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The Study on the pH Behavior of the HFSC Leached Solution
- The development of model considering the pzzolanic reaction -

(Research Document)

YOSHIDA, Yasushi*, MIHARA Morihiro **

Abstract

The development of low alkalinity cement (high fly-ash contained silica-fume cement, HFSC) has
been carried out in JNC. Low alkalinity for this cement is acheved by adding pozzolan materials to
ordinary portland cement and Ca ion attributed to high alkalinity is consumed by forming CSH gel.

This report shows the calculation model to predict the composition for HFSC reacted solution which
considers cement mineral dissolution / precipitation as equilibrium reactions and dissolution for
pozzolan material as a kinetic reaction. The dissolution kinetic equation for pozzolan material is also
derived from leaching experiment.

This calculation model is applied to the leaching experiment where powderd HFSC was reacted with
distilled water. As a result of comparison between calculation and experimental measurement at the
early stage for leaching the tendency for pH, pH decrease from 12.5 to 11.5 drastically, could be
interpreted by this calculation model, however, after this drastic pH decreasing pH predicted by
calculation model also shows drastic decrease whereas pH for experiment decreased mildly around pH
11.5. It could be thought that this difference between experiment and calculation is caused by
inappropriate modelling for CSH gel dissolution / precipitation of C/S value lower than 1.0. For this C/S
range thermodynamic data for intermidiate and end member for solid solution for CSH gel and in
addition the reaction kinetic for CSH gel should be examined in detail.

* Nuclear Energy System Inc.

** Material Research Group, Waste Isolation Research Division, Tokai Works
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2-1pH 8 SF Si , HsSiOs(aq) -3
22 pH 8 FA Si , HsSiOs(aq) -3
2-3pH 11 SE e 6
2-4pH 12.5 SE 6
2-5 pH 11 FA s 6
2-6 pH 12.5 EA 6
3-1 0PC, SF FA Wt%, L2000 e 9
3-2 HFSC 500 OPC T RN 9
3-3 HFSC 500g OoPC 9
3-4 CsAHs Mg(OH)2  CesAssHs2 Ca(OH)2 10
2.1 SE 7
2.2 EA 7

31 HESC 12
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1.
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pH 125
Atkinson, 1987
, ,1998, Savage, et al., 1992 pH
11
, , 2000 Ordinary Portland
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OPC (Ca(OH)z(cr))
SF FA
OPC
pH , 1997, ., ,1998
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pH
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SF FA
, (2005) OPC, SF FA
4:2:4, 3:2.5 2:2:6 Highly Fly-ash contained Silica-fume
Cement, HFSC pH
(2005)
2. SF FA
21 SF FA
SF FA  pHS8 pH 11 125
, (2005) SF FA
pH 8 Si

SiO2(SF or FA) + 2H20 = H4SiOa4(aq)

, Cama, et
al. (2000)
TotalSi = Ax k x (aw ) (1—exp(a In(Q/K))P )m
n,p o Knauss
and Wolery (1988) n=-05p=1 o =1 k m
Si H,SiO(aq), HsSiOs, SiO,(OH),”, Si03(0H).>, Si,0,(0H)s, SisOs(OH)s*,
Siz05(OH)s™, Sis0s(0OH)4* Si407(OH)s™
Guillaumont et al. (2003) Specific lon Interaction Equations
SIT ion interaction coefficients Guillaumont, et
al. (2003) Si,05(OH),"
Si407(OH)s™ Si407(OH)s™
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22 SF FA
: (2005) SF FA pH 8
- NacCl 0.1 mol/kgw pH NaOH 8 SF Si
- NaCl 0.1 mol/kgw pH HCI 8 FA Si
, (2005) 2-1 2-2
H4SiO4(aq) SF FA
HsSiOs
Guillaumont, et al. (2003)
H4SiO4(aq)
2-1 SF 1 Si 1
49 H4SiO4(aq)
logK_SF =-2.77
FA 2-2 21 21
91
logKk_ FA=-4.01
2-1.pH 8 SF Si , H4SiO4(aq)
pH Si H4SiO4(aq)
mol/kgw mol/kgw
1 79 1.8E-03 1.017E-01 1.771E-03
2 7.93 1.8E-03 1.026E-01 1.769E-03
7 7.93 1.8E-03 1.029E-01 1.769E-03
14 7.92 1.7E-03 1.030E-01 1.672E-03
21 8 1.8E-03 1.031E-01 1.764E-03
28 8.01 1.7E-03 1.032E-01 1.665E-03
35 7.97 1.7E-03 1.032E-01 1.668E-03
42 791 1.7E-03 1.032E-01 1.672E-03
49 7.92 1.6E-03 1.032E-01 1.573E-03
2-2.pH 8 FA Si H4SiO4(aq)
pH Si H4SiOas(aq) ,
mol/kgw mol/kgw
1 7.98 6.8E-05 1.092E-01 6.667E-05
2 7.98 5.3E-05 1.107E-01 5.198E-05
7 8.02 3.9E-05 1.127E-01 3.818E-05
14 7.94 9.3E-05 1.142E-01 9.136E-05
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21 7.9 1.0E-04 1.152E-01 9.839E-05
28 8.06 1.0E-04 1.158E-01 9.769E-05
35 7.96 1.0E-04 1.162E-01 9.815E-05
42 7.99 1.0E-04 1.165E-01 9.803E-05
49 8.07 1.0E-04 1.167E-01 9.763E-05
56 8.01 1.0E-04 1.170E-01 9.793E-05
63 8.06 1.0E-04 1.170E-01 9.769E-05
70 8.03 1.0E-04 1.173E-01 9.784E-05
77 8.05 1.0E-04 1.174E-01 9.774E-05
84 8.01 1.0E-04 1.176E-01 9.793E-05
91 8.09 1.0E-04 1.176E-01 9.752E-05
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23 SF FA
., (2005) SF FA pH 11 125
- SF NaOH pH 11 12.5 Si
-FA NaCl 0.1 mol/kgw pH NaOH 11 12.5
Si
Si , pH k
m SF
2-3 2-4 FA 2-5 2-6
SF k m 2-3 2-4
k = 6.25E-17 (logk = -16.204)
m =4.31
FA k m 2-5 2-6
k =5.52e-17 (logk = -17.258)
m = 10.01
1e SF FA  200g SiO2(s)
, (2005) SF 174900 cmz2/g, FA 5560 cmz2/g
SiO2(s) SF  93.1%, FA 64.9% 3257 m2 72 m2 SF
FA 2.2 : (2005) FA
pH 11 2 1 FA
pH Si SiO2(s)
SF FA Si
2-1 2-2 2-1 2-2
FA SiO2
Si Si
Si 1 Si
Si
3
Si Si
pH Si SF FA



JNC TN8400 2005-013

2-3.pH 11 SF
Days pH Si H4SiO4(aq)
mol/kgw mol/kgw
1 10.98 4.300E-03 1.197E-02 2.281E-04
2 11.02 7.800E-03 1.656E-02 3.524E-04
7 10.99 1.100E-02 2.009E-02 4.960E-04
14 10.97 1.600E-02 2.535E-02 6.793E-04
2-4.pH 12.5 SF
Days pH Si H4SiO4(aq)
mol/kgw mol/kgw
1 12.50 3.000E-02 9.783E-02 2.267E-05
2 12,51 8.200E-02 2.082E-01 3.324E-05
7 12.46 1.700E-01 4.168E-01 3.199E-05
14 12.48 3.900E-01 9.139E-01 3.105E-05
2-5.pH 11 FA
Days pH Si H4SiO4(aq)
mol/kgw mol/kgw
1 11.00 3.90E-05 1.023E-01 1.809E-06
2 10.97 4.30E-05 1.025E-01 2.131E-06
7 11.01 6.10E-05 1.028E-01 2.765E-06
14 11.02 1.07E-04 1.033E-01 4.735E-06
21 11.01 1.50E-04 1.038E-01 6.630E-06
2-6. pH 12.5 FA
Days pH Si H4SiO4(aq)
mol/kgw mol/kgw
1 12.46 1.300E-04 1.392E-01 1.626E-07
2 12.50 2.900E-04 1.437E-01 3.211E-07
7 12.47 6.400E-04 1.426E-01 7.711E-07
14 12.51 9.300E-04 1.473E-01 9.903E-07
21 12.49 1.200E-03 1.476E-01 1.274E-06
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3. -
- OPC
OPC
(Ca(OH)2(cr))
Si CSH
/ Si
OPC, SF FA HFSC226, HFSC325 HFSC424
., (2005) HFSC
pH (2005)
3.1 -
3.1.1
- OPC
Borjesson(1997)
CgAHe (C&O)gAleg(HzO)e, , CsFHg (CﬁO)gFGzOg(HzO)G,
,Mg(OH)Z ,C6A33H32 (CaO)5A|203(803)3(H20)32,
, KOH, NaOH, CSH Ca(OH),
OPC
,  (2005) OPC:SF:FA  2:2:6, 3:2:5 4:2:4
0.5 g/ml 10 5000 HFSC
HFSC226, HFSC325 HFSC424 OPC, SF
FA  HFSC226 100g, 100g 300g HFSC325 150g, 100g 250
HFSC424 200g, 100g 200g OPC ,
(2000) 31 HFSC OPC 31 HFSC
3-2 3-2
S C5A33H32 Fe CsFHg Al CsAHg, Si CSH(18)

Ca  Ca(OH)y(cn) 3-3 3-3
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mol
-1. OPC, SF FA wit%, ., 2000
OPC OPC
SiO2 21.4 21.79
Al203 5.2 5.295
Fe203 3.2 3.259
CaOo 64.8 65.99
MgO 0.9 0.9165
Na2O 0.3 0.3055
K20 0.3 0.3055
SOs 21 2.138
98.2 100
3-2. HFSC 500g OPC mol
HFSC226 HFSC325 HFSC424 OPC
SiO2 3.627E-01 5.440E-01 7.254E-01 1.813E+00
Al2O3 5.193E-02 7.790E-02 1.039E-01 2.597E-01
Fe-O3 2.041E-02 3.061E-02 4.081E-02 1.020E-01
CaO 1.177E+00 1.765E+00 2.353E+00 5.884E+00
MgO 2.274E-02 3.411E-02 4.548E-02 1.137E-01
Na.O 4,929E-03 7.394E-03 9.858E-03 1.336E-01
K20 3.243E-03 4.865E-03 6.486E-03 2.465E-02
SOs3 2.671E-02 4.007E-02 5.342E-02 1.622E-02
3-3. HFSC 500g OPC
HFSC226 HFSC325 HFSC424 OPC
CsAHs 4,303E-02 6.455E-02 8.606E-02 2.152E-01
CsFHs 2.041E-02 3.061E-02 4.081E-02 1.020E-01
MH 2.274E-02 3.411E-02 4.548E-02 1.137E-01
CsAszH32 8.903E-03 1.336E-02 1.781E-02 4.452E-02
KOH 6.486E-03 9.730E-03 1.297E-02 3.243E-02
NaOH 9.858E-03 1.479E-02 1.972E-02 4 929E-02
CSH(1.8) 6.529E-01 9.793E-01 1.306E+00 3.264E+00
Ca(OH)2 2.801E-01 4.202E-01 5.603E-01 1.401E+00
3.1.2
Cs3AHs, C3FHs, Mg(OH)2, CeAssH32, KOH, NaOH, CSH
Ca(OH)2 CsFHe Fe -
Fe CsFHs
KOH NaOH
- CsAHs Mg(OH). CeAssHz2 CSH
Ca(OH)2
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CsAHs Mg(OH)2  CsAssHa2 Ca(OH)2
CsAHs MQg(OH)2 CsAssHs2 Ca(OH)2 3-4
Al(OH)4 OH- A3 H*
Al(OH)4 - Al Arthur et al. (1999)
OH-- H* Guillaumont, et al. (2003) logK
AlR* + 4H20 = 4H* + AI(OH)s+  logK =-22.883
H20 = H* + OH- logK =-14.001
3-4 CsAHs Mg(OH)2  CsAssHs2 Ca(OH)2
Reaction logK Reference
3Ca0.Al,0,.6H,0(CAH;) = 3Ca?* + 2AI(OH), + 4OH -23.13 | Savage et al. (2000)
3Ca0.AL,0;.6H,0(C,AH,) = 3Ca% + ;:?SK + 12H,0 - 12H* 78.64
Mg (OH),(brucite) + 2H* = Mg?* + 2H,0 16.298 | Arthur et al. (1999)
Mg (OH),(brucite) + 2H* = Mg? +'332Ko 16.298
Caghl,05(50,)5.32H,0(ettringite) = 6Ca> + 2AI(OH), + 350, + 40H + 26H,0 -43.94 | Ssavage et al. (2000)
Caghl,05(S0,)s. 32H,0(ettringite) Izoggsiaﬂ + 2A1% + 38H,0 + 3307 - 12H 57.83
Ca(OH),(portlandite) = Ca?" + 20H" -5.19 | Savage et al. (2000)
Ca(OH),(portandite) = Ca®* + 2H2(IJO?K2H+ 22.812
CSH
CSH Ca/Si CIS
CSH CSH CIs
logK CIS CSH
Atkinson Atkinson etal. 1987 : (2003)
3.2
, (2005) HFSC226, HFSC325 HFSC424 0.5 g/ml
pH N2
CO2(9)
476 7,14, 21, 28, 42, 56,
70, 84, 91, 182, 365 476 pH
- 3-3
SF /
SF 2.3 SF

10
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(2005) SF  SiO2(s) 93.1wt% 500 g HFSC 1.55
mol 17.49 m2/qg, , 2005 > SiO2(s)
> 100g 500g HFSC SF 1628 m?2 FA
Si
PHREEQC (Parkhurst, 1995) Yui, et al.
(1999) 3-1
3-1
OPC pH 12.7 12.8
OPC- /
HFSC pH HFSC226 80 ,HFSC325 150
HFSC424 200 pH 125 11.5
100 250 pH
pH pH 10.3 10.4 CSH
- HFSC226, HFSC325
HFSC424 pH 11.8 11.9 pH
CSH / 200
CSH / CSH
/ 100 250 pH
HFSC226 32 HFSC325 62 HFSC424 122 pH 11.3,
115 11.6 HFSC
CIS 1.1 1.0 CSH SF Si
CIS 11 1.0 C/s 1.0
pH ]
CIS 1.0 CSH
CSH / Atkinson, et al. (1987)
C/s 0.833 (tobermorite)
CIS SiOz(am) /
CIS CSH
/ CIS 1.8 1.1
pH CSH /
CSH C/s
pH
- CIS
pH C/s
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