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For the better understanding of phenomena caused by iron—bentonite (smectite) interactions,
experimental samples conducted over a period of 10 years at room temperature with mixture
of distilled water, iron and bentonite (an iron/bentonite mass ratio of 1) were analyzed
to identify the alteration behavior of smectite. Major results are summarized below.

+ The color of bentonite changed to grey—green or grey-black with interaction of iron
material. The pH and Eh values of solution after the experiment also changed to more
alkaline and reducing (pH around 11.5, Eh —284 mV vs. SHE) comparing with the initial
condition.

+ Results of CEC measurement and interlayer cations analysis for the solid (grey-black
color sample) after the experiment indicated that there was no significant difference
with the initial sample (Kunipia F).

+ Results of X-ray diffraction (XRD) analysis, Scanning Electron Microphotograph (SEM)
and Transmission Electron Microphotograph (TEM) observation suggested that no
alteration was occurred and the initial Na—type smectite would be remained.

+ Considering a possible model for smectite destabilization as a result of interaction
with metal iron, a potential reason to inhibit the significant alteration of smectite
was supposed. Additionally, thermodynamic interpretation with regard to stability of
alteration products was performed with analytical results of solution after the
experiment. As the result, it was suggested that the gel-like reaction product (SiAlFe
gels) could be occurred from view point of thermodynamic consideration.

Furthermore, previous examples regarding the long—term evaluation of smectite alteration
with metal iron were summarized, and the technical subjects requiring further discussions
were selected

Keywords: Iron-bentonite Interactions, Alteration, Smectite, Destabilization,
Thermodynamic Interpretation
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JREEE AT O IVIRDBIZ B S iz, £ 2T, ZNENORBOH &L, FHEHEE 27 =
— TRy 7 ARTCHRRS Y, ZD%, A UHSKATHIE LT, it 0% O X 3
D ) BLRDITRT, mlE O _EFBIZERD DTk 02 O 7OV OE 1, AR
RBICT D&, KRk 2L UUF, KERERE ), —F, EO0EO IS0 bt
JREOZH O T NVEDOE L, MARIRETCIIKEBEALE L U, REERE L), &
Brt% OBEFEREH ISR & X2 b A MRS L2 B Ch D Z &, B K 0 FEXY
WZEWER DS TR E Y, BloaR L Baz O boiIciro Tz L g sz,

b) ;=L B R DERF

L& PR EE
wUE=SILE

T RE%E
wUOHTILE

3 HREBAHONKIR

3. 2 HBRBEROLSHTRER

F ISRBREBIRE OO R AR, £ LIIBEDOD, RBRAEE Gk, <> o b
J =BT FRBLOBAKERA L, §10 SFRREFFRZORE) @ pH - Eh PIERRB L0V =
BT P—7RBKEUGAER (BliRtE=10¢g/L, 169 H) $ORRSHTERY bon Uiz, RBRETENO
pH 1%, 7 =7 F—ZBKERRBRORER% O pH L IFIFFFRE DEA R LTV, —77, g
Wi, pHIZ 1L 5 FREETEA L, Ehix-284 (V vs. SHE) FTIETF L7=, BAERICHON
T, MBRGRIRIKE 7 =87 F—ARBKSSRBR ORISR &2 it LT % &, B Osanls
75 Na, C1 38 KTNSO, JBEETC, 5B DI AR TORBE NN, TSN DRI OW T,
Mg DOIIZZIUE EEOITRRD BV, RGO Na, C1 BLS0,1%, o A
MZEEND T RMEORIRIC L D EEZEZ B, TG OREOEW, mRBRICBIT 2 EikE
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DI (F—~2 b A MROSRBRICIS T 5 A b LARRKDEIRELIE 100 ¢/L TH Y,
U =T F— 2R KSR BR OB ELI T EbX T 10 fEFREE, FEIREEARE ) 2R L TWA 7285
LHEES N,

=1 HBRRAROSITHER
HHES| HH4 pH | Eh (mV) [Na (mol/L)Ca (mol/L)K (mol/L){Si (mol/L)|Al (mol/L)Fe (mol/LMg (mol/L|Cl (mol/L)}SO4 (mol/L)| HCO3 (mol/L)
1| HEBEEM | 1007 | 189 - - - - - - - - - -
)| HBEEE | 1147 | 284 | 197E-02| 2.11E-05| 5.50E-05 | 3.58E-04 [ 9.31E-05| 6.09E-05| D.L. |2.05E-03| 3.60E-03 | 2.89E-04

3 HZEFF | 1005 | — |2.66E-03| 1.70E05| 6.14E-05| 445E-04] 5.93E05| — | DL. |2.62E-04| 381E-04 -
% :D.L.(RHFRAUT)
% FeD TSR, RBRGE OWIRApH 3~ AUSTREUISRE IR LIS O, pHFEA LRV B1E, 9.29E-6 (mollL) ThoT,

3. 3 HBMEEMD CEC HIEER L OGA A ot

2 (BRI OREBERED @ CECIER L OMA A iR a2 rd, % 2 12idigo
728, 7 =BT FISHT 2 8AE O bR L, RBREZEFO CEC JEDOFER, WEiixs =7
F®CEC D 1/2 LFDfEE 727z, 3.1 T TR~/ X 91T, IREEAFENTIE, N2 A FETT
2, BHBIEALTVWADLEEZLNDTED, ZOEHIEAS L TV A80OE 2SI AE S
LIl U, BB EEBETLE, SRV IA M, 11 OEERTRASN TS
Eon, BRI EAFEHIIX 50 wihDSNE 5 LIESND, TNEHEND DD,
JREBEGEHI AR EINZ, SREESE5 &b, BRSO LY A M ERRET
HYEEEEVIKL, REGHREHIER SNDOEROEEZRDT-, ZTORERE, 42 wthOER1 S Fi
TWe, £ 2T, IKEAHUEID CEC JIIEMEE, IREAHEL 100 g D 5 HEEHIEH S 547 58 wikh
DARATHZA NIRRT DHDOEZZ, AATHA K100 g %720 OEIHE LT, RS-
illX, 7 =7 F D CEC L RoR/NEWNH DD, CECHIE FofEE (5~10%) Z2EZET5HL, 1T
EAEERITENEEZ DND, FRRIZLT, ERLIRE ST 42 ORIz OV T
b, FA A ATOWTHEZ KT, CEC OWA LRERIC, JKEBEFEI BRI LA 40
AEHEL, HIE LOBEELEZZETIUE, 7T F SIEEAEERNRND, RO/ =T FD
ABEMEL O/ NESWERETH S, AN, Fe A A OO atT-> TN, JERIC E OFLED
Fe* A F L DNEHL L 7= 0N TR T 573, CEC OWERER: & A A ks a2 0 Tieet L T4
Th, Fe* A AL DEHIA A OE#UL, ZHUIEL T EHEERIND,

&2 BERREMED CEC MIE S K UEA #+ U niiiaR

. REGHM | KEGHKH .
Bk . ZE7F
A GEm | camm) | CC
Na® 55.4 95.5 114.9
NN K" 1.8 3.1 1.1
BRHEAA M 3 20 Y
/100 : : :
[meq/100g] Ca®’ 11.6 20.0 203
Total 71.1 1226 139.2
B4R RE [meq/100g] 64.8 111.7 116.5
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3. 4 HABEEMED XRD SRR

(1) BEFLLIHHER

JRFkEEFS KOV EEFEHI KR 2 XRD I L A REFNHTHERZ K 4 38 L OM 5177, £z,
g & L CTHIRME CTh 5 7 =87 F ORELFMONTHEREZK 6 1277, X6 IZ5ROHILD X
MOE—71%, 72T FOERDTHDIARAT A FOE—T ZRL TIN5,

X 4-X5EK6ZHETDHE, X4 X6 THE, XBOE—7OMNENMEIEAEFRLTHS
ZEWNbnD, —J7, K5 L6 T, K5 ?D44.7 , 65.1° BLON82.5° FHITICK 6 TIEER
HENRNE—Z BN 5, ZIbIE, SO XD — 7 THS 5, LizA-T, Kkt
JOURBEEREIE DI, HEE THL7 =T FICEENDAA T XA "ERGFLTEY, K
HAOKBHIIISDNEEL T D EE X LND,

Fiz, K6 D62 LD XHOE—T1X, AAT XA N d(060) mIFHY T 5, [AEkRE—
71%, M4BLOK 5 THEED LD, d(060) HiE, 2-/\[HKARAZ Z A4 R T149~1.50A, 3-
NERA A # A R TL152~1.54ATH2 7, X4 FBILOE 5 TiRD LI d(060) HilL, Wi
Nt LEATHLZ D, ZNOITEBRETIOZ =7 F LEREC, 2-/\EIRA A7 XA L OF;
BEHLTWDZ ERbND,

(2)  EHNLHHTHER

IRk EFS L OV EREFEHI R 2 XRD IZ XA EFAHTiEREX 7 B LUK 8 1R d, £/,
A L L THREWE TH D 7 =7 F OEFONRERZX 9 1R,

9?D7.0° i (12.6A) 12, AAZZA +d d(010) FIZFYS 5 X RO B — 27 2338 b
5, [k —271%, KMTEBIOHBIZHERDOOND, AATHZA RN (FErEYRTA L) DE
L, %, EECIRRE (R 60%R11%) TiE, Na BT I3SARLEE, Ca <o Mg BT 15 ARE
ThHhHEEZLN TS W, Lo, Kl LOIRBAREHCE N A A7 Z A R,
HRWE ThHD 7 =T FIZEENDAAT ZA | EIRERIZ Na B Ch 5 FTREMEDVRIE S VD, &
ZTC, ZHRBREREISREBRRTO A A 7 X A N LR R R TN E Dy, =T LS
c—)b (BG) W EAT - T- @Mk 2 6 L1, XRD 24T - 72, TORERAX 10 B L O 11
VT, M1I0 BEOK 1L ITREND LI, =F L7 Y a— B E T2 BT, 7.0
T (12.5A) 128D B d00D) D E—2735.2° At (1TA) (237 FLTW5D, #kE =%
A7 BZA NS LTESE, SRS CIIAA T 2 A b a T4 MEPBESNDN, AAY
24 NeraTA NORATEM TSI OSE, 7a T4 NOIREEEGNEL 2Bl Liznn, =
FL 7Y a— WA T To AR 7 2 A NOJEHEBFEINLS 72 20355 2 E RSN T
W5 2 AEIORBRERENTL, =F L7 a— VRO R A 7 24 FOJEREBW F17A)
EIFFFELCTHY, 7uaF4 MUTELC TN EHEE ST,

728, X8 DIRBAREIO T AMHRERTIE, X7 ORI CITRD bRV VNS T
— N 12° fhE (7.3A) I[CHERSNTZ, (1) OREFMONHFERS, KRB, 3Bk
THWEERNRE L TN D EB 2 DI, SOBERAERMO RN ZET bz, B —7
DACED GHEE SN DB AR OBM L LT, $HES LORGIL Th o7,
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(3) VBRI HTRE R

JRk TS K OYRBAAEEHI X5 XRD 12 K 2 EHIE N COREFNAHTHERI KON D Ok
RAMXHEEIZRTT 5 d (00D JKEMROZELE LTELZLOEX 12 BXOX 13 177,
SHEE L d (001) EHTBEOZALO BRI TIE, mERIE NI KRR L UMK EEARED
INTRER & &b, HBWETHDH 7 =7 F OofERB LN Ca BT EY o)A b - Na B
Y v A FOSHHER DICONTHHBOZDITRLTH S, K12 BLOM 13 2250
L&, Kk LOIREREAGEE bIT, EEFREOZILOREERFEL, 7 =T F 054
LIFEFICTh oz, ZOfERIE, (2) OEFMSPHERE BITH Y, HEREHEHTIT,
HFEWE CTHDNa IR R 7 B A FHVEF L TNDZ E/RL TN,

3. 5 FEAEEED SEMBI£E,EDS ST R

RIS K OYR BFREHI 2 SEM 812235 L OVEDS Zorks 2 [X 14 38 L OV 15 1273, SEM
BIEROFRICESTIE, RABOREIREIL, ekl e bIcFE R 7 L— 27 IRORF-OEAEN S
BRBEEICRZD, ZOXHRFEIFREIL, AAZ XA FOSEMBIEBIEPIL TS, —7,
EDS T X D0k Tl K HM O E2ERms sy Tdh 5 Si, Al, Na, Mg LISt e#E & LT Fe
DE—7 RO HID, JREEFRENClE Fe O/NEWE—7 23D LN DD, JREEREITIELY
R&EL Y, IKEAGEIO T DK EFEOFEHI LA~ TRER CHW g DIREEIES GRfFD
FLE) DREWVWEHEE SIS,

3. 6 REAEEED TEM B122,EDS s R

JR Ak R A R BU T TEM 8122388 L OVEDS i 21T -7, TOREREX 16 B L O 17 ITR-T,
F7-, HEDT-H 7 =7 F O TEMEA K 18 1T L=, X 16 DKk TEM 2 ClE, X 18
D7 =T F O TEM 8 & [RIER7okE T RS 2@ s S e S v s, £72, X 17 @ EDS
SIINTORERIT, SEM BIZEDERD EDS AT OFER EFRRTH YV, K LI OREREy (Si, Al &
9% Fe D E— 27 NAESHLT-, 3.4 THD XRD AT L 0, HBREEEIL, HEmETchsd o
ZETF LIEFRBETH D EHEER SN TN, 2 OHEERIE TEM BIZROFERNS b X s -,
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4. B

3. FRBRiER] Ch_7=Xk o, $mEv A b (V=T F) ZEEL 1 OEAETE
AL, ZRRKH, SEIRSMT 10 UG L2k a5t g, SRk oMk L, EfRZRE
THODOEFESTEATo T, ZORER, MpH S 7 =T FOFHGTHLH Na AR 7 2 A K
IFRELCTRY, ARIOSHHERTIE, Na A X7 %A O Fe AULCIERAMNERS L8 ~D
{EITRE S e oie,

—77, TNETIHENETEBSNTWDERE A X7 XA FOMBEIERICBET 5028 T, iR
FE, BRI, W, 8k, WL, XU A bR L, BRI
KRB B D DD, AR 2 A4 SNOEE (FRIEAPRERCA D K 5 72FFIABMRE L3~
DEAR) ZRUTWDH LD, ZOHTIE, ZOXIRAAT XA NOEERE L B BRSO A
T = A LZDOWTOHEED 72 SN TN D,

ZITILBEARAT 2 A NOFAESERIZIED A A7 24 FOEEICED S g TOHA (E
BHR - A D= AANZETHHEE) 25 &I, ROWIC L VG LNREREMINT 572 DELE
Tl AT,

4. 1 SHETTORARAI ZA FOERIZEHDD A=A

PHAF T TORARA T X A4 FOEZIZE L TIE, 72& Z1F, Lantenois HAMER T 5ET /MK
SLAD=RLPEFEND Y,

Lantenois B, KERBLPRATLOARRA T XA FEHAWT, 8 (&ESH) FT, 80C, £
SRS EE R 1 OSMHT, ZAHKP T 45 AL STz, ZORER, RIRODA A7 Z A | (Shy-2:
TINEIERA AT B A B) TIE, Z050%FEEEN destabilization (REE(L) L, $RCETL7 4
o EERRHRSI ST I\ AR R LT, 72, WIRAE O pH % HC1 <2 NaOH 2 #8925 Z & THRFE L (pH
=6, 8, 10BLW12), AATFZA FNORNLEIZIT D pH DFBIZOWTHIE L7, HED
FERL, pH6 DOFRMTIE, SROBRERY & L THREENEL D DD, AR 7 XA NOREENL
IO LR oTo, —F, pH8 LLEDEE, WTID 7 —ATH AR ZA SD 50%FRENA
HENW LT, 2 HORBRME RN D, Lantenois Hix, U FDO X I AU HEE LT,

(pH : F5FEME~H ]

Fe® + 2H" + — Fe?" + H, (X3)

oFe*" + 21" — 2Fe™ + H,

Fe* + 2Fe* + 4H,0 — Fe,0, + 8H
3Fe” + 4H,0 — Fe,0, + 4H,

pH 3F9EetE~ PP EDEE TIE, 8T H (Fu hy) LORISICE WIS, BEENED,
IRFEH ANIES D,

[pH : 7V U, pH > 7]

Metal Fe (Fe®) + smectite — 1:1 Fe—rich phyllosilicate + Fe oxides

pH 237 L U HEOREIR TIE, ST OBBICEH S L, AA VXA NOREE A &4
R L7025, SR LOBFICEARNZED L HIZFE LT DE00E, ZINEEF O Fe™ OFIE
MBI D ARX T B A N HWTZEERROMER Fe"OFIEDLWITRRLZEN L) FHH
B, UFDX ) Rs7 ot 22 BE L T 5D,
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O ARAZ XA MGEIZBITHBT 7~ AL R FPE~T 0V UPEOSACIE, i
BT, Fe"-0H — Fe-0 + H & 71 o OfifENRE L 5,

@ 7o b LA80mb ODFNTELZ7a b s8R L, SR ENns (72L& x
1¥, Fe” + 2H + — Fe¥ + H, ® X 9 225t o

@ AAZHA MEEFTD Fe* DRI : QDRIETHE LT Fe? INA A7 XA MgiICIET 5 &
EHIZ, TNHEERFIFET D Fe*'ll e 252 TRITIE D Gl Z\EENSER) . =
AUT E B2, KR KR CORBMEDHE T,

@ JBEA~OWEERPD Fe* DBAT : @DRUGTH U= R AEBMEOHMEFTHHET L 51, &
WD Fe* DA A7 2 A NERICATT 5, ZIUTE B2, Na'& Fe DA A L MR b
—IET D, BRNCAT LIz Fe?lE, 510, HEABMEOHMZITHINT X 2 12\HEE
PICATT %,

® ZNEEB X OENHERR G ORIEIZ L D A AT XA FORZEN : @DETOTavR Tk
v, ZNEERB X OSBRSS NEEL, 201 BT ¢ ar A S ORZEN A5 &k 2
+, ZNHIHAR L O RHRER S OIRAEIL, 1:1 B 7 ¢ v 4 A BRI FiAs 2 s,
2: 1 BIOGAITIER IR LN TS Y,

FR U= T T, AR Z A FRETAE U8k E OMANER & ZUT5 &< AA 7 XA |
HFTO Fe!'lZ K DEFSIRIZESN 2D TH Y, HAMIZA A7 XA N BROEfRIIEBE S
TUVRLY,

—J7, TH VHEOBREE T TIE, THEOBRAICHAD & RIS ORI EE SN D, D
e, ARATZA NOEFRINARA T B A NORZEEIREL, S FT5Z2 6T, ICE
B2 7 4 v r A B & AT 2 ATREME BB 2 DD, KIFIKT COBROBERLINE, -8
2L, UTD X577 /) — Rt (BROEBFEEUR) &Y — REJL GREEH ORRLIEmE D%
JERUE) DT RIZEVEITL, WO pH & S-S5 2 L EES D,

Fe’ — Fe? + 2¢”
2H,0 + 26~ — H, + 20H
Fe® + 2H,0 — Fe* + H, + 20H

RO, Fe (OH), OIREHZ LY pH & EFAHIHI S5 EB 2 HAILDHD, BROBMRIZEN
BTz F*DMUDIE (RA T 2 A F~OICE, A RS, SBEoskaf 7 a7 A
FRYEOILIES) IC L VIHER IS &, pH O ERIIHHI ST, SomibiitEshnsd & TEIR
TW5 9, Lo, SkOBRISITHEI TRIED pH ERNARX 7 74 NOwfREREL, =
AUTHENE LT ST, ALEDRBROBRIZ K VI LIcFe* & & HIT7 /WIRO AR (SiAlFe gels)
R L, T DAREMERH D Z & b SN T D Y, TR L7z Si-Al-Fe gels 1L, KD
e &bz, KOLERME GRCET 7 ¢ a7 A BREIW) (T8 E L T ZEbEX D,

4. 2 BEREVEBRDOHHTHEFRICE S S BEARY OB 151t

3.0 FAER) TR~ X 91T, AEIOGHHRERTIE, Na A A7 Z A F @ Fe BRI
TR EHE ~DIAITRB SN2 o Tz, ZO X 9 2 RNVE SN BHIC SN T, RBR
BRI DOIWRERZ b LIS, BRI et ik,

PR A AT 2 A NOMBESERICEED A A7 A NOEEICBET 281507 ahE, 728 x0E
Wilson HIZ X VATV TND Y Wilson B, BEARM L L THEE SN D% 00O -8 (2: 1
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BT E LT/ haF A b AR FA b YA ME 1 BRI E L TON—F
U2 e TAYA ME) BRET D E LIS, TNODOES T — & 2 FRREH 5 OISR
Soft S 2 S LB L7 EA S S0 Lz, O EEARME L TRESHh
DRE T DB 1FT— 4 % b LI A B L, SRBRBIEIR O ST R E 7y b5 2

& T, RBRBIRIRKIT6 D E AR OB S E N F Mt Uiz, ATEl S Wilson S 235 L7z
AR L U THRE SN DRSO 1T — 2 2 AV, [FRkeiat&17 o172,

BEHchizoTE, £, 20X 9 2RI IS T A OB ) S e B
DRI ORI MERT 5728, Combarieu HAMTo7zmiE (90°C) ToO#kEkEt (BEE) O
FEAEFNC D 2 ERRAER 9 2 W a2 320 L7-, Combarieu ©HMIFEERTIE, RERATOIRE
FCEHENDMTIY) (A T4, £ T4 8N AAXA7 24 NERTE) 1%, 3%, SITETIER
TROKAS) (Va L 2AT 5L N, 57 474 K, A"—F =V %) & LAIREEIROIY)
WZEL LT Z EMRXRD SbTic K DR Siviz, £ 2C, BBREIRODITRERE b &2, ZOE
TS E D X 9 I D EREII LT D7y, BEME U CERTTRENED & 2 S ORI
7y b L THR LT,

FEPA & LT, ALO,Fe0-Na0-Si0,H,0 % (logasiy = —4. 12), 90°CIZI3\T D ELMDAH V-4
X% Geochemists’ Workbench (GWB) © Act B3 = —/LF L NGB \ZFHET B E %7 — &~
—A (thermo. dat) |Z Wilson H23RD7-EEARMY & U THEE SO LI OB )57 — X &
BN LT 7 — 2 _— 2 RN TR L, RBRSIRROT — 2 %70y b U, ok, RBR%EIR
DT —H % b LITEKHOER (activity) ZHIHT5I2H72-TIL, GWB 0 SpecE8 £ 2—/L
BV, ZORERE, K19IRT L1, BBRERRKIIERR RO DO—>Th 53 —F =
U DLEETERIC T Ty b &N GRERBIRIED pH B L OV Fe, Si, Al OIERIE, BVJ15A0138
—F = U LMAFAREZR SIS B D), BRI DEFE & U TIRIE SN & G 7akE R & 72 o
Tz LEEDBST, ZOE, RGO IE SN E M OB ) 2R 2 EEO MG E
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