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Study on Sorption Characteristics of Nuclides for Ca-Type Bentonite(I)

Satoru Mukai*' » Hiroshi Taki*! - Motoo Doi*®

Abstract

The following works have been carried out to study the sorption
characteristics of Ca-type bentonite for nuclides.

(1) Exuded solutions with Ca-type bentonite and synthetiec groundwater were
prepared, and pH, Eh and elements in these solutions were analyzed. The
chemical compositions in the exuded soclutions under air or inert atmosphere
(Ar gas, 0O::under 1 ppm) condition were compared with each other.

(2) Under air or inert atmosphere condition, experiments for measuring
distribution coefficients of Np., I {under air condition) and C (inpert
atmosphere condition) for Ca-type bentonite were conducted by batch method,

and following distribution coefficients were obtained.

@Kd of Np : 1.1 x10°* /g Ca-type bentonite—distilled water systenm
4,1 x10"m,” g Kunigel-Vl-—distilled water system

@Kd of 1 2.9 M- g Ca-type bentonite—distilled water systenm
1.5 . g Ca-type bentonite— Ca(QH),; solution systen

@Kdof C : 1.7x10'm, g Ca-type bentonite~distilled water systenm
1.6x10°*m, g Ca-type bentonite— Ca(0H); solution system

York performed by Mitsubishi Heavy Indnstries. Ltd. under contract with
Power Reactor and Nuclear Fuel Development Corporation.

PNC Liaison: Waste Technology Development Division, Geological Isolation

Technology Section, Tadashi Mano.

%1 : Nuclear Application Technology Department, Radiation Technology Group

*¥2 : Nuclear Fuel Cycle Engineering Department, Fuel Cycle Systems Designing

Section
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B4-22 ZXFYILOBRE (M) OFFEELBBPOILERE

Eh = 0.8 -0.06pH {a, b}, Eh = 0. 2 -0.06pH (c, d), p(ECOz) = 3.3 (a, c)
p(ZC0,) = 2.1 (b,d) [23].



£3-1 7=2FNVV1ECaBI_FIV1OHHLE

i EC IS Call@Bs =4V 1
v S ; (%) 5.9 5.8
BiEH ¢ (md/2g) 17 6
pH ! 10.1 9. 4
HEE  (uS/cm) 330 75
FPUy7 p-HE R 0 (omol/100g) 70. 0 71.3
B4+ i | (neq/100g)
Na* ! 53.9 5.2
K+* E 1.4 1.4
Ca? § 43.5 102. 8
Mg?2* i 7.4 7.0
Total ! 111.2 116. 4
B4 ZRER | (neq/100g) 59.9 60. 8
Ak 2 4B, ! (%)
Sio0. : 70. 6 69. 4
TioO, 5 0.18 0.17
Al.0, i 13.5 13.2
Fe.0, § 0.96 1. 00
FeO i 0.58 0. 54
MnoO ! 0. 08 0.08
MgO | 2.95 2. 24
CaoO | 2. 17 3.61
Na.,O § 2.56 0. 88
K,0 j» p.33 0. 30
P.Os i 0. 04 0. 05
Ig loss E 5.35 7. 31
Total 5 98.6 98. 8
Total § | 0.09 0. 06
S 0,2 ; 0.08 0. 02
CO, E 2.16 2.23
Cl- § <0. 01 <0. 01
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) 2 B A R BEKRRUKBRIEANS T LATER

B L 1:50(2g/7100m)

REREBEOER FEMBAAEBRERCp HORBE/LO B E

FHE ARIAT/ BHARET (ArZFEHSK, O.#8E1pmlT)

B HBE DS pH, Eh, Na*, K*, Ca?®*, Mg?**, C¢~, HCO,"
/C03:%", S0,*", £#Fe, SiO0,

EE AN T LB ML b
(F7=FWVIZANY D LB ELSERZRY T4 )
7=y vlt

¥ FAKWET TOAER.




#£3-3 EHBEDFHITE

ST TCHE Vil S BmHETRME"
(ppm)
Na* I CP RS 0.003
K+ 0.0 3
C a?zt 0.00 3
Mgt 0.001
£Fe 0.0009
Si0, 0.08
ce- AFx o b SIT7 40— 0.05
S0, 0.1
HCO, /CO0O.:* | &E¥CHiT 1.0 as C

* 1 EY I NOSITICE TS ERE

__5‘8...




x£3-4 R I B¥EEHO ML
¥ w AR BHE B4t AR
(nf) (kBq)
Np-—-237|2N-HNO; 5 234
C-14 Na.C0; 5mg/g 5 238.6
in H.0
I-12898 Nal + 0. 1N-NaOH 5 38.8

—h0 —
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®4-2 BHEORESGWRR (BAT L RUS10:2)

EERTON a B

b B 5 12 24 38
CaBl-7K-3% 11.0 10.5 10.7 10.1
CaZl-Ca(OH)2-5% 26. 9 17. 6 19.6 22. 3
CaBl-ZE~K 11.3 11.3 12.0 11.9
CaZl-Ca(OD)2-K 26.0] ___14.2[  14.0] _ 16.5
AT : ppn

FEEPDC a BE

B HE H 12 24 38
CaBl-ZX-F& 3.1 3.2 4. () 3. 1
CaZl-Ca(0H)2-25 436. 2 447.0 390. 8 338. 8
CaBl-25-K 5.5 10. 2 14.5 17.8
CaZl-Ca(0H)2-2X 429. 7 429. 2 377. 6 353. 0
B4T : ppm

EEIEPDS i Qe

2am HE 5 12 24 38
CaZl-28-3% 16. 4 6. 2 5.6 4.8
Ca%l-Ca(0H)2-55 81.0 0.8 1.8 1.8
CaZl-2&-K 11.0 4,4 4.0 4. 0§
CaBli-Ca(0H)2-K 74. 6 0.0 3.0 3. 2
H4I : ppm
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#£4-3

EERPDS 04 2-BE

EBHBEOTERSNERE (B4 V)

e H %

CaB¥-%-%

CaZ¥-Ca(OH)2-7%

—

CaBl-Z5-K

Ca®¥-Ca(OH)2-K

N haid bl o
o oo oo o |an

et
oo |avion|ro

colw|av|en |

A | —t

HAL : ppin

FHBEDC 1 -BE

e H ¥

Call %%

CaZt-Ca(0H)2-5%

CaZil-Z%-K

CaZli-Ca(OH)2-K

A Bl Bl Bal

N[O [Lnen

QO [ Wb JOO | IND

o |~ |||

Bifi7 : ppm

FHEBDOREBA A VIBE

2B H &

12

24

38

CaBl-Z-%

38. 6

42.1

33. 0

CaZi-Ca(0M)2-F&

12. 0

14. 0

11.5

CaBll-Z&-K

87.5

59.0

19, 8

CaZy-Ca(0HD2-K

12. 5

14.5

14. 0

_HAT : ppm




EBd—4 ANYDLBNY M FREBOSFTRER (REMAEIS 3 88H)

Cafl-Ca(OH),-K :

_64...

ek ANk
S¥EH
CaZy-2&-55 CaZl-Ca(0).-F | Cal-7-K CaZd-Ca(OH) .-k
pH 9.3 12.2 8.5 11.4
Na 10 2 2 12 17
Ca 3.1 340 18 350
Si0, 5.1 1.9 4.3 3.4
K 1.3 4.0 2.2 4.3
Mg 0.32 0.002 0.52 0.002
£F e 0.17 0.014 <0.009 0.011
ci- 1.1 1.0 1.5 1.1
S0, 4.7 6.0 11 45
£C 6.5 2.3 9.8 2.8
HCO," 30 0 49 1
CO,2- 3 12 1 13
HCO," 33 12 . 50 14
/C 02"
=EOHEA : ppm
CaBl-2£-3%  ZESHE T COCBERY M-+ PEEEKDOBHE
- CaBl-Ca(0M).-5 : FEKHE T TOCABAR Y b b &CalOl)  ATFI7E DI KK
Cafid-Z5-K t RATTOCEBRY bHA FEEBKRKOBHE

KA TTOCAERA Y A b ECa(O), AFIHE I D HHE




£4-5 AEBRETOHEMHIERE

>R FEAKFE KEBALANY D LR

Np—-237 2.0x10"° 2.0x10"°

1.1 x1¢0"¢ 1.0x10"4

—~O
Wt
Bl
O
Rt
i
CF

I-1209 4.3%x10-° A.7Tx10-5

B : mol/Q
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#4-6 Np— 23 7THBRHEOFBUABR

S5 6 p H Eh Np-23TiREE

(m V) (ppt)
CaBdX v b4 b—ZEEK 8.3 -320 454
CafiX > bF 4 b —Ca(0H), 12.2 -450 <3
725NV 1 -FEK 9.5 -330 484
7 =F NV 1 —Ca(0l), l2.2 - 460 29

_66....




#£4-7 I-129BRROBERE

i i 46 pH Eh | I-12088
D B {(mV) (Ba/md)

Ca®i > b+ b—FEEK F % oy T 8.1 -290 —
BmEmE| 10.0 S 55.6

p HAZ % 8.1 — 53.3

Call Y k4 b —CaOH), | REMT | 12.3 — 450 -
BEAME | 12.3 — 61.5

_6‘7_




#*4-8 C-14ABRBOHREKER

45 THE | pH C-14if
O B (Ba/nd)

E%

CaBi_ Y b o b—%Bk |BEAmME| 8.4 —
BRI 8.7 103

CaBl X b F—CalOll). | EFEAHMET 12.4 —
ZHEANE 12.4 96.8

— B8 —
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#4-11

I-1294 B PR EGHIERER  (hvyi i

I =129 5m&EERmRE R

N /A -EREK)

HiFEEE [BBHK 0 1 10 21 30
pH 7 577 8.1 7.8 7.5 7.6 7.4
¥v7° W 8.1 8 7.6 7.8 7.6
Eh 75 -290 -270 -297 -211 -263
(mV) $7° W -290 -258 -310 -220 -257
I-12938FF [7° 5% 4, 47E+01| 4. 18E+01] 4. 67E+01| 4. 35E+01[4. 77E+01
(Ba/ml} {$v7° -1 |4.47E+01|4. 85E+01] 4. 35E+01|4. 45E+01| 4. 31E+01
7" =2 [4.47E+01] 3. 83E+01] 4. 39E+01| 4. 21E+01] 4. 03E+01
77 =3 | 4.47E+01[3. 91E+01| 3. 85E+01 4. 35E+01] 4. 49E+01
7" WIEH | 4. 4TE+01{ 4. 20B+01 4. 20E+01] 4. 34E+01] 4. 28E+01
AR 0. 00E+00{ 5. 67E+00] 3. 01E+00{ 1. 21E+00] 2. 32E+00
1-120 BRI ERER (v hTIA" v A K BRI A B TN IE)
HEEE |REpf | 0 1 10 21 30
pH i 12.4 12.2 12.1 12.1 12
7" W 12.4 12. 2 12.1 12.1 12
Eh 7 974 -450 -466 -440 -501 -486
{(mV) 7" W -450 -451 -440 -516 -430
I-1298REE (7" 704 4. 76E+01|5. 36E+01| 4. 61E+01[ 4. 80E+01[ 4. 71E+01
(Ba/ml) V7" W1 [4.76E+01]5. 14E+01|4. 62E+01|4. 40E+01| 4. 67E+01
7" b2 {4, T6E+01| 5. 22E+01| 5. 48E+01| 4. 20E+01[ 4. 33E+01
¥v7" =3 |4. T6E+01[5. 08E+01] 5. 04E+01| 4. 88E+01] 4. 92E+01
Y7 VEH) | 4. T6E+01| 5. 15E+01{ 5. 05E+01] 4. 52E+01] 4. 64E+01
E¥ERZ 0. 00E+00| 7. 02E-01] 4. 30E+00] 3. 14E+00] 2. 96E+00
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B p H Cacz* E h Np-23TifE
No. (mol/ ¢ ) (mV) (ppt)
1 6.8 10-2 -370 437
2 10.1 10-2 -400 406
3 12.3 10-2 —490 9.3
P-1 12.8 3x10-2| —440 149
P-2 10.8 3x10°2| —320 507
P— 3 9.1 3x10-2| ~290 492
P-4 12.5 5x10°4| —440 433
P-5 11.0 5x10-¢4 —3820 556
P-6 9.2 5x1074] —290 54 4
P—7 12.5 5Xx10-¢| -440 447
P-38 11.0 Ex10-¢| —320 533
P-9 9.2 5X10°°| —290 471

_76_




(NMBTWs/60) BOBHO SHME: € *
Btk BHO s HE T *
AEAkO02XEHBRE T %

s+ s 0 T X9°1 (L) 2! WMYNEET G A LAEN | V£d AwvilER D
se 10T X LT (42 S8 195 {44 AviE®eD v 1-0
ze G 1T 097V - 2'2¢1 WU T & A LA N V£ AviERD
s« 6°2 0L73~ 8L NEBRE £l AviE®eD 6211
v 10T XT ¥ 08g¢- g6 WE%E TANL =4
(v 20 T XTI 068 - 98 N B {b£4 7 viE®RD Leg-dN
(3 /9) BH WL (Au) 9y d Hd o LT B 1 £ A T %

HHEGEOBHT LKL LAy 9T -FE

_7‘7_




- (000110002 T1yd
- mnosnoﬂm\% QT.(N.EQ
Ams - Avo:*oﬁ w)tmmn
CUNEFNFOTESS - (2013201 gHd | (08-XK BuTwody)
i WA S PUNFORE T LKLULO L A£ 2 (FEed)rEeN ‘HOBN-"OTIBN-"QTJH KNI °0 A RV (IA) N
- g~01 8~2Hd ‘FOTIEN HIO'0 | J & 4 £ X-8)
(L) PRI - 05~00¢ §~GHd ‘"QTJ®N KIO'0 [ N V4 £ ¥ x-BN
HOeI LB NETMOA NG L2 V£ v - 02~01 8~2Hd ‘*OTJeN W10 0 { £ v (A) AN
O RHE
91) | ¥ H d OFHWELN MABHOYC > QR FF - 0T~ § (6~FHD N L ] TY FHN | (A) AN
(TEAUNTRG Y
Rdgakouugy o 01<
(S8 GZ "L=od4pd
(5D ARTHEE) 01~01 S00HBN WI°0 °**OTJeN RI ‘0 (AI) dN
AN T T [ O 68 "T1=od4gd (A<= 4)
oo (AI) AN N 2o HEmod N - s01~01 S0OHeN HI "0 ‘"OrJeN WI ‘0 A R (A) AN
(UG R ERAEAL
A5G T ANRMNAN B S RIS LI “aEsE | 08~0L - *0OHeN KLO 0 ‘*OTOBN RI0 "0
D [ UERWHEG P TONRANL N S S R4 v S 6id) 06 - T raG LHd- **OTIeN K10 0 (7 —o R,
NG F AL 2 YRFMEZNEEHO DN 02 - G GHd **QTJeN K100 #FEF | (A)Y AN
0L~08 0G1~4g ¢I~1T1Hd ‘*QIJBN IO 0
01> €9 G gHd ‘*QTIBN WI0 0 00V
(81> CCUNEEHEAYH A G "gHd *(wddgz 1< b J¥EE | (08-XH SuTmody)
OFEW " AT QERMDEO* TV £ v - STT~67 | ‘wdd9Qe3HF BT ) e d Mg {F£47> | (A) AN
"oN (%) (8 /)
W Y mE | WHUY EPY g T OB 7344

&—L£ G EHNEHONNWING LM IPH 0T LT -FE

_78_



v Jbﬁv@ﬁ.mm? P X
0L ERHM 1V

G @M O

© (51) W;u.,ﬁw%nﬂm%vﬁm
igV: e pe BT N FY JOC
v QYD S LI NG A L b v SRl (A AN “WERARH @) ¥F
Hdo# "B Fol oo W@ FL 2@ (A) AN @l oD wdN
© ey QUG HEET RN TR
MREI N D B WENEC BIO CeUR
v | pLd A LN E R O PG D 2 LR lisk ORI Q¥ L v
T NQELCR > BRI 02N TFEUN TL£L L WY M%e(&
QRO eEN “S5HON UCYRAULYRE—LOAN W £ 2w
U DY ERM [0 T TET
£ O P ANB QYO & o1y ey S B
AV YT D LY RIVECDLN Ml v YWIC2LN HnlE G P N TR & v 2
ZONHOHETOME e NZRE®R D &—LEWO2 (TY48) HAH YEs 2 MEYE
o,.i_m.w«.wnﬁﬂ L oSCW@wm_.N.W
X FAHGCTES D & PR OV E X 2LNFCTQYLaA0 L8O AN v o i
° LI nwfg
QURBMYD? 2T AN
X dNst 72 ¥ )i B2 vaeid ° e O i raan VIR x
QY ZED T TLRETE G T 21 VR @ENio d NS T2 £= 21
O MR H 02 B R LAy B2 (T1F8) HAR PRk
(EXV) qa) # (V)
ErELIED i | 4o 2 NE O HE | Moo dd | Yao sk
OB NTIER D EERYQYSE QAN

AVNCANTORMEGD L AVIEENQWEE) S T1—VE



#4-19 CORIGHEHEEHR"

A BEEH (sec™?) | HE
CaBlR YV bF A b—FEBK-T 57 7.1x10-"® E NI
P
< b4 ot R 7357 | 1ox10e
P I
ANG A b—HV oS METIBK 2.8x10"% HER(T)

* RIGEEZHITATEA SN 3,
C=Coexp (—a - t)
C :BEZOEMPC—-14EE (Bg, /W)
Co:HBEPC-149PEE (Ba md)
a REEEH (sec™?)
o BEMRE (sec)

— 80—



g8 L (8:Hd) LMY I bk
(%) 0091 L (g:Hd) 4L WmILY {1 -4 E
(01) 000T 0 L N By % A LA 2
P
0SS T~ 014 L o — 0 &7 2NLMW
(6) 0'€8~8"1 L (L:Hd) ed i
(udd(Qgl
0OV 0eEe~06¢88T1 L ~025:8) “¢-gi:Hd) ¥ Lk I\ -0 g7 =
oy s %
cE¥v¥ 9~ ¥ 89 L ¥ (HOYB) @O/AGZ 2N L W8T
(8) : o s %
g ¥V " v¥y~8¢6°'¢ LV 500R) @O/MG ML RET
8T 1T~66"0 LV (8:Hd) L My =8
YO | & (3 /00) Bs& HHRE By @ By # W @ BY ¥

BHUL OO CLKAYEO » I

0¢ -7 E

—81—



e -0 T X ¥ ¢-g:pd
P 2(0§-u0dtijua)) v-0 T X T L:pd
(7 & A ¥ L3 Ruostuay 1'%y s-0 1T X8 - 9:pd
(FRMEHD) S L B X
-0 T X(0 8~18) (8 TT:HA) BB Adria
-0 T X(B8~L) | (S 6N A{L{L. v
v- 0 T X T (§ 8 HA) M I - 0 & W
: (L:pd)
MM P ¥ Wk ot Zy
(9 00001 ¥ £ L& I & LY r-0 1T X T W V) G O » T
(B1~31:R4)
-0 1T X2 7 AT AR ML)
e-0 I X g W L0208/ (H0)ED
- 0 T X ¥ 0L (H0)eD
(11> MR P ML LY -0 1 X2 gk — 0 47 C
£ Y 00001 B &
(9 £ liel {& 2 3¢ W WGy R AR e o-0 T ~,-0T1 (G 31 ~8 Hd) B & Bl X0
[Tl i -4 CAUQ8F-:ud) (81~
(z21) AC ¥ £ G240 NODIRY A0k s HY & -0 1 X8 ~QT1:HA M BEHOCN) £ I¢
WX H 4 3 W & (f/tom) FHdN BN oW

I 2 Mk B M4 d N

12—V



