[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information
oo@a) OO000000000O0DOO0DOO0DoO0ooO0oo0Oooooboooooag
Title(English) Studies on Structural and Dynamical Properties of Water Molecules in

Compacted Clays

oo@a) oood
Author(English) Fukatsu Yuta
oo@a) O0:00@0),
oOooooo:0oo0ooa,
O000:00104960,
O0000:20170 30 260,
ooooo:0o0o0a,
OO00:00 00,00 00,00 00,00 00,00 000
Citation(English) Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 1049601,

Conferred date:2017/3/26,

Degree Type:Course doctor,

Examiner:,,,,

oooo@oD) oooo
Category(English) Doctoral Thesis
oo@o) oooo
Type(English) Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

(5 L3Fe)

Doctoral Program

m X EE

THESIS SUMMARY

W . RRAT GO - o
Department of JE%*ZI% Eﬁlﬁ Academic Degree Requested Doctor of (I%)

Student’ s Name Academic Advisor(main)

fEHA &) -

Academic Advisor(sub)

AN

#E  (Fo3C 2000 FFEEE)
Thesis Summary (approx.2000 Japanese Characters )

AFfHCiZ, Studies on Structural and Dynamical Properties of Water Molecules in Compacted Clays (&5 = RIBRH I 31T B k551
DRI L A F 7 AT H098) 1 LEL, SEI VRIS TND,

% 1% [Introduction) TiL, MBSy AT LAOREEM & L THWOLNDEHB Y M A MHICEW T, ZOEWRDTHDHE
UEY B A N HER PO OBAT O BE AR 2 R e 3 2 L 2R LR RESICE2EVEY RS A b
DA TA MEOFEBEZTNT 2 Z & OEBEMHIZOWTHRM L7z, I, JEEEVEY w) A NRWEEA F7A hDF ) A7 —
NIRRT DR TR OA A2 OILEFEE 2 RS2 Z L OBEFEZ /R L LT AR CIIEHRE IS (NMR) 20EEL DY
b L= —IEHGRBRIC & > THEER IR 2K KO 4o OSSN 54 T4 MEDERBEEZHONITHZ %2 H
& LTz,

%5 2 ¥ [Size and Temperature Effects on Structures and Molecular Motions of Water Confined in 1 ~ 10 nm-scale Silica Pores] Tl
NMR 3otz VLT, ZE2fH A AR BUS L ST ZALE > U U (I4LEE 2.58 ~ 30.0 nm) HIZ 31T 5 K DEFEERL S K UK 53+ D
WiIE & BB OV TRE L7 NMR AT BV DI EEARTFIE AR R AT h 0D B — 2 (T O ZEEH 6  HIFLES 2.58 nm
HCIE 200 K, 6.48 nm H1 Tl 233 K, 14.4 & T8 30.0 nm TiE 253 K IZB W T, KOBEEMRZFER L, L L, BEE LT Ol
EIZBWTHENIKROE =7 BBIE SN2 Z L0 b W T DM b LR WKBFIET D2 Z & B ahoie, Thbb,
HAL P D7V LD AT AETE LA T 2700 7 K & BEE G LLT C H A LR WKL OWAEKD M TR I NLD Z &
R U7z, BEERLATICR T 5 B2 T b WAAIE & 2 B U7 #5 R, MFLEE 2.58 nm T OW S FJE S 13549 0.38 nm T,
MIEER & L CoRSyF LIEOERE E —H LIZHy 18 Tdh 5 S, MFLEE 6.48 nm, 14.4 nm, 30.0 nm ' O FHIE S 13 0.64 ~ 0.74
nm O FREBHLIVNIZ ST THL ZEN Do, BT, AV UAETRRFRER (T) BEZITV, WA T ORIy 18
B DOZEHEY A R R A& M LTz, 10 nm A7 — /L OfL Tl 0 F £ 721X =0 F OB KA NV 7 K & 3138 d D7z, N
VT KROBNT)G CTRAEKRD G FEENIZE LT 52 &0 —F, 1 nm A7 — /LOFFLIZB W TIX, Ky Ff % i Z 700 By
FHEOKIIXE SN LT, AKOEIREIL IR EDL Z EBPI LN ERolz, ZTNUHOREIND, T/ 2RO K 121)
[ZDWTC, 7OV M EWEMO “MET LV CITES | MR L Z 0 FEEBE Loy i aiRE L,

% 3 % [Comparative Evaluation of Structure and Dynamics of Water in Compacted Montmorillonite and Illite] TiX, NMR 73tk %
AWT, EBEVEY 2 A NROERA 74 FICET 2 KOBEFEBIG K OIK51 O RS & B8NSV C LG L7z,
NMR 27 M DE— 7 FFEEORERFEZ T2 25, EBEECE D o)A FROEEA 74 FHIZIE, 273~263 K IC
BOTHIET HKE . EOREE AL FIZEBWTHEEE LRVKBIFET 2 Z 03 gnotc, bbb, [EEMTHICENTE,
BHET 5L 7 K EBHE L2 WREWAE KO “FEEEZ IR L TS 2 EPRBINT, 22T, i mllEZITV. 7L 7K
EWEKRDEERIEDOENE T, T ORER, BEFE A L @mOEEERICS W T, JEEE T Y v N CIREM &R R
HFOKITIRR SIS Zo0D T A E— 7 MBI S v, [EBEA T4 N TIERFRIBR R OKITIRE S5 To5040 B — 27 O B8
Sz, —J7, BEEALLFOWREERTIZ, EBE T udf A NEBERAS 74 PWTACEN TS, 27 KED b1l
BOIEFIEVREKICHIBECTE D TIOMAE— 7 PR TE /2, 20 T ¥ — 2 L DOBFI S & Ff > T Z &b,
K EEN LIRS T8 L 20T TR S D Z L3 bnt i odz,

% 4 % [Diffusion Behavior of Water and lons in Compacted Clays] Ti. SrSO,ILEXSIGIZ &> 7C 10 nm A & — L DO fFIB & 321
BRI, HMEFF 047 77 40— L > Tlnm A7 —VHBROBNFIET DIERA 74 P EAFRTEZZ L 2R
L7z, LB LIZIEBEA 74 FHRICBWT b L—H— (HTO, ¥CI, ?Na*) ILBERZ1T\ . WEHICRIT 5 KK OA 4 > Dfik
BEB ARG Lz, TOMEE, IWEERATOIEE A 74 MZBWTIE, WO b L—— 88T 508, IR E OIEE A
FA MTIE 1nm A7 — VIR OBER HEIC L > THEL DA A PR RIS X - T SCIrofEfo 23582 S h b
ZEERI U, &5, EBIRARTE DO HTO KU 2Na* D EIHIRE D A LB L72 & 2 A, 2415 @ DABEIZILEIEAIC X
2T 25~40 i/ & < 22D 03, BCIro X 51258 RUTHEHITIER S/ 2 LMoo te, TOREIE, WA E M2 1nm
A= VEMTH> T, KEOGA A ANIIEBBAT T2 2R L TERBY, EEEEY vl A MDA T4 ML, ST
DOHIRE NI OWFEZME T 2 < T E PR TE T,

% 52 [Concluding Remarks] Ti&, HEICBWTEHLNTMELRIE L, KRXofE#RE L,

PLEX Y | RFSUIERERY DA NRICBIT KK OAS A2 OIEHEFEINC T 54 74 MEOEEZA LML, Mgy
DREMRZEMEDI DD/ T2 AT AFRFHRB W THEERAREZ 7R LT,

i3« FRSCEEBIL, FI3L 2000 72 & 95832 300 354 1 M9 ORI 572, b L<ITTEL 800 #5% 1 FRH L T 723wy,
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Words (English).

R - RSCEBIE, LRIV —F IRV (T2R2) IS T —Fy MARSIET O T, AR FTRERFIFDO N TIERL TEEY,

Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).




(5 L3Fe)

Doctoral Program

m X EE

THESIS SUMMARY

B IS HR . (HY) 1t s

T
Department of E%*%I% 5 k Academic Degree Requested Doctor of (I%)
FERA, - " FEAR () | —
Student’ s Name REE B Academic Advisor(main) Gz

AR () -

Academic Advisor(sub)

AN

S (FEIC 300 GEFEEE)
Thesis Summary (approx.300 English Words )

This thesis is composed of 5 chapters entitled "Studies on Structural and Dynamic Properties of Water Molecules in
Compacted Clays”. In chapter 1, it was shown that the aim of this thesis was to clarify the effect of illitization of compacted
bentonite on diffusion behavior of water and ions for deep geological disposal. In chapter 2, the measurement system was
developed for water confined in nanometer-scale silica pores by using nuclear magnetic resonance (NMR) spectroscopy, and
structure and dynamics of water confined in the pores was investigated at various temperatures. Based on the results of NMR
spectra and spin-lattice relaxation times (T1), novel molecular model consisting of a bulk phase and an adsorbed phase with
monolayer and multilayer could be proposed. In chapter 3, structure and dynamics of water in compacted montmorillonite
and illite were comparatively evaluated by low-field NMR. The results of the T1 distribution clearly showed that adsorbed
water in compacted clays consists of a monolayer immobilized on the surface and a multilayer. In chapter 4, tracer
through-diffusion experiments were performed in compacted illite where celestites were precipitated into the pores. The
results showed that water and cations could diffuse even in 1 nm-scale pores, and anions didn’t pass through the pores due to
the anion exclusion effect. In chapter 5, the contents obtained in each chapter were summarized. Consequently, we succeeded
to confirm that the effect of illitization on diffusion behavior of water and ions in compacted bentonite. This thesis have
important implications for understanding of migration behavior of radionuclides under deep geological environments, and is
useful to design engineered barrier systems having long-term storage stability.
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