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Photoalignment of Mesoporous Materials

Takahiro Seki, Yasuhiro Kawashima, Haruhiko Fukumoto, and Shusaku Nagano

Department of Molecular Design and Engineering,

Graduate School of Engineering, Nagoya University

Mesoporous inorganic frameworks synthesized by templating surfactant assemblies are
new classes of materials attracting great attention of a number of researchers in these one
and half decades due to their large possibilities for creation of various functionalities. When
the direction of the mesopores can be aligned by some means, addition of new functionalities
will be anticipated. This article presents our new approach for photoalignment of mesoporous
silica films via transfer from photo-oriented polymer films. Photo-orientatin of polymer
films can be attained through both the photoisomerization of azobenzene and photo-dimerization
of cynnamate unit. The procedures for the photoalignment and structural characterizations

and attempts for micro-patterning are described.

Keywords: mesoporous silica film, photoalignment, photo-isomerization, photo-dimerization,

polymer thin films
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[12 Comparison of product distribution of FT synthesis
on hybrid catalyst and FT catalyst. 513 K, 1.0 MPa,
H,/CO =3, W(Co/SiO,)/F = 11.5 g h/mol, total catalyst
weight: | g.
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[XI3 The structure of the three-component hybrid catalyst.
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[Xl4 Effect of Pd/SiO, addition on hybrid catalyst. 523
K, 1.0 MPa, H,/CO =2, W(Co/SiO,)/F = 11.5 g h/mol,
total catalyst weight: | g.
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30 2nd: PA/SIO, + ZSM-5

25
& Jsoparaffin
B Paraffin

20

Selectivity / %

CO Conv. 77.1%

CO, Sel.  2.5%

1 2 3 4 5 6 7 8 9 10 11 12 13

Carbon Number

[X16 Product distributions of the two-stage reactor. 1.0
MPa, W(Co/Si02)/F =5.1 g h/mol; first stage reactor:
513 K, Co/SiO, +ZSM-5, H,/CO =1.8; second-
stage reactor: 573 K, Pd/SiO, +ZSM-5.
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Direct Isoparaffin Synthesis from Syngas

Noritatsu Tsubaki, Yoshiharu Yoneyama, Tian-sheng Zhao
Dept. of Material System and Life Science, School of Engineering, Toyama University

Fischer-Tropsh Synthesis (FTS) is an effective method to produce liquid fuels from
syngas. The liquid fuels contain principally normal paraffins, which are suitable for diesel
fuels, but not for gasoline. In general, cetane number of the normal paraffins is high, but
their octane number is low. On the other hand, isoparaffins have high octane number. Thus
it is desired to produce isoparaffines from syngas at one step.

In order to produce isoparaffin at one step, an FTS catalyst Co/SiO, was hybridized with
zeolite ZSM-5. It is expected that since the wax produced on the FTS catalysts will be in
situ decomposed by the zeolite in the hybrid catalysts, the lifetime of hybrid FTS catalysts
becomes extremely longer. CO conversions of both FTS and hybrid catalysts were 100%.
The FTS products from the hybrid catalyst were mainly isoparaffins, and became very
lighter that those from conventional FTS catalysts. Hydrocarbons with over C13 disappeared.
In order to activate hybrid FTS catalyst further, Pd/SiO, was added to the hybrid catalyst.
The lifetime of this kind of three-component hybrid catalyst, Co/SiO,+ZSM-5 +Pd/SiO,
became much longer. Even after 100 h, the catalysts were not deactivated and the hydrocarbon
distributions were the same. The distributions of the hydrocarbons concentrated much more
on Co/Si0, +ZSM-5 + Pd/Si0,, indicating acidity of the zeolite was strengthened by
spillover hydrogen form Pd/SiO,. In addition, two-stage reaction was conducted. At the
first stage FTS was carried out using hybrid catalyst Co/SiO, +ZSM-5 and at the second
stage the FTS products were hydrogenated, hydrocracked and isomerized with additional
hydrogen. The obtained hydrocarbons contained lighter isoparaffins under C8.

These results indicate that the hybrid catalysts containing ZSM-5 have good performance
for the production of isoparaffin directly.

Keyword: Fischer-Tropsch synthesis, isoparaffin, zeolite, hydrocracking, spillover
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BRIHRIROTEREE R T (G1B8R), L LeF5S,
Khimyak 5%, BRIRIZERE LR TREEEZRT T
ATREDY) VEET N IS L A VEEERERHKL
7229, X VEORENEVT AFHEaHLE
R DX D RTA R L T 52930, EDohDhf
FTN—T T, KBRS L UIPKEIR THHER
EIEHFICHLTVFNT I ¥ (CHyy+ NHy) %
FL2=F A TREEDY) VERT IV I =7 b A VHEERO
AR EEHE L TW\W5A3645), Oliver 51, 7 M5 TFL
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Y7 A—VOFET THA LRERREE T 5WE
DEREHEL TN 5H3638), BIRTIVF LTV E=
TAY VEEERRET S & LT A SHOERME
REL T5 3940, FEIEMROBUKEFEICT o
LIV ) - NGTFANRETH LT, FEIEHE
RlOESFRIOMIFIMRLAERLLT, LR
KEBIRZE T 2ER I BOND LBRL TV 5,
Sayari 5, KBBERTFFINT I v EHVTRY
7 VIR A VREERE B Z L ITHEI LTV A4, Gao
bit, FL ¥ a—NVELET, TLI—VRTD
FRAGHEEDY) VBT IVI =7 b A VB RO AR E
i L 724449, BRI L 72 AlO, & PO, HEEE
XNTBHBY, KFIL7-AI0, =y F OB, FBAR
e x R L7 AR ek ERIRE BT R T,
ANFYIFNBED) VERT IV I =7 L X USSR
D, A VEEORANME L EL /T ohi:
LV BlERV, T, FEDREEMEVERS S
LB -OIKTIERICE TEOREHBIM R X L
T, B, AR TSRO A VIEERPBIRES
EARARH U THERT 5720 THDH20, ) VEETILIZ
7 b A VRO R LSS O SEEET AT
55 A SHEEDBEITREN TS, WHEOK TR
FF OREREES RS 5720, I ATHEEDAVE
ERE ST AL ZIZRVWOTY, WROBEL AT
DWEDER LR TV B, WFOREFARD
HIEBBOGA R LI L o TBbT 5 2 LA%8 5 3638),

4, YLBTIVI Z G LRAVR—T RNE EHEE
ANEY TFNVEED) JEETIVI T A XA VS
& (APW-2) (ZBERGIZ L W A VE—F Y VERT IV
IS LICEHRET A I EATE 2022, BRIZL D
FREESRIBREDNTEETH HH, EEFTAFET TN
B, REGEERSFORGRRGE H#EITSE, &
KOEEYE BRI IBERET CRERET S
FENEFE L, B— A VILOF 4 X b FEE R
DTN FNVEEERTHE RO L > T16~
3.9 nm OHEFHTHEATETH 5, BERNMEIEZH S
BEETLTLEIN, SREREUETIILATY
VADEVRESRRFBEE SN, A VILOYENR
AR TE B, HFEEDS 700 m2 g1 Db LIRS
A&\, UHM-1 DBAICE, SHEMETEH 575,
CAT) VAN THPEEIN TN EH 212,
Cabrera Hlid, AVR—FRAY VEET VI L

(ICMUV-3) DA TIFEIZBIRKR SRR L7299,
C s TMA FUEEHHZ VB8R 2 T TWaYs, R
EEHRIDT VFVEBREILTIR R, HEBFRPD
AUPILEEZ BT, FUESN1.3~3.7 nm OFFHT
Pt AZ &2 BRH L7, Tiemann 5, 7V FNT
I UREEHHIE VI AVR—F A VBTN I
T LADEBUIRI L7241, A VB R OKER LML
B2, BEREoRmEsiEL LSRR,
FRVEA I ORI R ETERI 2 IR BT A L TES
£ o T b, Kriesel Hid, Py 7vuasitE
AEREFRHLEAVR-F A VBT VI T A
(UCB1-AIP) DEBEMO THE L4, fLIF 6.6
~7.8 nm) RLHILEE (1.1 cm® g—1) HFEEITKE
WAYR=F A VBT VI T LARBLNTHS,
CRFTCICHE SN TIVF LT B2y AR FEE
HHIZEAWTERENZD DL )ENITKEVERR

LTwWa, FlziE, CHrTMACI SUEIEHAZHVTH
YAV TOENRY B E2FMLTAR L2 APW-2
DILEB L UCHHLAEDSHRART, #2139 nmB
L0722 em3 g— 1 T - 71223,

B TEAREFA L TARENL XV E—-F A
2 A ITBHOKRY R FLNBE R TR L 4950, FRRPRANDT
V3= LAOBERAIZ L ) BRI ILABRE R D255
WBHZENRTELN, AVR-FATIIFHBKE
THERTRT, Jhud, EEERITEIZ6ERMT IV
S LI OBEENTWA LD, KOTIHICEE
IZFRTEE L TWAZRITTH B, LT, AV
R—F AV VEETIVI =4 (APW-2) (38K %
LHBEE AT LI LSRR ENTNRS2), ZhidA
VR—F AWEOPTHE—DHETH S, BEEED
APW-21ZAIO, L PO, 1 LBV S NTED, K
BFPEDAIO, L=y MIENTA7DIZ, AR
—5 ) VERT VI = ADSBURA e ILBHE R R T,

Zhao Hid, AVE—-FRYVBTILIZT A
(UHM-1, UHM-3) OEEEEF~OEEEBRERE
(Mn, V, Cu, Ni, Cr) DEAZRET L7559, Mo
Bfges nv—700 b &£HERE (B, Si. Mg, Ti, Co,
Fe) 2 BIGICEBALRAVR—-FRA) VBRT VIS
7 L DABHERE 2 LTV 55661, Chackraborty 5
&, X VER—T ZASAPO DEREHE L7:6263), &
EEAVR=T ) VEET VI = LIIREETENED
<, BRMEER A 4 2Kt 2 L 72855
HEFNTITE A L%V, Holland S, AV E—-F A
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Hydrogenation of nitro group

X X

Dy — ¢

Hydrogenation of carbonyl group

X X
z/—\>_(o C OH
=/ R R

Reductive cleavage of azo function

X X
o = e

X = H. NO,. CN. CHO.
C1. CH;. OCH;. NH,

4 BESESHEAVE-FRY VBTIVIZyakBWEEF LR

N UBT VI =y LADBRA F AR RAEL, 0
POFBEES T BR800 4 4 2THGEEL
HLTWEILERLIZMS, LHLRAH, AVE
—F AEEDA A RBERRIITE A LRI TL
F o722 L bBRENT W, RETIE, HHEEE
H#zRBATAILT, VBTNV IZTLRA
VEERORNEEENM ET AW FH-F
HELEE I NDD%H 566, Bae HIiZIUHM-3 B
S&BEAUHMI3 2HWIEN-TVEALT = /) FT
TUORAF IR BERFEL T 55567,
Kopoor & Raj i3F % Y EH AV R—TF A VEETIVI
= AHSERRAEE VA LT 4 Y ORE VAL
A U CIRBICERI M TH B Z L2 RH L7260,
ZOMAEIZTI-MCM-41 £ ) BN TS,

Selvam DBfFE I V— 7L, A VE—F R VBT
NIZTLAOFEPIZEALLSBRE (Fe, Co, Cr,
Ti) OREEIFEL ROENIIIGAEL TW5H%), Fe
GEAVR—F A YBET VI =Y LTIR R &N
FTTY 7 untt ORGSR IEEEZ T
368, ZOMIZH, FeGHAVR—FAY) VBTV
3= alE, MAIRTS PRIV RS VEOK
FRER 7 VLS ORI G % 13T 5,
S A TH 56070, Z OB, OB/
(-CN, —CHO, -Cl, —CH;, ~OCH;, —NH, % &)
DR ERERETH S, CoBEAVR—FARY »
7=y ad= buEEReh VRS VEOKRFELR
AR R CH BT, BRILEHTT, CrBk
UTiEFEAVR-FAY VBTNV IZT AL, 1
PR 7 OAF LY OBALEILDE L U7 V¥ VB
7 = ) — VOBLEIG D TEWIEEZ R,

5. YLBRTIVI = LR A VIBEHOERESE
REEEREFIET L LV ERTEICL OV RE

LTERY U7 NVIZ Y ARA VEEERBL U A Y
R—FAWRICEALT, EHRINV—TLVEESH
S ERESERNISRT, TATHED) VBTV I
Z b A VEEROARTIE, HEERTOAIPY
2B LT, BRTOAREITIZ LT, YV UVBRT L
I LABROBRIL A IREZI TS, AT
WHEED) VBRT VI =7 A X VHEERE AT 572
H12iE, TMAOH Z iR L TRpH \iREE L/ BE
WEHY, X DERETERZIT) ZEFE L,
IHRETCOLRYBELEBRLCELA, VBTV
I = L A VEBERO SIS B EERIE AR 1
BEECTHD, BN OBRLEREETHLONE
W) Z ki, REARHLEDHEVD, NMRFERHR
PRI L & L7 B S B3 A1 E TTHE
ZIRY & AL, FAREREEICET AR E
BB L UNMR HIEORBREZER2ICE LD
Do iEEMERIRT VI ) VEE (AVP=0.75) ™+
LEREIZ, FASHEEDY VBT VI A A VEE
i & AEETAVPIRDST £ D&V, XRDflIE
DFEREFEDHT, YAIB L UB'P MAS NMR JlsE0#S
BhLHkTAE, FATHEEN) VBT NIZ T A
A VHEERIT A0, & PO, AR EIZEFY L 7ok ik 7
VI VBB LR ENT WA, ¥4 FRITH
BEL7-V— MEE (ALP0,3-) DERIZE-T, 7
VI BRI A 4 v EREENR & OHELE
HY T REE 225, Oliver b3, 7 X FHED) VBT
VI oy L A VR RD T ABEORRIKRE LT
BIRTVENT B L) VEHEORR T — ¥ #R
LT\ 543640, 5 X FHEDY YEETIVIZ T b
AV HERE R ORE MBS RATIL F 1B S Ty,
Kraushaar-Czarnetzki &1, #EK, #E EORE, %
% Eht, SCS-22H=RTeM % AIPOs-n & KT
R9ZRIRY) VB V= A L OFEIE LTS
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Bl U VBTV I LRA VEBEROGHSEF
Surfactant (S) Typical composition of starting mixture Synthetic condition
Lamellar

Kraushaar-Czarnetzki et al. [17)

H,N(CH,), NH; (1=8-12) 0.5 ALO;: 1.0P,05: 1.0 S:

Fyfe et al. [18] HyN(CHp), NH; (n=8) 1.0 ALL,O;

C, TMABr (n=12-18) 0.3 AL,O;
Kimura er al. [20] C, TMACI (n=16) 0.5 AL,0;
Oliver et al. [36-38] C,Hy, . \NH, (n=6-18) 0.9 ALO;
Sayari et al. [41-43} C,Hy, +{(NH; (n=8-12) 1.0 ALO;

:1.4P,05:07S:
110P05:1.0S:
:1.0P0s:1.08:
:1.8Py05:3.08:
:1.0P0s:1.08:

80 H,0

50 Hy0

1.6 TMAOH : 15 H;0
2.0 TMAOH : 65 H,0
2.5 H,0 : 14 TEGe

60 H,0

120C, 24 h

180C, 16 h

150C, 5d

150C, 5d (pH 8.5)
180C, 3d

100, 24 h (pH 2.5-3.5)

Gao et al. [44, 45] C, Hy, + NH, (1=6-12)

Khimyak et al. [29, 30] C, TMACI (n=16)

0.5 ALO; : 09 P05 : 3.4 §: 1.7 H,0 : 3.4 n-C,,Hy,, 4 ,OH : 13.8 EGP

180T, 84d

0.83 AL,O;: 1.0 P05 : 0.8 5:1.10 TMAOH : 190 H,O (L1) 130T, 2d

0.83 ALO;: 1.0 P,05 : 0.6 S : 0.75 TMAOH : 110 H,0 (L2)

Hexagonal (or disordered)
Kimura ez al. {19-23]
Feng et al. [32]

C, TMACI (n=12-22)
C, TMABr (n=16)

Zhao et al. [24, 25]
Tiemann et al. [47]

C, TMACI (n=16)

1.0 ALO; : 1.0 P05 : 1.0 S : 2.0 TMAOH : 65 H,0
1.0 ALO; : 1.3 P05 : 026 S : 1.7 TMAOH : 0.8 HF: 117 H,0 : 8.2 EtOH

1.24 ALO; : 1.0 P,05 : 1.0 S : 1.3 TMAOH : 196 Hy0
CoHy, +NH, (1=12-16) 1.0 ALO;: 1.0 PO5: 1.0 S : 64 EtOH : 6 Hy0

<130°C (pH 10)

<70°C (pH 8.3)
RT (pH 9.5)
2T, 2d

4 TEG; tetraethylene glycol. b EG; ethylene glycol.

#2 UVERTIVI = LR VEEROBEEEICET AR

Surfactant (S)

Composition (molar ratio)

MAS NMR (ppm)

Al/P S/(Al+P) 27A1 ip
Lamellar
Kraushaar-Czarnetzki et al. [17] H,N(CH,), NH, 0.75 0.21 44.8 —8.4, —16.2
Fyfe et al. [18] H,;N(CHy), NH, — — 45.5 -18.6
Kimura et al. {20] C, TMACI 0.75 0.34 43.1 -17.1, —20.3
Oliver et al. [36-38] C,H,, , 1NH; 0.5 0.67 — —
Sayari et al. [41-43] C,H,,  |NH, 0.79 — 46.8, 10.4, -8.7 -13.0
Gao et al. [44, 45] C,H,,,NH, 2.0 0.33 4.3 ~7.8
Khimyak et al. [29, 30] C,TMACI (LD 0.68 0.41 43.2 -17.5, —21.1

C,TMACI (L2) 0.62 0.33 44.1, 36.5 —18.0, —20.7, —22.9, —30.8

Hexagonal (or disordered)
Kimura et al. [19-23] C, TMACI 1.5 0.25 435, 1.2 0~ -20
Feng et al. [32] C, TMABr 1.2 0.17 43.8, —-8.7 -
Zhao et al. [24, 25] C, TMAC1 1.7 - 43, 1 0~-—19
Tiemann et al. [47] C, Ha,  1NH, 114 0.2 42, -1 0~ -30

LIRELTWVWAI, Feng 5i, 7VFL Y ITIv
FEALTER LT A SHEED) VBT VI=T L
A VHEEIR (UCSB-50, 51, 52, 53) O#ERAEE4#
L7789, ERERII4BRBIUV6BRILRLA
FEETHY, cHOBEANESSS.1 ~6.2 nm DFFH&
FEE IR,
ANFFTFVHEED) BTV I = L X O HEE

HBOAVPIX1 XY KEL, FETIIBEIL 2 WE
Thbd, Thid, BEPIZIZAIO AIOLB IV
PO, 2=y FHFELTBY, MEOHRENIELR
WZ EEEELTWA202Y, L LAdn, Bl
DAVR—=FAY VBT NVI=ZwLdhTE, €T
T3y LEIARMNANEELT DT, T3
FOL) BRMIPFFEEL DL E VW) ZETIEAR
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W23, A VILOEREIZIIEMEDOP-OH & Al-OH £
PEHLTHWAZEDHLMPIR->TNE, Nz
T, WREBEEOpHER AUP IIZIG UT, SHEHIC
FELTWAY VBT VI y At ) Te—HoM
BB LT 72012, AVR—F R VBT
W32 5 OHEHTENIIER ICEE Ly, BolliZko
T, {LFEHRGICHBE SN (AVP=1.0) 2V F
—S A VEETIVIZ Y LADERAHE E 780,
FOLFEWMIZTEAL v EN-E—HEREE
(IAI(PO4)(HCI)(C,HsOH),1y) ZFIH L7126 %1T
T ETEHLTWS,

6. ULBTINIZJLRAVIBERDIZ—- 755

Bk

Holland 512, &4 4 » REEERZ BV o~F
THIVEED) VBT VI =7 ARA VHRERO AR
FHELTWAEHS), r X4 o7 Iz
L 13 EE (AlO4ALL(OH),(H0),,7+) & K7 Y IVER
L) (C12H250803_) O FFRONCT IV I FRE
REEEREER S5, ZORBRESHRLBREHHFR
(Na,HPO,/NaH,PO,) THET %I & T, ~¥HIF
IWREEDERII EBEEREPE U5, FEIEHHIRR
EHRA F ARUBIC L W RAT VB, L LD
B, ~NFH I OVEEDERM % 350 CLLEDIRE T
RS H & A VEEIBRELTLE 9, Cheng Hid,
IR ICBIRIEN T TH—F 2B L T 580, BiIK
r ABSEO—FETH LN F YA MIEB L - BEDOT
HeREIRT VI ) YEE (AIPO-ntu) %#4HL,
AlIPO-ntu & C((TMACI £ DRI L Y, ~FHT)
NETEDY) VEET IV I = LA VHEBESBRLNA T
EERRH L7, L LRAS, BEcX ) 2 ViEEd
B %, 1 3L ALETOREERAG T34 0K
B X DHITE TV A, BBYREEINRV7:
BOIZ, ~NFFIF VO E R T ERGEL L R
WZWEE o TWRY,

Froba 613, FFI VYU VB (C ,HysOPO(OH),)
PHERERITH S LERRCRE E LTORALT,
Y UEET IV = LR VHEEROGHEIT 0728284,
KIBERTOERET 7R, FTYVY VBRET
NI ALV TARFY FEDRBICLY), TA7
DY) VEET IV I = b X VEERIERT AT &
s L8280, RO AP O E I,
BREHDAIO & A0 DEEEE(LEREHI LNT

&b, TIVI—LVEHERATOERTIE, ~NFHTF
VHOEBRARHE ENTVSE, ZOMIZFFY
W) VOB IEVOERICEIVELbDTH S,
WoT, XVR—F AWHOHEEIZ 2B LW
bDOTIERL, F/A=F—LXpoay FRY ¥
BT7ILIZyARTVFRIVBEOFEEICE VIO L:
RETHEEL WD EWI T LiZhb, ) VEET NV
IZUALAICRLTY, BV VBEDF/ A—-F L
NRVOF A ZRPRE Y PO— VT BT ENTE
hig, -t BEME~CHASHFEESL S,
C,TMA REEHA %2 HW AT, TAFIVEH
EDPI0LT T A VEEREBLIZ L TERN
MBI, FLFLEEOEWT LI LY VB
(C¢H;s0PO(OH),) #HWTLAERTALEWVSHD
@.ﬂjﬁ%\, ) 85.86)0

7. Y BTN ZILRAVR—7 IHEOEER
RitEDREE
BEHEMEORY) Y BRT IV I =T LR A Y R —

S AWEASBT B0 D—oDWEEE, TAEL

7 I UFEEERIZ VT AVYE-5 R VBTV I
SOLEEE LI EVIAIBRLORICEHE T EATE
%4, HIERMIE OKFETLIERIZ, 2 VHEEOE(L
LR VREEEAREIER SN TS, D
A VEEREOBRAMEAR AN o012, BEREMEOR - A
VR—F 2 VBTNV I =T A EEBLIZIEES TV,
Vo D7 Fa—F b ZhE Tzt s LRE SR T
B TFI M) TLIAFT YT v EBCTHERIEE
12k D, AVEBEROLEENHELTWE®, &
BEHE S T > & O RBHEAR b RET ShTE Y,
HRGEH VEET OV I = BRI L oAT Y
TFVEED) BTV I =T LA UREERIES R
TWABSD, R, ZORIHIETY HRERE
BRI A VR~ 5 AWEOEHI R CHILI L %
RLTWA, LT, ®lllhoT, ARG 7 + A
7+ VEEEFHTA LI LWERFERES N,
B TEESEREZFRE L0 ) 71 RIERA B
BERIAVR-FGAYE LB, AVR—FAT+ART
F VBTV I T LOEEFERIN, 1) R
TN IZT L FAAL v EEBEDPLEITES U7 BtE
Wikl 3 Z e Ca b, 7Tuy 7 XESKZFH
L7zBBUC &0, BEREEDIEE ICm <, ZEmkic
LENT-RAVR=F A VEET N I =7 AOBRHE



(21)

Hanhi89, Fi-ise LT, EBERCORE
= HBFEOBEE LB EORECHHL TV 5,
NS DOFEREEE, BEVIHEASDES S
ENTRETH Y, ERABEAHD X VR—TF A
Br e T, BEFRAEOBVFRZAVE-F
AYDVE % WRIE RSB O S EYNGEIR U TR
TBHIEHRE 2 B755 5 090, BiHEEIIERE
THYEHFSL, BT, AVR—FRAY) VBTV
I AOHEBEORIRIKTFOAR D EH ST
592)0

8. HhWIZ

YUBT VI L EREIEGHEIROZ LT,
ERSTFEGBEFH L ERETA VY R-FRY) »
7V = DRRINCART A LA TES, V)
VBTV I =Y LR AV R—T AWEORBICES
T2, ¥E L OFMNBREOTRIMLETH o 7275,
NSO 2 S RDERR LT RD AV R —F
AMEDEREERT B0, HHVEAVE-F A
WREIOGT AERELEICTD L7120, FERICEELM
ReEhb, TNETHE, BLAGHEBORAVR-F Y
BEARL, BIIZOBEERBE R LIRS
ol kI IBbNS, 41413, A4 SHEEROR
B AV R—T AMEDERAFREENTLH I LA
FrRENDH, BHT LR L HliH Sh - s e DB
EDSRIANFRIREND Z T, FEV I AFRA VR
T AMENDEEN L) —BEH T o T 55D LI
LET,
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Mesoporous Aluminophosphate-Based Materials

Tatsuo Kimura
Advanced Manufacturing Research Institute,
National Institute of Advanced Industrial Science and Technology (AIST)

Since the discoveries of ordered mesoporous silicas prepared using surfactants, the
preparation of a wide variety of ordered mesoporous materials which are structurally,
compositionally, and/or morphologically controlled has been reported one after another. Although
the synthesis of mesoporous aluminophosphates (AIPOs) had been required strongly, several
years had passed until the first paper on surfactant-templated mesoporous AIPOs was published.
The synthesis of lamellar and hexagonal mesostructured AIPOs was achieved in 1993 and
1996 at length, respectively. Consequently, the difficulty in the mesostructural control of
AIPO-based materials has been demonstrated, being quite important for further understanding
surfactant-templated mesoporous materials. Lamellar mesostructured AlPOs are composed of
crystalline frameworks, whereas frameworks are amorphous in hexagonal mesostructured AlPOs.
Accordingly, it may be better to consider that these two materials are totally different
though the syntheses are conducted by using surfactants having self-assembling abilities.
This review provides an overview of surfactant-templated mesoporous materials whose main
frameworks are AIPOs. The recent development of synthetic strategies is also surveyed; new
synthetic routes to obtain highly ordered mesoporous AIPOs were reported and organically
modified and hybridized mesoporous materials whose main inorganic frameworks are AIPOs
were prepared successfully.

Keywords: aluminophosphate, mesoporous material, surfactant-templated synthesis, ordered
mesopore, hydrophilic surface
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