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Abstract

Aluminosilicate Macromolecules

Topological analogy between ‘X-ray amor-
phous’ clays and carbon clusters (Buckminster
fullerene and carbon-nanotubes) has led us to
propose that such clays are macromolecules having
various but identical molecular weights and struc-
tures. Besides being capable of taking up a wide
range and variety of organic compounds, these
materials are environmentally friendly. Fundamen-
tal studies on them are, thus, necessary research on
the background of world wide consensus of the
sustainable development of the Earth. In this con-
text we have also included studies on the origins of
life because alumino-silicates must be key ma-
cromolecules on the primodial and prebiotic Earth.

The research programme comprised three pro-
jects in a tripod relation: (1) Synthesis, purifica-
tion, and crystallization of alumino-silicate ma-
cromolecules, (2) Adsorption, catalysis, and con-
version of organic molecules by alumino-silicate
macromolecules, and (3) X-ray characterization of
alumino-silicate macromolecules.

The central problem of our research was the

identification of alumino-silicate macromolecules.

X-ray diffraction is a sensitive and powerful tool
for identifying crystalline materials but is of lim-
ited applicability to characterizing non-crystalline
macromolecules having identical structures and
molecular weights. In this respect, the molecular
weight fractionation of alumino-silicate macromo-
kecules seems necessary but this approach has not
yet been explored. For such central problems not
solved during the research period, the research
project has not fully been established.

Here we describe some highlites and success of
the research: (1) Synthesis of spherical alumino-
silicate macromolecules of nanometre dimensions
in completely “organic” medium, (2) Exfoliation of
layered alumino-silicates, (3) Preferential adsorp-
tion of L-amino acids by allophanes, (4) Self-orga-
nization of allophane in phosphoric acid solution
and implications for the origins of cells, and (5)
Catalysis of siloxane polymelization by layered
alumino - silicates. (6) Application studies of
smectite foam as environment-friendly material
substitutable with foarmed stylol are also a part of
the present reseach but has previously reported
(NIRIM Report No. 105, 1998).
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AFadz 7 M, TAA7 54 bBETH5.0
RED BN, BFfETE, Y41 7EVFE
REELVWERR - BEETT, S/KEREEREE
BT BEVIRELRFET, AA254 FOBER
DD TEREINTe TOERDEMNZ LV AR TS
4 bOFERE L TOMEN IR E TU BB 3
EF, AXT A FOFERITAKCET S EBERLT
“RITGDOEWCZB LB FIHTREE NIz, ZOHRR
1, BESPAKBERPCECERL TTRTO TEE
BEASF, BTELIELEEERL TV, RADHL
S, FEAE TR BEBHERDEHR O, HEOREE
PET LB TOBFEESHNONTWEDT, AAY
FA S EERE LLERBERSTFOMAND S L%
RLTWwe (2E TEHRE~ 70TV F 200808
THER) . T 5 2SR L, Bl TEREXRS
FOHAZHOPIZL LD E LIDOBERTO Y 27 b
THo72,

F 7ok LSRR O EVBIC B o TR T
BYETHDEDT, AATZFA N OWZE,» ST Xt
T, A7uv =7 bO—RELT, EEMERHVE
THIBREREBSIRAIEAM & L C O L8, 21Tvw, Fi
AFa—NVERBETE ML/ RAEEYES S Ak
BIFE L7208, ZOREEIBRCHNCE LD TVREDT,
AMEETIHET 2 (EEMEVRAVTEREES
105%, 1998, B L UELBRE, 1999),
BEZ->T, 79—V (99.5%ME) &b, K
FHEEHOMAES D2 2 L 2R, P 7048
FACAE T 2 FHEBRVEKII L C, EFEMSETERT
AR EETFORAS DL 72D (Arndt et al,
1999), BaCrO , ©F ./ ki F OEF 2 AERICERET 5
28 (Lietal, 1999), EEEXRSFZ2OHHERT
2BHLTw3, A7uyz27d, IOMEBOFT
HHRICEBN T ICAE SN, BOPDORREEET I,
FEO X S HHROEMICHET 2RERBTEL L
SvEiv, IhEERELT, SBROFEOERZH
THDTH 5,

K7 x 7 M, IESEIREREEE, H
FE—EUNKREER, EREMAREEYEEENRE
BE, HEIIRIECLEENREDO AR 2 E L, H

WA O+ F% - SFR - LFESOFEERE, 8LV
ERMENRROHEENOHEB I 2B TRILDT, &
TORRCETHIZZ LE2ELLT, @IV
1ZEET,

SEVTI

M E AT SR S E 1055 THIBR BB L LT
ML - HEEERM OB, 1998.

HRBAEE, TR/ RINERMES S AAE—RERY X5V R
BORS— FLBEE, 38, 153-161, 1999,

Arndt, M., O. Nairz, J. Vos-Andreae, C. Keller, G. van der
Zouw and A. Zellinger, Nature, 401, 680-682, 1999.

Li, M., H. Schnablegger and S. Mann, Nature, 402, 393-395,
1999.

1. 2 HREWE

RAROKELFYNIE, X BEEHF*ETTHELETH
20, BEFEMBEOBEE TR 77— v oo h—Ry T
/S Fa—7 LBULMEREOMERRL, tThfh—
EDOTFEEZET D LHEINLBHATFIFET 5,
FENR, Turzy R BLITAETITA b
(WEHER) LT, BRMAXUKDOELERE LT
HohTwb, AXZFA4 M, BEE - BETRES
ESEERE UTHTH T 228, KSR T ER BT
BELT R E 2> THOMLUTRERTEDT, ZOA
A7 ZA D, FEE/BERGFOEFREZEL, FX, —
R, ZRFTOLRZERSFTHEEKEINE TV JE
BIEERSGTORFSH 2 Z L HESNS (2EE
B~ 7oV F 2 VOBES, THER),

K7y 7 bTIE, Zno2MBESTELTERK
L, ZOHFEHEBI LR o b L TEEER
GFOMAEHSLPZL LI, UMTOZED20% 77
— 2 RE YT, ARFCETE Y, (DT VS JE
BEERSTFOAEK, BE, BRlbobs, 2)&E,
il &7V SV HERRIEE RS T O, BRELEMED
R IGOWIZE, 3) 7V JEREERSFO X HF v
SN E—v 3,

ETOY 77 —= B L 8/, $7%b bR
DAREHREEZ, 73 EBEERSFEZEI RS
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T, BHCHOERCEET 22, EEIRIEH o7,
— R OMBEYEORE TR OEN XD, FRRTHR
EDTEDL XBEAVWDLFETHS M, X BREHTIX
A0S 2HERES Do TR UDTETZDT,“FE
BE” O7 NV EREERSTFOETCIIENTDH
ol Elo, EHREXRSTFOREWCEL T, 470
BESESEDOR L ERGFOERRSBOIOI,
A&Zprpru~ NI 7DOFEEHFET LLEND-
720 ZH 6 OHEERYE, MEBERSFOMREICL > T3,
EEHUTI» S FHSALRYBZ RTNER %
WETH T, L L, ZhE TOWREEHCEE
OEFEFEZEANDOFEUHITIC b b 6T, KRIZKKH
HODRBIZR Z Twizn,

->T, BV =27 PREAERZEINCES T
s, PHEOBETELERE, FREEECERT
3o 7TV EREERSFEMBRERT 572012,
FRDBEL SHEOERY Ay, KEIZSAR
BRSAREMES T TIKSEC LD 53 FOERZH
H¥ 2 FE TR, BE S5 nm OHEERFITFOEHITHK
L7z (3. 1o SBOERSFHREES Y IV/ 7V
DI L > THEHEWFE ThoTco AXZ754 bR
Mo fER T v S EBEOMERERL (3. 2) RZDE
MBI £ 2 ZKRTEXSFE (3. 3) THREDE
HBERETI, D/LT7 S /BOT a7 2 v AOBIREE
(4. 1) ®70 720V VEFEEOHESEBLLD
e (4. 2) €BVTE, £HORKEC L > TARAR
BHEEEEOSBECHBEORIRD, MESTFEES
AT BEREE . RELERTH 2 05FBEENT
FTRENDT, SEROMROER ERF/2 TR
S, 7TV EREERSFREBTEBTY
0¥V R RAEMS Y ARSI, yuFt
DEESEHET s EREME*RR T2 L ko
7o (4. 4)o ~T N TA N/ T I/ VT VEEROEK
(3. 4), KBBEHZBIA7 07 = VEEMEDA L~
THE (4. 4) B X UEEM X HOTTEME O SR
DL () IR ZHFZERE b &8 Tl « |ET 2,

1. 3 HIRBRE

EME~ 70 F a VIR V-7 OBEE R S
Ve EBMEEOER, K4, £HERUTOEI DT
b5,
BEPRE HIRAE (FRTH4B~HEI12E3 R)
FEHEE KREZS (FR7E4A~RFI12E3H)

[ A (PR 7 4 4 A~RI124E 3 A)
Eil THRA— (CFE7HE4 A~E124 3 A)

] BINFER (PRE 7 4 A~[EI124E3 H)
WMRE HEHAF PRk 7 F£4 A~[H1243 A)
STA#%EE Gottlieb G. Lindner

(Fpk 8 £ 3 B~[104 3 A)
EEVRE
IEEREEE  LEEE

(CFEC 7 £ 4 A~F124E 3 A)
FUNKREHER  FHEE—ER

(PRt 7 F 4 B~F1243 B)
EZRIFE Y ERERS

(PR 7#E4 B~F12%3 B)
E A ANEZE

(ER104E 4 A~F12%3 A)

nB, BER- (B4£HE), ANEE EERED,
KE#H— (7= 4ATE) OFRBEFNETN1IED D
VIR, ARIEARIFREE L LTEM - Wi h
72,

1. 4 AR/EBESHETRS

#13E FERRTE6 Hl4E TR osEHER L 2
DFEREL

R 7T FE11B13~14H TERE~ 7 oELVF
A VDBREF YT 75V ¥ —vayv,
R 8ESHA2H ¥4 T4 b AhDiRy 5
AL~

Rk 8 FE10H28H M7 w7 = »rB L UBEEY
BOERK & EREERE

YRk 8 £10A29H "7 u 7 = v B L UBEY)
BOERERSE,

TR 94 B1TH TEREIOD S A 3 7 R
YRk 9 F£11H17~18H THEEE~ I oE L F
2 VOBEFHEICDWT
FR105E11H526~27H TEEEBE~ 7 oL ¥
2 VD ESE DR,

FRR10FE12A17H s/ AR AE 2R A L7
S FHREHE DR,
YRIIETHIOETSBNT A F @ a2k
I OEERE T

FRLIIE11A18~19H "HEEEgiE~ 7 uE L ¥
av7avz 7 NDEE,

FR114E11A26H T8E B 585 R 8
BB ¥ 2 HeRe,

H14H

15
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17
18[E

219E

28200H]
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5523E

1.5 HESHE
FIREFE I TROSHEHTHE L 72, FOUE © iR,
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WodE HBHE<I /oIl X2LOME

2.1 Loz

Fitgi I 5 —BED 7V L BRI, T
THHE AR (B 2mmBT) Tha, HlTH
LW, BhEPBEOEVWEYy I 7Y ) -
VRTEY, KEOHD L WEHTH S, 19854,
KGR LB T 2 —EH OB R E IR L 728
—DHEEE, EREEY L KEL CABOATE RS
KEELIWETH B b b o TEEMTRHO SO
Zoli Y E, THERIEERT 5 L THIRRER
BaE, BEOSVHEE2EIET Z L ixh o7 (FR,
1990) o

B RAEMCT S &, EELEMOBREE—#,
o s, S cRREI b DL
Ezonb, MtEMO> b, WHBEER R A
VY (204044 0b) b, EFEEEV LT
BELWAFTHHROBFKESREINE 2 EbbB L,
U YA M EEROMLEY b BiGAE R 2
EWTED, LM - T, —BTIBEROKE
Th3,
LIABARATZIA L (ErEVOFA MNZEFEDO—
1) LI B —EOR T EARRC S, PR S,
BESOBEFIAON T ED Tz, Likdd->T, K
2o TR 25 KINKDPEIK ORI L EICE
ENTWT, Bbkits Lottt sicdhmn
b ed, ZOYEAFHEEOFREIT AT >/,
JAAL U 7z K IR R 188w BEHI D3 RRE & 4, i e
B TH 28 L U TR S 1Lz DB
B L wra 7y, 4354 TN SR8
b, BEHROFEL 2L EHOMHETH S, Th
BRI X AIERET ML LI T, oKy
T EKAlan w5,
BURCHBIR R LY, A X754 b OBEERE
ORI L CHI104E, BREEEEEEICA X
784 MEROT VI CERRIBEEKREEET 2 -7
HUTCALIATEY R EEGHRT 20 LA UEMEF(~
6 GPa, ~1700°C) # 5.2 T, BEELOERWCEIIL 72
(R BT SR & B82S, 1995), RARDAE
g CKILKDEIL) LT 3 L BREPE M
Bl ERETHORETH o128, SKEHTH S
g ARk A0, BEIEEEEOKRSM

EROLOEECHE S e FETH T, AMRTEDE
M, LR, BIUBONILAXZ5 A4 MERD X
iR, ETFEMSERESERS LEmESF T Tl
LD, ZITRERT S,

2.2 BREEADFOCEMEEBEITHDAAIIA b
BRENTA A7 54 N BRI, BRI 2E
Hholeo NAFROERIR (K2.88 & 0V2.9, #He
#8255, 10H) &, mAPRER (K2.10, FL, 11H)
Thd, NABFROBRBIEFZBELIPUTOS, L
L, WO % B TFEBEERET R CHK
MEF L7 & 25, M CEROBEIE <, NA
AR DG LT OFATES TH 2 LfEwmIT s iz,
i, BEET L e AHROEITERERL, —
EDOREEDH 5 HALHIEA £ 72 i =REER O EHT R
THo7z.
BTEMEBRED DI, EELeHEBRT 2E8E
BITo1eH, TOBEBTAAIZIA MO THEEEEX
AFOZEME) PDEUDTHEIRE R > TE, itk
AR A4 ME, RRZILEL AT 55D Shizdh
MTHHDT, TOHERKFHWZEE I LI SFARSGNT
Wi, BEHRTAAZ YA ViE, 7TV ERBEDRE
PEBHEAEEE L THEE L7 (turbostratic) =Xt
DRREERZ L > Twd, BEXIHEU TBRICEKE
REZ, BOBBEEZ THIET %, KEL LB
WWADPRBAL T, BREBIZZEZFNFNOEN—IE I8
BEhzdDk, HEINL TV, B—KE, B
hie (BRI N) ZXRTHSOHMR ORES & F 2
LT Th b, B ORI T, KEEEREST
DHERPETFEFMLIFFY PUE—-2RT,
KB EZIET 5 LB/, BEBRFEITCIEATSY —
RANTT AV I7RBEEDARX 7 ¥4 NZRED,
—RIZIES ZUANSNT WS I DF L FIIBSH
FHCIIELWE LT, —KRANTFTT 4 v IRER
TofhEy 72 AU b SRR RS T, — RO E OB
MEBRELELSoTWD, Lad, IKic k> TH
el Lz 7 v s EREREY, BRIk THY
T2 "9 —RAN T T 4 v 7 2=RTEqE 13,
HOHAREDFRD, BEROMECIGUT, HTEE
B3 5, REFRNLZT CHHETE 2LELHEBETH %,
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TEMIfE, = T, OERTE ABEROME LT
KELERZSTWS, 22T, bbb LARAZFA b
WBCRD T RTTHER, T, T —RA NI T4 v 0%
ERTRESL BEBROEEROBETHL LHEZD
BB H -7z (Nadeu &, 1984), D, AA 754 b
TRTTHESER O HIRIL, RN ARA S 4 FOH
BT ERI R L - ST Ho Tz,

2.3 EEEY/IOELFIILOES
EHEFFICBOTARAZ ¥4 b OEBRBEREN
ToRERR, AAZZA MY TR, ELTRET R
FEARE L e o Tz, REREBRFIOEZRRE L ERHR O
BEPE (Er71uP—) BERERLTWS, &
e N EEICKREINZ 2 L BRESTRE L To8ed
LEETE, BTHEMSE TR SV BEE s (2,15,
[[2.16, [@2.18, $WEES2E, 13H), Bz, H2.1712
Honz#EER, EFFEOAABORKSEE L TREL
7ott, BEFEHL TOBLIZ LB RL TS, B
EFVH LT X REESREC LD TR, © T
) ZEBHSPICT 2MRPRTTH L DT, HEaF
HFETZRIGHEATH BEFHIE T E T,
FTTCWHE LB SEM ® TEM THETAED,
ARZ YA NDERRE X CEMRORESE L TRE
T5ZEEFHERTH DL, —E, Mk kD BT
L7z, BECE->T "y —RAMNIF T4 v o, &
BiEr L2 (M2 .15 #MmEERT, 13H),
INSDBEEEFEZLHPTILDE, SRS
FEO#IKEME (K4F) TRERTEEEPEE CEE
L, BROKEEFTEISELTT IV JHEREY —
Megh, —H, BEM T L -REBER (K FT
MREMEL LT "Y—RANT T4 vy TSR
%, LHEHEINE, 25 THD%5, TNV JHERE
By —MIZRTOERSGFTHY, GERSETHF
MR ELTAA 4 VBSRELEEFZLZDRH
RThHb, $/2, 2 THBo, b7V VEE
BHEEXSTBNEETIEZTTHSL L, DD TITER
EEY—RICDERST L LTIRDE D NEYEFR
FET DT TH S, AUz 5, WEICH(LERN
BbARAZ A MNEUPMEDOERLEY L2 B 5%
e roihidhowEARZVWLLTH S,
ZFOESHREL OO T RET L, 7o
TrVBIUAETTA P EMENRS “XRFERE
Mgy, BEERT A LS, FREN0 X, 1
RICT, B nm ¥4 XD 7N EBEE RS T L Bfg
TIEMTE S, 25— b, T2 UREOEREKX

SFONLFTHESFREERME LS, 22T, BEX
GFE T—EOHFHEERETARTFER -1,
AERY A X —E) L BRL, TOT IV JERBE
DHEFVBAAZIA NTHY, 7Tus7z>y, A€IT7
AN THBEELS,
—BOERESFHEVIEERSFNEITHS &
21, F/A-MNVOBBERSFE, —EDHTE
RIS T 2 DONEL W TH S I T i, BEICH
ETED, IEFAIBZLWELTY, EEERSFE
LU CRASIOBEF L pBETE 2w 0iE, BIRTIE
HWERREZE L RAROEIKIC L > TOH, BEIE
RENTVELETHD S LHEESNS,

2.4 HBEV/I/OELFINEREEXRDF (75
— L) OFENEUE

BEREERSTFELTHRL: “XHIERE” Bt
FWE, FhEFEh7u7 @3 75—1voe, A€d
ZAMZH—RUYF I/ Fa—T0, ARXTIYAL VIS
774 bz, BEHCIIUTWS, EREE RS
FOGFEZRBTAHEED—DOTHBIN, 7uszy
BEUOA BT T4 ML EYES 8L CRED
SGETLIPHIONTWIRWYETHZ0T, UTd
LEBRZEINZ %,

HRZEERRE AT, 77 x> (Allophane)
7TO7 =ik, TBIZEIFNLIRAROEKTNVE
BERRIE T, — 2 1E Si0,/ALO, D E VA .0~2.00
BB EMTH B L EDLNT WS (Ross et al,
1934 ; Wells et al., 1977 ; Childs et al., 1990 ; Hag-
iwara, 1994), KL TiZ, b LLEER L, LB L
WEERR S D W KIIKFICE S ET 2 Z B s h,
FUREENIZBEEON 7 AEREAL L 85 i3
MERCET S, EFEBEEHETE, EEPETY
— AL BRBOEGRBET NGV, FATHS
BOBELRET 5L, BEELN 3~ 5nm OFZEERRT,
BOEZIX0. Tnm, B IZARSFFHHEAD TE2850.35
nm FEO/NBENT S, EEESN TS, RDE
&, 0.7Tnm iE, AAVFA NIV —=T Ok g H
BeHETS, AI-O/\AEEY — b & Si-0O WEHE Y — b
WEZ-TIBER>TBEIKHYETIOT, 0
EBBILIEIAVFA VIELL TR0 LHEER
NTW 5 ERREEE DO /MEDS Al-O N\THEY — b, 7
nEd Si-O WHEEY — Mz oW T, EEICE- T
s, Al-O NEERZSZMEIT Si-O s R {E|
TH? D HEZ H5HMKM% v, (Henmi and Wada,
1976 ; Wada and Wada, 1977 ; Parfitt and Henmi,
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1980 ; Childs et al., 1990 ; Hagiwara, 1994 ; Wada
et al., 1997),

Si-O MEFEO=2DE*HEF L THEET % &, N
WhERl: ZRITOER LN LWENTESL, TON
AREESER, BPRHMCERE (V7774 1) O
WY T 5 (H1), NAROREO—EBAARIC
5k, RRRORFBEKRSF (77—Vv >, HRERE
#) BRI ND, RROFKEL T, RERFE
KEDME (60, 70, 78, Hx) %L %, FAROEEIL,
Si-O NEHEOME THERENFZ (M) 772
Y ORERACFHER O EEBHEIL T RO T, #
20 Si-O MEFE THERIROBE RS FHER I T
5, BREFKRIEFHATSH 228, AAMEESE2ELR
ELT, 77—V e ENT S A=
BORERRT NV S VEBEERSTFOEREINE Z
ERRDTEHVEEDI TH 5,

BIREKRST, 1 €54+ (Imogolite)

AETT74 M FERCH B LS T, ROHTL
S esNTEGMED—DTH S (Yoshinaga &
Aomine, 1962), 7 u 7 = »[EKE, KkiUE oA Lz -
Briue, KERS THTIWVIRTET 25, —R, BEY
IVEEYMOLSFrRoAIvT DI IRCRZ %, b
R Si0,/ALO BNV LIZIZIZFIEREI1.0TH > T,
&3 (OH) ALOSIOH M EEEN T3, BFH
WEBE T, ERL.8~2.2nm OBER TR S IXFE—®

2

42.4.1

BFTHIENTELZWEERW, EEETI, F10~30
nm CTEIRIZoVCETAFELER LEbhTY
5 (HK, 1988), 7AXRZ MNEO&Rb K& gD —
DTHHH, NAMEBBETEREEE DI LI
BETHY, =Ry F/Fa—7HYT#EET
brILHEEIND,

2.5 F/ A= PIEBEREO O DEBEXRD T

ANEFEESED ST 7 74 MigiE, —BlaEEEL -
ARAZZANBPHETEOT, 0K, 1XKT, 2K
TEORBERDF, NI IVAF—TF—V, A
—RyF/Fa—T, 7774 b VEENTH, BER
e 70EVFaLOTUT LY, AETTAM, A
A7 A DTEICHIGS 5, RGN T <z
TNE ) EREE RS FOFEELZRT DO TRV,
BOWRBTH A D, maFPERS TS FEIES
LTZEL, EFESIOZKEELH->T, 54FELT
BT DB L WS, B “XRIESE” MY
PRRBROFOHERMOF THKINTERFFS L
CEElan Z LB & 2, SRREERERS
FOWMFIHHT 2, Tz, FLWEELE T 2#ERE
PEMELREEE T 2 8RR, ERACHIEL T
BIELES ETBEE, 7/ A MVEBOEXRST
BERBEA L U TEECRZDT, ATHICKERT 2
BHBETETHS I . BEDEKED ZRRO—DI,
BRILL7I—voyeMBuc koL TE—2a kL
THHEL, AV b2ALUTEIFRKEHRH LT, TH
FHEEEE, OZEESH L L EIBRTFHEOERS
SERHY B EERDSI & Ntz (Arndt et al., 1999), BF
MOMALETRZAEREOLIRETH T2, B
HIANERGFLROIHRATH 2, 4 —FR L4t
DEBEXSTFHIBE s, ssERZHRD
W &5, 7N ERBEERSFOWRE, 0k
e Z b 2BEETHDOTH S,

BENH

rhyRBAEE, #ELFIF, 30, 131-136, 1990.

Nadeu, P. H., M. J. Wilson, W. J. McHardy and J. M. Tait,
Science, 225, 923-925, 1984.

Nadeu, P. H,, J. M. Tait, W. J. McHardy and M. J. Wilson,
Clay Minerals, 19, 67-76, 1984.

Nadeu, P. H., M. J. Wilson, W. J. McHardy and J. M. Tait,
Interparticle diffraction: A new concept for inter-

stratified clays., Clay Minerals, 19, 757-769, 1984.
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AlOFERIELT, 7VviZvAh-bUAYFury
—F, TNVWI=ZT LMY sec 7FV—1t, SiDFERE
LTCT I F—NF VY YT —Lb, ThIRF—
VANV ) r— %, BAD/ VI AANFYY, B
THAVBEIO M I VBECEBRLTERE?2 £/213 1
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Fig. 3.2.1 X-ray basal reflections of HQSm with various exchangeable cations at 0, 20, 40, 60, 80, and 95% relative humidity. (a) Na
-, (b) Li-, (c) K-, (d) Ca-, and (e} Mg-HQSm. The numbers indicate the observed d value. M =micaceous phase. K =kyanite.

C=coesite.
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Fig. 3.2.2 Basal spacing of HQSm at various relative humidities. (a) Na~-, (b) Li~, (¢) K-, (d) Ca-, and (e) Mg-HQSm. The symbols
0W, 1W, and 2W mean the 0-, 1-, and 2-layer hydration states and R means a random mixture of them. A solid circle

represents the basal spacing of the normal peak and an open circle that of the random mixture.
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X SREHTEB % Vi, B 2 ao4 FEEOFEN,
B2 d4ym D47 —ETHEBEEN (KOEHKEIHE)
XRD Bl & iz, @O0 S o ilkHE, BT T
30°C, HXNEEOR IR ST F v /=N TW-<L Y
gL, &% In situ XRD THEZEL Tz,

Li-TN 2o 4 FRABOGKZOEM/ WA S
XRD /8% —>iF, B3.2.38 L UR3.2 4IZ7R LTz, &
REDBIMFE - TR S IRBINY « HEiRay 8y —
IO & e fE LS, REWHEL o T BT EH
TET2, ZOWHFIE, EIFCEST 5 Y — b OEMBIE
OB BoTwBIERERLTBY, MELT
W TN Y — b BSEEEL T BERBERL TS &F
Z 5N 5 BXREDEIMIEWILREMEARI~Y 7
ML, EBERRSOEIMNERETE LNy IS
vy KA L7 (93.2.3a-d), [A&]/ [Li-TN] o
BEN=6.70a04 FEED XRD /¥ —2BWT
BRI 3 >DORED dEIE, 5.6, 3.8, 2L T,
2.9nm TH Y, zhEh, 8002, 003, 004 I/RE &
n5,% Ok, EREERE, F114A LHEEI LD, [K]/
[Li-TN]Eb=8.0Ml LicB W Tid, EFREED o
Bnolz,

Li-TN a w4 FEBOZXITHE I, SARIO XRD
N =B TRDHNTZ(H3.2.5), 2 § THI20E,
KU6EICED 612§ EHTIRIE, TN ¥~ N 2FE
THERZ02, 6LV TEE, 2N DEITH
BIEFRCHRAMCEEZ TV TWE DK, ZRITHET
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Fig. 3.2.3 Typical XRD patterns for Li-TN aqueous
suspensions containing various amounts of
water : (a) a weight ratio [H,0]/[Li-TN] of
1.4, (b) 2.6, (c) 4.5, (d) 6.7 and (e) 89.

POOREICRONIFHTH 5,

Li-TN o a4 FEERHEFEEISTW - D LEZ
BTz lickoT, EEARMNIEAEANYTZ ML,
BHAICIZ, 1.9nm @ Crystalline swelling DB
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Fig. 3.2.4 Change in XRD patterns in the drying process of the
centrifuged sample: (a) Immediately after separation
from the liquid phase, (b) conditioned at a relative
humidity of 909% for 1.2 hours, (c) conditioned at a
relative humidity of 909 for 2.7 hours and (d) air dried
sample. The intensity scale in (d) is 10 times that in
(a). Temperature was regulated at 30°C and relative

humidity was 90%.
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Fig. 3.2.5 The entire range of XRD pattern observed. The data
are the same with that of Figure 1d. Faint reflections
are enlarged in insets. *: XRD peak of g-cristobalite

contaminated.
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Mg 2 + dom /2
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F 2 + douny /2-0.11

Si 4 + don1/2-0.27

01 6 + don/2-0.33

H20 dw/0.623 -dw/2~+dw/2 (continuous)

Fig. 3.2.6 Structural model for the highly swollen Li-TN.

Positional parameters are listed at the bottom.
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DEARTFROREFEHOMEF (@F, XRATRSQ
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BRAVEETHBEL TwB LHETE 5,6.30 71
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B ORISR Z WD - T, TRIZEFOR
B—BHETLBDEFZ SN, TN v— DR %
TRTELDTH 5,
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3.3 KEFHETICEITBDRAI84 FDER
3.3.1 dL®IC

ARXZEA ML, BEERBRT A BRE - L8O
W THY, ZOEERE, BEPOEFERE X
DEEHICEAR, NEEY— RO 3Md L2
DA A4 VBEICL->T, K& 2-/\AKE L 3-1
EAERBIZS T 5N B9, KRICET 2 BR7 A BIESY
OALZEMEB ORI T, TheRxRRXAT75 4 b
I IE K & AL EHER O T EFEESEE I L TY
223 %7z Nadeau &1 5 O “fundamental parti-
cle” IOV EEEE Z TINBDARZ A bHBEED
CHARI T WCOBERTRE T H B EE L, L L
NS OHBEMRRERICENTwRY, KEBWTIE
AR ITb NI BEKRREGHER, EaEmEKE#
BRRERIC LY, COBEMLMEERTAXA IS4
OEBER, BIENZEEIC DO W TES LT,

3.3.2 NAFFA b—YRFA MREZHIHRA A
7494 b DMHEEBEY

NA T Z4 b (beidellite) i3, AP IZE e 2 -/\HE
BOREKWA AT Z A4 N THD, ¥ RF A b (saponite)
X Mg g 3-/\HEFEHMOREHNAA 754 N TH
B, NATTA b=V RF A MRIESFROPRIERR
DA XTI A ik, RABFR O O Fat i
B IO QEAETEROHE RPN N LY, B
BTHBENATIA4 e EFA COREMTH B &
HEINTY, LA LRARKRBWTIE, FRERD
AAZIA4 PDROHEINTEY, OHEERIIHRE
BN TR na-e
KEICBWTE, N T74 b—¥XRF A MEZR
BRAAZZA b OKREERE RIGERE « RIFRFE O
BB U CREEENCIT, 2 DFEEIR, BIENZRE
M8 & UL D W THRET Lz,

Table 3.3.1 Criteria for X-ray identification of phases.

d(001) (A) d(060) (A)
EG' GK' CF'
Beidellite 17 17 1.49
Saponite 17 17 1.53
Dioctahedral rectorite (di-rectorite) 27 28 1.49
Trioctahedral rectorite (tri-rectorite) 27 28 1.53
Mixed-layer phase of smectite and the 1:1 17 20-27 1.49
regular interstratification of
montmorillonite and beidellite (S/r.i.M-B)
Regularly interstratified saponite-chlorite 30-33 31-35 ND*
Dioctahedral mica-like phase expanded with 17 9.5 1.49
ethylene glycol (DM(EG))*
Randomly interstratified paragonite- 14 14 1.49
beidellite (Pa-B)
Randomly interstratified chlorite-smectite 15 15 ND*

1. EG: ethylene glycolated sample; GK: sample treated by the Greene-Kelly test;

CF: compression-free sample for avoiding preferred orientation.

2. This value is d(002).

3. Not determined.

4. Yamada et al. (1991a), Yamada and Nakazawa (1993).
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EERE, AN TIA4 b—YFRF+A VEZESR
ARXT 54 MERDOBEREWH 7 X

Nag.es (Mgs-2xAl1sx) (AlpeSizg) Oszs
x=3,2.7,2.2,1.2& 0.

2, MEYWEHL LU TRV, x=01%, ¥R +4 b%,

1.

x= 3, N4 T 74 MEBRSIGT %, AKEGLE I,
AT R ERRE, BEAKERCERERL]L D 1TE
EICEA LT, EH100MPa, EE250-500°C, Rk
B 1-151HO&KRBTIT - 72, £, 2B ®BHE
X BRETE & 0BT LTz, X BTk, TEFNL
SHBHCF) »xF Vv > 7)) a— VETFIE B OSE (EG)
lxtd 2 EE &, Greene-Kelly test (GK) %175 72,

1.49 53
’ ‘\ 12.5
17.3
PR N——
56 65
2.CKe 17s|l O &
6.17
- p
CF CF
18.0 18.2
) 863 572 8.60
e w 5.69 -
9.10 l
8.02 J 9.15
! 1 ! GK 1 ! 6.012 GK 1 1 1 il ! ]
510 15 510 15 5 10 15 510 13
26, CuKar 28, CuKa 28, CuKa 26, CuKa
(a) ()] () (d)
12,7
1.49 13.4
A 1.54
0% 7
2 1.50
17.1 28, CuKa
29 65
28, CuKat

28, CuKa
(e)

é 10 15

32

CF

GK

26, CuKa

28, CuKa

N {9)

Fig. 3.3.1 XRD patterns of hydrothermal products from synthetic glass. CF=compression-free sample to reduce preferred orientation.

EG=ethylene glycolated sample. GK=sample after the Greene-Kelly test. (a) Beidellite from Na,sAl, (AleSiz.) Oz, (x=3)
glass at 350°C for 55 d. (b) Saponite from NageMgs (AlgeSiza) Oz (x=0) glass at 400°C for 31 d. (c) Beidellite and saponite
from Nage(Mgs,Als) (AlesSizng) O (x=1.2) glass at 350°C for 7 d. (d) di-rectorite and quartz from NagsAl, (Al Siz4) O

(x=3) glass at 400°C for 112 d. (e) Saponite and tri-rectorite from NagsMgs (AlgsSiz4) Oz (x=0) glass at 500°C for 2 d. (f)
S/r.iM-B and quartz from Nags(MgorAlss) (AlesSing) 0., (x=2.7) glass at 350°C for 7 d. (g) r. Ch-Sm, quartz and feldspar
from Nags(Mgs,Alys) (AlesSizg) O (x=1.2) glass at 450°C for 66 d. The numbers indicate the observed d-spacing in A. Qz=

quartz. F=feldspar.
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ARPIOREL, 3.3 1> TiIT> 72, $1-EEKY
OHAIF) XRD /8% — > %2F3.3. 1w LTz,

HERE R I RISEE-RIFFMEMAE (K3.3.2-
3.3.6) LicEb LIz, £TITBVT, F7A050H]
HAfESRAE & U CAER LA X 78 4 b D8, RIGIFEN
DM ZEILT 2 RF 2RO, EFoNIHYEAE
b, RIGRE, REREL L CHEDE O EE
BICHEFEL TWwb I EBNHES M ER 5T,

AP E BEE (x=3, 2.7) T, FIERSE
LTSRN, T4 b e A VT4, LR
EFEYEVOFA b= T4 VRAEIREEE & A X
754+ EDRERE (S/riM-B) Lt AEOHAEDLE
iR, RNRE, REFREM OBy, 2 -/\EE
Wy 7 +F 4 b (di-rectorite) ¥ HEDOHEALEHED
5, 2-/\[EEE <1 2 #9tH (DM(EG)) & GHEDHEA
BRI b Uiz, 2T ORI, EOHL OHE 9%
L UM DR & FfF L2\,

x=2.20FDOF 7 A 513, VIHFERMEE LTS/
riM-B L GEE BT KIGRE, REREH OB
v, RS A b NS FTA b+ R, B A (Chlorite)
EART I A4 EDREB~NEE LT, TITYR
FTAM+NA T T4 POEAEDLHERBWT, 1.494
£1.53AEbN % (060) KEOFESEELIZ2 ¢ 1
THo572.1.49A L1.53RA WCHbI 2 ROV — 7 i,
FREN2-NHBBDOAAZ 54 b & 3-/\EFHEED

T il T T T
DM(EG) + Quartz
500 A A A —
di-Rectorite + Quartz
§4m- ° -
§ Beidellite
2t ° .
£
)
~ 300 ° e e o —
- o] ] e} O -
Beidellite + Kaolinite
! . ol ] N B |
1 10 100

Time (days)

Fig. 3.3.2 Time-temperature relations of products from Nay.Al,
(AlgsSizg) O (x=3) glass. O=Dbeidellite+kaolinite.
@ =beidellite. @ =beidellite+di-rectorite. [ ]=di-
rectorite. §=di-rectorite+quartz. F=di-rectorite+
DM (EG). B =di-rectorite+DM (EG) +quartz. A=Pa
-B+DM (EG) +cristobalite. & =DM (EG) +silica min-

eral (quartz or cristobalite).

AATIA ORFHIRKETHY, TOEEHLLIDE
AATZZA NOFHERERBL LI ENTSE 5,
x=1.208EDOH 7 Ao, ¥ R®F A4 b +34F
T4 N REOHEAETDENS, YRFA b +HHEHE,
BRBALEAAZIA N EDREBFREE+FEROHEA
BRI 2Dz, FRFA b+ F5

e —— ——r
DM(EG) + Quartz
500 - -
o di-Rectorite + Quartz
o = 2] e
< e 0O
L ® _
Z 400 Beidellite + Quartz
2 - 2 e} [ -
£
2 300 ) o) ) e -
S/ri.M-B + Quartz
= e} @ O -1
A I | N B
1 10 100
Time (days)

Fig. 3.3.3 Time-temperature relations of products from Nags
(MgosAlss) (AlgsSizg On (x=2.7) glass. O=5/r.i.M-
B. ©=5/riM-B+quartz. @=beidellite+quartz. [ =
beidellite+di - rectorite+lizardite+feldspar. Bl=di-
rectorite+ quartz. [F]=di-rectorite+ DM (EG) +quartz.
A =DMI(EG) +quartz+lizardite.

J} y r T T T T N N
~—~ 500 A -
© Chlorite-Smectite + Quartz
. -
5
© 400~ o o -
[O] Saponite+Beidellite+Quartz
o
E - @ o
S
300+ ) o ) @ —
S/ri.M-B + Quartz
~ @] (7} 2 -
A .| PR
1 10 100
Time (days)

Fig. 3.3.4 Time-temperature relations of products from Nage
(Mg, ,ALs) (AlysSizg) 0. (x=22) glass. O=8/r.iM-
B. ©=S/riM-B+quartz. @ =beidellite--saponite+
S/riM - B. B =beidellite+saponite+S/r.iM - B+
quartz. [_|=beidellite+saponite+quartz. N=beidel-
lite+saponite+1.Ch - Sm+quartz. [EH=r.Ch-Sm+
quartz. A=Ch-Sm+quartz.
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Fig. 3.3.5 Time-temperature relations of products from Nag,

(MgsAls) (Aly6Siz) 0 (x=1.2) glass. O=poorly
O =beidellite+saponite+
quartz. N=beidellite +saponite. & =saponite. B =r.Ch
-Sm+quartz+feldspar. = saponite+r.Ch-Sm+

crystallized saponite.

quartz. A =r.Ch-Sm+quartz-+feldspar.
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Fig. 3.3.6 Time-temperature relations of products from Nage
Mg (AlySizg) O (x=0) glass. O=saponite. [J=

saponite+tri-rectorite.

A4 FOHAEDLR BT S (060) KEfOFESHELLIX
300°CTi5 11, 3B0°CTHES : 1 ThH-oT,

BRFA FVEHBEOFZ A5, YRITA FMER
FEUTERLL, BE, REFMOBMIAEY, 3
-\EEEI V2 54 b (tri-rectorite) 25Y R+ A b
CRECHEFELL,

P EDRKIGEE —REFEBRE L VB o7z N1
T4 M=V RI A VRS ROMEBERKERS3.3.7
WRT, CORWCEHS»Z LS, FBEZHIRCE
WA T4 =R A S BEEERD
FET S, ZOFERIT, REROAAZIA FTD AP

N
& '§ Chlorite-Smectite
LS8
500 g + * tri-Rectorite
Quartz .
5’5 2 + Saponite
e gE Feldspar
B @ 3
= &
S 4005 +
jo R
§
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+
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= +
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m
S/tiM-B
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ideal Chemical Composition ideal
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Fig. 3.3.7 Schematic phase relation in the beidellite~saponite
pseudo-binary system. S/r.i.M-B=mixed-layer phase

of smectite and the 1 : 1 regularly interstratified

montmorillonite-beidellite. di-rectorite=dioctahedral
rectorite. tri-rectorite=trioctahedral rectorite. DM
(EG) =dioctahedral mica-like phase expanded with
ethylene glycol. Chlorite - smectite=interstratified

chlorite and smectite.

~Fer*-Mg?* 3 AR 8T 2 -/\EEEHB X O
3-/\EHEIA X 7 8 4 K S b R pEHSEE
BONTWBEIEEFHELRY, S5RELNI/NA
FTIA4 =YK+ A b EOHEEER L, KL O#H 22
EBFFEL Ty,

3. 3.3 Na-EXENOFA FOKABRIBIZL D
REHEDRET

ErE®YarA b (montomorillonite) &, Al
B 2-/\ABEOARERHAA 774 N ThHB Hiz,
HRREB R T 5 EFE R THEIO—D2TH S, £
vEYuFA MIGEHRIER < #kEEERC LD, B
BB ERETA T4 MCET 2 Z EDHES TS
NTwb, eI OEEERIE, BURGHRERICBY
THRBEDHNTWS, LrL, LW, &I Na-E
YEY O A OKRBEET TOEIBERITBWT,
BEBHYIV 7 P I4 PEEBTLEIC, NAT54
e RFIA b - FEROBEASHOEBHET % a5
2L, ZLERICET 2 UEEREBEBREIA X7 5 A b
(NAT 54 E) OBEBEWEEZERL:, AFRKeS
WL, Na-E V€Y 04 b OKBFUHEZ K IGIRE -
RERMOBEH L U TRIEINICITY, 2ORERK %
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HHS iz L,

HFEWE & U, IWERAMIKILED Na-t %
VadA bR, HEYE LEEKE 2EEL
1 1 TeBHEALRE, E/100MPa, BE250-
500°C, fREFRERT 1 -151H O&MTREMMHE 21T 572,
ERRIL, BREER X REHTERICE VBT Lz, X
Mt TiE, TEAMEM(CF) -2 F v 7Y a—n
FAALEEER DR (EG) 1oxd T 2 HIE &, Greene-Kelly
test (GK)""%{To7z, EERWORER, #3.3. 1K
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Fig. 3.3.8 Time-temperature relations of products. Open circle=
montmorillonite+mixed-layered phase of smectite
and the 1 : 1 regular interstratification of beidellite/
montmorillonite (S/r.i.M - B) +quartz-+analcime.

Solid circle=montomorillonite +S/r.i.M-B+quartz+

feldspar. Open square=beidellite +saponite+quartz+

feldspar. Solid square=beidellite+saponite+rector-
itet+quartz+feldspar. Open triangle=rectorite-+
quartz+feldspar. Solid triangle=randomly inter-
stratified mica/smectite+mica-+quartz. Roman let-

ters indicate the proposed phase assemblage: (1)

montomorillonite+S/r.i.M - B+ quartz+analcime,

(II) beidellite+saponite+quartz+feldspar, (IlI)

rectorite-+quartz+feldspar, (IV)

randomly inter-

stratified mica/smectite+mica +quartz + feldspar.
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Fig. 3.3.9 Powder X-ray diffraction patterns of starting mate-

rial, natural Na - montmorillonite (Kunipia F,
Kunimine Indust.). CF=compression-free sample for
avoiding preferred orientation. EG=ethylene glycolat-
ed sample. GK=sample after the Greene-Kelly test.
The numbers indicate the observed d-spacing in A.

Q=quartz.
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Fig. 3.3.10 Powder X-ray diffraction patterns of product, beidel-

lite +saponite+ quartz--feldspar, at 350°C for 105 days.

Notations in the figure are the same as those in Fig-

ures 1. F=feldspar. Q=quartz. ?=unknown.
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Fig. 3.3.11 Powder X-ray diffraction patterns of product, mont-
morillonite+S/ri.M-B+quartz+analcime, at 250°C
for 129 days. Notations in the figure are the same as

those in Figure 1. A=analcime. Q=quartz.

S/riM-B &/N4 754 b +HRFA NOfHAELEE
BB ETH B, 2550°CeBVT, EVEY O
74 b, S/riM-B 2RO kb, ZD%
FEZBLTRN\EREBRBEA X 75 4 b EHETREE
ERY, WARBBBA X754 M ORTFEBNEEFE
Ze6Nhb, ZOFRIE, SRMELLTNNITI4 L
YRFA P ERBOILIEEFELEV, 2O LEk

DEYEVUFA b=NAT 74 MREZHSFFROHEN

ELBFELEV, E/NEABBEBIEAX 754 DA
74 MEBPED I ON TNEFRERSEMNT 2 & n»)
SGRIFETOEREOL IR EELIONS,
DEED,Na-svEVui{ bOTERKLELT,
Mgy ET 5 E(EYEY US4 M +S/riM-B)
- (N4 FFA4 b+ KRFAL D) - (V2 FFAH)
- (FHAB~A H—RA X754 MEEE, <1 %)
BEZ NS,



HERM BRI RHRES B1095

60 65 Q
26, CuKo

236 11.0

27.8
6.41
712 555

29# 136

26, CuKx

Fig. 3.3.12 Powder X-ray diffraction patterns of product, rector-
ite-+quartz+feldspar, at 400°C for 91 days. Notations
in the figure are the same as those in Figure 1. F=

feldspar. Q=quartz.
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Fig. 3.3.13 Representation of the system Na,0-Mg0-Al,0,-Si0,
showing the position of the composition studied. Solid
circle: Product with smectite crystal. Open circle:
Product without smectite crystal. M: montmorillonite.

B: beidellite. St: stevensite. Sp: saponite.
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Fig. 3.3.14 X-ray powder diffraction patterns of high-pressure
and high-temperature products after ethlene glycole
treatment in montmorillonite-beidellite pseudo-binary

join. Sm: semctite crystal. C: coesite. K: kyanite.
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Fig. 34.1 The chemical formula of octadecyldimethyl (3-

trimethoxysilyl-propyl) ammonium chloride.
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Fig. 3.4.2 X-ray diffraction patterns; (a) for the mixture of the
starting materials, (b) for the obtained sample and (c)

for hectorite.
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Fig. 3.4.6 *C CP/MAS NMR spectrum of the obtained sample.

*: tentative ¥ spinning sideband
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Fig. 3.4.7 Infrared spectra.; (a) for aminosilane (b) for the

obtained complex and (c¢) for hectorite.
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Fig. 3.4.9 #°Si CP/MAS NMR spectra of hectorite/aminosilane

complex(a) and poly-aminosilane (b).
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Fig. 3.4.10 *Si CP/MAS NMR spectra of hectorite/aminosilane
complexes for (a) X=0.1 (b) X=0.06 and (¢) X=0.04.
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Fig. 3.4.11 Schematic structure of hectorite/aminosilane com-

plex.
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Fig. 3.4.12 X-ray powder diffraction pattern of hectorite/

aminosilane complex for X=10.

#1095

KA MNEYEDSRIGLIbDEEZONS, £z, #
TETFTYNIAFN[3- (MU XA NFYYY ) T O
ENV] 7oE=oLAZ7054 ROA S FYEDSNTZ
HH,-(CH,) sN* (CH,) ,CreHy i34 12 B 5 iz
REFHELET 5 2 e Bbrolz,

% 7o, fEREER S E B S OBIRTH 203, K3.4.12
?D XRD %7 — O HEAMORKFE—213 d=4.3
nm HET 50, T oy —MRNZ 54
N7V UEEROERBTHEEEISND,
ARXTEA4 NDEERBIE—#IC1.2~1.5nm THBD
Ty —PMRNZ NFA N T2 VT UV EEROER

-95

|

] ] : I ]
20 -40 -60 -80 -100
Chemical Shift

Fig. 3.4.13 Solid-state **Si CP MAS NMR spectrum of hectorite/

aminosilane complex for X=1.0.
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Fig. 3.4.14 Solid-state *C CP MAS NMR spectrum of hectorite/

aminosilane complex for X =1.0.
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Fig. 4.1.1 Isotherms for the adsorption of DL-alanine by “wet”

allophane.
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Fig. 4.1.2 Isotherms for the adsorption of DL-alanine by “dry”

allophane.
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Fig. 4.1.22 Relationship between the basal spacing of Lys/Mt
complexes and relative humidity; the complexes were
prepared at comtrolled pH values or with no adjust-

ment of pH.
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Fig. 4.1.23 Relationship between the basal spacing of Arg/Mt
complexes and relative humidity; the complexes were
prepared at comtrolled pH values or with no adjust-

ment of pH.
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Fig. 4.1.25 Relationship between the basal spacing of Asp/Mt

complexes and relative humidity; the complexes were
prepared at comtrolled pH values or with no adjust-

ment of pH.
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Table 1.

complexes and relative humidity; the complexes were
prepared at comtrolled pH values or with no adjust-

ment of pH.

Dissociation constants (pK) of Lys, Arg, His, Asp and
Glu (Dawson ef al., 1969)

Amino pK1 pKo PKR
acid -COOH -NH3+ Side chain
T Lys 216 918  10.79
Arg 1.82 8.99 12.48
His 1.80 9.33 6.04
Asp 1.99 9.90 3.90
Glu 2.10 0.47 4.07

(F4.1.22) X Lys 2207 3/ HF-NH, 2 >
THBY, INVKRFYNVEZ pHI.STIEH-COOH O % %
THY, pH4, 7TRERETIZ-COO- Lo Tinaiz,
pH1.5 TR 7 S VBRI 2D A 2 > E LTIRBE S,
F/-pH4, 7, RFHTE A NVRF VVEIFZ-COO &
%55, Lys HFWE LiOBA A L LTIRZ | 20
ErEyurA MNERO Na 4 4> L BB D3] §E
Thd, BEIWCA-T: Lyslid 2007 S VENETOD
BrhkFEHETII LD, BME2ZEET %, 20
729, HXBENEGRETH AKSFrIEERCEE
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S, BEIZEEEN S, 272 pHI0DHEEIZ
pKp310.79CH 5728, HIEHDOT & /) EH-NH, & -
NH,* O b OBFEFLIREEFZ o605, 215D Lys
NEEYUFA MEET S L, BRI B %
FETERL BB, BVEE G0%LUE) TiaAS
FOEENAREW 2 % LTINS, £/ pHI3OH S
X7 S BIREE TR F Y VED AR T
Whizeh, TI/BEEIAYEEBIED, TE)Y)
OF A4 MCEELE W, FOOEMBE T BE
HEREE Y2V A YV ERESELRUCEEEZRL
720

Arg/Mt D BWTH (K4.1.23) AR pHL.5,
4,7, 0EXRAFICBNT, 73 VBROBRE LA
T EN-NH, kD, pHI. ST VR E v L E
»-COOH @ % £ T, pH1.82LA ETIiF-COO~ k% 3,
Ll s, 2o pH Tl Lys L[EBRIC, Arg
B2ME i 1lOBA 4y Thaikcd, EYEY O
FA MNCESGCEEL, ArgD7 2/ EBETOREL
AFEFEEL, BEZEET 520, KROoFHEEIH
W%, £ pHI3D E&ED A Arg idfEA 4 i
Blz, ArgiZErEVOFA M EE LRSS
Tro FOT0, HEXEE T 2EREREIET T
oA b ENEELEICEEHZTR LI,

His/Mt OB W T HRFICHFZ 5 & (K4.1.24),
pH1.5L 4 TE7 I VEROBIEDT &/ ELHISEDA S
S VERBA A E LIRS ES 12, AL
HisigErEV o)A FORBHMEKRBEESTEET 5,
pH 7 % pH EFH CTIIAGED A £ 5V —IVED pKedd
6.04THBH, A 35V —NEDEIEBA AL
TIRZES 720, TYEVOFA FEBEEEL T
5 EFEENGE pHIOTIET & /ENS-NH;*® His b
HoleH, BErEYOSA MEET ZVEMEEE
TARIERFTERW,pHISTR 7 2/ BREA4 L
LTIRZE\E ) e ErTYV O+ A MiZEEL RV,
Z Oz OEEE T 3 EREEREOE LT T Y
v A b ERUCEEBERT,

Asp, Glu IZEBME7 & VEBEO: D, HEE T 5
Asp/Mt ® Glu/Mt B&EOERMETEREET £/
BOFh 3R>85 R Uiz, Asp/Mt DHE (K
4.1.25), pH1.5Tlx Asp 7 S /BDO7T & /EliL-
NH,*THD, hBEREEEOIVREF Y VEZ-
COOH &L Twiwnizd, ExEVad {4 Mg
BTa0, 73881 O0OBRIO—FDBOA
7S VEIKFEEET B0, BEET IV BOY
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ANRFNVEFEAETH B 720, HTEERE
BDBREIKGFBHNVRF I NECREST B0,
EEERESHETEBEOE > TRELSBoTEF
BENZ,pPHARBWTIRT I /VEOEEDA VR F
YNVEER-COO~ &2 b, D AN EKRF Y VEIZBW
TH pKe#33.90TH %7:%, -COO~ & -COOH OfgH
DEELIEFREING, /7 3 VEIE-NH,*TH
Lz, FEN-COOH ® Asp iz ErEU 0+ 4 biT
BETEIENTEL, L LEMNS, pHL. 50O & [F
BRICKGFOEBESEZ T b sz, HEEH
B RBERVERMBEIKE S ZolzbFEZ N5,
pH7, 10, 13& pH AT 2 2OH NV RF VL E
B-COO- &bz, Asp A4 v LTIRA2ES
ledEVEY B4 MICITEELR WY,

Glu/Mt O%#& (K4.1.26) » Asp/Mt & [FEIERLI,
pH1.5THH7 3 VEX-NH, %D 2000 VRFY
NWEB-COOH TH 2, 2D/ 7 I /VBEBEA 4> &
7Y, BErEVOSA NCEBETAIENTES, L
DLBRNS, EvEYu A FOBRR2ESEET
LW OB ENE L & 5 iEvy, BEIKSF
AT S I EOABE L i b, pH ERET® pH 4 T
GluBRO A VKRF L NEB-COO L ETEH, 7
OEN-NHATHEEE) O A NoEET
L5, MHNEENE L 25 YL, KOFRESEI
BEEIND, D, HMEEOLETIE U TARS
FrEEINL o, EEERZESNCESELE .
FHEENS, pHT7, 10, 13TCEGluBEA A LT
ED2ES/20, TV d4 PRBIEEAEETEL
i, HEEERHLTEYEYITFS FOAHD
EHEMERE L R U ER L7,

pH1.5, 4 % pH W\HFETTIER L7z Glu/Mt E &P
pH1.5, 4 TERL L7z Asp/Mt iZFEXEE Y L CiEE
ERNCERBRESEL L, 20ZEhs, Ihb
DEEERRZEBEL Y — L LTOFENTEELE 2 5
N5 B pH 4 © Glu/Mt EE R TIHHEHEE 2 L
TERNEELL, £, BEOLR, TR TOE
ERBOZEIZE AT ) YA bR FEUEZE2ZL
T 570, pH4 TER L Glu/Mt E8HREE R >~
Y- LTRSS EFEZ 5N 5,
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Fig. 4.3.1 Amount of TMCTS polymerized by various ion-ex-

changed monimorillonite.
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Fig. 4.3.3 Rlationship between the amount of TMCTS polymer-
ized per 1 g of various ion-exchanged montmorillonite
and their relative intensity in FTIR spectra for
absorbed pyridine. The integrated peak intensity is
normalized to that of Mg-montmorillonite as 1. Open
square: integrated peak intensity between 1570 and
1510 cm™!. Open circle: integrated peak intensity
between 1510 and 1470 cm™'.
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B FETIT > 720
BRRyvoaxyre/ v —2SHEBEMIEREK A
ADAYYakyuFxt ryBEEEOBRERL. I LR
To AFVTHEVE ) OFA FOBEFESYHT
NTCEANRKRTHoTDERLY, BonlzEEWIX
TRTHBOBEEY TH o7z, B1 XD A vy a4
PLTAHFEOFY VEGYOERENS Ko
TwB I eBbhd, SATDLIBRNFEDIZ- &
DLTWAERSABERER L =y YORXFIDIX-
EDLTBYNESILWEE= »ERAIF LT
yYDEDBEENELBoTwWEEEZOND, T
DZEENA I ERBTEZyuFry > OESEIER
A My VIEBETEIY, IOBABEBROES
MEERTLEEZOND, ThiIZXL, EvEY T
FA4 POBERERHED Y VOKBIBOHEWHDIIZE
RIOAEEDEH HA R OBER 2ESEHERT &F
Zbohb,

4. 3. 4 >OaFHUEEGRICICETDAF TH]|T
ZATA M ORIEREEE

4. 3. 2K, 3. 3CBVWT, A4 THEVEY
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Cleavage of TMCTS

Me Me
H sli—o - ‘SIH
M* in the layer of a o
montmorillonite — OH™ H* | + [ i
H Si— O™ SIH
Me Me
TMCTS

H
—— gt EO—(&;—O}-H]
4

Cleaved TMCTS chain

| Polymerization of TMCTS

H
HO -+ Si— O+ H
Me

4 Polycondensation

H Bl e
HO {Si—-o H
Me "

e
4

H
HO +Si— 01T H
Me

4

Protonation

Protonation H o (H
+
o Mt = O eeeees Si-O‘{s;__.o} H
Me Me

Me Me
HO 48— O+ Si~0OH
H nH

Chain siloxane polymer

or + mH0

H
Si—
Me m

Cyclic siloxane polymer

Fig. 4.3.4 Schematic view of TMCTS polymerization in the prezence of ion-exchnaged montmorilionite.

Table 4.3.1 Amount of TMCTS polymerized by synthetic fluor-phlogopite

particle size (mesh)

Amount of polysiloxane polymerized

(g/g synthetic fluor-phlogopite)

10- 14
14 -20
20-32

9.37
14.07
14.89

BRY o FY U/ v —DEH T S AEEL R RS
Lz, DR, =2V ard b, BEAF
& BREIADSEIC & - TH Uz Brénsted B s oSHREETE
MRk, FREEGHRT vy REERTIE, FH
TIRENCEE T 5 OH ENMEESES L 2D, mED
PHUEVER DB S IR R B 2 L BR Uz, REITH,
HIR L7z 2 DOBRY A BIEBEOFHNEEZE T 58
MEER~A Y (72474 F) KEHL, yuxy
VE T —DESIHT 3R D W TEE L,
F=Z o4 i, FTrEVOF4 b ERERCEEES
HY, A4 T ED BROMBIEE .2 7V 7
LZENTEETH S, & 5RERD L S KHEHL W
ERIGEEELTE Y, kOBRICI CEEA 4>~

BMBLU 740y )7 — MNEOEEDEWIZ X 5
BEENDREIDAIRE L 72 B,

HEMEE L TIBEREOT =454 vV Th b Li-7
=F74 b+ (PE-TER) 2RV, BA 4 T
BEBEMERERVWTUTDO L 3 12T 7. Li-7
=F74 b (1g) =, EEBEMAHO.IMEBE (1 2)
Nz, ## - —BRERERLSBORFEL 3 EED K
L, BEBA 4 2BOA 4 Y IBB L, & 512,
FREARRT 1 R - BOoBORIER 5 mElig D K
L, 724 74 PREWKMNEL T HEFE DEZED
Brvictg, REEBRITEHNOMEERE:, 04
VEMAT =4 T4 ME1I00A v ¥ aD&HBWIZEL, 120°C
DA =7 TCREAERD Bt BBV,
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Table 432 Amount of TMCTS polymerized by synthetic taeniolite

interlayer cation Amount of polysiloxane polymerized Form of product

(g/g synthetic taeniolite )

Li* 0.3 N.D.*
K* 0.2 N.D.
Co** 244 .8 solid
Ni** 377.5 solid
Cu** 304.3 oil
APt 205.2 oil
Fe't 251.2 oil
*N.D.: Not determined.
EEOHRRERIZFE EREEC, 2.4.6.8-7 % BEH

SRFNLYZOTF FIvuFHUERAL,EEARIGD,
FERRO HFETITo 72,

vou iy re /) v —rRMHEMS A 4 VR
ToATA M 1gHEDORY YV aFHUEGEBLD
EEYOBRERL I 2CRT KA LT VRET =4 5
A Dy FYrEEREANS L, @21, B
3ok, 7VI=—w B BRT =41 M, 44
CRHEE ) w4 PEIRREIRO Y o ¥ EEY
BER LU, o 2flif 4>, I "XV IMRF=v 7
BT =4 74 MIFEBEEEKR Y v ReES L FEMF
REGERO Y o v EBEAEWEER L,

W, #%, THVIZUABHERT=4T74 ML T
A4 v EEY OIS MAHONTDH O EFERKE,
[ A A >~ BRI R S & ¢, Brénsted B s % F64E
BR LD, MRy o EEYEER LI EHFZ
Bb, —HIANNVDIRO=y T VBT =4 54 b
I, BT v REER LENOBERER LIz LLD,
RRIREC T 2 BESOWE ERL, BERRDO
vuFYrEEYEECKEFEIZOSNE L2L,XRD
St L AEEMEBE D RES o BRKEICEL T
WEEhT X 2= <, BRAKED Brénsted BB DE
BB L3 FE 2, oTY ) r— MEOHE
EEAE D EHNO Brénsted B2 1 & I OB E S OER
DELZECHEELRIZLTWS EEZONEH, £14
BIOBEAR Y v v v EEYEERT 5 EESDFEE
bEETE Y,

1) H.R. Allcock, Polymerization of cyclosiloxanes. Pp. 199
-216 in: Heteroatom Ring Systems and Polymers. Aca-
demic Press, New York (1967).

2) J. B. Carmichael, and J. Heffel, J. Phys. Chem. 69, 2213
(1965).

3) H. Fukui, Y. Ohtsu, and H. Kutsuna, and M. Yamaguchi,
J. Chem. Soc. Japan, 3, 217 (1993).

4) H. Fukui, T. Suhara, T. Ogawa and M. Yamaguchi, J.
Japan Soc. Colour Material, 65, 170 (1992).

5) S. Nishihama, H. Yamada, and H. Nakazawa, Clay
Minerals, 32, 645 (1997).

6 ) Kunimine Industories Co. Ltd, Catalogue of high purity
Na-montomorillonite, KUNIPIA-F. Tokyo (1978).

7) C. Breen, Clay Minerals, 26, 473 (1991).

8) G. W. Brindley and G. Brown, Acid treatment. Pp.234-
236 in: Crystal Structures of Clay Minerals and their X
-ray Identification, Mineralogical Society, London
(1984).

9) G. Connell and J. A. Dumestic, J. Catal. 105, 285 (1987).
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A & VRS DKEBERTOEA T VBESIVEEY
I ICRET 2 B O, EHEE BT S pH 2l
EL, IhoDERENLI-HEEMREERL, h
50T =8 =% B TEHHERERD Iz, ZOEND
e, ZEOFEHEHE D) VEENRII L, E
W, U VBROBNTICET &, RICOE/FIC LD EEE
RET B4 VTBERIGICDOWTHERFTOEA 4 > D
BEZFEL, 14 THER WEERFRE) 2K
DTz,

D VB OFEERIC OV T, Y. Hentola?ld T E
TEBREDTNDE, ZOHFEI) VBELEELE
ZITNVAVERY VEBEE T V) &EEAY L
BEAw SEEOBEPERLT, 44 VisE i
DEELFNIz, ZOHERZENTROERIZDOWT
1 EOFHEHEBOSER2ITY, SEREOHERRTS3
DOVEHERERD T D, ZOENIE, B
ok, BEERS, BARESEY, HEHEEEITEN
BIE ., o7, BEEREEERIEARZ bux ) =y
KEDTHEINTWE, ThoDBECIhIE, &
SEHTEHCR BN EFEICR® 27 i, RdEzkn»Y
VEREIR I R A TR R T o 2,

ZOWFIEBTIX, EbD Vv AFEET CAEB{E
AT LB THEERTY, BEMBREERLL. %
COBPFES % b OWEMFEEZHV Y YBO=D2 OFEE
ERE—EL THRD Tz, KRR L hiE, —8B]’T, pH
DEIEEELFEBEOER DR TEETLY, £V
BBOMBBTERE, iz, KBERIFET 2144 0B
EbLFERERDOND EnSFEE > TS, 14
VRIS BT, TEECHET SBRO 1 4 U
OB EITS XD, 44 RBREHR (e
FRED) 2HDENDE, IDOHERA T a8 HEE,
Mitgmoer e orA MICHAL TIHERBR
kS Y

EER

WERE LTANV 7 8RFERL 1 mol dm3KEE{LA
D AR EESLL, 12 1 mol dm D /LETE
WEIMZ, £0OKEBEY, BEYEEESZRETN0.1
mol dm 1272 % £ D ICHHEEL, KEbA Y v ADFHE
WrlEs L7z,

TEIE

#0.1 mol dm 3DV Y ER¥AWE 5 ml, 1 mol dm 351k
AV TA%E0-5ml 2ED, $HEBKROEE %50ml
Y L7 pH BERUHEE / ANVERD FULERICA
n, L, 25°COERKE AN, BRTFCHEET
5, BEBOIMINCERY A BT, pH B—EE % -

7ot HEHEEB WL AWMELHA L, MERY
—EBMEML, pH 28E, &L 2085, pH 25—E
W25 ETHET 5, —ELixol%, ZOWMEME,
K%, pH ®508%7 %, B, WEWEEMZ, FAEDTE
EBWR2ETCLEOREREVRT . T—2 LT,
BWERIWCBT 5 pH ORFMZLE L U, & pH 235
N2, &L ERHEE L7 DRK pH » 5 HERKEYS
Bons,

8 -
HEWMEEBE SRS L EERERA L, &%
pH X —% — 3 DKK %! PHL-20TYPE %, pH &R
DKK #13052-0.62TYPE #{fH L, pH #Z#y54 .01,
6.88, £7:1%1.96TC pH BAEDKIE R B Z 72 - 7o, Hl
EE2To7,

BRRUEE

U VB REEE R

{E¥EA L BMBRIGLTC EDAHkB L&, K
IERE—RIZIERD L I EDLE D,

aA+bB «— cC+dD

RIS R LB DIRE TR LI FEEE km &

km= (Ccc X Cod) / (CAa X CBb)

EEPBOLEEHERIRD L S KERT S,

K= (acc X aod) / (aAa X aBb)

TVRE R EEIE R v 5 PRI

K:{ (CCCX CDd)/(CAaXCBb) }
XLyt X yp9) / (ya? X 5°) }

LR D,

Z T, Debye Hiickel23HEL LU 72 &< & 1Uig,
A4 VEBE u (1/23c2%) OBERFT, ZIOBEFE D
DA & v DEHERBITROXNTERY 2,

—logy;=AZ2Xsqr(u) /(1 +Baxsqr(u))

A, BREETHY, a 3KBEFICBITDEA 4
ARNRGA—F —TH 5,

Z 2T, Kielland" O#&E L T 2 /KB WP BT 5
HA X YA XT A—F—, H* X9, Na*, H,PO2,



R T SRAT EE E

HPO,?-, PO,* X4, OH, K*, Cl"iZ 34> X b
00— A%, KOEERECPKw=[H] X [OH] =10"138
%, Debye Hiickel O XD EHD A, B, 1£0.5092,
0.3286%10-8 & LCHMA L,

BV T b, WERA A VIR THER L EREOER
EA Vv L0FE L, BECELZEEEEIZ
FEELOHOBHREDOT L LItMIERTo. b
D7 —5% & pH DEZR W, FIEDONZ  AEEEREL,
fREEE B O EETT o 12,

SHEAREE U, FIDRE L EEES 25 %,
DUBBIUEYD VEBBA X, KEAL T, KEEEA
A ORERRD, 44 ViEE, SEEREERD,
fREEEREEET 2, Iho Dl HMEMBROSTEE
20O pH OEZFER L, BIE L8O pH OZED D
BB/ D X5 D RUCEIEL, ik 3H
DIFHEER % RD Tz, pH BiED» 5 DEALH V7 LDV
HEEEL CGHHELUBEEROBR 21, mMEH
WER 2R Y,

HEIDY VBOMZEDOSHERDEZZ.0.5
LA Th o Tz o CHMEITEE —IRREE $032.129-2.172,
52 IRBEE0X7.0002-7.211, 55 3 fEEER $312.360
-12.375TH Y, SEIOE 3 BEEFE B L/NE 0w,
BRDEA L v OREERHETCEEHERDMEET
LEEE,

B A A A HelE -

DOWEX 50W H-FORM ?100-200mesh % % @ %
AL, BEER110°CTREL, 0. 1gr 2 & D,
IR AN S, 1 mol dm—*DIEBIEW 1 ml &1
WHES0ml 2Nz, BRAE I WAERETY, BEL
7zo 1 EIOWEWC D E, BIERFEIZ2.5, 10, 30, 140
e Llce 2 ORPEIX305 THERIET %, pH OHIE

A .
12 |- \,‘v
e e St
+ pKi pKz pKs
10 | e: 217 * .006  7.23; X 003 12.40: X .014
A 2172 k& 007 721y £ 006 12.33; * .016
8|
@
A
f S—— °
a .
v 6k © : By using KCl concentration corrected with out flow
Q.
of XCI from pll eloctrode.
4l 4 : By using KCl concontration without correction.
'
v : K calculated from Y. Heatola's oquations’ .
2 A % 3 Ao
L 1 I i L 1 L 1 A 1 1 | L
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
2
i
Fig. 1 Relation between dissociation constants and ionic

strength.
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HEEFEEOED IR/ BB 2 TH]E
BE2.24T, WHEFE X4 .95TH - 72, Bonner D
ROTHHE 2 2810V EZ B THER 2RO 2
LE, BB BOEIN0.6%Eb 5 Z Lz & VERII
#91.95, 7213, 2.6 D %, BIEORKBEEDHR
ERFEEREPRDLDCEETHD Z BB 7:
BERE2H3, 4 12RT,

TrEVOFA DL

LOHEEACTH IO V0t A4 DA
F AT BT B FHE R (FIIEEIRRE) 2,
BRELTE, 7 = X TERRSHE Y =7 - F (¥
FF A HE (68) CEC 115meq/100gr) 2 L7z,
ZORRE ] D 4 CHDERTREY 2TV, BA
e 720.25gr ®ER L7z, 0. 1lmol/dm* D k7 b
Yo h, 238D ) 7 ABESmI L kD IERIGE
Bz AN S, 0.1mol/dm 3D LY % 4120, lmol/
dm KB F PV 7 A, AV T ABKRTHEEL, BT
A i, FHERERD ., Bk, BRLze
VoS A POFEHEE, ZF L L TAREHEZR LI
TOT,

HARWGIEPEMEL U/ & SORHEELRT3.9 (1Y
7 ) 72.1meqg/100gr (VU 7 A) THolr, KEAR
DEME L 2ERT, IHOWBE IRV, 105°CTH
BLizbDELz, ZOHED CECIZZENENSE3 4,
82.2meq/100gr TH-Tz. T OfE L, EHIINES O
TRV, BFE LT, KEE S, FEER
EMEBHERNAEFR O YY) uF 4 b 2B
W L OPA A VK CTHEBRETHE RV R LT 72
2kl CEC 1 88meq/100gr TH D, WL TH B L%
25, & OWHEHER FHESERBRE) @ pK (-logK)
BEA YV T LR DNTE2.08TH-72,

: measured
: calculation

10 + °

1 s 1 L 1 " 1 2 1 " i 1 i n 1

Volume of titrant ( /ml)

Fig. 2 Titration curve of phosphric acid
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36 0.04
34 : cation exchange capacity(mi)
: 4 squere (= dpH’)
- 0.03
- 0.02
-1 0.01
16 |
1.4 - L - L L . 0.00
1.54 1.55 1.56 1.57 1.58
cation exchange capacity {/ ml) 10
Fig. 3 Relation between cation exchange capacity (C.E.C.)
and y square and between C.E.C and K at minimum g
square.
12 F
1oL Measured
8  :Curve calculated at K=2.24 (a ¢, /a,*c, )
- and C.E.C.=4.9 meqg/gr(dry resin)
a.
6 -
4
2k soesnessssnses vecesee o
0 " 1 A i n i i
0 5 10 15 20
Volume of titrant ( /ml )
Fig. 4 Titration curve of resin
4. 4.2 F7OTzrNDAFRE

T =T AEREBRKURBRICED LI ERE 8
(LEZ R KBS V) VA THR LB EER L,
K ELTIE, BTV E = v A ZB{ERDOE:
1-1.4& L%, MEERRREL, BRTTURR
PIE##T 2, BAWERLSEEL, FIEEKEM
z, BERL, BLoEE -SERY KT, BROBE
OpH 2#14-6 Th 5 Z & 2R LIk, BHE 24
e AE7 7 X 2w, BEERHERSIREBIC25 X
SITHNET %, IIEEERIX 3 -4 HE Uiz, 2
DR TV D & 8L 72, 2 - 5 BIZEEKEMEZ,
B, SHEEITo I,

TRV —F, 105°C, BRI L D EE2/ER L
776

BE, TVIZUh, &, ANV TLA, T2V
Ly, Vv, BREF MU YA LIEOBCREL, EE,
Wi, BBz L, ICPOWETERL, BE

x squre(z dpH?)

#1 Chemical analyses of montmorillonite

1 2 3
S i O . 5 4.0 6 1 .3 6 1 .3 4
Al .0 16 .9 2 1.9 1 6.4 3
Fe:0. 1.6 0 0.3 1 0.2 2
F e O 1.9 0 0.1
T i O 0.1 4 0.1 5 0.1 5
N a:0 0.1 8 4.0 6 0.1 7
K .0 0.0 6 0.1 2 0.9 0
Mg O 2 .6 3.4 3 1.6 5
C a O 0.0 0 4 0.4 6 0.1

1) Oh-e cho Yamagata ( refine)
2) ( row)
3) Asahi-Bpura iwahune-gun Niigata(refine)

1) W Mok LA (R BB )
2 ) R K TR (R OB )
3) FOBWREMKBAEMNKXKAF (KD

180

teountsl
324
256 lﬁ‘a s%

v T T T T T T T
b1 28 38 48 £°zo1} 58
X51DP.RD

Fig. 5 X-ray Diffraction of X5.

&, LEEAEOERORDL D KHEHEEHEWTHBRE L,
EAGBEEFBEIC LI D ERE L, 7MY VA, AV TA
X7 v BR L TRER TINENAIRE:, AFRWEREVIRL,
HEREEL, ICPoETER L,

BB OSEREZRT,
Si0, AlLO, Al/Si(found) Al/Si(taken)
(wt%) (wt%) (mol/mol)
x1 30.8 28.34 1.08 1.00
x4 31.4 31.17 1.16 1.11
x2 21.13 24.94 1.39 1.17
x3 28.23 37.78 1.57 1.33
B 26.52 28.15 1.25 -

B . BERERB L ORBEY

ERLFHONTOKRE S L 2HMOEE 2
BT ThHole, ERPRIHEAAELI YT VI =T A
DEBKE W, R X BEHFTR I EEELEHRIE R
ZT7u—RNTh-oiz,

SRR R 110°CTRZE U 72 8, #90.4gr % 2B K50
ml & &b REFRICAN, BEEECHEERTo /2, T
FEWIX0.05mol/1 D KH,PO, 2 L7z, #4115 DR
PR 6 IRT,
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Fig. 6-1 Titration curve of allophanes

FER, REEFEBL, R OB EEREAKT
5 B ¥ 2, BRIl T3 ERROFETHE
B EITo Tz, WKL CZA 470~ bET
BESERD T, HILEA 4 7 o~ 700082k A
A 3B Y 8 TSK-GEL IC-ANION-PWX & 58
Bl ARE AW, B4 A4 i 3IEE TS YK421 &
BERRC B2V, BRELTH3ER, V Vg,
FEUT A, AV TAERER LU, BEYO X FEET
D1EERES CRT XD ICHAEWE L ARCEERE
FRER s,

) UBOREER

Si0, Al O, (m.mol/dry100gr)

(wt%) (wt%) . a) b)
x1 28.8 27.54 1.125 108.9 99.66
x4 29.5 29.8 1.191 58.48 49.11
x2 27.38 30.79 1.325 139.64 139.8
x5 25.88 31.36 1.428 89.83 93.8
x3 26.1 32.87 1.48 107.66 110.1
B 22.44 24.37 1.291 70.03 61.4

a) A4 vruv ik b) {LEIH
G U X REST L VIERBETHY, 72
VBOBE L RAROY L RARLEH NS L TT O
T THBEEZTVED, SHBOEICE L DHR
PHEET 5,

#1095
7.0
6.5 |-
6.0 |-
55
I
Q.
Y, ,
50 F vy 4 L R N S R R WA SR
45 |-
4.0 | 1 1 1 i I}
Q 2 4 8 8 10
(mi)
Fig. 6-2 Titration curve (blank)
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