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Structure and Property of Imogolite

Masaya Suzuki
Research Center for Deep Geological Environments, AIST

Imogolite is nano-tube type aluminum silicate that exists naturally. Imogolite is one
dimensional like crystal, so several broad peak are shown in XRD profile of Imogolite. Therfore
the structural study of Imogolite cannot be done in a present state. Structure model of Imogolite
is proposed, but this structure model is the one made by making good use of several data,
that is morphorogy from TEM observation, electron diffraction pattern, X-ray diffraction
pattern, state of Si coordination, chemical composition and density. In this paper, proposed
structural model, several data in order to make structure model, inner and outer diameter of
Imogolite tube and calculation result by molecular dynamics method are shown. In addition,
behavior of dispersion and coagulation and water vapor adsorption property of Imogolite are
shown.

Keywords: imogolite, nano-tube, structure model, TEM, Si-coordination
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Carbonization

Mesoporous silica
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Mesoporous carbon
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WHETH b, ARENEF /T AVRF I RFDE
FBFSBRE LTHW: X VHIFLOMILE L IZIZRL
ThHb, T/7AVICEHLTIE, B3EIsvot
—F—IZETHLDLHESINTEBY, T A7
MNEDF I TAVERSAFETH S,

Bl el k) DTNV -7, FSM-16%
HMM-1 %8581 & L CTHWT, B&BF/ 74 v%
F I RFDEREITo TRDB 419, FBITIZL Y+
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20 nm Z0nm

M2 (a) MCM-48 FHHWTAWL7-L 7Y H Pt OBEBSETEMIZ1D, (b) SBA-1S#FHWVWTEKR LV 7)) Pt OBELR
TEM %12, (c) HMM-1 ZFIWTERBRL7zPt+ /74 Y DSTMI£19, (d) FSM-16 #FHWTEKL7-PtF+ /74 YD
STM{£19, (e) MCM-41 W THB L7=Pt+ / 7 4 Y DESETEM {£20

I IAXDOFHEE, YU ARSE T LI LY
BRBRELCH VAV ZHBT 22 IIHIILT
V5, FSM-16 °HMM-1 1%, SBA-15M X 5 |Z47L
BERIZ I 7 OfLAFEAE L 272012, V) AR D
BEEITo721RI1EF 7 T A YEMTHRY) B4 2 &8
HETH L, BT, MALIIINLDF /71T %
77774 N EICEFESE, STMICEDF /74 Y
DERMEREL HHBIEL T\ 51819, ZuisHH %
FFOHMM-1 2 W CTERL7-EEF /714 Y (eg
Pt, Au) &, EHEIZMMN%EDOR Y 7 L ARKDF
TAXYRELZ ENbro7z (KM2(c))s — 77,
FSM-16 2 #51& L TAEM L7 b DL, RmHFH
%Oy NIKOF /774X THo72 (M2d), 2D
) RTREOECE, MILNEOAEE L ASKmE
DREIGERT 2D LEZ LN TWEYDY, HTLEE
DBEXEZDHIZT, 7/ A5 — VOFRENZED
> TL HOFIEFICEBREV, F7°, FSM-16 LA
B, ABFLEEIC X 7 TILATFLE L 2V MCM-41 % 8571
WHWTEBRTCICE VPt U4 Y2 AR L7235 E
120, YUABSORFHZICIEF T4 VI EET
HIENTEL, FFSICED, 1ZITHEERIKICP
BRAVF X AVHNTHELTWD Z EDHRENT
Va ([X2(e)) 200,

$7:, TN ZICHICANT T, AV ER-FAERE
BEL SR SNTVD, EBRAELL UL, 38
BIEHEAR 1 12dip-coating 2L ) A VR—F 2T
VA EEE AR L, EFEO-o XX A VHIFLAIC
EBENILEE, BBV IS YBET S, &
DOFFEIZBrinker 5D 7 NV — T & FULIIRFZE ST
BY, HARiED AV R—F22) h#EEE AW
T, 2 DRV 7)) WEERO GO HE SN T
W52 FERED o ZEEFHAVWTWDL I ENS, X
VLA CIRAVWEBA AT &85 2 LA R L 7
Lo B, Wu RUEEE S1E, SBA-ISRIX VK-
A H (P6mm) HEEHH VT, PtF /74 YiE
OB A RE L7, b L b ESBA-1SEI XY R—
FAY) HEERIIBNT, AVF v AIVIESE -
Y A - Swirling 2 #iA% > THEARTFATICE M L T
WHZENL, SH - YR SwirlingBlICZFhFh
MASo72PtF/ TAXDTEK L2, &b, V)H
BERICAAET A I 7 0Lick b, Y ABRFERD F
7 74 YRR LTz, $72, Stucky 51Tk
>T, BB LE—F ATV IFDI 7 aflAicL
SO R AV R— T AEEERTER M, FRoo
ERL TN IOEEOHRESNTVD, TDXIHIT,
RA MDAV R =T AHEERTRE & AW |2 E 3
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BE$HILNTELD,
FEUIRLIZAVR=F ALY B EN—=FF T
L— MIHWA V7Y Ak, $BEOET - K

FELXPEAMFNETFEEH TV 25

A VLN TIRAVSBETHE LI LA TE b,

LAL, YUBERBRELF/TAXRT IHFDOR
FRYHBTEE, 7vBER TNy F U Il
DEGTTCORREVBLEEL D7D, EEHEL L
THEEBROMIROND LELNE,

2.2 Y7 bFrFL—b (soft-template) &
221 U rOrEy vR&E

LSRG & I ZBMER & RO PRI 2 REE R BRR L,
BEHOHMTH 20 TEFNORANMEEZRL 2450
WEDRHET S H5HEMTRo TV AREOZ L
ZRY o FEEHANGREIC L o THERBIET 5
ZEFMONTEY, —HITKERFICBWTHRE
TEMRIEE L ik (>ca. 30 wi%) T4 F
reEy ZEEHEIENS, FlE LTBrij56

82 8

Temperature / °C
8

20— .
0 10 20 30 40 50 60 70 80 90 100
Wit% surfactant (Brij 56)

B3 Brij 56/water 2D YA P T ¥ v 7 HELIKEER2

Nano-Electrodeposition

(C16EO, o) /Water RO % LLTIIRT (K3) 27,
FEEEA D EIREERI BV TIE2D -~FHTF
VREE (Hp; P6mm) - 3D -F 22— ¢ v 7 K& (Vg
la-3d) -7 X & (La) % EOWEEHEEL & 520,
BRERIEAVEELHFELTEBY, 2oV ok%
ERFHICHWA Z LV TH L, ThbE, &
%i&%@%ﬁ#utb@ﬁﬁ%ﬁt&&—ﬁiéo
Attard 51, FEA & HEFEHEEROREARERIC
H%Uibnt/7ﬂmﬁ%ﬁﬁﬁﬂkmwéﬁ&
TIREL, xy¥~7xvuﬁ@Aﬁ%ﬁiLfm
B, TOHELBERIFNFELRAES T2
TAVKR=F AEEDERDPFHREL TE7:-2829,
222 HBaEAVYR—SIEBOERK

Ut a7 R A EEFRICHY 2,
1 BERARFRETHYH, N—FFr7L—  NEE
HELT, 7vBR 7MYy F o D&t
TTOVI)IBRFEOTOLANAETHY), ¥/
—VETHEICSHRBREIMTZ 272012, &EEL
LTHESRBICROTIRLCEBICETE 26H
LERETHL, DO U, FEEHEH - k- &
BAA IO ZALLCEHEEL, £BEDETY
TV, BRICHERIBREEZITI I LICED AV E-T
AGBOEEELT) (K4),

KB (BHEKE) L0V —T3, 5FELRZED
FARNT A& & FRICHEHO FEIEER S 55K 5
REWROBETTVEEAL, $REOETRE
WEVESET /  Fa2a—T7TOEREHREL TV
(H5(2)) 30, F7z, HERDS2D -~FHTF )V HEE
(P6mm) OLLCHARHWOLNTWAYS, 7 X THEE
(La)31-39)%3D-F 22— Y v 7 HivE (Ia-3d)¥D
LLC 288 L LTHWTY, 28T /#HEkoamk
HHRETH A LEZ b ([A5(b)c)), FMERD
WKRAIEFCE S,

Removal of Template

LLC Mesophase Mesostructured Metal

Mesoporous Metal

4 VA IOV y 7BEREPRAVZAVER-FAEBOEHAF— A
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45 TEMI{& [(a) Pt +/F2—730, (b) CuF * FHEiEID, (c) Co ¥ 2— ¥ v 7 k)

M6 TEMI{% [(a) AV HE—FANIKLT3, (b) *VF ¥ 3ILD7 s OE[38)

BRI S L THW SN A LLC 3B S 5 7-
&, VRN HEEE KL 7 BT AR 2 AT
BAVER=FTAEROBBIIER I N T W57,
FEPBIUER - ME (BRREKS) S0V —7
i,mﬁ%ﬁXJ$—5x$E®%&%E%L
LLC 2 AR DSFRI L L THE S8, WAL
Y OKEIEIZ5E S &%T%éiﬁLTéfb A
EOHHMIC RO EL 52 5L E2 0N 048R
WM®&F6&EL FRTCH % F\ 7 SRR H R
5% AV TRRET 21T > T & 7235360, wiioafics
Wi, EEMRD > X TR BN EERO—>TH
HNi 2 BN L7, EEBENI O X0 AR LET
RTHBIAF VT IVEKT Y (DMAB), KkFE{t
R FF MY L (SBH) #HWEZ A, EH5
m%ﬁ%%mwfgw%&%5ﬁ¥@ﬁﬁﬁﬂ D5
N7z, L2 L, DMAB # W 5A12B8WTI3EsD
#Y12 X/%LiﬂéﬁEféfﬁ‘SBHLkwTu
oK MERETE o7, T, DMAB D4,
Ni D EBATHIIIEF 1 FE R R, HEAR L7
SEME PO o ERIEATER, FRERFL %
MO DEBITHAREI % 5 (EBEREN TR

&) o Wt L, SBHOBEAIZLLCHIZBWT,
—FE| i’%’f*?ﬁ%z WAERLTLES 2012, R
DHEEZ AR L2 E OB EIT) 2 LA TE
ozl L7 (EBRBERDVERD) . 22
T, M LOSBHIZL ) &EH % & HFEEEAER X
¥, 525X DMABIZL ) ZOEBHIODERE
BELRSCHIEITEE, £BHAR L SBERE
YERERAT) S L 2 RATHER, %%@ﬁi‘
ZWERRIMD X R— T ANi OEBAT]RE
lamo_miv_,x/*—72iﬁéﬁk
Bwfﬁﬁﬂuiaéﬁﬁmﬁéﬁivﬁﬁﬁ&ﬁ
DI ba— VHEFICEELRRFTHALI &
bholz, 7z, EERTEEDSNCL, B
SERENEIIBVTY, EEOHEFEEEZ 2> +
—V$HIEICEY), BHRAMEA Y R-F 248
DEBDITREE %2> T X723, RLHEMEDL S
LLCIE~A 7 U AXA—=9 =27 —VDKRKAL  %2FL
TWAZ EbroTnb, EEITHEEHIHL T&
SN EHAME 2 VR—- 7 28BI0IE, S EE
D=7V AIY Y 7 REAFEEIERY IS &
NAHZEDPREZTETWS (F6(b)) 3%, Zhid,
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X7 AVER—FAPtOTEMIE

LLCAAROFR & L THFEL TW 5 Z L 23T
LEELRT -7 ThHb, NNOALLTPLORATY,
RO G %+ TICHEZL TV,
BEEEEIETHIEL, AVE—FAERBOERE
BOZ-OIGEELRETH L, HALolBoxY
K= T ZAEEDOEWMNTREL RIUE, L) SHELHE
REEBRVHIRFE SN, EELIE, AEROEERD
SETEICHONTWANI L Co BN, KL
D XV R—F ANI-CoBEDERUEII L7239,
LLCHOEREA + P a5 L1280, XY
FOEEOMBILZHIHT 2 Z L TR TH D, F
DFER, MILBENICCox EAT A I L2 X Y RUL
REOLIIICRY, ITUTORAIZL MEICE X%
HHNDAVKR—T AEEERPTER L7z DL
REEOEBHBEOGEIL, AV K—TF ZAEEHRN
DEMEZEZERL7-LEFFIEELMALEZLN
TTIZAWRITRE L 72 o 7264:1%, Ni-Co - Ni-Co-Fe -
Pt-Ni*0) - Pt-Ru 7 XLl 12 72 o T 54D,
2.2.3 {HMHESERRT
EEEOFREEHRNC L > TR &N ALLC I,
WEMEDHLY T T TL—FThb, EELHII,
DL BERERICE TOEBHTHIC X > TERK
ENDH AV K= T ZAEEOEMEE %G L7242,
EHEIMEA VAR —F APt 1% SEM & TEM 2L V)
Iz, BOESEME XY, X VILEEET A4

JBEAGIHnm AR DS /R F258E % o TR L T
WA ENbhor, TEMEBIELY, &4DF ki
TPt fec DEFEFRTH Y, HIERE LS R
1Zi&, M UHRORFREIRER SN2, TRODH
B s, LLCHETICBWTIE, & A1EER—D
S E RS DD, PAWIHE L TWAEZ LD HD
THSIR -7 (7).

72, PESTTA—FHNI3D A X=D T
X0, AVHEEDREIIIKN FONET T NET
DIZIZF L TH A L bhh, KRR X
TLD AV F X RNVHHEEIFAET S EDHLDIZ
o7z (M8) 4, ZNHDHRIE, 4HAVE—T
2AEBEICHLTWCBIL, EFICEEIIR->TL
LrEz2oNn5, BAE, LLCHEETICBITAESED
BRZIMBICELT, LoSBREDHEX1T> T
Wb,

2.3 TDOfDOERE

Stucky 51F, BT > PO — U2 X B EEBAET
DA F A HFEEER O BCHAELEFIRL, 2V
HE—FAPIOSHRIZHEII L T 244, 20T,
LLC ZEHSHR L L THWS FiELIE, $o72( R
BB A N Z AL TH ) BIRENLDTH S,
D A BEEDFF DR, 41, A Vil
O EO GRS O )GRETH DL, —F
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K8 AVEKR=FAPIOMNES T T4 —%F\723D-A A= 2 74 [(b)~(e): AT 1 A1%]

TTF v ARa0AL TN ) DL D IR T O
REARBEY 2 FRICHW - SBEIUERD AR D it
KA HIFFIATONTE 49, HOHBLZFIHL
RN T2 SR MR B\ R E IR S8, B
Do JIZLVEREATH L, RBICERRK T2 KkE
THLDTHb, FHAESNTVLERRK DA X

E, 50 nm~1 umD~ 27 TfLFEED H DA%

50 nm ELF O X VORI T-% FV 5 & FR EAD
WRETHEND £ {4727, disorderil%>TLF 9
F=APNIEEAETHE, T, BEEELR—-T R
TUIFaHERE L TE-FALBEEL KT 5
CELNEETH B4, ZOHE S0 nm Ll Eo<
7 UiEBOMILEETH 5. BBERLR—5 27
WIS OWERHET L858 %, 7 7)) VIR TE
D, FNEEISFENC L CIRORBE L & [F U
EELZ R OR— T AERFEAHEET 2L 00D
Thb, EBO—RITF ¥ ANDVEEICEMLTH
D, BVWIEILEET AT HERE L TOILHHE
fFC&%,

]/ A— PV BEGRESL TR S h - EN
Kb, F/R=T AME e ST 5 O# L 7oiER
Th b, falls (BHEBH) S0k h, BERCO, %

BHRE LT, HHROMILIER L $AATET,

INOOESGHERE RIS/ F—F APUDR Pt
Ru&&WOAHAEE SN T 5, AFHEILD
B ENTF /K= T AMEHE, SR (2~30

m¥g) OF2EDAT mg DEER AL TR, H
RIRW Z L ACEHRIDE R & RO RE% (R > T
5o E72, GEMHOMBHIE L BE - BREHL L,
—REM 2 EBEMEER TRV T -T2 EH
THILIZESTY, F/K—F AERBOEHT]
FETd A, Erlebacher 5%, Au-Ag &4 DB
EEAY ) =TGR E ) 57 LV TR L,
BRLLTWVWALHOAZ BIRGEHT L2 T, F
JAR=F AAUDERRIZEII L TWAE4, T/, F
FZILDYTAY ) » 7L BELH LV EE LR
Fah, OB WILx &BREICER T2 2 &
WHREE olze —HEIC, SRS E2EERET
5 L RITE T CTHIEET 2210 S, KED
WEIFN 2 2L T D, ZOBEINZEILIE, H 5
B CTREMAAILIZE2TIFIRY )~
7L, SEIERRMETIUE DL, 2D
CEERFALT, fEHS IZFe-AlHAI A S0 EE &
BRI SRS SN 7BfMZzEily 7 9 A5 ) v /&
&, REIET T/ A — PV OB TLATY—I2
FELIZ AV R—=F AEBE T L2 LI L
TW550, AT 2H7LIE, FREFENICHIEED
BFHEPERmE 25 L )RET2HMEFO-D,
LI RTOEATAVE=-F 2L LRI,
AR, H AT L F U —kEEE A v
HNALHBENIIF NS,
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Immersion of LLC former

L) fed l

Formation of LLC media

L i

Mesoporous Pt deposition

Ll

Removal of template

L e

0 EBRIREA 7 A YK — T A P OB~
RIRIF 5

3. UF POEY IBRBERWXAVR-FILED

~q4oaQ777 05— a>

BREMEM R L L ComtsRe(t - mERLE B L
L7BRciE, BRI 2T A~D 2 VR —F A&
BOFEEHNEELREICL->TL b, BWERAKY
b, HANRMILIES LAV R—-F 288 %
T 7 M YRR — I OA L T L AT E UL, A
VR=FAEE % R /0L o — -
INBIY) 77 & —Tp e MEMS 23K &3 287458
FFNA ADVERATREI 2 b, EEHB LUK -
FIR (RARERZE) S, HERALA~D XV R—F
A EBOERERIREL 255D, @E, AVR—-F
A EBEVER T 7=V HNALLC I, HikEd
FEH S B A MO FTIEIIRETH 5,
DEFRTHLHLLC ZERT 5 70 AIZEH L, (1)
ERAIRE HOREEZ T2 812X, SR M
MENEMERRAFIAL T, BRTESE, (2)
T D%, EEOERE LI, B ML EN CLLC
TS E I S 5,

CITREO—FELT, VT T T4 =1L
TR L7274 20 F ¥ RIVFHEEAND A VR —F R
PtOBEFHTHEBATSH (M9). £3, HEIE - #
K - FEEMA] - S5 % 5 LLC TR D 720 O
BRI 2 BT 5. RIC, ZORENARE~ A7 0

F ¥+ IVNERLZ capillary force |2 X o TiRE S H,

Ho~4278F xR VANEHE LAV E=F ZAPtD
HR-SEM {&5D

I8 ) — ViEEOMERFZLLC IR FET L2 Lt
T& %, D%, BIEIZLAPLOFEZITV, 8
REBRFILAVE—-F APt A L7, SEMEI%E
X, ¥4 7 aF v FLOELREMEICBNTERE
IZH72 ) PLASHHE LTV A Z g S, HIZ,
Mt L7-Pt % HR-SEM C@i£84 %52 £ T, LLCilK
SROMEE RS A HAIME R 2D -~ FH T L
PHEB L TWAEZ LD HERTE (M10), i
HwasAFEIE, HN—F7F > 7L— MEHHIHV
LT AELIERR), —BRREARATTEETH Y,
Wea 25 4 TOTINA ANOEFMAIAALFEL L
THATHLEEZ SN, $72, FBKEHEDT
DCVEIERIT-72& 2 A, BEINZRPLOCYV KT
R L7z B, ERREBMmEAKERF TOLSY
(Linear Sweep Voltammetry) IE*{To7-& 2 5,
PURELILEL T, BEORTKLO B EAT) &R
FI2ITHF L, HEARESH -V ORRFEL PLEL
FIZRUEWEER R L7, SO ORI, HmE
FERANDHEDOIABL D AREL T 72 AV R—F APLD
EERE L TOBWVWERT Y VY VLERTHLDTH
), SROBEMK - 7N AOSGRIZEY, B
ICBWIERZ D X VR — 7 ABBROERVSHFT
&5,

AR CREMERSEZFAMALTEY, BEOEY
2z AT L2 &0 LLC BiBRER ORI % 755 | il i
THLIENTELZ Lhn, EEEMRIERER A H W
%2 ETR/ANT L pm K OMEE 2 MY 3~ OVERL
MRETH D, $7-, BRILFHFELZHNL LW
I T, AERR AR, BIRM 2 BAN OB
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Developments in Mesoporous Metals

Yusuke Yamauchi* and Kazuyuki Kuroda**.*** %**
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**Department of Applied Chemistry, Faculty of Science & Engincering, Waseda University
***Kagami Memorial Laboratory for Materials Science and Technology, Waseda University

*#x*CREST, Japan Science and Technology Agency

Various synthetic approaches for creation of mesoporous metals and the advantageous
features are reviewed. Mesoporous metals have attracted increasing interests for many applications
such as battery electrodes, fuel cells, electronic devices, catalysts, and so on. Mesoporous
metals with highly ordered networks and narrow pore-size distributions have mainly been
produced by using mesoporous silica as a hard-template. This method is composed of two-
step processes; (1) formation of a template such as mesoporous silica and (2) formation of
metals within the mesopores and the following removal of the templates. Attard et al. have
proposed "Direct Physical Casting " from lyotropic liquid crystals (LLC) made of non-ionic
surfactants at high concentrations. This direct templated-synthesis created a novel avenue to
the production of mesoporous metals as well as mesoporous silica. Many mesoporous metals
have been prepared by chemical or electrochemical reduction of metal salts dissolved in
aqueous domains of LLC. LLC as a soft-template are more advantageous than hard-
templates from the viewpoint of versatility. It is possible to produce various nanostructures
such as lamellar, 2D -hexagonal (P6mm ), 3D -cubic (la-3d), and nanotubes by controlling
the compositions of reaction baths. We have expanded this original finding, and have synthesized
mesoporous Ni, Pt, and Pt-Ni alloy as well as mesostructured Ni-Co with enhanced
orderings by applying finely controlled metallization. Selective deposition of 2D -
hexagonally ordered mesoporous Pt into microchannels has also been realized toward the
practical applications.

Keywords: Mesoporous material, Mesoporous metal, electrochemical process, hard-template,
lyotropic liquid crystals
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The Effect of Zeolite Mineralization on the Property of Hydrocarbon Reservoir Rocks
— A Few Examples from Domestic Oil and Gas Fields —

Yutaka Yanagimoto
JAPEX Research Center

Zeolite minerals commonly occur in Tertiary formations in Japan. Some were formed
in the proceeding of burial with the increase of ground temperature in the presence of formation
water. Others were formed by hydrothermal water originated from magmatic activity. There
occur zeolite minerals also in oil and gas bearing sedimentary basin. The occurrence of each
zeolite mineral in these basins has been used to estimate the thermal gradient of present or
past time. However, there are some occurrences recently studied, in which zeolite minerals
have different significances in oil and gas bearing sedimentary basin. In the MITI Sanriku-
oki borehole drilled offshore Iwate Prefecture, the occurrence and origin of laumontite was
investigated and interpreted as follows. The laumontite in this borehole occurs in the dissolution
void after calcite cement. The formation water was mixed with organic acid in the depth,
migrated upward, altered by the reaction with minerals and calcite cement and finally saturated
with laumontite. Secondary porosity formed after dissolution of calcite cement is only partly
filled with laumontite, and a good reservoir property persists. In Yufutsu oil and gas field,
Hokkaido, laumontite veins abundantly occur in the fractured granitoid and conglomerate
reservoirs. By detailed observations and analyses, the laumontite-cemented fractures were
reopened under the duplex movement and provided fair pore space for later accumulation of
oil and gas.

Keyword: laumontite, reservoir, secondary porosity, cement mineral
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kainate receptors, Lysozyme, Carbonic anhydrase
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F1 VT —NTA Ty N BEOERREYYT 1 b
A

EDAS Lb FEE (fmol)
Na-BEA 258
Ga-BEA 143
Fe-BEA 59.6
H-Y 164
MCM-22 144
H-USY390 10.7
K-LTL 2.90
HARTA+ 246
HOM (pore 6mm) 2.38
ZSM-5 2.22
NAFa¥xS 740 1.76
K-FER 1.71
RUB-15 1.63

FUNZR I RPATO, V74 —NTFT4 TRy 77r—H#KR: 50
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BWHRHNIIDNA LFEET H, ZD720K) 7))
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E3 YV 74—NFo1 7Ny 77— I8 IEREDEE,
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AL FPOBBEICL D RELRENSH Y, p-¥H
54 FOBEIRMNETTEVW B0 5, B
BE~NOBIBRTEOFER ELFOLNDL, 2IT,
D) T x =T 4 v TR HRE T TOREE



70 Y¥Fx 54k (30)

F£2 N7 x—VF 1 Y IRERTFORE

YI2r—ANT1 0BT & (fmol)
A 0.434
0.5% PEG20K 122
0.5% PEG8000 109
1.0% PEG3350 97.6
1.0% PPG2000 120
5.0% PPG400 5.85
5.0% Ficoll70 0.395
10.0% Ficoll400 0.360
10.0% AHO0—R 0.129
0.1% B-HOFX AR 0.112
10.0% ¥ )a—2A 0.087
100% /')+EO—L 0.0225
10.0% Ry BE 0
5.0% myo~-1/b—Jb 0
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VIx=WVFL YTy Tr—.
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EIREN, ThbBYT+— NV FENTY XY
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ROLEE T LA TE, Tz, R21TF, R
MY 74— VT 1 Y I RERFEZEZONS
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229K Ak AFR | YIA—ILTLTHO | SEE 3.3 So1R9KR
/3 ] Bl %

RPAS advan | 1AD | 19— PavikTy o - 45%
T (NMR)

P53 ek 4kD | 1 IN—TavRT e o] (o} <10%

RadA (A1-169) 1% 50kD AIN—SaviTs o] (@) <10%
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A Protein Refolding Technique using Zeolites

Tatsuo Tsunoda*, Hiroyuki Chiku**, Kengo Sakaguchi**, and Fujio Mizukami*

* Research Center for Compact Chemical Process, National Institute of Advanced

Industrial Science and Technology (AIST)

**Department of Applied Biological Science, Faculty of Science and Technology,

Science University of Tokyo

We presented a simple and effective refolding method using a zeolite. This method
involves in a three-step procedure. First step is the denature and solubilization of inclusion
body proteins. Second step is the adsorption of solubilized protein onto the zeolite. Final
step is the desorption of the protein from the zeolite and the protein is refolded successfully
under well-controlled conditions. The refolded proteins are biochemically active, and NMR
spectrum supports that refolding is correctly performed. This method can be simple and ‘widely
applied to any denatured proteins. In the postgenomics era, this refolding technique contributes
to the good combination with recombinant system of Escherichia coli that produces economically

many proteins.

Keywords: refolding, zeolite, protein, inclusion body, recombinant, Escherichia coli
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FOA9
9th International Conference on
Fundamentals of Adsorption
May 20 - 25, 2007, Giardini Naxos, Sicily, Italy

%+ f{#: International Adsorption Society
# & BRREFERIIN,
TTAEZ7 MEE) . 200669 415 H (&)
URL: http://www.foa9.ethz.ch/

The Fundamentals of Adsorption (FOA)
conferences, which are organized by the International
Adsorption Society (IAS), have been since FOA1
in 1983 a unique meeting opportunity for those
interested in adsorption phenomena and adsorption-
based technologies. All those involved in the
preparation of FOA9, to be held on May 20-25,
2007 for the first time in Italy, aim at keeping up
with the high standards of the series in both content
and organization.

Adsorption phenomena are operative in most
physical, biological, and chemical systems, and
are exploited today in thousands of applications,

from catalysis to bulk separations. Research is active

in: developing new adsorbent materials, from
mesoporous adsorbents to chiral stationary phases;
applying molecular modeling to predict adsorption
properties; developing new processes for both gas
and liquid separations; exploring new fields of
applications, e.g. for energy systems, environmental
applications, life sciences, and others.

Like all previous conferences, FOA9 is intended
to provide a unique opportunity for international
exchange between scientists and engineers of all
disciplines, academia and industry, and between
novice and expert. The format and logistics of the
conference are especially designed to favor the
establishment of personal and professional
relationships among participants. Those who have
an interest in adsorption will find FOA9 well worth
attending.
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International Symposium on
Ion Exchage in Korea and
22nd Annual Meeting of Japan

Association of Ion Exchange
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15th International Zeolite Conference

The 15th International Zeolite Conference (15th IZC)
will be held in Beijing, China, on August 12-17, 2007.
The deadline for abstract submission is July 1, 2006.
The Organizing Committee of the 15th IZC invites you
to submit your abstract early in order to avoid possible
network congestion right before the deadline and to ensure
your participation. Abstracts for Oral and Poster
Presentations and Recent Research Reports should be
submitted online at http://www.15izc.org.cn/

The Third Circular is available for viewing and
download from the conference website at http://www.

15izc.org.cn/

extended abstracts ##4] : 200647 A1 H (1)
http://www.15izc.org.cn/ % TSHRT X\,

ZMPC2006
International Symposium on
Zeolite and Microporous Crystals
July 30 - August 2, 2006
Yonago Convention Center Big Ship
Yonago, Tottori, Japan

Organized by Japan Association of Zeolite

Under the auspices of The Kac Foundation for Arts
and Sciences (financial support), Tottori Convention Bureau
Foundation (financial support), The Chemical Society of

Japan, Catalysis Society of Japan, The Japan Petroleum

Institute, Japan Association of Ion Exchange, The Surface
Science Society of Japan, The Society of Materials Science,
Japan, The Society of Polymer Science, Japan, The Japan
Society for Analytical Chemistry, The Society of Powder
Technology, Japan, and Tottori University, with cooperation
of The Japan Society on Adsorption, The Clay Science
Society of Japan, The Society of Chemical Engineers, Japan,
The Geological Society of Japan, The Mineralogical Society
of Japan, The Crystallographic Society of Japan, The Japanese
Association of Mineralogists, Petrologists and Economic
Geologists, The Society of Resource Geology, Japan Society
for Bioscience, Biotechnology, and Agrochemistry, Japanese
Society of Soil Science and Plant Nutrition, The Society
for Biotechnology, Japan, Japan Society of Civil Engineers,

and The Society of Chromatographic Sciences.

ZMPC2006 Organizing Committee

c/o Niwa Lab., Department of Materials Science,
Faculty of Engineering, Tottori University
Tottori 680-8552, Japan

TEL./FAX. +81-857-31-5684

E-mail: zmpc2006 @chem.tottori-u.ac.jp

http://www.zmpc.org

Timetable

July 29 (Sat)

July 30 (Sun) - August 2 (Wed)
ZMPC2006 in Yonago

Pre-symposium in Tokyo

August 4 (Fri)  Post-symposium in Osaka
International Symposium on Design of
Advanced Materials Using Nano Space

(ISDAM-2006)

Plenary Lecture & Keynote Lecture Program
PL Plenary Lecture
KA, KB, KC Keynote Lecture

July 30 (Sun)

16:30-17:30 (Hall A)

PLO1 Avelino Corma (Universidad Politechnica de
Valencia, Spain) Rational and Combinatorial
Synthesis of New Zeolites: Catalytic and Electronic

Applications
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July 31 (Mon)

9:00-10:00 (Hall A)

PL11 Omar Yaghi (University of California Los Angeles,
USA) Metal-Organic and Covalent Organic
Frameworks (MOFs and COFs): Synthesis of a
New Class of Porous Materials and their Gas
Uptake Properties

10:20-10:50 (Hall A)

KA101 Michael Tsapatsis (University of Minnesota, USA)
Precursor Silicate Nanoparticle Evolution to Zeolite
Crystals

11:00-11:30 (Hall B)

KB103  Ulrich Miiller (BASF, Germany) Zeolites & Metal
Organic Frameworks in Chemical Industry -
Partners or Competitors?

11:40-12:10 (Hall C)

KC105 Akira Miyamoto (Tohoku University, Japan)
Computational Chemistry Methods for the Design
of Microporous Materials for Industrial
Applications

14:30-15:30 (Hall A)

PLI2 Jesiis Santamarfa (Universidad de Zaragoza, Spain)
Emerging Applications of Zeolite Films

15:50-16:20 (Hall A)

KA106  Shilun Qiu (Jilin University, China) Synthesis and
Properties of Zeolite Large Crystal and Membrane

16:30-17:00 (Hall B)

KB108 Shinji Inagaki (Toyota Central R&D Lab. Inc.,
Japan) Mesoporous Aromatic-Silica Hybrid
Materials: Synthesis and Functions

17:10-17:40 (Hall C)

KC110 Chung-Yuan Mou (National Taiwan University,
Taiwan) Gold Nanocatalyst Supported on
Mesoporous Silica

August 1 (Tue)

9:00-9:30 (Hall C)

KC201 Yushan Yan (University of California, Riverside,
USA) Zeolite Thin Films: From Computer Chips
to Space Station

9:40-10:10 (Hall A)

KA203 Marco Daturi (ENSICAEN, France) Infrared Probe

Molecule Development for Correct Acidity

Characterization of Microporous Materials: An
Example of Ammonia/ Trimethylamine linterations
with Acid Sites in Y-FAU Zeolite

10:20-10:50 (Hall B)

KB205 Takuzo Aida (The University of Tokyo, Japan)
Designer Nanoporous Materials

11:10-12:10 (Hall A)

PL21 Johannes A. Lercher (TU Miinchen, Germany)
Towards a Molecular Uunderstanding of Alkane
Activation in Zeolites

14:30-15:00 (Hall B) )

KB206 Susumu Kitagawa (Kyoto University, Japan)
Porous Coordination Polymers with Highly
Controlled Functional Sites

15:10-15:40 (Hall C)

KC208 Guang Cao (ExxonMobil Research and Engineering
Company, USA) In-Situ Monitoring of Zeolite
Crystallization by Electrical Conductivity
Measurement: New Insight into Zeolite
Crystallization Mechanism

15:50-16:20 (Hall A)

KA210 Gopinathan Sankar (The Royal Institution of
GB, United Kingdom) Structure-Function
Relationships in Transition Metal Substituted
Microporous Materials

August 2 (Wed)

9:40-10:10 (Hall B)

KB303 Kyung Byung Yoon (Sogang University, Korea)
Patterned Monolayer Assembly of Zeolite
Microcrystals on Glass through Ionic Linkages

11:10-12:10 (Hall A)

PL31L Osamu Terasaki (Stockholm University, Sweden)
Structural Study of Porous Crystals by Electron
Microscopy and X-ray Diffraction

13:10-13:40 (Hall A)

KA306 Hirokatsu Miyata (Canon Inc., Japan) Structural
Control of Mesoporous Silica Films in Macroscopic

Scales

3% Program (timetable, list of plenary and keynote lectures,
and oral and poster presentations) is available from the

conference website at http://www.zmpc.org/
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¥F 514 b (Zeolite News Letters) fREES

Editor-in-Chief
Toshihide Baba (Tokyo Institute of Technology, Yokohama)

Managing Editor
Koji Nishi (National Defense Academy, Yokosuka)

Hiroyuki Itoh (N. E. CHEMCAT Corp., Ichikawa)

Masaru Ushio (Catal. Chem. Ind. Co., Ltd., Kawasaki)
Yasunori Oumi (Hiroshima University, Higashihiroshima)
Makoto Okamoto (Kyushu International University, Kitakyushu)
Masaki Okamoto (Tokyo Institute of Technology, Tokyo)
Masaru Ogura (The University of Tokyo, Tokyo)
Yoshimichi Kiyozumi (AIST, Sendai)

Shigeo Satokawa (Seikei University, Musashino)

Keisuke Sugita (Sumitomo Chemical Co., Ltd., Niihama)
Kazumasa Sugiyama (The University of Tokyo, Tokyo)
Katsuyuki Tsuji (Showa Denko K. K., Tokyo)

Masao Nakano (TOSOH Corp., Shunan)

Akihiko Matsumoto (Toyohashi Univ. of Tech., Toyohashi)
Masahito Yoshikawa (Toray Ind., Inc., Nagoya)

Kenichi Wakui (Idemitsu Kosan Co., Ltd., Ichihara)
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