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Compacted bentonite
Concrete

—~~— Host rock (clay)
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hyperalkaline conditions, precipitating

zeolites and leaving a Mg-rich residual clay

« Bentonite buffer the hyperalkaline pH at

Cement porewater:

the interface to pH < 12.5 (portlandite

pH 13-14

control) and then to lower pH (C-S-H)
K+ (0.2 -0.5 M)
Na* (0.05 - 0.2 M) « Exchangeable Mg*? precipitates as
Ca*2 (0.02 M) brucite [Mg(OH),] or magnesium
OH- (0.3 -0.7 M) silicate and/or hydrotalcite, depending

on the temperature of reaction
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*Study the geochemical reactivity in the interface cement/bentonite for

two types of cement porewater:

« YCW: K/Na-OH hyperalkaline solution, pH = 13.5
« ECW: Ca(OH), alkaline solution, pH = 12.5

Study the diffusive transport associated to the alkaline plume in
compacted bentonite at T = 60 and 90 °C (expected temperatures in a

repository)
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‘N‘ Laboratory experiments. Pre-treatment u
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FEBEX bentonite

Mineralogical composition (% wt.)
Secondary minerals

Smectite (montmorillonite) 92 + 3 —
Quartz 2+ 1 | Brucite [Mg(OH),], Mg-silicates
Plagioclase 2+1
Cristobalite 21 ¢
K-Feldspar Traces
Tridymite Traces + Alkaline fluids
Calcite Traces
[NaOH, KOH, Ca(OH),]

Ko.055N30 135C a0 125MJg 1(Al4 545MJg 425)(Si3 ggAlg 145)O1o(OH),
MgCl,, 1M

Mgy 35(Al; 545M0g 425)(Si3 ggAlg 145)010(OH),
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| D> compacted >
Synthetic Mg-saturated
alkaline solution FEBEX bentonite
MgCl, 0.6 M
(YCW or ECW) (1.65 g/cm3, dry density) i
<« = =
A_T1

<< >
21 mm

hyper-alkaline
solution
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Experimental system uw’
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Experimental Conditions

Input alkaline solutions:
= YCW: K/Na-OH (pH=13.5)
= ECW: Ca(OH), sat. (pH=12.5)

Temperatures:
= 60 and 90 °C

- —

| Peristaltic % L
_ pump i k

‘ 71\ D Time:
== Solution s 6,12 and 18/24 months
! input
T e 5 —
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VAR Analyses post-mortem u
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m Exchangeable cations [Na*, K*, Ca*2, Mg*?]

—
— Zé/z\ Cation exchange capacity

\ Mineralogy (XRD)
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XRD at 60 °C, 6 months (section 1)
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K/Na-OH: YCW, S1, 0.35 mm =

Reference: Mg-FEBEX ;
A

. ECW, S1, 0.35 mm ;
Ca-OH. . ' : f T - ‘F——Fﬁ'-—

0 5 10 15 20 25 30 35 40 45 50 55 60 65

20
(1) divalent smectites
(2) monovalent smectites
(1) and (3) randomly interstratified trioctahedral chlorite/smectite,
(4) gibbsite [Al(OH),] and brucite [Mg(OH).]
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Al YCW: SEM-EDX at 60 °C uw’
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Al YCW: EDX profiles at 90 °C u’
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YCW: BET surface and CEC
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YCW: scheme of reactivity at 60 °C 1L
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Alkaline solution Mg(OH), Bentonite column
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‘i‘ﬁ‘ Multicomponent diffusion model: CrunchFlow ub
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Diffusion
Alkaline B .

. Bentonite calumn
solution -;

MgCl, sol.

Primary aqueous species
OH-

Al+3

Ca*? . .

Cl- Primary minerals
HCO;  Albite

K* Calcite

Mg*2 Cristobalite-a

Na* K-Feldspar
Siog(aq) lllite

SO,2  Mg-Montmor-FEBEX —
Fe*2 Quartz

02(aQ)

Secondary aqueous species Secondary minerals

H*, AI(OH),*, AIOH"2, AlO,, CaSO,,q),
CaCO;,,, CaHCO;*, CaOH*, CaHSIO;",
CO;?, COy,q, FEOH*, FeSO, .,
H,Si0,2, HSiOy, KCl ), KSO,, KOH ),
MgCI*, MgOH*, MgSQO,,q), MgCOj ),
MgHCO;*, NaCl,,,, NaSO,", NaHSIiO;
NaOH,q), NaCO;", NaHCO,

aq)’

(aq)’ aq)

Exchangeable cations

Mg*2, Ca*2, K*, Na*

Brucite
Gibbsite
Hydrotalcite
Chlorite
Saponite-Mg
Talc
Phillipsite
C-S-H (0.8)
C-S-H (1.2)
C-S-H (1.6)
Tobermorite-11A
Portlandite
Ettringite
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n: experimentally determined number

i = Ankmm(NﬁNx ar 1—(ﬁ]
i=1 \ Km Y

species conc. affecting
rate (e.g. pH)

saturation state

reactive surface
area of mineral

rate constant

temperature dependence Diffusion (1t Fick law):
—E. (1 1 =
K =K,s exp a( = j J=-D K ; D:D25e( RT)
R (T 298.15 oC
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Mineralogy - porosity

100

. I A\bite
90 - t=0 I Calcite
- I Cristobalite-o
80+ I llite
— ] B K-Feldspar
S 70 - Ma. ]
S 1 g-montmor-FEBEX
D 60 I Quartz
§ y I Brucite
o 9504 I Chiorite
> 40 B C-S-H (0.8)
] Bl CsH(@2
304 C-S-H (1.6)
- I Eiiringite
20 I Gibbsite
1 Hydrotalcite
10'_ Phillipsite
0 - — Portlandite
5 10 15 20| I Saponite-Mg
Distance from the interface (mm) ] Elbcermorite_lm
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Mineralogy - porosity

100

1 H A bite
90 t = 30 days | | Il Calcite
- I Cristobalite-o
80 + I llite
—_ ] BN K-Feldspar
S 70 4 Ma- ]
S 1 g-montmor-FEBEX
D 50 | — Il Quartz
§ - I Brucite
o 9504 I Cchlorite
> 20 B C-S-H (0.8)
] Bl CsH(@2
304 C-S-H (1.6)
. I Eiiringite
20+ I Gibbsite
’ Hydrotalcite
10'_ Phillipsite
om Portlandite
5 10 15 20| I Saponite-Mg
Distance from the interface (mm) ] Elbcermorite_lm
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Mineralogy - porosity
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10'_ Phillipsite
0 Portlandite
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Mineralogy - porosity
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. H A bite
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—_ ] BN K-Feldspar
< 70 - Ma. ]
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om Portlandite
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Mineralogy - porosity

100

H A bite

t = 120 days | B Caicite

I Cristobalite-o

B illite

B K-Feldspar
Mg-montmor-FEBEX

I Quartz

I Brucite

I Chiorite

B C-S-H (0.8)

Bl CsH(12)
C-S-H (1.6)

I Eiiringite

B Gibbsite
Hydrotalcite
Phillipsite
Portlandite

5 10 15 20| I Saponite-Mg

_ _ Talc
Distance from the interface (mm) B Tobermorite-11A

Volume (%)
= N w 5 a1 (o)) ~ (@) (o)
o o o o o o o o o
| I T T | T T
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Mineralogy - porosity
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BN K-Feldspar
Mg-montmor-FEBEX
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Mineralogy - porosity

100

. I A\bite
90 t = 180 dayg | Il Calcite
- I Cristobalite-o
80+ I llite
— ] B K-Feldspar
S 70 1 Ma. ]
S 1 F g-montmor-FEBEX
L g0/ B Quartz
§ ’ I Brucite
o 90 I Chiorite
> 40 B C-S-H (0.8)
] Bl CsH(@2
304 C-S-H (1.6)
- I Eiiringite
20 I Gibbsite
1 Hydrotalcite
10'_ Phillipsite
0 Portlandite
5 10 15 20| I Saponite-Mg
Distance from the interface (mm) ] Elbcermorite_lm
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Mineralogy - porosity
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Mineralogy - porosity

100

i H A bite
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S 70 4 / Ma. ]
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o 90 I Cchlorite
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30 - C-S-H (1.6)
. I Eiiringite
20 I Gibbsite
’ Hydrotalcite
10'_ Phillipsite
| Portiandite
5 10 15 20| I Saponite-Mg
Distance from the interface (mm) ] Elbcermorite_lm
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Mineralogy - porosity

100

H A bite

t = 300 days | Calcite

I Cristobalite-o

B illite

BN K-Feldspar
Mg-montmor-FEBEX

I Quartz

I Brucite

I Chiorite

B C-S-H (0.8)

Bl CsH(12)
C-S-H (1.6)

I Eiiringite

B Gibbsite
Hydrotalcite
Phillipsite
Portlandite
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Mineralogy - porosity

100

H A bite

t = 330 days | Calcite

I Cristobalite-o

B illite

BN K-Feldspar
Mg-montmor-FEBEX

I Quartz

I Brucite

I Chiorite

B C-S-H (0.8)

Bl CsH(12)
C-S-H (1.6)

I Eiiringite

B Gibbsite
Hydrotalcite
Phillipsite
Portlandite

5 10 15 20| I Saponite-Mg

_ _ Talc
Distance from the interface (mm) B Tobermorite-11A

Volume (%)
= N w 5 a1 (o)) ~ (@) (o)
o o o o o o o o o
| I I I | | T I I IR

14/10/2008 Le Croisic 27



. . t:
| ‘lﬁl Model: YCW 60 °C u

1
RS AR

LUNIVERSIDALD AUTONOMA

b
UNIVERSITAT
BERN

Mineralogy - porosity
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Mineralogy - porosity
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Cation exchange distribution
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Mineralogy - porosity
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Cation exchange distribution
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UNIVERSIDAD  AUTONOMA

@ The Mg-saturation was an efficient method to detect the spatial region
altered by the alkaline reaction in bentonite

@ Dissolution of montmorillonite (and precipitation of secondary
minerals) is activated with pH (significantly at pH > 12).

@ Quantitave mineralogical transformations are observed in a thickness
< 5 mm. Exchange reactions affect the whole column of bentonite.

@ The ECW (Ca(OH), solution) produce minor mineralogical changes
but still have influence on the cation exchange distribution.

@ Models confirm mineralogical alteration and cation exchange in the
same thickness as in the experiment, however, the complexity of the
system cannot be modelled and results need interpretation.
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