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Development of Solid-solution Models on Bufffer Materials
and Sorption/Diffusion Behavior of Nuclides

Hiroshi Tanaka*
Abstract

Development of chemical buffer model on bentonite is necessary in safty
assessment of radioactive waste geological isolation. This report are described
the study of interaction of bentnite with solution.

1. Study for development of solid-solution model.
(1) Estimation of ionexchange equilibrium constant of CaCl-Z and MgCl-Z.
lonexchange equilibrium constant of CaCl-Z and MgCl-Z were estimated 22.8
, 23.0, respectively.

(2) Application of ionexchange model for sorption behavior.
The concentrations of solution of ion inm Na-smectite-water system are
predicted by using the ionexchange model, and are comoared with measurements.
The agreement is satisfactory excluding K * ion.

2. Acid/base Chemistry of Smectite
{1} Modeling the interaction of bentonite with distilled water and artificial
groundwater.

The experimental data of Sasaki et al. (1995) on the interaction of
different bentonites with artificial groundwater and distilled water are
simulated by using the extended Wanner model. And the predictions are
compared with the experimental data. The agreement is satisfactory in the
case of Kunigel-V1 and Kunipia-F.

{2} Acid/base chemistry of Smectite.

The experimental data of Oda (1994. 1995) on the Acid/base titration of
suspensions of purified Na-snectite are simulated by using the extended
Wanner model. A discrepancy in the proton balance is one experimention for
the disagreements between model! and measurements as observed in all the
experiments with purified Na-smectite,

3. Recommendation for intergrated sorption/diffusion database sysiem.

It is proposed to intergrated sorption/diffusion (ISD) database system
containing TDB, intrinsic database, and mechanistic models according to the
PNC approach. The ISD database system includes a bypass option on the
basis of systematic chemical analogy for radionuclides that are lacking
data on either sorption or diffusion mechanism, or both.

Work performed by Mitsubishi Materials Corporation under with Power Reactor and
Nuclear Fuel Development Corporation. )

Contract No. 060D0247

PNC Lieson : Yasuo Sasaki, Geological Isolation Development Section,
Tokai Works

*Naka Energy Research Center.
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Table 1.1.1 Obtained ionexchange equilibrium constants in 1994

lonexchange reaction K Log K

Na* + 2° =slal | 1.00X10%° i 20.00
K*+ 2 =K-1  |3.28x10°°20.52

H* + 1" = -2 |3.21x10%° § 20.51

Ca®*+21 =Ca-22 | 0.78X10'° i 30.89

Mg2*+27" =bMg-22 | 1.90X10° : 40.28

BRI 3 BRI L SR 0 — N Td S PHREEQE 60%(EA L. pHFO/LFHRIESR
PR 5 EEOREABRICBOTHES N EE AN LI
NaFI R A &7 % 4 MICBET B bOLIAD T — 7 X—X {3, PHREEQE A+ D+ N5 —7%
N—RE@EH L1, 18, CaClt RUMCLY A L IT->WTIXPHREEQE AU U+ U7
—F NR=RIZ1EWcoH, Chemval F— 7 X—2XDE[HL. TNUTHRLUTOEEAN
L7
| Ca**+Cl- = (CaCl* Log K cac1+ = —0.32
Mg2;+Cl‘ = MgCl* Log K mgc1+ = —0.46

PlEDfERGEAEL L 2 1CE LDTRT, BREMRTIE, CaCl-IRUMCI-I0FHE
EH (Log ) O#AM@E0.1 ITLTER L7



Tablel.1.2 Conditions for estimation of ionexchange equilibrium

about Na-smectite

[tem

Contitieon

Calculation code

pH

pe

Gas equilibrium

PHREEQE 60

@Ca : pH 5.54
@Mg:pH 7.0

pe+5.9 (Eh+350mV )
€0; gas 10 ~% %atm

D10g/2 (Ca:Z ~ 1.40eq/2)
@ 7 Mg:7 - 9.19¢q/£)

PHREEQE original database
Chemval database (CaCl* Log K=-0.32)
” (MgC1* Log K=-0.46)

Table 1. 1.1

Solid solution ratio

Data base

lonexchange equilibrium

(2 AET—%
Sk 5 FEIIT > cNaBi R A 7 5 A PR TOCaR UM DREABRDOERERL 1. 3
RURLLAKEY, BB, RLLIRTERL L 4IBWT, EROFETICER L
KEBLUTOBY TH 5,

(a) #wHPOA A L OFEEHBER
DaviesDHUc L DIEEREZTT -7

v 1
Log Ymer =—AIlZ +1- ] ——— —
1+7Y1
A EE 0.5091 (25°C)

44 8 (1= 1/22 (mi -1 %) )

0.3 1 (1.1.1)

(b) EFEIIRE LicA 4 L OLEHR
BEAEEEFEEEEL. BAPICRE LA 4 v OFEEEIT L E L.



(3) FRMAE
REARGBOBRL ARG RIE. 14 SREFEFROBETORE L BHbO2TE
F A MoHT AREROBZREFNFhUESREROTEEL. HEigsILeL
7o

113 FHEER
w—mﬁzx794b%&ﬁm—m@xx7&4b%uﬁmf\wm&&ammqm
T ESE RN LB RERL L 1~ 1 2iT5ds

Fo, FTNEFNRESRBRICEBEF—FEDT 1 v 74 Y IREZAXRS D, B/NE
SEHEIC L DHEERE (r? ) &R, TOERERLLSITRT,

#£1.1.5&9. CaCl-ZicoW\Tid. FEER (Log E) 22. BB W THEREM R D
Sl BBERLID 7 v T4 DBV I LN ORBETH 5 EHET LI, KB,
SEEERI22. T 522, 9F TOMTI. HERBOZRBHTNE W,

F7, MgCl-ZicoWTid. FHIES (Log {E) 23. 0z, HBAFRENIRBE
RBERLD T4 vTs Y IHLEWI EMSRBHETH S EHH L, B, 22.90
523 1 ETRETIE, HERHREOZRBHTHE W,

DEDZENDS, CaCl-IRUMCI-LOFEES (Log &) . £hEH22. 8, 23.04%
THDHDEHMEr L

Tablel. 1.5 Result of sensetive analysis for ionexchange constants

CaCl-7 | #HEE{REL o MgCl1-7 | #BBAMFREL
(Logk) | (r? ) | (Logk) | (r?)

22.4 | 0.976 22.6 | 0.952
22.6 | 0.987 22.8 | 0.982
22.7 | 0.992 22.9 | 0.986
22.8 | 0.993 23.0 | 0.988
22.9 | 0.99 23.1 | 0.987
23.0 | 0.982 23.2 1 0.982
23.2 | 0.907 23.4 | 0.967




Table |.1.3

Measured data of ionexchange equilibrium in Ca®* +Na-smeclile syslem

i Fith iy SEgiR oM
LB (mol/ 2)
ERE (nol/ 2) FEBRIE (uol/ 2) B m SR ( Logr) HMRESE | @iachoss | B4
{1 GE RinEit
Ca®* Ma * pll Ca®* Ha * plt Ca?* Ha * Ca?* fHa * Ca?* Na* Ca®* | Ma* Ee. Ex. | {meq/100g)
0.0005 | 0.098 5.42 1 2.87x107 | 0. 91102 { 4. T4 | 2. I8X 107" | L.00X107" 1 1. 13%10™* | 7.81X 10 | —0.214 | ~0.107 { 0.101 0.004 | 0.99670.010 |0.990 140.3
5. 42 | 4.68% 107 { 9.66% 107 | 4.63 | 2. 12107 [ L.OIx107% | 1.20%107" [ T.B9X 102 | —0.215 | —0.108 | 0.102 0.004 ; 0.9961%0.037 §0.963 140.3
0.00125 |0.0975 [5.36 1.25%1077 [ 8.43x10°* J4.63 | 5.85%10"* {9.92X10"* | 3.5TX 107" | 7.78%10°% | =0.215 | —0.107 | o0.101 0.012] 0.98870.085 |0.905 140.3
0.0025 | 0.005 5,30 12461077 [ 9,24 107 f4.61 | 1.25X107* [ 9.78X 1077 | 7.62Xx107* | T.64% 102 | —0,215 | —0.108 | 0.102 0.025| 0.97540.173 |0.827 140.3
5.302.50%10°7 | 9.70%10"? 1 4.69 1.28x10°* | 9.87x10°* { 7.79%10~* | 7.70% 10" | —0.216 | —0.108 | 0.103 0.025{ 0.97550.173 |0.827 140.3
0. 005 0.09 545 4.83% 107 | B.BTXE072 f4.61 | 2.70%107 { 8.40% 1072 | 1.64 %1077 | 7.34x107* | —0.215 | —0,108 | ©.102 0.054 | 0.946 §0.304 | 0.696 140.3
5451 4.97x 1077 [ 9.22x 1072 § 4.71 § 2.75%107? | 9. 78%10°? | 1.66X107% | 7.60x10"% | —0.218 | —0,109 | 0.108 0.053 | 0.9470.317 {0.681 140.3
0.0125 |[0.075 559 | 1.20%10°7 | 7.39% 1072 1 4.52 | 7.79%10"* 1 B.14%107* | 4. T3% 1077 | 6.34%x10"* | —0.217 | —0.108 | 0.105 0.161 | 0.8390.600 |0.400 140.3
5.50 | 1.29x%107* | 7.30%10°2 §4.65 | 8.56:<10~7 | 8.48% 1072 | 5. 15x10°* 1 6.58%107% | —0.220 | —0.110 | 0.110 0.168| 0.83240.615 |0.385 140.3
0. 025 0.05 5.7212.50%1072 [ 5.30¢107% §4.53 [ 2.00> 1077 | 6. ET> 10~ | 1. 19%1072 [ 4.76x10°% | —0.226 | —0.113 | 0.122 0.393( 0.60TROC.TLE |0.289 140.'3
5.7212.47x107% | 5. 10X 1077 | 4,46 | 1. 93x107% 15.92%107% | 115X 107% | 4.58x10°* | —0.224 | —0.112 | €. 117 0.395| 0.605§C.770 |0.230 140.3
0.03715 | 0.025 5,81 3.70%107 | 2.82%107% | 4.44 [ 3.09> 107 | 3.38>10~* | 1.83%10°% | 2.60x10°% | —0.228 | —0.114 | 0.127 0.646 | 0.354 10,870 |0.130 140.3
0.05 ¢ 5.89|4.92%10°% | 0.00 4.4314.25%107% | 100X 1077 | 2.48% 1077 | 7.64%107* | —0.233 | —0.117 | 0.138 0.895 | 0.10510.955 |0.045 140.3




Table 1. 1.4

Heasured data of ionexchange equilibrium in Mg** +Ha-smectite system

tlliedice

R T A i Ekomn
BGENT (mol/ 2) ‘
MERIE (nol/2) AR (mol/ 2} & i ERER CLogy) HARENE | Blodosm | Bt
{ty % KIE b
Ca?* o * pll Mg?* Ma * pH Mg** Ha * Wg®* Ha * Hg** dat Mg?* | Na* Euc | Ewa | (mea/100g)
0.0005 | 0.099 5.44 1 3. 72%107* | 9.69%107* §4.72 ] 1.80>107* | 1.03x 107" [ 1.09X10~* [ 8.03x10"7 | —0.216 | —0.108 | 0.104 0.003 | 0.99770.042 | 0.958 9.9
S.dd [4.52x107% [ LOOX 107" §4.75| 2.56% 1077 | 1.0OX (07" | 1.56X10"" | T.81% 1077 | —0.215 | ~0.107 | 0.101 0.005| 0.99540.043 { 0.957 91.9
0.00025 | 0.0975 [5.43] 1.02X%107% | S 48X 107 JATL |5 10X10™* [ LLOI=107" | 3. 10X10°* | 7.88%10°2 { ~0.216 | —0.108 [ 0.103 0.0i0] 0.99030.t11 | 0.889 91.9
0. 0025 0. 095 S.41 (2. 16X1077 [9.23%X107* 1 4.70 | L. 19x1077 1 9,83 1077 | 7.25%10"* | 7.67%10°% | —0.215 | —0.108 | Q.102 0.024| 0,976} 0.211 0. 785 91.9
§.41 1 2.37%10°* [ 9.48X1072 J 4. 74 | [LOIX10™ 19,70 10°? | 7.98% 107 | 7.5T% 1072 | —0.215 | —~0.107 | ¢. 101 0.026| 0.97400.231 | €.769 9.9
0. 005 0.09 535 4.57x%107" | 8. 911072 §4.721 2.93%107% | 9.78% 1072 | LT7X10°3 | T.61 %1072 | —0.218 | —0.109 | 0.107 0.056 | 0.94470.357 | 0.643 91.9
5.35|4.39x107* [ 8.79X10°* [ 4.68 | 2.55%107* | 9.57% 107 | 1.55% 1077 | T.46X10°* | —0.2i6 | —0.108 | 0.103 0.051| 0.94010.400 | 0.600 81.9
0.0125 10.075 5.34|9.37TX107* [ T.3AX 1072 14.62 | 5.96% 107’ 8.35%107* | 3.63X 107" [ 6.52x10°* | —=0.215 | —0.107 | ©.10L 0.125{ 0.875¢0.742 | 0.258 91.9
5.3 119X 107 | T.61x1072 §4.15 [ 8. 1910 | 8. 481077 | 4. 0410~ | 6.58%107% | —0.220 | —0.110 | 0.109 0.162[ 0.83810.814 | 0.186 91.9
0.025 0.05 5.9 1 2.03%10°% | 5.01X1072 | 4.53 | LGIX107* [ 6.28xX107%  0.69% 1077 { 4. 87x107% | =0.221 | —0.110 | 0.1l 0.329} 0.661}0.914 0. 0BG 91.9
0.0375 [ 0.025 5.34 1311107 | 252X 1077 | 4.48 | 270X 1077 [ 3.49%107% } L6IX107% [ 2.70% 1072 | —0.223 | —0.112 | 0.116 0.607| 0.393)0.892 | 0.108 91.9
0.05 0 5.4114.24x107* ] 0.00 4.4613.79%1072 | LO3x107* [2.26X1072 { 7.93x 1077 | —0.227 | —0.114 | 0.1 0.880 | 0.12000.979 (| 0.02! 019
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Figure 1.1.1 Sensetive analysis for ionexchange constant of CaCl-Z

experimental data

MgCl-Z 22.6

. MgCI-Z 22.8

MgCl-Z 23.0

MgCI-Z 23.2

- MgCl-Z 234
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Figure 1.1.2 Senselive analysis for ionexchange constant of MgCi-Z
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AL EEEEFLOBLTHEZRAA 74 bDAA ZRFICIZEG L. 85
ZITBWT. 44 VOSRESFICTT B4 A4 VR BREEHETLVOBREORIT 21T - 1%

L21 H®H
A4V BRBEHEFIICLD, EEARTDRAT 54 bDA 4 0 OSETREETHl
THRROZEEEERT S L EENE L

1.2.2 EF@AE
DITD 3 BAREMRIC, 14 VREHT F M X 2HFIFE & RERBRIC L HRIE
BOHEET 1 1B, BEMIC VTR 5 FEICER LAARERROERE
BAWTEHE L7,
@ K* +H* +NaBIRA S 571 b %R
@ K* +Ca?*+NaBlxA S 71 bR

(1) Bk
NaBIZ A 7 % A bDA 7 URBEEHERIT. TR OEFEEICHESN/fEZTIA L.
Fio. CaCl-IRUMeCl-ZOFEHERIC >V TR, L 1 EicBWTHHE S W/ B £
Utco BRATICER L7NaBIR A 7 & 4 MBET 2 EHEEHERL 2. 11TRT,

Table 1.2. 1 lonexchange equilibrium constants for estimation

Tonexchange reaction Log K

Na* + 17 = Na-Z 20. 00

K+ + 1= K-1 20. 52

HY +1I"= H-Z 20. 51

Ca%*t +27- = C(a-2% 39.89

CaCl* + 7 = CaCl-Z| 22.8

Mg?* +2I° = Mg-21 40. 28

MgCit + 7 = MgCl-Z7| 23.09




A A AR PBRIEEOFTEIZ(ZIPHREEQE 80%(EH L. pHEO(LENRIERGIIHARICE
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Table 1.2.2 Conditions for estimation of ionexchange equilibrium
in K*4H*+Na-smectite and K*+Ca®*+Na-smectite system

[tem Contition
Calculation code PHREEQE 60
pH @K * +H* +Na :pH 1.3~3.0
@K * +Ca?* +Na :pH 5.4
pe pe+5.9 (Bh+350nV )
Gas equilibrium C0: gas 10 ~* *atm

Solid solution ratio 10g/2 (Ca:7 - 1.08eq/£)
Data base PHREEQE original database

Ionexchange equilibrium | Table 1.2. 1

2) AET—%
BB ENERFA LT —7 @3, ERSFECK * +H + +NaBXA7 51 bR
BUK * +Ca?*+NaBIZ A 7 7 4 PRICBWTHESh/AF— s 2ERA L7,

(3) FREAIE
%ﬁ%%&ﬂﬁ%%wkﬁm\4#??@$@%KBW%&H¢@%EQ%&EE
HOIREY 1 MYiT 2 YBSRERHDTEEZTH. TORBFRICHOWTHET A
el

1.2.3 FHEHR

(1) K* +0* +NaBaA 751 F%
BIL 2 1D~ * BEE o) —E& LBaoK © o~ ERtosks.
K1 2. 1 (5)~BIdtticK * #EE—E L LIIBa0H * OAE%R L,

O EL2 1D~AED, K DWTOA A UREEERIC L BRI R, BE
AENSAIT T EHOSREMEB E £ —5T 525 K * BROBENSL

_9_



#BiIcoN. BRTREEROSENS FsnsERICH oo TRV KT D
SEEHEREM LSS, ERIIRETIARLD bECHEchI3BNHE L%
RLTWB, £/, COFERIEIH - BEIKFELTOIIN, |

—F, KL216B~8&D, H* iZ2WTRHNZDENKEVDHDD, 14 5K
PHERC L TERLACHEREAMETRIT—RT 2N FHENI Y
ORBEUDWTIRICOWTIE K * BEICE ST 1 4 eI X A5 EFREH S
FAEETH B bDEEX N, |

2 K* +Ca>*+NaBIXA 74 MR

1.2 2(~didCaBlE () —F & LIcBEDK * OHEE - EHEMOSEE.
1. 2. 2{8)~@NTcK * BEE—FEL LIFADCaDREER L

L2 2(~dE o, K+ i2\WTDA F VRREEERIC & BRI, BE
AUEWBESITIREEE BEOARBMEEE L —FT 58 K ¥ HEORENS
HBI-ON. R TRERPOARNECEMEI N ERICH -7, THF K ¥ +
H* +NaBIZX A7 54 NRTORRLIZIERTHAI LMD, K ¥ HEOHEICK
5bDEEZHND,

—%. B1.2.26~@ &0, Calc D2\ TidCaCl-IDFEEEENA THET L7 B G
R R L —BF 3 & EAHRS NI, (aDHRISDOWTIRA 4~ FhfEsic &
BESERES T TS B LD LM S e,

3) e

PEDERITED, K ¥ oWTIHERE (0.0lmol/ L LLE) ST A BE

B & BT E BIEED X LAKE L OO, 101 4 Y icoLTIRIZE—BT 3

CEMHERE NI, K OBEERS DM, FRRLONT A 4 VRRTHE T
o & BERENRO TR TS S bOEEZ 5N,



Table [.2.3 Measured dala of ionexchange equilibrium in K * +1 * +Na-smectite syslem

mpliaik Efikoind
W (nol/ 2) ——
MlERE (mol/2) ARG (mol/ 2) & it FEMES C Logy)
ity Huw
(] IIC1 NaCl pll K ] Ha pli £ ] Na K* [ Na* K* I+ Ha* 7 Hilt
0.001 [0,000 [0.098 §3.04|1.24x107% [ 9. 12x107* | 9,87 10" [ 3.67[0.87x107* | 2. 14x10~* [ L.o3x10~' | 7.69x107* | .67 1074 18.03x10°2 | —0.108 | —0.108 | —0.108 | 0.104
10,005 [0.094 ]2.34 [ L24%I107% | 4.57%1077 | 0.5TX 1072 § 2.57 | LOTX107% [ 2.69% 107" | 9.92x10°2 | 8.35% 107" | 2. 10X 10~* | T.74%10°* | —0.108 | —0.108 | ~0.108 | 0. 103
0.01 0.089 J2.0411.23x1077 (9. 12X 1077 | 9.24X10°* § 2. 1T | 1. 05X 107* | 6. 76> 10~* | 9,57 10"% | 8. 19% 1077 | 5.27x10° { 7.46%10-* | —0. 108 | —o0.108 | —0.108 | O 104
0.05 0.049 | L34 { L21%x107" | 45721072 [ 8.61%107* | 1.38{ L 06X 107" | 4. 17X1072 | 5, 74x 1077 | 828107 { 3.26% 107 | 4.49%10°% | —0.107 | —0.107 | —0.107 | 0.100
0.005 |0.000 |0.094 §3.02(4.91X10°7[9.55%107 (90,2407 §3.59] 4.5BX107? | 257107 | 9.67x10°% | 3.58x10-2 | 2.01%10°* | 7.55% 10"t | ~0.108 | —0.108 | —0. 108 0. 102
0.005 |0.090 1234 [5.22XI07" | 4.57x1077 | 9. 171072 §2.55 | 4. 78X 1077 | 2.82%10°? | 6.67X 1072 [ 3.72x10° | 2.20%10°? | T.53%10~* | —0.108 | —0.108 | —0.108 0. 104
0.01 0.085 §2.04|5.32x107% | 9.12%10°% | 8. 79% 1072 4 2. 17 | 4. BIX 107" | 6. 76 10°? [ 9.24x 107 [ 3. 76 ¢ 10~ | 5.27x 107 | 7.20x10°2 | —0. [08 | —0.108 | ~0.108 | 0. 104
0.05 0.045 11.35]5.22%X107% {4 ATX107" | 4. 63107 § 137 | 4. 751077 [ 4. 27>107% [ 5.31x107% | 3. Tix10™2 | 3. 33%1077 { 4. ]5% [0~ | =0.107 | —0. 107 | —0. 107 0, 101
0.0l 0.001 |0.089 g3.03|L14x10°% |9.33x107* | 8,96 {0-* §3.96 | 8701077 | 275X 107" { 9.41> 107 | 6. 78X 10"* | 2. 15%10™* [ 7.34% 10°? | —0.108 | —0.108 | —0.108 0.103
0.005 |0.085 2.35| L I4x107F [4.4Tx 1077 | 8. 701072 §2.54 1 9.21 %1077 | 2. 88X 107" | 9. 241077 | 7. 18% 10~ | 2.25%10"* [ 7.20%10°% | —0.108 | —0.108 | —9.108 | o©.icd
0.01 0.080 J2.04 | 1.09%{077 [9.12X1077 [8.26X 10721216 {9.41X107 | 6.92% 1072 | B.73x(0~? [ 1.3dx107* | 5.39%10"* | 6. 81102 | —0.108 | —0.108 { —0. 108 0. 104
0.05 0.040 L2341 L02x107 1 4.5TX 1077 [ 4. [8X10°* { 1. 37 | 0. 411077 | 4. 271072 | 4.82% 1072 | 7.35% 1072 | 3.33% 1072 | 3. 77x10-2 } —0.107 | =0.107 | —0. 107 0. 100
0. 05 0.001 |0.049 13.04 [4.80%10°% [8. 12107 | 4. 06X 107% §3.44 | 4.49%107* | 3.63% 10" [ 5.65% 1072 [ 2.50% 1072 | 2.83X10"* | 4.41%10"? | —0.108 | —0.108 | —0.108 | 0.102
0.005 |0.045 §2.35}4.91X1077 [4. 47X 107 | 4.63X 1077 § 2.50 [ 4.61% 107 [ A 16X1077 | 5.55% 1072 [ 3.59% 107 | 2.46X 107" } 4.32x 10~ | —0.108 | ~0.108 | —0.108 | 0.105
0.0l 0.040 |2.05]5.12%1072 [ 8. 911077 [4. 231072 J 2. 14 | 4. 76X 1077 | 7.24% 107 | 5. 05X 10" 3, 71x 1072 | 5.64%10-7 } 3.93%x10°? | —0.109 | —0.109 | —0. 109 0. 105
0. 05 0 Lad|5. 12x1072 [ 4.57%10°% | 0 L3B | A.T6X107% | 4. 17T%107? | 1.02x10°* | 3.72% 1072 | 3.26% 1072 | 7. 79X 10~* | —0. 107 | —0.107 | —0. 107 0. 099
ERikoFED
5 HRES R L 7E BAE Batisle el g Gt A4
EEst
K* I+ Na * K+ e Na * Ex En Ex. | (meq/100g)
0.000f 0.002} 0.988| 0.009| 0.002( 0.988] 0.023| 0.1207 0.847 108. 1
0.010f 0.026| 0.963{ 0.010| 0.026) 0.963§ 0.0i6| 0.348 | 0.637 108. 1
0.0i0| 0.065| 0.925| 0.010] 0.065| 0.925{ 0.017) 0.437| 0.547 108. 1
0001 | 0. 4161 0.573 0.011] 0.416¢ 0.573{ 0.014] 0.744| 0.242 108, 1
0.045] 0.003( 0.952| 0.045F 0.003| 0.952f 0.031| 0.129| 0.840 108. 1
0.0461 0.027| 0.927| 0.046| 0.027( 0.9278 0.041| 0.324 ] 0.635 108. 1
0.0461] 0.065( 0.889| 0.046f 0.065| 0.889F 0.045| 0.437| 0.518 108. 1
0.047 | 0,424 0.528| 0.047| 0.424 | 0.528) 0.044 | 0.372| 0.585 108.1
0.084 0003 0.913( 0.084) 0.003] 0.913 0.250| 0.122| 0.629 108. 1
0.088( 0.028| 0.884 | 0.088| 0.028 | 0.884¢ 0.203| 0.293| 0.505 108. 1
0.091 | 0.067 0.842 0.091} 0.067| 0.842y 0,138 0.407| 0.454 108, !
0.004| 0.425| 0.480| 0.094| 0.425| 0.4813 0.073| 0.565[ 0.3G3 108. 1
D.441 ] 0.004 | 0.955( 0. 441 | 0. 004 ] 0.555] 0.287( 0.102| 0.612 108. 1
0.440 ) 0.030) 0.530} 0.440 | 0,030( 0.530) 0.278|( 0.2411( 0.481 108. 1
0.452 | 0.069| 0.479} 0.452| 0.069[ 0.479% 0.333| 0.3091{ 0.358 108. 1
04780 0.4191 0.103| 04788 0.419) 0.103 ) 0.333| 0.744 | -0.077 108. 1




Table 1.2.4 Measured data of ionexchange equilibrium in Ca?*+H * +Na-smeclite sysiem

Gk ik oigia
BN (en/ 2D
AL (mol/ 2} TUEAIE (mol/2) i SR ( Logr)
{1y S
KCl | CaCl, NaCl pit K Ca Na pll K Ca Na K* Ca** Na* K* Ca?* Na* 7 Bl
0.001 {6.0005]0.098 (5.5 | L2TX107" 14.92X107" { 0. 4% 10" {4 T4 | . 72x10™* | 2. 44%10°* [ 9. 78X 102 | T.60% 10~* | L. 31 X10~* | 7.65% 10-% | —0.107 | —0.214 | —0. 107 0. 099
16,0025 0.094 [543 L.33%107" | 239X 1077 | 9.24%[07F [ 4. 73| 9.87x 1077 | 1.26% 1077 | 9.48% 1077 | 7.72%10~* [ T.70x10"* | T.41x10°% | —0. 107 | —0.2t4 | —0. 107 0. 100
0.005 | 0.089 §5.53|1.27x107 | 4.53X1077 | 8,96 107 |A.T3| 1.02X1077 [ 2,66%107* [9.26X107® [ 7.96%10~% | .62% 1072 | T.23ax10-2 | —0.108 | —0.215 | —0. 108 0. 102
0.025 0.049 §5.64 | L3IX107" {2.33%107* | 5.05%1072 §A.57( L. 13X 107" | L. 89%10~? | 5. 7T1%1072 | 8. 74 %10~ | L 13x 102 | 4. 421072 | =0. 111 | —0.223 | —0.111 Q. Ith
0.005 [0.0005]0.094 15.50(5.12X107* [4.8010°" | 9.38%1077 1 4. 71 | 4. 53X 1077 1 2.4Tx10"* | 0.48% 1072 | 2,54 %1077 | L.51x10-* | 7.41%10-* | ~0.107 | —0.214 | —0. 107 0. 100
0.002510.090 §5.50|5.12x107% | 2.38X1077 [ 8.96% 1077 | 4.69 | 4.63%1077 | 1.35% 107 { 9. 15107 | 3.62X107 | 8. 24%10~* | 7. 15%10-* | —0. 107 | —0.214 | —0. 107 0. 100
0.005 |0.085 }5.54}5.22x107" | 4.68%1077 | 8. 70107 | 4.69 | 4.91x107* [ 2. 83x10"% | 8.96%[0~? [ 2.83x10~* | 1.72x10~" | 6.99% 10" | —0. 108 | —0.216 | —0. 108 0. 103
0,025 10.045 |5.665.22x1077 | 2.341072 | 4.62X 107 [ 4.56 | 5.20X 1079 | 1,9IX10"% [ 5.39% 0% | 4.00% 107 | L 14x10°% | 4. 17x10-* | =0. 112 | —0.224 | —0.112 | 0. 118
0.0l 0.0005 | 0.080 | 5.43 | 1.22%X107% | A.TBX10°* | 8. 87x 1072 § 4. 681 9.41%107% [ 2.67x 10" | .40 1072 | 7.33%X 10" | 1.62x%10~* | 7.32%10-? | —0.108 { ~0.217 | —0.108 0. 104
0.0025(0.085 {5.50 | [ I4x 1077 238X 107% 1 8.46%1072 §4.65 | 9. 4Ex 1077 | 1.4T%x 107 | 9.05X%10°2 { 7.33x10°? | 8.92%10~* | 7.05%10-* | —0. 108 | —0.217 | —0. 108 0. 104
0.005 [ 0,080 |5.53) LEAXI0 [ A.5TX107% | 7.86X 1072 §4.66 | 9.41¢1077 [ 301107 { 8. 701072 | 7.33%10" | 1.89%10~° | 6. 7T 10"t | —0. 108 | —0.217 | —0. 100 0. 105
0.025 {0.040 }5.64] 1 14X1077 | 2.26% 1077 [ 4. (BX[072 94,55 0.72X1077 | 1,04%1077 | 5.05% 1072 | 7.51%10°? | L. 16X 10-% | 3.90%10°2 | —0. 112 | —0.225 | —0.112 0.118
0.05 0.0005 0.049 j5.44 [ 4.84%X107% | 4, T0X107* [ 4. 961072 J4.56{ 4.60X 1077 | 3.53% 101 15.92%10°* | 3.58%10-% | 2. 14%10~* | 4. 81%10°2 | —0.100 | =0.218 | —~0. 109 0. 106
0,0025]0.045 §5.49[4.84%107? J 2.31X107* | 4. 54X 1072 1 A.51 [ 4.55X 0% [ L.75%107* | 5.4BX 1072 { 3.54 X 10 | 1. 06X 10~* | 4.27% 1072 ] —0.109 | —0.217 { —0.109 0. 106
0.005 {0,040 |5.56(4.80X10°7 |6.91X107? [ 4.04%1077 | 4.50 [ 4.61%1072 | 398107 | 4.96% 1077 1 3.59 1072 [ 2. 17x10"* | 3.86%10"2 | —0. 108 | —0.218 | —o0. 100 0. 106
0.025 |0 5.684.92X10°% | 2.26x1072 | 0 4.51 14.93X10° 1 2.00%107% | 1001072 | 3.80x 1072 | L. 201072 | 7.72x10~? | —0.113 | —0.225 | —0.113 0.120
DG
HRRAEDE YRR SR Biatos s R
B Rt
K* | Ca®* | Na® K+ | Ca** | Ha* Ex Ec. Eue | (meq/100g)
0.010] 0.004) 0,986 0.010] 0.002| 0.988§ 0.028| 0.044| 0.928 108.1
0.010| 0.026] 0.964| 0.010] 0.012} 0.977) 0.032| 0.208| 6.759 108. 1
0.0161 0.054] 0.936| 0.0 | 0.026] 0.963) 0.023| 0.346| 9©.631 108. 1
0.012] 0.394] 0.585| 0.0i5| 0. 231 0.754 ) 0.0191 0.814| 0.167 108. 1
0.045] 06.005{ 0.950| 0.045] 0.002| 0.952) 0.055| 0.043| 0.902 108. 1
0.047( 6.027] 0,926| 0.0487 0.013| 0.93%) ¢.045]| 0.191] 0.764 108. |
0.049| 0.057] 0.894 0.0517 0.028] 0.922) 0.02%! 0.342| 0.629 108.
0.054 | 0.392| 0.553| 0.069( 0.230| 0.701§-0.006| 0.796| 0.2!1 108. 1
0.000 | 0.005) 0,904 0.001| 0.002( 0.907f 0.258| 0.039| 0.703 108. |
0,091 0.029) 0.88 | 0.093| 0.014( 0.893] 0.184| 0.168| 0.648 108. 1
0.092( 0.050| 0.849| 0.095| 0.029| 0.877§ 0.184) 0.289| 0.527 {08. 1
0.008| 0.392( 0.510( 0.1241 0.229| 0.647T) 0.155{ 0.592{ 0.253 108.1
0.43 | 0.007T| 0.559| 0.43G] 0.003| 0.5610) 0.222| 0.022%§ 0.756 108, 1
0.438| 0.034| 0.528| 0.446( 0.016| 0.538§ 0.268| 0.104] 0.628 108. 1
0.438 0.070! 0.482| 0.465| 0.034} 0.501 % 0.176| 0.616] 0.208 108.1
0.495| 0.404 | 0.101| 0.634 ] 0.238} 0.1299-0.009| 0.463] 0.547 108.1
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(K* +H* +Na-smectite system, H * :0.05mol/ £ constant )
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Figure 1.2.1(6) Comparison between estimated data and measured data

(K* +H* +Na-smectite system , K * :0.005 mol/£ constant )
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- QO experimental data
- - o ‘

0.8 ~ Sl — CaCl-Z $ b
{%} ] ) 5 - - CaCl-Z#L
I 0.6 v
etll .

h'd . i ,
S04 :
Z W
ml
0.2 é/ Q
0_&3 ] L 1 1 T
| 0 0.2 0.4 0.6 0.8 . 1
TR DK M B4R
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Figure 1. 2.2{(4) Comparison between estimated data and measured data

(K* +Ca?* +Na-smectite system , Ca®* :0.025 mol/£ constant )
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