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In the radioactive waste disposal system, cement materials have been used as (1) structual materials in disposal facilities, (2)
solidifying materials for enclosing radioactive nuclides, and (3) internal filling mortar for the space between the waste and the
concrete. One of the important features of cement materials is its ability to establish a high pH in the water within the repository. A
high pH is beneficial because in this condition the solubilities of many radionuclides, especiatly TRU,in aqueous solution are low.
It is necessary to maintain the high degree of sorption of radionuclides based on the high pH for the long term safety of the system.
Then the important thing is to gain a reasonable evaluation of the pH within the repository. = Atkinson et al. have presented a
method of evaluating pH in the leaching groundwater from cement. They predicted the dissolution property of cement based on a
simplified model using equilibrium data for the CaO-SiO2-H>0 system. In the present report, we explain the Atkinson proposed

-method of evaluating the pH in the repository . Our studies on solubility of cement hydrate are also discussed.
Keywords : pH, cement, C-S-H, solubility, radwaste, repository, '
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Table1. Solubility of cement hydrate phases at 25°C [2]

Aqueous Phase Concentration, /L
Phase Disp'n [Ca] [si] (A1) [S0.]  [iig] [0H]
Ettringite X 1. 41 - 0.45 100 - 33
Bydrogarnet X 6. 14 - 4.57 - - 2.8
¥onosulphate 2 6.84 - 3.52 «<0.010 - 21.0
5 5. 05 - 270 0.018 - 18.6
Gehlenite hydrate 1 2.00 0.010 0.97 - - 6.5
6 0.91 0.027 0.61 - - 40
Tobermorite 2 1.01  0.343 - - 1.45
T 0.48 0.393 - - 0.92
fiydrotalcite 3 - - 0.014 - 0.033 pH9.3
5 - - 0.008 - 0.060 -
c-s-H 0.9 70day 1.67 0.135 - - - 313
c-s-0 1.3 T0day 8.7 0.012 - - 18.5
C-s-# L7 T0day 20.34 0.006 - - 40.5
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Fig.1 The composition of the aqueous phase when
 solids in the Ca0-SiO2-H20 system having various
Ca/Si ratios are equilibrated with water [6].
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Fig.2 The estimated time dependence of pH within the reference case’repositdry'of radius 20 m
containing 185kg m3 cement and situated in a groundwater flux density of 1019 ms-1[6].
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FREL. 1 BEZDDpHE LA 0. I TFIcE -/ 2 A TR
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C-S-HOBRRME LT L 72, BRI % H# L 7= OPC KA
MIOBHRBRKER % Fig. 4 1Io7 T,

BB C-S-HOW IR & OPCARNMIDVARR M A2 7 5 R R
EHOPITT B0, OPCAIMML AR — T4 F KAIOE
RIS DL TRET 2 L 72 [11], REWE 55T B Atkin-
son 5 DFRER B TIIIARTEHBRE U OB WE RSB -

B, BEKRE A P ORELAE &5 2 L TEMBORHE

13

[ J
[ J
® ¢ [ _J
O O
O
O e

12 o6

O ®

O ,

" o &
[ )
11 .
o (O : Greenberg et al.
O @ : OPC hydrate
- @
O
O
o
! L
1 2 3

Ca/ Si mole ratio in solids

Fig4 pH of OPC hydrate replaced another water. Compared to
Greenberg et al. equilibrium data for the C-S-H system [10].

88

March 1997
BEEA. KELVIMoTOBERIE DR 2 HIE L7z, OPC
Kb LOBR T~ 54 FKHOEREEL, L L
IZERC-S-HOR MR D&, 350 8 B TA X 4%E
HORB RO TERBREL—B L 72, OPCAHIB LUEH,
I—F 4 MREIOBEREEC LT, BEER s +44 ik
ZLBRRIZBOTRRTE 2R T3S, BiEERBIC
LB RBEOVARTEICERE L QRN Ehid 572D THER
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. Ca/ Si mole ratio in solids

Fig.5 pH of OPC hydrate changed liquid/solid ratio. Compared
to Greenberg et al. equilibrium data for the C-S-H system.
In parentheses value shows liquid/solid wt% [11].




Vol.3 No.2

B A CE RN EIB TR - TS0, BREEICHE
5% %€y bANAE (C-S-HYLVE) D&t (Lx
v FDER) AV AT LD E BB ISV XT
AIZHW B BHM E ORIS % SRR LN DR ERE L
THEERAERTHILHTER,

UktinT, 2 Y M ORMpHEBREHOEEN 48 T3
7=0ICi%, T AV PRHOBRIET - 2 2 FE L., BRE
HICHEL5 X 23R (KAKDO#ET. XY M KAMOZE
K. BMPERLORIEE) 2OWTRETALEND S,
%7, BlMA IV 2 Y- Mok BV N OBRBREORE
PFRIRAFHET S VSET4 VEOILL T A2 r— M KH
OFF 20T FarWLFHE - REERARRTIVENH DL
- Eibh3,

SEE

[1] Hoglund, S. et al.: Sorption of Some Fission Products and
Actinides in Concrete Systems, Mater. Res. Soc. Symp.
Proc., 50, 683-690 (1985).

Atkinson, A.: The time dependeﬁce of pH within a repository
for radioactive waste disposal, AERE R 11777, United King-
dom Atomic Energy Authority (1985).

(2]

[3] Atkinson, A. et al.: Evolution of pH in a radwaste repository,
AERE R 12594, United Kingdom Atomic Energy Authority
(1987).

Atkinson, A. et al.:Evolution of pH in a radwaste repository,
AERE R 12939, United Kingdom Atomic Energy Authority
(1988).

Atkinson, A. et al.: Evolution of pH in a radwaste repository,
AFERE R 12961, United Kingdom Atomic Energy Authority
(1988).

Atkins, M. et al.: Cement Hydrate Phases : Solubility at
25 °C, Cement Concrete Res., 22, 241-246 (1992).

Greenberg, S. A., Chang, T. N.: Investigation of the Colloidal

4]

[5]

{6}

7
Hydrated Calcium Silicates. II. Solubility Relationships in
the Calcium Oxide-Silica-Water System at 25 °C, J. Phys.
Chem., 69, 182-188 (1965).

Atkinson, A., et al.: Aqueous chemistry and thermodynamic
modelling of CaO-Si02-H20 gels, AERE R 12548, United
Kingdom Atomic Energy Authority (1987).

(8]

[9] Fujii, K., Kondo, W.: Estimation of Thermochemical Data
for Calcium Silicate Hydrate (C-S-H), J. Amer. Ceram. Soc.,
66, C-220-221 (1983).

[10] FEMT i £ FREPROBBRHEICEET 50

BEt. BERRETHES196FED0F2REE, kiR, F

89

Xy + DR 2R & REIREYE

843 H27~29H, p.662 (1996) R FEIRTHER .

[11] FEMT . vy DRMEOBREEICE -+ 2580
BE ). BERTHF2196EKOAETRE, A,
FH8E9H23~25H, EMAMR, p.670 (1996) F X7
FREfR.





