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(b) Schematic representation of the relationship between structure

of RF-F127 self-assembly and packing parameter g value.
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Preparation of Mesoporous Alumina films with Various Pore Architectures

(NIMS”  Waseda Univ.2+JST®)

Xiangfen Jiang”®Nagy L. K. Torad*® o Yusuke Yamauchi**®“

Introduction: Since their discovery in 1990s, ordered
mesoporous metal oxides have been widely investigated
and developed, due to their potential applications in various
areas such as catalysis, separation, sensors, lithium batteries,
optoelectronics, solar cells, biotechnologies, and so on.
Various mesoporous non-siliceous metal oxides including
TiO, have been synthesized so far. Among these
nonsiliceous oxides, y-alumina (ALOs) is highly attractive,
because y-alumina can offer high mechanical strength,
corrosion resistance, thermal stability, and Lewis acidity.
However, to control hydrolysis and condensation reactions
of aluminum alkoxides is more difficult than silicon
alkoxides. In almost previous cases, the mesostructural
ordering of mesoporous y-alumina is worse than that of
mesoporous silica materials. It is necessary to carefully
adjust synthetic parameters such as precursor compositions
and pH values, temperatures, and relative humidities to get
highly ordered mesoporous alumina. Here we report
mesostructural controls in alumina films by using several
types of surfactant.[1-3]

Experimental: Aluminium tri-n-butoxide was added to
solution of 37 wt% hydrochloric acid and absolute ethanol
under stirring, After vigorous stirring, a surfactant solution
dissolved in ethanol was added into the mixture. After
further stirring, the clear precursor solutions were obtained.
After that, the precursor solutions were spin-coated on
clean silicon substrates at 23 °C and 50 % relative humidity.
The spinning speed and time were fixed at 3000 rpm and
30 s, respectively. After that, as-prepared thin films were
aged at -20 °C with 20 % relative humidity for 2 h. After
the aging, the films were calcined in air.

Results and Discussion: When P123 was dissolved in the
precursor solution, several intense spots clearly appeared in
both in-plane and out-of-plane directions of the 2D
GI-SAXS patterns, indicating the formation of highly
ordered 3D mesostructure. The SEM observation also
confirmed that highly ordered arrangement of the uniform
mesopores spread over the entire top-surface of the film.
The single domain sizes of mesoporous crystals were
roughly calculated to be larger than 500 nn’.

With the increase of the calcination temperatures, the
out-of-plane spots were obviously shifted into higher angle
and finally disappeared, while the in-plane spots were well
maintained without obvious shifts (up to 1000 °C). It was

Figure 1 Top surface SEM images of alumina fims calcined at various
temperatures. ((a) A,O3_400, (b) Al,O5_800, (c) ALO; 900, (d) Al,O5_1000,
(e) A|203_1050, and (f) A|203_:L1.00)

understood that such changes in in-plane and out-of-plane
spots in the temperature range from 400 °C to 1000 °C
were caused by uniaxial contraction along vertical direction.
With the increase of the calcination temperatures, the film
thicknesses were decreased. The retention of in-plane
hexagonal periodicity was clearly shown in the top-surface
SEM images. For the alumina films calcined below
1000 °C, no obvious collapse of in-plane hexagonal
periodicity was observed. To investigate the crystallization
process of the alumina framework, selected-area ED
patterns were taken for all films. With the increase of
calcinations temperatures, ring-like ED patterns appeared
with brighter intensity, which can be assigned to (400) and
(440) planes of y-alumina crystals. It was indicated that the
main crystallization in the amorphous alumina framework
was progressed from 800 °C.

Furthermore,
y-alumina thin film with ultra-large mesopores by using
diblock copolymer PS(18000)-b-PEO(7500) as template
and economic inorganic salt AlCl;. The pore size is as large

we prepared ordered mesoporous

as 35 nm without loss of long range ordering. The pore size

can be tuned into macropore scale (around 83 nm) by

simply adjusting the amount of co-solvent, which provides

new insight into large-size pore templated by the diblock

copolymer PS-b-PEO.
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Fig. 1 Gas permeances before calcinatio® )( after
calcination () and after MTO reactionk).

Table 1 Vapor permeances before calcination,
calcination and after coking.

IPA Permeance
[ mol m%s'Pa’]

H,O permeance
[ mol m%s'Pat]

before calcination 4.9x10° < 1.4x10'
after calcination 4.5x10 < 1.4x10%
after coking 5.6x19 < 1.4x10%
B3
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B3 U CHABE (MSM—1) OksEEEIC X5
1B KAYERE A~ DS L it

(CZ PRI FEINEE f-) ORZ A - RIRIET - B3 - RKE—H

1. #5

HHE & ST DRIRE T HRIRDOIRA 55,
RRECIWN T, W, ZRROUERNC X 5 BEED
TN TW5, LhLARnb, ZhbohiEL, %<
DTN —Z B L L, S, Bfacr o P
MERERTHD LV ST KR H D, ZHUTK LT,
I, =RV —EHEEZRE HPRTE, mEwER
EDFIGIRVE RN CE 5847 A Mg
& DI OIS Z IS B, I EDMER &
N5, T TCICAREAFT A MNET, Tra— %
T kL LTERESNTOWANA B4 T A

N DRFHED B 3 FRERFHS - R K BRI CBRAE &
TN D,

o ik, MEETE, mAMEE L. LboBiREk,
HRTER DL RKEWET U D CHA BIEAT A M
MSM-1 (Mitsubishi High Silica Membrane-1) D&
BRI Uiz, D ABFFECIE, MSM-1 OFF>, FHH%
HIZAEEREME S 2B AL BRI, 36 KOS
THET DIRIEARMIS MSM-1 OSBRI 52 25
AR LIZDO Tl 5,

2. FEBR

LTA MKEHRIZ N AFAT H~ o 2T =
Ut Fr¥%i K (TMADA) % SDA & LTCARLT-
CHA BIEA T A Fafifbih e LCESHE, U AR
Bl TS FEEL TVl U &EEEE k. TMADA
D572 5 KR A P CRTERTRREVERR L, ZKIE,
HEAER . BERRIZ X0 AR A BRE LT MSM-1 24K
L7z, ARk L7250 XRD HIE, SEM #1872 L %17-
oo RBERACTHESERRIL, Flia OOk
BiRE LTl
3. fERLEBE

IKEAE R 2 2 S B CAR L7 MSM-1 Ok,
B2 FE ., Wik 50wt%/KEAKR D T0°CITIs1T 5
BRI TBESEBR ORE R AR 112, ARIRFEIZ L 5 XRD
B = DX 2 1T, #1005 36 KL A
% L7 I CIIR DO ZE 50BN V72D T, B 2R
DAL TS EEBZ HIb, FEERICHHRORERIL
STEEZ BT Y 36 BELL EAk L7-EodElE HaO
FEIE 99.9 wt% L ETh D SBEERENS BAF T D, X 2
TIXAREHA 36 BHHLL EOHAIZ 20=18 DOE—
7 BREEANGRV Y, MSM-1 | ZRFE) 72 XRD /32— A3 L
HID, FHEEY72 XRD /37— WG SN DETE

» MRERR - U

BRACBEEEREM S DD = & 0B, MSM-1 il H O
TERAEDY MSM-1 D VoBiEERE, K& 22l il
FHLTWD EEZ BN,

MSM-1 (ZHH%#)72 XRD 734 — 2 ZHio, 48 B D
KA K> THEBI- MSM-1 Z HVW T, MR
HDHVNITARERT pH=2~4 |ZF% L7= TPA /KIAHE.,
NMP KSR DIE AT HEFRRAAT o T2, DRGSR,
BEPER, THERE S BIZERZ RN LW E & [R5
Th-oT,

# 1. ORI L 284 Air B ERS OV 70°ClL
BT DR 50Wt% /KRR OIRF T Lo Bl Rt

. BERZARBIBE BiBH20EE
& FRB '/ (m2-h) (i) (x 2)
14h >1000 (x1) -
24h 390 -
36h 120 99.99
48h 70 99.94

*1 : asmade TOZEXEIHE
%2 IEEEA VIS 50wt% /KR & VT 70°C
THENE, fEIEBRLATE 300 43 DA,

20 (deg)

2. MSM-1 ® XRD /3% —>
AR ¢ a) 48h 5 b) 36h 5 ¢) 24h 5 d) 14h

SEE 1) W02010/098473

*EFEZ  2005890@cc.m-kagkau.co.jp

F AX :045-963-3247
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PA5A4 MEBEZRIHALZES U I CHAEOERR L PV MERE

(PERBHIE A « IRKBE T ®) O*EERRE A « P TR A - S A - Bl
ST A RANIFA AR IEM ® - feBy s ©

1 #s

BA T A MEEZFAWZBK T 12 2~05 IR
VT, Na-LTA BRI i s it A ds K OVKEIUE %
HT5HZ LD, 20014 A BB E RS SA A
T a— L EORK ST ARERALES D,
Fx 1L, 8 HER Low-Silica & C. ME&IEDY Na-LTA %Y
L0 HMNEFEY AT 4 (MER 2, PHI i 3,
CHA ) [T ER LT, TOAMIELZ N L TE T,
HFCH CHA BT, —RAERMEH @ Sr 2AEE T
HHZLEREL, AT I U ELEL LAWK
AR L Y SHICHBEOHBAREEITV, =
2 ) — VKRN D DR BRALTBECB VT, Eil
A Q=14.1 kg/m? « h, ZyHEfEf#%k 10,000 LA E &0 5
FEAL OB AT LI-RE2 AT 52 L amd o
EMNTETY,

AWFFETIE, CHA DG RIZ B W T ALE D SilAl
EeZ2FoBl Al L7z FAU BIP 45 1 k& IRk Rk
ELTEY U I CHAIZHRA T 5 5 (B4 T A Mg
k) #HWT, KON RE N ERHFT
=5 SIAILEED 20 L Do U 8 CHA R 2 G k9
52 &xRHEME LT, ARSI RIE L & K(10), =
X 7 —1(90)F &L VUK (50),/ BEEE(50) 0> & DR FEEAL
SEEEAT S T=DTHET 5,

2 =B
FEHA  a— 7T KRR, B FEROM R E TR

RIL7-, B 2mm ¢ . NS 1.6mm ¢ . K FLER( € )40.2%,

SEEJHALES 0.15um O b O & L7z,
LTA PEFRIT, = b PR PMYF 2 — T 2l
L7,
B ) B CHABEDO AL : &Y 7 CHA Flds L, T
EO SiIAl iz 72 5 X 9 2kl T Al L7-, USY
PAIA O EEE O 2T, ZOfRE
AR THLa-TNAITFTFa—TEBLORLT A+
F =2 — 7 OHERIZ Rubbing 512 X 0 5 &H7=,
TR, BLAI L2 USY BUP AT A a2 E RN LT
VN, TR E L % SiO,: 0.03 AlLOg: 0.2BTMA:
0.1NaCl:10H,0 ¢L7- (BTMA: RV ILRIAF LT L E
=UL), Z0O USY BEAT A G Te “IRREIRE X
FrAR 417 T ¢, 100~150°CT 3~11 HANEL T, —%
RES®T-, £, EEORE O -0\ i & /it
BIO R E A% OB ERINGRIE L,
2E5dL (PV) SyBfatER

U7 CHA D PV SrBfEEREIL, 75°CD 90wt%
T ) — L KERIE 3 KO 50wt %R K ISR 6951
Z AL BERBRIC LR L 7=, JIE IS, Ny T B
FOVE &M BORER LR EEZFE L, 4
BitfR ko Ok/=x /7 —) BL OB #ETEH Q (kg/m2-h)
ZRDIz, Fio, BEMEOFMEL T, 50wt%HEE K%
R PV ikBr% 3 RER L CTfro7-,

3 WRLEBE

AREA T A MEHIETHONTZET Y 7 CHA B
Kilidh (SIIAI=15.6) @ 0Wt%EFEE/AKVERIZ 1 [
218 L2 OBR X SEIEORE R, mlire—71c
ZLITEEAER LN, £/ “A-MAS-NMR
END,AFEAER Al DEHEIN o7z, Zh
OFERDD | THEERMEICEN T EFEM TH D Z &N
MR &7,

F1LIZ, @Y I CHA RO GRS L O PV M
REZ /R T, i U A CHA RIE, &2 TORM TR T
T RIRIZERFRAZZE L, mIRIC72 5 & MTN A
R ENES L, 130°CT7 HOE (Run 5) A%
J = VKD B D RK T, Q=4.23 kg/m? - h,
a(W/E)=1170 GZiifzH1 0Ok DL =99.4wWt%) %75
L. BEER/KIAI D D DORKTIE, Q=7.96 kg/m? « h,
a(W/AC)=2,500 (i o DK DY E =99.96Wt%)
wRLic, ZNHORRND, KEA T A MNEHazk
ZRIA L@ U A CHA RO A RSMFIE, 130°CT
5 HELED "IN RETH S Z L3ba o,
I, L — VKRS DK LD b FEERAK
D> OBIKDPEREDRMEIN TV o DI, BUKIED &
VUNBNZT A EICEVIRTTAZ L, BIOE
MOECEDbDEEZEZBND,

F72. Run5 Z H W CHEERKIEIK DK%, 170 Kf
ke L 7o R, Qu al bITIZFE A LIMTLTED
T ZOE YU I CHA BEIX, H RIS A A4 > AZHT %
HOD, BEOZEEHBENTVWD Z ERbooT,

B 112X, Run5 @ SEM %", M- IXRROHE
mCEDLNTEY ., OB BITFICER SN2
o7z, BEEIZ 2um BBETH -7,

#£1 BYI I CHABEDOEREER I OPV thiE

amEs Q @ Q
Run | cmmm) | B | (g/m2eh) | (W/AS) | (kg/m?-h)

1 110-7 50 3.1 720 4.1
2 110-11 120 2.5 1120 3.8
3 130-3 20 ~60 33 ~50
4 130-5 800 3.6 1800 5.1
5 130-7 1170 4.23 2500 7.96
6 130-11 1200 3.3 1170 4.2
7 150-5 120 2.7 870 3.1
8 150-7 120 2.5 800 2.6
9 150-11 200 2.1 820 2.2

1 BV CHAED SEM #
BEXBR
1) FREEIE(E &, %rBA 2006-212551.
2) {H{EFHE D, %7BH 2006-150239.
3) IE{EFIE D . F¥lH 2004-345034.
4) Y.Hasegawa et.al., J.Membr.Sci., 347, 193 (2010).
5) Y.Hasegawa et.al., J.Membr.Sci., 364, 318 (2010).
6) Itakura et.al., Chem.Lett., Vol.37, No.9, 908(2008).
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AFIEERI B ED &/ EZ DR RHETE

Fi ¢ fE ML AFL BUP A5 A RS R 04

RRIE, FERICT =B By F 2R B SIS,

AFI f a2 DRI ES L HESR, TAAZRD
AFI TS b2 BRI IB A 0%, TIZH MBI EITIZE
THEGHR L+ 5 RS [1-3) STV D,

Hoxix, ZNET AFL B FIAMNIBNWT T vHBEAA
VIRLDOBREENL O &AL LA G A RS AFT BA Ak
DA RS GBI T DK f SO\ Z XD 72
/U —MEEE RO AIPO RWE DA RETDHZ AL
HShlm RN L&,

A, EFROFME LG STA—Z OB AL A

i AL B B B D SRR R EAT > TODIRERIZB N T,

WD FiEL T A BB I T AFI R O FEL ) B 7R
EEMRT DRI T, SO B IR B SO Rt &
FEREMELEZDEDOABIBRIZ O W THREHRE T
50

RER  AFI A E SEIRI 3@ H OKBSOSTEIZ TERRLTZ,

Me—, WESRDEE R FIEEB2Z01E, OSERKTIZT
TR ROAT b R D R SR BRSO K SRS DR IR S
FEE 412 B AL TRV ETHD,

o7 B SO R AT 4 B BYIZ, SEM #BLE2 oA,
WATE —AEIZED XRD HIE, H SO R ) EEFEAn O
729 ® Schulz O FEHEIZ LD S XK E R E &2 T>7,

BREBRE  NUELNANEOGTHEZR T, B
DL OB, BT TLESTZH DD, B 80

mm, FEEH) 200 um O D ¥E I 72E G TH D,

WATE —LEICED XRD JIEEITo7-E2A, ZOMEE
AFI 5 EE 2 A L COAIET CTEEL, 002 [HIHTHR 2 M
DOEPTHIC R TIEF RS, e il (—RITHFL) 2L
$HUCHEE T AL L CTONAZEN -T2,

FERRIZ SEM (2 TH NI Bk N F &
BlELI, B121E, EHOEBAEEK20ZRT, AFT 554
DRAFERORE db A B LISk TR EIZHE ICFIEL
Tz, A TEBILRE SN A bI, TR 5E AR
RITFELEBLTE TR,

ST, ZOBLA B SLIETH DAY, SSA A0D JE i 2 F]
AL TSN DO TIHRD, ENHDY, B REHIC
BRIEREER T HBICAWET 7ar 82T —F
THRBRBNIRBELCEEERLTH, ZOF 7D i
FeoTBRZRIRRE T, BNEAE RS NS, Ui Hiz
THALBH RN 7= ZEE AR L TV, #EEICT

(E#HH ONFEth-EFEF-tHEHER

1 AFL BU5 50 M B IR, 25— b0 Mg
¥ mm,

Y R
100 um

2 AFI A Lo SEM BH,

PRI A0, BNLIEOA RO R Lo TWDDIEA AL
Wik o ik, G R-IR AR Chd, ZAUIERD
BATANMEE R FIELIT e B R H ARGk 7 ake A
ThdHLEZLND,

B AT TR 4 B 4 (No. 23350107)1240
ST,

S5 XM

[1] G.N. Karanikolos et al., Chem. Mater. 19, 792
(2007).

[2] E. Hu et al., Microporous Mesoporous Mater. 126,
81 (2009).

[3] T.G. Tsaietal., Adv. Mater. 9, 1154 (1997).

[4] Y.Kiyozumi et al., Adv. Mater. 8, 517 (1996).
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B KNP E A BRI D> & O /K O BHGE & 2Rk T 5

FIT T A DT AR OB 5

(ERBET) OV 5 - SRR « PR - Z IR B - 1 1 P
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1. f&

BIE, (L5777 v MBI DIABRIES D OS5 8 - K
TOPLNIFRETH S, LnL, AREE OB
FRIEE OB, = /LX— 1B RO RZE ORISR
5. FOT-DEERREZITI HHHEL LT, /A——
R—3 3 U(PV) &R S SETHBL B AT A
DOFIFRNHR SN TS, ZHETHAIL, Bk
NTA NF 70U AL OVEEEIROBRFIZEED LT .
51T, PVIC L DEIEE T & b LKA b OBkt ER
WZBWT, IEROBEERT Y 1T A MEZHE~E KD
TR A 4572 V.,

ENTFA MIBAT A MIEmnEkitE s pH itz
RY T EnD, PV REE L CORARBRR ST D 2,
IR I ZNETIZ, T/ YA XDEFLTFA Ml
OB L CND I, 22T, AT FHA b/ 4k
EfEEE A D 2 LT, KOESBEERE, i
DERSREEIND. AR TITTNLT T A b/ fEd
FEEN A BiF L, PV IZ X AR HE AR DN 5 D
iAPERE, S OVKOD ST HEERE - D Tt L7z

il

2. FEBGI

ST, Fox PR LA RoAE N LY, BT A b
F o fbdn R0 120 nm)ZfR L7=. wkic, T /%
pnA KIS S/ T21%, MRET VI T 7 42—
R OME 11 mm, £&55 mm) =L, TONEHE
W55 Z & TT 4 N Z—HFH BicT)  fiib ek S
Hie. &I, T/ EREEEE ST, T/

J& BT A M A KBV R L VR LT,

70k, PRERE GRS IREERERI 2 LTz,
PV FERIZIE 0~9Twto%lHA/ KRR, 88wt%2-7 1 /3
J—IUKIREWR, BLO0OwWt% 7 kv, =& ) —u
HKIBAIREER U=, B 60~100C, EHEH A% Xy
V7L LTWA, i3t ro4 oAz~ 7
77 4 —&HW.

3. RERLEZE

Fig.1 1ZZNErUQBAKIEOWT, 35X OMb)ELT T
A Mi#RE O E SEM BEfE ThH 5. Figl (@@L 71
T 4B — BT RS —ICiE B L, o L
IR S TS Z L35, £7- Fig.l
(b) & v, R IT ORI BIEZ I NS,
S BIZ, PR AR L QO DI T ium &/ fEdi
H_TREL, BT/ Mo —IREREIC L - T
RENTWD EEZLND. OO 3B R

BRI, T/ ttahE & ORRERE DR bR b LT B
BWHHEDSSHEMEREI B A MIT L TS EBABND .
IS 2 AR AR O 2 2L S, KU
EBIKEFED R ZAT > TR % Fig.2 (Rd. S
(T2 U COREEZEN TR OBREN ) & 72 5728, /KD
B TG ORI KA LTV D 2 L2570
5. —77, KOFBEFERBIAERT D &, BRRORE
(2 &> THEEERI OB IR DGR L e o7z, Z
FUTEEER L KD EEAZ L2 & DT, HilsREE
TIREAPMEERNE Y, BROKRZF DT 572
DITKDOEHEEFE DD LT B2 BND. Ll
PR 2B TOREFINT, APBIIKEERNIE
WLTWND Z EAVRINT.

EILTFHAL
T/ERE

| Nk
N 2

x 10,000

(Y] (b) Pr#EEFm
Fig. 1 E/L7 A MO SEM it

200 4
+
- =
g X
1S a_g
o 100 2 &
i B
% s
G 50 %
pr L&
13
%
0 0
0 0.2 0.4 0.6 0.8 1

HAGRICRAR)BFBR EILDE ) -

Fig.2 GHGERIC K D IKRHEDZ L &
STl & DR

1) T Tago, et al., Micropor. Mesopor. Mater, 115 (2008) 176
2) G. Li, et al., Sep. Purif Technol., 32 (2003) 199

3) T. Tago, et al., 7op. Catal, 52 (2009) 865
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VU T4 M1 B O G RIC RIET

(RRPET. A - FURHLTHA

1. s

XUV UEMBROFTE prFX UL OFTENE L, F
LV BRSO AT pr X U L BT D
ZEMKDOOENTND, T L BRI < 2R
HTORBENRNEET, p-3 3 Lo ORGE I TRAE 7 BED
HAunsind,

Fxlx, B4 T4 MEEAWESBRCER L,
silicalite-11%0.6 nm FEEEDHFLEEZ © HF T Lo B
DIFRERE I LD E v L BIERD
~DOISHAPEIRFCE B, AT, silicalite-l fEaE&
FIBEEEZ THR L, pFr Lt mF v L)
ek A Et Lz,

2. FEEBE

255i02:3TPAOH:1500H20:100EtOHY - /LHA% I
FHELL 7247 T silicalite-l D AT U—%4i F L7277 /L2
TR AHE S, FTE DR, R OKEVE R LT,
BREOY I % SEM ICTEIE LT, 72, o
FARRDTZ AT ¢ 7 a—T ¢ U ZIRC LY FlEfS S A%
i U728 Rar- 770 < 3CFHA (10 mm o.d., £ & 30 mm)
EIRE S, 403-453 K I CTKEVG A T T2, 3D
Te TN EEDES., TTISK T6h BT 52 LT
silicalite-1 & 457=,

B LT EORBEE S i3~ o i—ARe A R U —7¢
Slck sl R—=2aFRo X Y —TIE573 KIZT
3 h ~ U 7 APEE FRILERZITV, ORI 333 K
THRBRETT -7, BB HER ClIA% 0.4 kPa D p-F
Ly, meR v LU RIS L, @I v =0T
sweep L7z, F7z. ARLLIZEDX O L B EENE
REOGERGEBRE LT, pFo bt mFr Loz
111 OFVEETIRA LTCiRE R 7 TR L, sib s
TG Uz, B~ 7 1 C sweep L77,

3. AL BLE

TV AR CRE SRR RO SEM BlZ2A1T o
72, ARGREE silicalite—1 FEFROT AT ML, Ak
RIS, fmORE SICE>TT AT Rt
IHRESIND Z ERyotz, Fiz, v ET o e
T AN SERTRCR LT, B RdREEAMER N T A3 SR D
BUEIENREL 2D E¥bmolz, /S—=AhFRa A R
—BROFER LY . 403 K THRL LB EERIRICIE

i pe IR BE DBIIR & 2 o L o oy

WFB) OMFGIEEZ AB - = a A - B R

AB . ZHHhE— AB

& EZEBRNIREER I T D Z L 3o T,

453 K TAHRE LT3 o L o BRI ABEMERE 2
X7gmoiz, 112403 K T30 h A%k L7z silicalite-1
D o L B R T i oy BB R A v T, IR
423 K DL ETIE m- ¥ Lo OB SA3FE p
XL UBEERMEZ R Lz, L) UAYBERE I E
[HR<ARAE L, 373 K TlE m-F 3 L A% 1X10® mol m?2
sTPalifE L, p-3 o L o OFEAEIL 3X 108 mol m2s!
PaliZigid Lz,

F L OIS EE% 5kPall 5 & 473 KIZBW
THm XL UNBETHE 00 IFEAEHEEL
7pinotc, RO RO BRI LV
m-F L UEE L, BRI E TS LHEERL
775

105
10¢ +

© o
10° + O

102

Permeance /10-11 molm=2 st Pal

Detection limit

O O (]

323 373 423 473 523 573

Temperature / K

1 403 K(ZT 30 h #ffbz 1> TR b
silicalite-1 0> 33 L o B EEEAE, O, pxylene ;
LI,m-xylene.

1) J. Hedlund et al., Microporous Mesoporous Mater:
52(2002) 179-189.
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BT T A MEE I TZHEER KRS R O R

(FRARBET A - FARH TRBF B)IA HIEEZ™B « offt B e A
SIS KA STEEBEEA - BR R AR g — A8

1.

g&
i

WHEROZREN L DMK, K& HHRO EHERE A NS
W EPDB RV —IHEEORZI VWV 0 A TH
0, RSB AN Ty M5 & RERE =%
WA[REIZ 72D LI S D, AMFIETIZENT T4 R
AT A MEEZRAWT, KEEBROIRA AR DT R
FEEORRFE1T o 72,

2. EBHE

E/LT7 F A (MOR) Flifibdna iV = 2 IR I %
B -7 VI F 5 3EHA (10 mm o.d,, 3cm) 12 MOR iz
ALz,

O E sy R AR 5723, ZRKEEs AR
1To7=, K/ WHiRIE A 785 % 0.1 mL(liquid)/min T AR
L. 2L 75713 He 2 T Sweep S, A7~
57 4—(TCD, FID)IZ &> TRIEL 7=,

2 [y gty BEABR D S S IFHEE 398-543 K., /K,
F%=100/0-25/75 kPa "C{ T-o7=, /KHL57 %1% 10-100 kPa C
1TV, SIEIANEM: He 0 2% FIWCEFRLFERIL /-,

3. FER-EBE

Fig. 112, FBYEJE 398 K (2351 B /KAy DR,
B LUK FHRIRA RO B R BER 21T - T-f %
T, AKHE A D@ 10 kPa T, 1.9x10° molim?/s
Th v, 100 kPa T 3.7x10° mol/m?fs &#5 2 (FeEE D1
Mz & EFotz, —H, KW 2 iR
FBUNT, FRI O THOSRHIIBOTHIRHIIRR (4x10°
molim?s) LATFTH Y., 7K/ Wi#E=3/97 kPa T 10 LI k&
FEF VRS A R LT, KOBIEFTRIIE R 5L
DI EANE % (2D L. K WilE=3/97 kPa Tlx
6.3x10* mol/m?s & 72~7-, 2 isakER Clavk ot
ETAHHRIC L - THESN, AOEERRIE, F—
KGETHIET B &, 2R Tlivha< o,

Fig. 2 (Z/KDZFEFR ORI 2k 4 7o el
RN TRR U7 A 753, ZKELARSY 100 kPa Tl
TREEDSE T SBEFTR N L, 398 K Tl 3.7x10°
mol/m%/s, 543 K T1% 7.4x10° molim?s & 72 >7=%3, 25kPa
TIHAEZ EFCHBEmERERERO ERITIZFE A E72< 543
K T29%10° mol/im¥s Toh o7, KERSY & ik LT,
AT T Tl OFBEFT RO/ NS < 720 | FRZ
K/ TiE=25/75 kPa DS Tk, IBEEEE DM 5 & %
WEFEEANE L. 398 K Tl 8.9x10™ mol/im?s, 543 K Tl
6.3x10* mol/m?%s T -7, F£7-. FHEIVTHOSET
IZBWTHIRHREALL T Th o7,

JKERRY R CT/ROBRTRADEHIRIEERE < 2D DI
IKDFENTOIERASEL 72 BT L &2 BD, BHEN

795 L BE D VTKOBE~OWENBIREZ 2T 57
B, KOBEFHRPHHT L VNS 2B L0 EHEEL
7=

Partial pressure of water in feed / kPa
100 75 50 25 0
T T T

E,, 105 Water (single) /
£ Water (binary)
s 10t
£
il 108
g Detection limit
x 102
£
[
~ m " m =
0 I 1 1 1
0 25 50 75 100

Partial pressure of AcOH in feed / kPa

Fig.1 Effect of partial pressure in feed on the vapor permeation
results at 398 K through MOR membrane.

[Water/ AcOH(kPa)]

100/0]
[75/25]
.5[25/0]

107

W
o
E [50/50]
o
£
o 106 F
o - -
Ny C T [2575)
> C
3 C
T B

105 1 1

300 400 500 600
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Fig.2 Effect of temperature on the water flux through MOR
membrane.
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Th5, PMO TiE, HrEOZEEAIE R OEAIZLY
Ehﬁ%ﬁfm%a MERIFLEEAS K S 415 (Fig. 1a) %
LU, ZEAHTET O 0 n A4 > 7 FREE

(0.34-036 nm) XV HEV, £ 0.44 nm Bl CHCS LT
BY . FHEEROR \ﬂﬁ%ﬂﬁ$ﬁﬁffﬁﬁﬁ7% BT 51

F7piErECTH - 7, AAFSE y “
T, RULUVERA S F‘ % Jd
(PBI) (24 >0V VHE%E /0\}0‘3&/"# \O\Si’oi/ox
A LUTT 4 A7 AR L L5
ZEL. PMO DARICH 9% %
Wz, EORER, MFLEEN T o
PBIZURILIS 7 Mfkicnx 7 s gl
By 7 Ll LWy 7 o o ’
%475 PMO (Fig. 1b) @ ta:x= —

SRR LT,

(b)

00000

044nm

0.34—0.36nm

Figure 1. Schematic illustration of molecularly-ordered frameworks of
PMOs: (a) layered structure with rod-like organic bridges; (b) columnar
structure with disk-like organic bridges.
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137, BRI % X #RETHE, TEM #8122, ER0E
SERARREIC L VA, E 72, PMO @ UV-Vis WL A
~7 MVBIONESR A7 MLAEHIE LT,

3. BRLEEE
Figure 2a (Z 1la B LWV 1b 2»HA7% L72 PMO (1a-PMO,
1b-PMO) @ X #UaH/ & —> %o, HHIA ViEED
TRk At d = 4.02-4.09 nm O B — 7 |2 JERD PMO
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BTz, T ORISR IAIFLEEN PBI ZEEED AT 1 A
Z o 7 PRBECAS L, PBI 130 T DRICERB L TS &

a FERABCBIUE PEC . FRtE{h B

EZOND A X NI RIZET VvEHT 5 1a-PMO
X, EHEERLEZATS 10-PMO 25, X0 SHMD
BRI e 2K v I iEEE A LT (Fig. 2a),
1b-PMO @ TEM B2 TIL, JE 4-5 nm O A VfLAEE
DHERTE (Fig. 2b). & HIT PBlI DA T WRESRITH
W7 L&z HILHIHE 1.5-2.0 nm OFER D TEMEE &5
N R BT, EEWETREAR LV RDT- 1aPMO 35
L UV1b-PMO @ BET H& g 41E4 663,609 mP g,
DFT /& CRO-HIFLAIT & H12 258 nm ThHh-o7=,

CY
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T
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Int.
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e N
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26/ degree

Figure 2. (a) X-ray diffraction patterns of 1a-PMO and 1b-PMO;
(b) TEM image of 1b-PMO.

BIBRA 1 O THR K. PMO BX N la b/ LT
ENVT 7 A PB- Y IANAT Y v K (1a-A) @ UV-Vis
WU AT S VERIE LTz, 1a-PMO 3550 1a-A D AL
7 MVIEIRIE, RISRAAIR (WU & 521 nm) &5
BPILTW=DIZxt L., 1b-PMO OWRINARAIE 1T 498 nm
THY ., BRI TRE{EHKEY 7 LT
72 1b-PMO ‘BN D PBI ZUE I CORR kL 7-77
TN T ERLTWD,

ffne RT3 2RKR A~ DR & X% PBl Z3HEHA~DFE
+F R—t' V%@ % ESR JIEIC L Vi~ BEFHEARD
% 1b-PMO (0.42 mol%o) > 1a-PMO (0.27 mol%) >> 1a-A
L7 AX y TREEOIERIZ LY PBl T=4 T
FNDOAERBMEE ST, S 5IZ 1aPMO (2T
1b-PMO @ ESR A7 MASEgib LT . PBI A
TOTIHNDR Y B TP SN, Pl n AX
o I G2 BREPICA T D PMO 1, L7 - SBFHERE
MR UCRIHCE B fREMEN B 5,

1. N. Mizoshita et al., Chem. Soc. Rev. 2011, 40, 789.

2. S. Inagaki et al., Nature 2002, 416, 304; J. Am. Chem. Soc.
2002, 124, 15176; Chem—Eur. J. 2009, 15, 219; Chem.
Commun. 2010, 46, 8163.
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Scheme 1. & JRENL 22866 A HEIZH 3% PMO.
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VOUED 1% 23 Cu*" WAEICHWONTZZEZ R
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|~ | Cu(BF 4}, solution
(1.1 — 18 mM) % %@: './;@//-Si%
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= 2 7
oo & -
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o 3 7,
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Figure 1. v-Py-PMO ~® Cu*" DWW 35 REFEAT.
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Figure 2. PPy-PMO @ (a) A, (b) TEM, (c) ZEHEWH
SRR
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3b), AF AR FeanaR | BEEREHEE 5 T
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Figure 3. PPy-PMO @ (a) Ru $&{AZ kS (b) KSEA LR
IERESTAT. 4% ARIZ Ru-PPYy-PMO O UV/vis JEE S 227
~v.
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Oy R EAEAICEYD BPYy-PMO 552N TE
(Figure 4), XRD /3% — LRV AEFRMR OV 1)

M6, HHIAVHIFLE Sy A —2 — D JE #ikE & DR
ZHER LT, TEM B0 5, ¥ — TRk £
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—H 9% JE WIS DA E A s L7z, HLRIEL AL 7=
BPy X, PPy EDGA LIFEE, &R AF L LD A.
YERICZ R X, THF FIZB T P BLO
Cu™ TR TRV B RER R LT,

ZIT, INEFHLT, &ALV —LLT
DI HZERF L= (Table 1), PACL(PPh;), BL W
Cul ZfiliEl U CHWARBARISN IR LT, RO T
%12 BPy-PMO ZIRINL, A ICHEER % Ailic kb
PMO ZBRELTZ, ZOREER . KGR O & fil i
(Pd, Cu) I& PMO 2LV AESI, LTI 88.8 ¥
LN 943% FRETELHILEMRLI,
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Figure 4. BPy-PMO @ (a) ZEFREEZIRAR, (b) TEM HEiff.

Table 1. BPy-PMO |2 XA B EALIGHHO4 e fil i i 2.

1. Trimethylsilylacetylene
Pdclz(PPh3)2, Cul
ch@l I H30—< >—: ™S

THF, EtzN
2. BPy-PMO
Initial After % removed
concentration / scavenging /
ppm ppm
Pd 300 342 88.8
Cu 180 10° 943

*The amount was determined by ICP measurenet.

s

—EORFHIED | @R 2 2E A IR E LT
W PMO Z A TE7e, MASHI-AEI T &R
ML LU THEREL . MR RIR @R A WAE R, bk
REME& B G R ML R E L TR TED LI -
T2 Atk fIRBE, WA, =RV — T N A R
ESESFUSHERAP T TES,

1) M. Waki et al., Chem. Comm. 2010, 46, 8163-8165.
2) M. Waki et al., Angew. Chem. Int. Ed. 2011, 50, in press.
3) M. Waki et al., preparing.

*fHIE R —. E-mail : inagaki@mosk.tytlabs.co.jp, FAX:
0561-63-6507
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1. N.Nagai, F.Mizukami J. Mater. Chem., 2011, 21, 14884-14889
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Introduction

Currently, platinum (Pt) is widely used as industrial
catalysts and battery electrodes, due to its usefulness as a
heavy, durable, and malleable metal, as well as its chemical
functions as catalysts in a number of reactions. The Pt
becomes essential metal in key manufacturing processes in
automobile, chemical, petroleum refining, pharmaceutical,
and electronic fields, thereby increasingly being used by
the industries. However, the Pt represents one of the
world’s most precious and rarest metals. In view of the
strong social demand for reduced use of rare metals, there
have been heightened calls for the development of a
technology for securing high functionality with low use of
Pt by producing nanostructured materials with larger
surface areas.

Currently, new types of metal-based mesoporous
materials “mesoporous metals” with very uniform
mesopores and extremely high surface areas have been
developed rapidly.[1] Although many mesoporous
materials with various compositions and morphologies
have been reported up to date since the discovery of
mesoporous materials in the early 1990s, “mesoporous
metals” are of considerable interest for several applications
in metal catalysis, battery and fuel cell electrodes,
capacitors, and sensor devices. In this presentation, we will
report our recent results on mesoporous/nanoporous Pt

materials.
A. Shape- and Size-controlled Synthesis by
Hard-Templating Approach

We propose new concept on shape- and size-controlled
synthesis of mesoporous metals in hard-templates.[2] Here,
we demonstrate a facile synthesis of uni-formly-sized
mesoporous Pt nanoparticles by using mesoporous silica
KIT-6 (la-3d) or SBA-15 (pbmm) as hard-templates and
ascorbic acid as reducing agent. In the experiment, firstly
mesoporous silica powders were immersed into K,PtCl,
aqueous solution. Then, the composites were dried up
under reduced vacuum condition. Orange-colored powder
was obtained. Ascorbic acid (AA) aqueous solution as
reducing agent was dropped on the powder. After 12 h, the

sample color was totally changed from orange into black.

Figure 1 TEM and SEM images of the obtained mesoporous Pt

nanoparticles.

Finally, to remove the silica, the black powders were
washed with hydrofluoric acid solution to prepared
mesoporous Pt.

Figure 1 shows the morphology of the obtained
mesoporous Pt nanoparticles. From low-magnified SEM
image, it was confirmed that all the particles were isolated
each other and their particle-size distribution was narrow.
Interestingly, almost all the particles showed rhombic
dodecahedral although
appeared to be different in SEM images due to different

morphology, some particles
projections. The external surface was bounded by twelve
planes. Furthermore, it was observed that the Pt nanowires
replicated from both side pores of a double gyroid
mesostructure (i.e., inverse double gyroid structure). N,
adsorption-desorption isotherm was a typical type IV,
which is characteristic of mesoporous materials. Using
BET and BJH methods, the surface area and average pore
size were calculated to be 39 m*g' and 2.7 nm,
respectively. The mesopore size of 2.7 nm means void
space between the Pt nanowires. This value is in good
agreement with the wall thickness of the original KIT-6. It
is noted that ED pattern, taken from one particle, showed
that the Pt within the framework possessed almost single
crystalline nature of Pt fcc structure.

B. Pt-based Nanoporous Dendrites by
Low-Concentrated Surfactant Solution

Using



Currently, tailored design of Pt-based bimetallic
heteronanostructures has attracted considerable interest as
highly  promising catalysts.[3]
monometallic Pt nanostructures,

Comparing ~ with
Pt-based
heteronanostructures show advanced catalytic activities.
For instance, comparing with Pt alone, the catalytic
property of the heteronanostructures is highly dependent on
their sizes, shapes, and compositions. Here, we propose a
very simple and high-yield route to direct synthesis of
Pt-on-Pd nanodendrites in aqueous solution at room
temperature within 30 min. The newly developed one-step
synthesis rationally utilizes the spontaneous separation of
the depositions of Pd and Pt and endows one-pot formation
of Pt-on-Pd nanodendrites. By spatially controlling both the
compositions and shapes, the superior electrocatalytic
activity is realized. Inspired by the attractive properties (e.g.,
dendritic Pt nanostructures with high surface area), the
Pt-on-Pd nanodendrites with the Pt/Pd atomic ratios of
6.9/1.0 (Pt-on-Pd I) and 1.0/1.0 (Pt-on-Pd II) were tested as
electrocatalysts for methanol oxidation reaction (MOR)
(Figure 2). Their catalytic activities were further
benchmarked with Pt nanodendrites without Pd cores and
commercially Pt black. The Pt-on-Pd
nanodendrites exhibited higher catalytic performances
compared to Pt nanodendrites and Pt black. The
mass-normalized current density of Pt-on-Pd I in the

available

positive direction sweep (0.49 A'mg’ Pt) was about 1.8
times higher than that of the Pt-on-Pd IT (0.28 A'mg” Pt),
about 2.3 times higher than that of Pt nanodendrites (0.21
Amg’ Pt), and about 4.5 times higher than that of Pt black

—— Pt-on-Pd |
Pt-on-Pd Il
— P

~——— Ptblack

s s
0.0 0.3 0.6 0.9
E/V vs Ag/AgCl

0wl — Pt-on-Pd | —— Pt-on-Pd |
Pt-on-Pd Il —— Pton-Pd I

= 02 L

- & = Ptblack

—— Ptblack

0.0 0.2 0.4 0.6 o 1000 2000
E/V vs Ag/AgCl Time /s

Figure 2 (a) Cyclic voltammograms, (b) linear sweep voltammograms, and
(c) chronoamperometric curves for methanol oxidation reactions catalyzed
by Pton-Pd nanodendrites, Pt nanodendrites (without Pd cores), and

commercially available Pt black, respectively.

(0.11 Amg™ Pt).
C. Micelle Assembly Approach

Very recently, we propose a route to ordered mesoporous
metal films with various pore sizes by a simple
electrodeposition method in an aqueous surfactant solution
(Figure 3).[4] The mesopore sizes in the deposited films
can be widely tuned from 5 nm to 30 nm, by changing the
sizes of the used surfactants and adding a hydrophobic
aromatic compound as an expander. The frameworks in the
obtained mesoporous Pt films are composed of connected
Pt nanoparticles. Interestingly, the Pt atomic crystallinity is
coherently extending across over several Pt nanoparticles,
providing a large number of atomic steps and defect sites.
Thanks to high surface areas and unique Pt surface
structure, electrochemical performance for methanol
electrooxidation dramatically enhanced, compared to
commercially available carbon-supported Pt nanoparticles
and un-supported Pt nanoparticles (i.e., Pt black).

‘\{Iectmchemical deposition

:
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\
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Photograph of mesoporous Pt film
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Deposited Pt

Figure 3 Concept of mesoporous Pt fims. The surfactant concentration

-
20 mM K,PtCl, solution * o o

Low surfactant concentration ® Ll
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“

used in this study is over CMC. Inset image is photograph of the
mesoporous Pt flm deposited on Au substrate. The black area indicates the

deposited Pt.
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Table. 1 Result of adsorption experiment

T 2 ST
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[L/mmol]
miK 31
Hy-m-N-SBA-15
p K 16
mfE 20
Hy-p N-SBA-15
P p K 29
mfE 95
Hy-m-N-Cab-0-Sil
p K 7.6
miK 13
Hy-pN-Cab-0-Sil
piK 8.1
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MCM-41 (1109 m?/g, 2.22 nm, 0.71 cm®/g) Xz A %
NV (AL T 3) 22 U IREL T Si0,(1.00),
DTAB (0.50), NaOH (0.28), H,0 (54.5) D-E /LA Ak kb
M, 130 C, 48h DIKREG ATV, Fit\ T ALH
(130°C, 24h), BER% (550°C, 10h) IZXVE LT, bk
LLTEATAb SABFIz=A4 ) R Ranf X V%
ZARSERE, BERK (550°C, 10h) L CTIR72T7 BT 7 A
U (0-Si0,, 120 m?/g, 31.4 nm) &V /=,

180 ‘CCHzM, HEZEHER LW AEM (K 0.2 g)IZ
231.1 kBg/ml. ® WU F 7 LK% 5 i3 L 7= (incipient
wetness) , ZOREZHOIZ Ar HiEiE T (50 ml/min),
25 CT24hipiEL, | THAETHHTO/H,0 ZFrE
L7zf%, Ar(100 mL/min) ¥l T TN CHAIBDUEEAT T
o7z, FIRBLEEL, FrERE ETREZME (5 C
/min) L72%%, PrERMEREL, FORFRLZ, 22T,
BARE (100~550 CHZBWTHAE LN F L% K
NTT—THEL, LN F U N TRA T
— g B Z— (Packard, Tri-Carb 2100TR) (Z k0%
DIREZRELT,

3 HERUEE
NFFU LRz GERUICEZ 25°COD Ar SIS H
BT DL, BLE 6 h ETHREAIZREERD PBIEES

77, 24 h %O ERINIMCM, 5A, a-Si0,Z 2465,

42, 63 wth ThH-o7z, ZOLEXOEER AL, 550°CET

DOABEEFAD 98, 82, 99 %IZFHH¥L, MCM K
o=SiO, I TBKIMERTRNT EXMA 2D,

Sl&fEE, 25°CD 550 CECTHIBENEEAZTT 7=,
550 CETITHAET HRF 7 LflE MCM, 5A, a-SiO,
FHFH 9.57, 44.10, 4.16 kBq/g Th-7=(F 1), =
SO ONE R ND, BiE L HTO BEZRHT
% &, MCM, 5A, a-Si0,, Z L F 4 290, 242, 243
kBa/mL & RAES DALz, ZHHDEIZHI IR F 17 L
JE(231.1 kBq/mL) &g, £HE4 1.21, 1.04, 1.05
fBEOEE/ 2> TEY, MCM DS EWIBMERhRAZ /R 28N
{725,

1 12, MCM 2 DWW T IR EE & R T Ll it
(kBa/g) #/RLT=, NUF T AIX 100 ‘CLL T TREIZH
HLT2#, 100~150°CIZBWTHLE EIZAMICRED L
770 LML 150°CLL_ETIEN 0 AE S O L,
550 CETHLZ 1 kBa/g TIRIX—ELRoT, 150~
200°CIZ BT DA ROBENMIL, TG ##R GERI T)IC
oW BR A KO uotéf%\{f‘;—ﬁzfo@iiﬁz@&if;éo
L7ei3oC, YV AREITIKEEEE (Si-OT) ELTHFET D
NF 7 L5 HTO IR D EEFREIR D ENRIBI D,

1 FEBBE IR T L

Weight loss T amount T conc.
[mL/g] [kBa/g] [kBg/mL]
MCM 0.033 9.57 290.0
5A 0.182 44.10 242.3
a-Sio, 0.017 4.14 2435
S10¢ 1100
o
) M o
g - 90 %
-g —o— %
é 1 (J T o %
g 1803
£
0']0 160 260 360 460 560 GOZ)0
Temperature / °C
X 1. MCM (2B DR F0 LA R EE L) F 7 A
LB RO ZAL, WONS TG #hifz (FERI F)

* atagu@ctg.u—toyama.ac.jp

TeSHHED, SNEFFEZ, EVNPIL, FOREESE



	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10
	B11
	B12
	B13
	B14
	B15
	B16
	B17
	B18
	B19
	B20
	B21
	B22
	B23
	B24
	B25
	B26
	B27
	B28
	B29
	B30
	B31
	B32



