW,,0,, 47.8 98.5 83 0.11
Amberlyst-15 349 82.4 100 0.03
Nafion-NR50 320 871 100 0.12
Nafion-SAC 16.5 83.4 100 0.28
p-TsOH 0.8 63.3 89 0.001

* Initial rates per acid site

Catalyst, 0.20 g (preheated at 150 °C for 1 h); substrate, anisole (100 mmol) and
benzyl alcoho! (10 mmol); solvent, neat; internal standard, n-decane; temperature,
70 °C; reaction time, 4 h; analysis, GC-FID (Capillary column, DB-FFAP).

ERERAEIITT & ) ¥ —RERAEE (RFEE, /%7 b
WIVANEKVEE, ~NFORYER) X0 ENAE
BERLTWAZLPDHIE, LBADTANT VR
R TIX100 % 2 KX FEY, a—F
¥ IIHEE T\ 5 —HK T, Ph-SO;H HME T2 100
% & DVAHENENVIZF A 7V L TWSE Z LI
RTE SR FRICEDENT =Y —
TR, RVEVR MU R EX ) DT
LIZ{ WHED TV F MBSOV TIRETTRETH
LEEZTNA,

4.5 FL 71 KFRS

V74 Y OEBKMRETE, BEEY VB
T4 AVWTIF LY POy /- L2 BIR
MRIDRSKFIEICERLSNTE Y, KR - IE
DEHTITORTWS, ¥l y, 7FUVEBL
Uo7 andt y OEEKHRGISEMETITb I,
EF T4 FRATUR)EFMEE LTHWLNRT
Wb, ZORCHOMESIE, Kt Thdrtl 74
COEEVHRELMENKET AL L, BAND
KOWFEC & o ThEBREI I b TLE) T &
THb, INLOMEHEIFETLFT, FL74
¥ DFFIELZ 720> LT DPh-SO;H HME O EFEE
IR 2 P2, BFUBIE, 70CTD2,3- A F)b-
2-7F ¥ OEEKMBUL TR L 720

FERIE, Lo A AW THIRLEOEE &
Bro7:0T, LR T TH7-OH6IHES T
T TRL7ze R LR D FClEPh-SO;H HME @
BLEPROBP o720, ELIR4ART LT 4>
REEMEICOWTIEEREEML, Ph-SOzH

N, O nH,0
Nafion NRSO
H-ZSM 5
H,S0,
Amberlyst-15
p-TsOH
Ph-SO;H HME [ ; . ]
¢ 1.0 20 3.0 40 5.0
Conversion / %

Catalyst, 0.2 g (preheated at 150 °C for 1 h); substrates, 2, 3-dimethyl-2-
butene (1.5 mL) and water (7.5 ml.); solvent, neat; reaction temperature, 70 °
C; reaction time, 5 h; analysis, GC-FID

H6 Bl FCTm2,3-3 A FI-2-TF > DK

HMEDERLDF L 7 4 ¥ OEHEKH US4 % B
AL TV FETH 5,

4.6 BRI FIAERDL V)R URG

BEBR & =¥ ) — V5 OFEBE - F VAR R,
Ph-SO3H HME #FAE L TRIIICT A MRKInk LT
To7: (B7(A)). BK=F TERIZERMEE Fhofi
IR TEgW 20, HEIED - 72, Ph-SO3H
HMEZF 74 F 7R 7 yN—=Y A M &, HVE
ARERANE & ) B BEEME T R L7

HMM ([Z R VR EE BT 5 iR, 7TrdEn
FA—NVTHH L RICBLT 2 FikR &, foF
EbH ) BRMERKCOBERIBESINTNS 1319,
L2LEL OFE, FInHICRICERFAD 2 VK
EOFHER O NEAEREE E L TOREREICRIT
5, #Z T, Ph-SOsH HME DZEMEIZOWTHRR
5 EM TR F VAERIEE C VR LITo 72, B
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Nb,04=nH,0

A)
Nafian-H
Amiberiyst

Ph-SOH
HME

0.0 0.5 1.8 LS

Rate of ethyl acetate formation / pnol-min?!

20

133

1¢ Run (B)
2™ Run
3™ Run
4% Run

00 05 1.0 1.5 286 23
Rate of ethyt acetate formation / pmolmint

Catalyst, 0.2 g (preheated at 150 °C for 1 h); C,H;0H, 1.0 mol; CH,COOH, 0.1 mol;

reaction temperature, 70 °C

X7 BT FVAEROREE(. (A) EEEEOIE, B LU (B) Ph-SO;H HME ETO® D) &2 LRIE

600
- u (A) Before re{tion‘
[ N
-3
; 400
E
o
Eam0
=) F
2 r

] 1 Il i L i

PP,

0 o
006 02 04 06 08 1.0

-Before reaction

After reaction

\
\

Volume / mL-g-!-nm-t

5.0
Pore diameter / nm

10.0 15.0

M8 HEErTF VAR KIEH %D Ph-SO;H HME DEE N ARELRE (A) L HIFLES T (B)

TA)YDIB RS & 135&, RIE#ICPh-SOsH HME
FEYR LA THoC B Lotk H1RB X U
ZiTo TP HLROIEEITV, ThZA4EKRYEL
Too TEMEIZE UBHREICHE L URLZ, HI7B)T
RLU7BRIZ, Ph-SO;H HME 3% L1 E R L,
ELI4EBOREI Kb RBDOF YT 5
Y—arzfiH e (K8), RERIETIZLALE
1LiZ 7% € 2D-hex D A VR — 5 AEIME- R T W
LONbhb, BEE, KTHETENLENL44
mmol-g—13 % UF1.41 mmol-g-1C, FeHEDER
AT RS S e o7z 2B, HOK
JBIZDOWTHBREDOZELIZHZE L THY, REik
THIZELAEERIEPECEIHRTEITVD, L7z
55T, Ph-SO;H HME iZ< VR UL 2%5E 2 E
REERRTH B L\ 2 b,

5. b
V) A REE L THEE LB O—f L LT,

Ph-SO;H HME EAEEAE % 84 S & T iz73niz,
EELIIINTI TERERR/MBERDA VY R—F
AMBOREEITo CTEA, ZOMETHDTY
VHRDA Y R—F A 2o 72, BVRHrL
I5=L > (CH=CH-) # ANTHFI K
THBEZEEILLEL D L VIRVIED - 729,
BT E &) RS ER720 BWhbib R
ol FINBEERLTIIEER L ZoTWEN
RELF ¥ Y SADEHEEK [Ny v ruTT
V] EVHI MO THLEWERE) L) T A T4
TEWRPZE, BEEERNE L AVER-F A%
DL BIENTE, FUDITHRIRRC, HRIL
ZIIERCHEN L7Z2RC, SIS RIbDS s n
TWh, ¥ 37 LA LIRRED RIS IR
LEBILAMOEFNRLELFL LWV IRTIEZ ARV,
L&L, Bro&LIRETAT4TT, 58
BEEHICEBRCEEHAT A2 I35 ICTiETH
5o AHOZOSET, EREEMEICRSTEZE
PR A AR A TN AREMICEIE L Tnd, £
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Repeatedly Reusable Mesoporous Solid Acid Catalyst

Junko N. Kondo* and Kiyotaka Nakajima**
*Chemical Resources Laboratory, Tokyo Institute of Technology,
**Toyota Central R&D Labs., Inc.

A hybrid mesoporous silica (HME) with ethynylene (-CH = CH-) groups and 2 dimensional
hexagonal (2D-hex) structure is synthesized from bis(triethoxysilyl)ethylene ((EtO);-Si-
CH =CH-Si(OEt);) in the presence of structure directing reagent. The ethynylene sites
exposed on the surface were reacted with benzocyclobutene to produce surface-protruded
phenylene groups, which were stabilized through C-C bonds onto the surface (Ph-HME).
The phenylene groups in Ph-HME were easily sulfonated by treatment with concentrated
sulfonic acid to construct a stable and strong solid acid catalyst (Ph-SO3H HME). Ph-SO3H
HME showed higher catalytic activity than other acid catalysts in Pinacol rearrangement,
Beckmann rearrangement, Friedel-Crafts acylation and alkylation, olefin hydration and ether
formation from carbonic acid and alcohol. No leaching of sulfur into the reaction solutions
nor decrease of Ph-SO3;H HME in the amount of sulfur was observed, in addition to the
preservation of the original 2D-hex mesoporous structure. As a result, no deactivation was
observed during repeated reactions, and Ph-SO;H HME demonstrated stable activity for a
repeat use.

Keywords: Hybrid Mesoporous Material, Ordered mesoporous structure, Solid acid catalyst,
Acid-catalyzed reactions, Repeat use
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EVEEEAE N TRY, 16FEMICh- YR SN
BEED, BMARYIC L > TEETEE AR,
EF T4 ML FEWHT L ETEETH S, &
ETIIAP RIS OBEREICER - HC-215, HC-115,
DHC-32 " EENTn5, FHENTWEELS
A MEEHICIIEENTVWRWEAYEY TS/ b
FRBIDHPAR IR TVS,

2.3 FhkFEpE

TSN EMsEELT 52—, BEHREDE
HMOEEN BT 55T, il (BEFRME, BE
Fil) RBRELTAEMIE TN TV D, BilKkE
b Ic AV S s ¥4 54 MIBHToOsF
FARHB LAV RTEET LI L, a—2
B, WAIAELREBELWARY JHPREREN L,
ZFORTHBHY HEL T4 b EFRCZEERBO
KRFEAGHET DL ADPHEDENT VS, FRFI
=, NFUYLEOERILAMRERST
FILKETHAETAT T NT VRS BICEINTS
D, FNOAME FICHEREL, MUEEREASCE
bRV EFRELTLE ). £ZT500~2000 A
D IuRTERSTLILE (M2) TEHML%E
ERLTWA,

3. KF LA 2 THWSNBIEAFZT b
BRVH, EEETICE I NAES T 71 Y HRY

1.0

08|

0.6

AvViAlogD

04

Jk

Qg

1,000 10,000

Pore diameter (A)

2 FRIKFE LSRR OMILS AR

v 7 A ORTHRREEE ORI CIERFEIEE B
BEBERTH L, i ISHATECELGEEIC X
VT o7 A5 %BRFELTWD, ZSM-59DEHIC
LV 1970ERUCE A T 4 MigEIC X BARRILBLAS
TUt ANFRE SNz, BHIORA 9 1EMobil #0
Mobil Distillate Dewaxing (MDDW) 71+ A 10.11),
BP#t® Catalytic Dewaxing Process 710t A 124355
¥ TVE, FHZRTWEELZ A MEEh
FNZSM-5, ELFTFA b THb,

% 721990 01T % o TRFELEMALEA H 71
+ 2 23p8% & L Chevron #t7» & Isodewaxing 7 1+
Z13), Mobil#4*5 MIDWID 70 A& ST
Wb, I ZTiZMobil £ MDDW, Chevronft®
Isodewaxing 7't 2\ DWW CEERICR RS,

3.1 MDDW 7O+ Xx10.11)

MDDW 7174 131973 4|2 Mobil #112 & o TFé
&N, ZSM-5 2l L L TWw5, ZSM-5 1343
DEHICEERI0ERBENORY, B LT, O
BELEWRERELET S O EEERARE 56
@ 3RTREEDOMILEA L, FlERETFHICRE
IR AR V2D T — Z R LI W
SEREITF NS, MDDW X2 5 L72ZSM-5 D84
ZRALCEG T 74 Y RUBHETVFEANLE
VERBERNICOKFESHEET) Tu LA THD,
BIIRIRRCT v 7 AFETHT 5720, HEC
Lo TEFT 4 —ENVEOBRBMRI AT LHDOFE
TANIERELI VD VA=V RED N TN
2HERITI LD D, MDDWﬂiﬂi%ﬁﬁ Z
W&o TERMPICEINIESH/ ST 71 D~
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IPRILTBY, EERHFTHT v 7 AGIHH L
HARELBEMEMSBONS (M4), MDDW I
g, Ot AOWETHRIMTbI, 1997 I
Akzo-Fina /HAY v Fx v & D4 (>MAKFinig
TOEARY) FET, IRTITIIEELLSLTT
T AII30 KRB B,

3.2 Isodewaxing 7’E X 13)

1990 /- THEIETHD, L) EHkELHE
WHOERNBE Y, Bia) LRE 2 REBTD
KZEABRBAE ) 7oAl EBRE R,
Chevron£HiZ & o TH% & 7-Isodewaxing 71Tt
AFEFIFAPELTTNVI ) T+ AT~}
(AIPO-n) OBETIVI =T LBEFO—HEEET
BEHL7-SAPO-n SN TS, TOHT
SAPO-11 (AEL#E:E) CHESOESETHEFL

1 v b FEREENORMEAIEZ Y, EEwE
BEDIRIED—D T d 5 B m RN IR % HiE
MO BINETEOND (F2), EEBHDIT7
7 4 YHBICBWTE /) FIEREEOERENS
—7, SOIERMAENRE Lz OMEERE (V.
L) OBV OFELNL 10, JEETIIH R
¥ | CBEA BiE D SAPO-31, SAPO-41 Z{FH L
7B IO MR THRE LTV A,

4. EDEF 51 MARDENR

41 EF 51 MRARERECRIEOEE
FESNLEMOER, BLUEROTFTERD

ZhEo T, EERRH, BUERM % & OKRETHIC

IARENHNERENTWE, FIHEERRLONS

%2 PUSAPO-11 DA 5 HHEE10 (k)

7ol L 72K R LRI S 5 B9 & (AR | DUSAPO-11 ZSM5
nNTwa, ZOEFSA +2EHTL EEH T 7 BECC) 381 308 313
Bl (T) 12 -9 -7 -17
¥5BE 40°C,cSt 89.17 37.01 46.26 49.85
‘.a.g.g. R 100C,cSt | 6.026 6.071 6.583 6.753
'.‘ ' ‘ HEHEE VL 96 109 91 85
> ‘ '.‘ TR 84.4 84.2 74.4 70.7
‘ ‘.‘ ‘ (vol%)
rrrrr P PR ‘. FEEERvol%, C)
.‘.‘...‘. ST/5 208/333 |  327/367 | 49/347 |  49/350
, .‘ ] " “ 10/30 352401 | 381420 | 364/416 | 366/416
.‘ '.‘ '. 50 442 449 451 451
- 70190 473/504 | 4741508 | 477507 | 477506
3 ZSM-5 DffE 95/99 517544 |  516/543 | 519/547 | 518/544
([MoDWE®MERM | | MDDWAEEIOBHM | o, ‘
nC18
: nC17,
nC16

50 60 110 140 200 230 260 20 3200w
\_ i

S0 20 16 140 200 230 20 20 320 ()
tomparvtuns, °C.
_J

4" MDDW 7Ot |IZX 2 EHE/ ST 71 Y EOELIY (£ . MDDW L E DL, 4 | MDDW MLEEFT O Hivh)



140 ¥ x5 4 ¢ (24)

B0 S EEEIC LT, AMKTRAILT
bRMEEZEEMEZER L LTHY, &0 AhiiE
DE NGNS 2EM O BLNTW5,

—FTT IV THIBTORRRBFEDOEIL, S GTL
(Gas to Liquid) i, ¥Fx— X VEDOH /Y —
ANOBLbEE-TEL, SOXHICHESCHL
LT HEROP, LELEINEELFT A1 MEEE
bALTOEL, FRICHIELZEL T4 MfSE
DHEEIND I I IChoTE, I TREEHE
ENTHEEAE D LICBEOEL T 1 MFEOH)
MOV 5,

42 LENBEA51 MOKEE

FEHEIEREL, SRIETEHT, 454 0E
TAOMMILOKE ERRFV A A e @b T s L1
FR B & CERY O LB, Ko,
EROBRYE, MERAMOE TEETHS,
DOFFHEICE L TidTao LAFERICHE LTS
BEW-W, ZoRTiEksmEsE5icd:, ©
KIEELTITA POFIH @ €I 4 b /T
it @ E¥ZFI74 VRHFFICAVRT, w270R7
ZEATEILTHRNTH L LBRTV 2,

T84 T4 P ORMENEROEETSH 5,
BEE ISR 2T A 2 L3, ASROUIEICE
Y AR OBFEL i EEmEsE 5 L
TEWGFETH L, TOHELLTELFTITA M
BHEOTIVI =T LAZMOEE~NER L /225D
) — PR KRIEEF T4 VEOFHEATA LD
FHLF RO TH 2,

BTt d) 2ave s  eHWEF T4
MAZEBIPEE L RZITON, TITEEFONLD
PERBNT 5o

4.3 KXHBEF 1 MEICLBAFE LSRR
KIEEF T4+ R A VIR E K FE LS MR
WIBH LR B A RS S Twa, A7
FEEF I A MIDOWTIRER, EEASEMIC SIS
LTwa%, ZITIER LEERET 12 R h
CRAMALEETAHLDEEHRT S, Corma bl
ITQ-21 (12 BIR¥fEE ; 5) %AV THEERDK
FIFRIOEToTND, FRICEBEFL T4V
FOLNT ) S EGFERT B —TF, ol
VHERBICAERLTL AR Y, BIREVWTF— 73

H5 ITQ-21¥%* 54 b OigEL

£3 1TQ-21 DERIER: & FRM19

Steamed Steamed

ITQ21 8 USY1 ITQ-21 USY1

LR wt% 725 53.9 68.0 415 36.3
HYY R wt% 308 | 27.8 39.2 29.6 31.3
EHITE wt% 12.0 9.2 18.9 12.9 15.1
F 7 HAWH wt% 24.2 28.4 14.7 16.6 12.6
a—7 IR wt% 3.0 4.1 2.2 3.0 3.1
Ta L VIR wt% 6.0 5.8 35 44 3.3
FL74 @) wt% 11.6 14.8 14.0 15.9 22.6
RON 88.9 88.2 86.9 86.2 85.9
MON 850 | 839 824 819 81.4

Catalyst contact time: catalyst/oil ~0.85, time on stream: 60s,

reaction temperature: 773K

RSN TWS (£3),

Zofl, 14 BREEOMILEFFOSSZ-53 (148
TS AW COEEE LS HE0R 2 Y
Ik (HIFLIEHS2 ~50 nm) TH5HMCM-41 % H
WTER: EOBFRE L EO-HREDND L, 414,
IRHD L) RAKIFELA T4 VEORRBRIE
&, BEIILU7zELX T4 P OFIEBEREEN L,

4.4 EFAS1 ML KRS EE

BEL YRILEELPLHAONTWEESFF A b
% AWIgE L TN Ty b, Landau 5 I3 708
R84 54 Mt UTRFLSEEIToT
V52, /Ny F (10~30 nm) OBEIYFF A b %
RT3 Z L& o TRIEBHOELR RO S
DEY0BHEZREI LI TEETHL EHELT
Wb, THIIPNIFEICE o TET T4 FONER
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800
700 | - . ~
5w =
g 500 | : -
2w - £ '
¥
& 300 .
. 4 ——FoedAH-AR) '
200 .
5 - MUSY!
100 = L]
[
[} 20 40 60 80 100

Yield (mass %)

K6 77 vy~ —FEERML &R0 KE
MTZ6 . 5% =THBHUSY) 29

Mesopores

>10nm

X7 F7=7HHUSY fgEoERE2

AL, BRWEAYIS W BEEROS I
BB Wi tEZ OND, ZOM, FERM
KEMGBHELTH/ HFYREFIA b BT
275 mm) ZRAELTWAEREDPHBE, TDLH
IZE¥FTA br/ARTFETHI LI, BLEALYE
DHEE T L2 RIEDHELT L 22 WERRO S IH
LFED—DTh 5,

4.5 FHAZTEMUSYIC&BKFELHEE
FERMSMEME Y LTF & = T USY ¥4
74 FOFRAFINHREDENTWSE (6, 7). 7
FIEBCERRS OFRIAR 2 AVET (>10
nm) ¥ ¥+ 74 MRS TAHILICE T, SRR
KT, BmES~KEMGHEESNL, $F75 =
TECEY) 7 F 2@ BCEFETLI LICE K
FNREERES TS & LI Eoria—2
2 X BEESIEER & NS,

F4 KFLE A 9 1I2B1T 2 Si0,/AL0;, &SR FEOE
E (ZSM-5) 29

Si0x/Al:Os Crystallite size TOS: reaction temp. pour point

Ratio (x m) ®) ® ®
@
82 0.5 6 563 265
32 0.5 208 573 271
84 0.5 76 562 266
84 0.5 208 569 271
347 0.5 13 596 279
347 0.5 46 671 279
®
80 0.1 49 552 280
80 0.1 145 567 280
80 6.0 66 595 282
80 6.0 146 613 283
#10B=Time on siream(h)

Conditions:
(A}  Feed: Heavy Neuntral Raffinate; catalyst=Ni(2wt.%)-ZSM-5

{B) Feed: Light Neutral Raffinate; catalyst=Pd{(0.3wt.%)/Zn(1.0 wt%)-ZSM-5

4.6 KFELEAHICHFBZSM-5 DRE

ZSM-5 DFERR TR T ) A 7V I FREOYN
RRE(ATAILICL Y, B U, R
OERM EE2RA T IHREL D H L, Zhick
BERTFHAIMNEL (01 um), Y UYH TSI
FHATBO HIE D b DAERMOMEIR, fllEMICE
WTERLTWS (Rd). ZOMIZZSM-5 DERFD
TNIZT L%, RURICBER LAY F
—rr AV, BERLZRETA I X o TESHE
ZEIH LAT, SME S OWNEL AL &S 7-5HkE
Hhi, TLABOEMTI V5, EATAR, &
UEETHBRENG/MIFEASI T YY) F— T %t
#HE LTHVAFERDSIRERMI ) AESAT
Wh, TDEIHIZZSM-5FHLE LIAKELRAS
FFZEIXERAE D R BEAATOR TV S,

4.7 ZSM-5LMDEF S A MKk BKFELRBES 5
KFILES 2 BEFZEIC BT ZSM-5 2FH & h
By —ZAWEKRE LTEVY, BETIREEL
SAPOZEF T4 F 2850, ZSM-5UADEZX T 1
MZDWTHEISEDY TN TV B, Nu-6(1) & BERk
LTELN D Nu-6(2)138 BEBD 3 XTHEEDTL
AYBEET4 L ELTHBR T 5, Zanardi?) b
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#5 Nu-6Q)IZ& B n-Th ¥ DKELHE

Reaction temp. Conv. Isomerization Cracking MB DB NI

) %) (%) %) ) % %)
190 3.8 2.8 1.0 16 09 03
206 10.7 6.2 4.5 35 23 04
221 25.5 9.2 16.3 50 34 08
240 47.8 8.6 39.2 45 38 03
257 70.3 4.8 65.5 25 22 01
270 79.2 3.1 76.1 16 14 0.1

MB and DB=monobranched and dibranched isomers respectively.

NI=non‘identified prodpcts.

2 DONu-6(2) % Fvin-7Fh » LB &5 LER
RS ETTAZ L ERIBLTWS (E
5) F2BEEF T4 MERWCTESE LA E
SHFHEOLEH L, EELDEEFTA bEbKE
TLEELBA O i~ DOEAFR S S,

4.8 ERZBLIHMIG U kTR LSRR

7V T IS TOREREOML» S GTLH, YT
2= AV B EDOHI Y - ANDELLEE 5T
%o FIRA A% 5 Fischer-Tropsch (FT) RUSIZ &
NEONBITERIRMET L ET RV ) — R
B L TEEIN TS, @ GTL /O AIFFT
B, KECTBIEPLRY, KE(LSRRE
EFIA NEFEAT AT —APTEEN TS, K
R L L OMIFEOYEIE A S/ 2 A
VB EIZE ST, BEHOEVIT 74 U ESERT
BT EVURETH Y, SRREEIEONCST, B
DIEDE LIZKRE B 725 LTV 53D, F72ZSM-
48 (10 BIRHEE) % AV CORLE L5 RE M % 1
L BMERY O [A L &¢7-8E5320% 5,

FoCF - A RHE L AREHICEE T A
ZELHEIN TS, ABEMIEFTICL > THE
BRILEMRERIEMOERET D2 D EVD O
H N33, FEREME LB LIRS 2, Bl
%o TEREMOEEEME S % KF(LSH (A4
VENS FOszsyxrr) $HRICET LS
FHR L TWAHEDH L H5HRIZT ) L2 EESR
IZbEFITA MDA SNTL A0 DL AFENS,

5. 8HHIZ
KEMGEBLIUPA D) 7R IZBVWSLATW

2EFTA MIOWTHIBA L7 WTRIHELD
MEH s W EREL ENTVS, LEALEFLEA
B EmEst, EmfitEsd 5\ ids i ¥
—BRDOERLIEY, 4FTLIRELRLa LT
FEEOEFTA MIEIHRESIND LI o7
—HEHELPLBENTVEEL T A L2 EESYE
20, FRYLTIA FRIALAY EA TR
ABND, KFEPIREDOHFEENNE SFET A L
D HLhodbEF T FERE
Uk, BEEREOFEZ L)
@ KIEEFTA P2 L LT IHRLES T4
+ OF A
® BFI4  OAVRT, 7T RT DAL
(RAF—24, BREBIZLZ2USYEDE SRS
AVRTRE)
PEFONR 5,

WIS BT L TES T A N OFENE» L
ENDDPVRIOEL 2D, ZOIDIIZEFTA
N DEEER) - (LRI & RO - AERERE O
BRESTTULICLo ) LIBBT AL EE
Thb, F-ERLLOBICIRBEELEZET ALE
BHVETTA MEEIX MO RELRBRESR S,
BICKIEY T 51 P EAKT A5B813BEME 7
YTV —= b EBWA = ANEnize, BliEa X b
HCHREIRIN TS, ATETF Y 7L—1%
FALZVEEDRT Y FL— el - U4 2
VERBHEOVPRLNE D, BHEHESD SO
Fe RVICHIRE L 72\,
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Application of Zeolites to Hydroprocessing Catalysts

Masaki Abe
Research & Development Center, COSMO OIL CO., LTD

Zeolite catalysts have been used for hydrocracking and hydrodewaxing processes.
Faujasite type and ZSM-5 type zeolites are mainly used for these processes at the
present time. However, recent progresses of zeolites have led many technical innovations
to deal with increasing demands for producing light products (middle distillates and gasoline)
from heavier crude oil. Also, there is the necessity for many refiners to raise the value
and the quality of products according to the recent sudden raise up of crude oil prices.
To accomplish these requirements, nowadays the new type of zeolites, for example, various
large pore zeolites, are synthesized, and many articles are reported to apply these

materials for

hydrocracking and hydrodewaxing reactions. In this review, the zeolite

catalysts commercially used for hydrocracking and hydrodewaxing processes are introduced
and recent topics of zeolite catalysts are also described.

Keywords: large pore zeolite, mesoporous aluminosilicate, MFI, FAU
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(& &%)

7OV v 9 A FELEEORSR

A Ft*, af P, A B+
*ERLFHRA S Al bEmpigenT, ** ERIbERaH At ERE=

FO¥L Y FFY 4 F (PO) DOBEFEEEICIIESE AV AHEE L ERER It E V506
BEELNDH LD, BIEYORERHESROTRICEGEINL L Vo RMENH Y, LV EES
BEIGECE TR TV, SHIIFHELEMEET R VLo B, 7 2018
FX v )T LT REHLVPOEEEIMTRRE L. TD 7 XV EPO HERMIIBLFE
WCHREEETRENOS VI - 7O ATH D,

1. #E8

Fa¥Ll 454 F (PO) 1%, #HFET600F b
VO PEBEINTWAEETEHMTH S, TOH
FEOHT0OBIERY F =L LTIV ¥ VERIER
Eh, BYiz7o¥L 7)) a— e UTARER
VAT VER, EEEIA, bRk SIERE
hs

POOMFROFITELEEA - —LEEZEXXIZ,
CE BRI OEEEIS R K2 IR L,

BAETEL STV A PO BEEIZEE 2 VPO
DHZEETHHEEL, PO LBIZAFLVE)
TSR EETAIHEEEICANEINSLL), LPLS
noO7ak AL, BIAYORERLEREIPEE M
DOHMELAENLZEORERHZTBY, EED
PO X — 7 —3FH L EEEORBIEN L TEL,

WX 1998 BT R F LB O BRI
BRI LA & 28, FEEMESEERLAEH
PO 8LE 70 A DFEAMTFELICETI L, 2003 4EI2F
ETIEIZBWTPO ISH LV /EDIBTS5 VM %
AF =k L7z, D%, TPVTIIBIFIERLEE
FHEIT2005FERKICIZ20F b v S EADOHEEEE
ML, REERLBEZHT Vb, E5I220084

SHH : 2006469 A29 B
T299-0295 FZR A+ LA 2-1
FER{LESRAST bR

e-mail: yamamotoj2@sc.sumitomo-chem.co.jp

YO TT7IETDOT-E¥SIIBNWT, 2875V
b PO 20 M /HE) RBEITATFETH S,

2. BXF0 PO &k
2.1 EFE

BHRE (Zule FYUEEDE)) 3bed
IFVrAFYA FOBEEE LTEREATH
HfcddH, 1960 FERITF LIt 3T A FOR
EVEEBRLENGER I NS DI, #h7T5 v
MEROBEPLPOOELEEL LTHERA SRS X
oz, BRERXINT TH—DOTENLZPOR
EEEETH o7,

AETIE, ITTF7REL U EEFREKE20~60T,
0.2~03 MPaDEH T TR & Ta-B LU B~
7Ol FYViESY (9:11) #EREES, KT
TAHY) FIZISKBRIEA VYT L) EEE, 100T
BECRIESELIEIZEIYPOREET S, Ak
KBRS, BREGTITONAEY, POL Frdbik
NIEFH14 b EHEAKHL P HOEEORIEER
PLETHY, WILINVT T 20%2.0 b VEIET -
%o FRIOBREOKEFESETIULE FY Vi
E%E3~6 %R0 & CHEMNMEDOBIEZIZ
BULERSHBI2DT VA EEEATZKIEEC
FAEL PO L THIHMERE), YKAWIIEE
CREWTOEALLoTWA,

22 HEERILIE |
EHERUIE (N FTS—F $49 4 ML b
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Total 6740kt/y
(2003. Estimated)
Huntsman
230
Repsol
250
Sumitomo+
Nihon oxirane | -
380

Others

I ydntjl,elli* i
(el Bayer)
860

1 Global PO supplier and capacity (1000 t/y)

E9) &, 19704 Halcontt & Atlantic Richfield
# (D ARCOH) 12X VR ENIZDOIMHEOTH
Do AESEEAYIECRIFANRVE VLAV T
FUBEENDY, TFARYEUN, Fas—3%F
H4 FEldtert — T FANA Fa$—FFH A F
FRHWCTRELY 2R REMETHIEICLY
POZEHT 5. RETIEABICAFLYE/ v —
(SM) F/-idtert—7% ./ —) (TBA) %#ET 5
DOV TH 5, HEDOFHPO 77 ¥ MIAED
BEEYOBEG R L KE LE S PO/SM fEEEH R
HAE&NTWD,

IFNRVEVETIE, TFTFARIEVE
130~150°C, 0.07~0.14 MPa D& FIZiAER T
BRI T ALY ZF ARV EBUNAL Fan
—F FH A FeEREEDL, RWT, TRFILhh
WOBET, ZFARIEUNL FO8—FF4H4
FE7OEL Y2 RIBEE, a—AFARYILT
VA=V EPOREETLH, TRF UM E LT
12, Mo RO —ffiEd R TiHFF ) W EORE—
Bl 2 EOMERH END, ZOIRF M LRnIdE
FLERHOTUE LV OFET, M2iE90~1307T,
1.5~6.5 MPaD &M Tirhbit, /N Fusi—3+%
F 4 FEIBER9S % LT POBIREIZMN0 % Th 5,
EL72a— AFARY VTV a—VIidEEE (F)
ZE, TiO,-ALO,filifE, 250 ~280°C, HESIES
%) OFETCTHAREGELME RS, ZOEER
JEE8100 %, FEIRETIO~95 % TSMAELND,

AVTEETE, 1V 75 DETBIEE
35 ~50 %, tert — 7 FUNA FOX—=F X4 F
BIEH 50 ~60 % TTHND, Fl TRFIMEK
NI ZF NNV B U3 L FfTH D, ER L7 TBA

Co-production
method P

Chlorohydrin{43%)
‘Dow
Asahi Glass
Tokuyama

PO-only
production
method

Sumitomo j
New PO process
(3%)

B2 PO production technologies

EHALAVTF L E LM, &bITAY /=)
ERIREEBZ LWLV RIEIE LTER -
e AFNtert— 7T FIVI—F)L (MTBE) % AWT
&%,

IS DOEEEEBBRALEIE N, P S—F X494
FOBRLDZ EFICHALTBY, EEOL ) RE
BEZLEL LRVEWIENRFHEETL, L
PLERS, TFARYEVETIEPO L Y Hi:
DR25 PP DAFLY, 4 VTF VETIRH21
YDAV TFLVUDBBHEISNETD, THOHEY
DOHROFEZMLZTE L VI)MEERZELTSEY,
HFLOPOZTEET A HEL LTHRELZDD LR
BV,

3. FR{EEDHFPO BEX
VHIIFHLPOREEEL LT, 7 A V2EES
¥ )7 - LTHWAPOBEEZMEN L7260, Kk
3EME, TRF UL, KRDO3IOORIEIEDNHHE
BEh, KEFKIGTER L2 A 2 BLTRICY
FAINTHI LI THL ([3),

3.1 BEtTRe
BLTRIZZ A v 2 ZZRICE VB LT A 0
4 Fas8s—*F4%4 F (CMHP) %82THETH5,
AU EME COBEEBLRETSH Y, 7 &
VET ) = VEBD T A VBT L FEARICE
BOEMTHED, 7 A VBILEZF ARV EV B
BICERTRIDFBEWZ EFFohTEB Y, EEIL
90~130C, ¥E~ 1.0 MPa ® HLERIBA 2 4T
FUBHHEITT 78, F72, THS A VNS FOsi—
¥ A FIRELABRIMTHLZ Db, TF



146 £+ 54 F (30)

A.lr

CMHP

epox:dauon

t

— Product

catlon

X3 New Sumitomo PO process

WRVEVEEERA YV T8 VBRI HARTANS Fo
PN—F T A FIERIIRERICE V. FEBRPD V7 £
INA RO FH A, FeDBRIET 20, -
AFVRVIVTNI=N ETOLATIIZ A~
& UCHEUNETEE) 22 72 BRSO BFREIL95 %
PUEIET 2,

3.2 IXR¥IETHE
IRFVLTRIZICMHP & 7O ¥ L v % Kb &¢
T, 6, a—TCRAFARVYIATINI—)L (CMA) &
PO 2B ATETH 5,
ATRETIILHORRE L7 TiflfIc L AEER S
Ot ZHRA S, FRTi OB EREL 7 X~
NA FOS—F 544 FOLERD B EH 5 HER
VAN FRBRETORICOSTEEE 2 Y, 95 %L LD
FEEICEVPOBEREIER SN T2, FRTifl
BRBICOWTIIBR TS, T REF IR E
FNUNOBIKIEICDWT, TRERIZE ) FUSE
xBTS A2 LI ) Rl bRt &
BERUPRA STV S, ANBREATGTH
N, V77%—DA07LHBOIEPT TRENS LR
T2, BEDRE FFIZCMHP O#E5HR PO D
BREBE W ZBIRIE R BET 570, flliEid
BWEICHEIE N, KIS OB CIZBASHEHC LD
FICBEFFEENR TV, BT EF LS
WAORRIG7TEEL Y AL, BEICK
DHPOES L CMA /7 A VEFIIFHEEN S,

3.3 KEIRE
KEIRIZa, a~TJAFANRIIATNI—
(ZINTHaA— . CMA) EAEZEERL I AV

BETLIIRTH S,

CMA EZRY IV TV a— VECRIBED B2
®, FEESEMEIC X 2KBREVER BT 5o
F7, CMARZEIRZF ARV B FEIIBIT a~ A
FARYDNT N 3= VB afific A F VEI
WERY UMEE DY ANV F - ATH LT

BREGETHL 2EMEDRIFUEIREZ DIz w
Bl DD, FOSIKEME L FEE L -EgR 71
CATHY, RIBRICCMA /7 A VAR EKEDS
ﬁ#énr%ména ATRICBVTCMA Y

VICIZITERMICEREN, ROTERKOSE
7?: EORBIEERT AU HIRENSL, BT
N7 A VBT A I v Ens,

VEFHBLZISIC, RO RIET A VPR
Fr)T7—ELTHRLTVWEDIEHTHY, &
MR TR F LA E 2 2> (CMHPRCMA 3 &
BT) DEEVDREFEN LT, £ LTI 2
YOUAFRPBRICHZ AL IBEEENRTWE, &
5iCix, Bk, = R¥ AL, KEOETEORIEH
CHELTOENERAFROR, 08B R
F-JRPRIZTE L) THFA &N TWE720HE
BEOLAINF-HENFE I EVWT O E RO
TWh,

4. IRFx ALAMEORIR

BRI ZE V2 LT 4 Y DLEF VLG
34 D&E Mo, V, W, Cr, Ti, Mn, Ru’z ¥)
PEEETETEIEPHMLNTEY, 2P THFS
VRV A EHAED I ETHBVIES VLEMES
RETHIEPMON TS, ThE TR SN
Tiv ) AfgdEe LT, Tid ) r— MED¥rs 4
M, F5 =73 AFORAGE A, TiE
RV AFOMIENH Y, T T 7 — MIBK
HOBNFEREDY ) W EERPICT & V4B TE
TEENTVD Z L P OBRICBEVIRT IUEE
EETAILELPAMONT WSS, LALRIH,
INGIEROTI ) AR T 2 88t A+
L 74 Y& BWITBHIC X o TIEMIKE BT
AZDT, BIZCMHP D X 9 2 RERFFINT AL
REMLCECEEEZER TS 03m6NTwi
ol

LHABAR LR F AR A Vv R— T 2
EERETAHTI V) A CVFTERTIEELS))



(31) Vol23, No.4 (2006) 147

[Xj4 Important factors for effective Ti epoxidation catalyst
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Development of a Novel Manufacturing Process of Propylene Oxide (PO)

Jun Yamamoto*, Junpei Tsuji**, and Masaru Ishino*

*Petrochemicals Research Laboratory, Sumitomo Chemical Co., Ltd.,

**Planning and Coordination Office, Petrochemicals and Plastics Sector, Sumitomo Chemical Co., Ltd.

There had always been a strong demand for the development of new PO-only process.
The conventional processes - Chlorohydrin PO-only process and organic hydroperoxide
process that generates huge amount of co-products - have been causing headaches for the PO
manufactures due to the generation of environmentally unfriendly wastes, and to the dependence
of product price on the fluctuating market of co-products.

Owing to the development of high performance Titanium epoxidation catalyst by our
researchers, we have succeeded in establishing the novel PO-only manufacturing process

where Cumene acts as the Oxygen carrier.

The new PO Cumene process is considered as one of the "Green processes" since it
gives higher yields than the conventionals with only small amount of by-products produced.

Keywords: Propylene oxide, Cumene, Titanium epoxidation catalyst, Green process,

PO-only process
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Gas Separation Properties and Microstructures of DDR-type Zeolite Membranes

Kenji Yajima*, Kenji Suzuki*, Toshihiro Tomita*, Shuichi Yoshida*,
Toshiyuki Suzuki**, and Yukichi Sasaki**
*NCM Project, New Products Development Center, NGK Insulators, Ltd.,
**Materials Research and Development Laboratory, Japan Fine Ceramics Center

DDR-type zeolite membranes show good performance for the separation of carbon dioxide
from methane in a mixed gas. Two DDR membranes with a thickness of about 2.5 um were
synthesized on alumina supports under two synthesis conditions. These membranes showed
different carbon dioxide/methane separation factors (&): one membrane showed a=76 and
the other showed a=1.2. In a dyeing test to find defects in the DDR membranes, all
surface of the DDR membrane with the low separation factor was found to be uniformly
dyed and we surmised that it had many defects. However, the reason for the formation of
defects was not clarified after the dyeing test and the defects could not be observed by
SEM. Therefore, the DDR membranes were observed by TEM. In particular, DDR/DDR
grain boundaries in the DDR membrane and composite layers of the DDR membrane and
the alumina support were carefully observed. The results of TEM observation revealed that
typical DDR grains were adhered closely to each other and composite layers did not have
amorphous layers such as amorphous silica. However, some gaps with a width of about 10
~20 nm were observed at DDR/DDR grain boundaries in the DDR membrane with the low
separation factor. It was investigated whether the formation of the gaps was caused by the
difference in thermal expansion between the DDR membrane and the alumina support during
the heating treatment to remove the structure-directing agents. A DDR membrane with a
thick composite layer was synthesized to check whether the composite layer is effective in
decreasing the formation of cracks in DDR membranes. This DDR membrane showed a
good separation factor (a¢=57). It was concluded that the composite layer is effective in
buffering the difference in thermal expansion between the DDR membrane and the alumina
support.

Keywords: DDR-type zeolite membrane, gas separation, TEM observation, defect, thermal
expansion, composite layer
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