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Objectives of the study
Better understanding of long-term behaviour of
montmorillonite (bentonite) in disposal conditions

Dissolution rate
Forming reaction products
Alteration of montmorillonite
The interactions between montmorillonite and groundwaters

To develop analyses for low concentrations of Al, Fe, Si, and Mg in simplified
groundwater simulants.

HR-ICP-MS (Hihg Resolution Inductively Coupled Plasma Mass Spectrometer)
Fresh water
Saline water

To compare experimental results to the modelled experiments and the then hopefully
advanced models futher
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Dissolution experiments

Purified Swy-2 (Clay Minerals Society)

Na-montmorillonite
Ca-montmorillonite (ongoing)

2 Waters and 2 Temperatures (25 and 60 ºC)
Fresh (0.005 M, pH = 8)
Saline water (0.1 M, pH = 11)

Solution analyses of Al, Si, Fe ja Mg (Ca, Na, K) as a function of time (HR-ICP-MS)
Changes in pH values during the dissolution

XRD analyses of the solids after and before the dissolution (ERM, Poitiers & GTK, Mia T)
SEM for Swy-2 and purified Swy-2 (GTK)
EPMA for Swy-2 and purified Swy-2 (GTK)

(Ca0.06Na0.16K0.025)(Al1.51Fe0.205Mn0.005Mg0.28Ti0.01)(Si3.99Al0.01)O10(OH)2
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Experiments
Batch experiments

A) Without change
B) Change of the water simulants (2 to 3 weeks)

Solid solution ratio 2 g/L

FRESH WATER, I = 0.005 M,
pH 8

SALINE WATER, I = 0.1 M,
pH 11

Salts used for
preparation

Amount
(mg/L)

Salts used
for
preparation

Amount
(mg/L)

CaCl2 X 2 H2O 52.4 CaCl2 X 2
H2O

3000.5

NaCl 156.2 NaCl 2262.5

KCl 20.7 KCl 12.5

Na2SO4 39.4 NaBr 24.4
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Results and observations
XRD revealed ~15 % quartz and ~5 % other impurities before purication
SEM was more reavealing, before purification
quartz SiO2

chlorite (Mg,Fe)3(Si,Al)4O10(OH)2·(Mg,Fe)3(OH)6

plagioclace compositions NaAlSi3O8 to CaAl2Si2O8

biotite K(Mg,Fe)3AlSi3O10(F,OH)2

apatite Ca10(PO4)6(OH,F,Cl,Br)2

K-feldspar KAlSi3O8

calcite CaCO3

Cu-Ni alloy
Si  compound

After purification
- Mostly clay
- ~5 % quartz (XRD)
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Evolution of Si concentration in test solutions

mmmmmmmmmmmmm
Time (d)

0 20 40 60 80 100 120

m
ol

/L

0

200

400

600

800

1000
0.005 M, 25oC, exp.A
0.005 M, 25oC, exp.B
0.005 M, 60oC, exp.A
0.005 M, 60oC, exp.B
0.1 M, 25oC, exp.A
0.1 M, 25oC, exp.B
0.1 M, 60oC, exp.A
0.1 M, 60oC, exp.B
Linear fit to selected data
y = 45.26 + 0.48x
y = 91.46 + 1.80x
y = 203.05 + 6.97x
y = 508.94 + 13.13x



813/03/2012

Dissolution rates for Na-montmorillonite

pH / T 25 oC 60 oC
8 -12.16 -11.58 Fresh
11 -11.00 -10.72 Saline
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pH- Na vs. Ca-montmorillonite

Saline 60oC
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Results and observations - XRD
Saddle for peak 17 Å in mild water 25oC samples (114 d)
Disappeared in 370 day’s sample
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Summary
Differences in Na-montmorillonite dissolution RatesSi depending on the experimental conditions

Results are in agreement with literature

Based on XRD results, the experiments more or less modify the smectite structure
Layer stacking
Increase of dissorder
For more detailed results, extra reference materials and comparable samples are needed

to define better the nature of starting material and observed changes in it
Other methods are also needed (e.g. EXAFS, NMR)

Visual observations after centrifugation, together with XRD measurements, indicated formation of
amorphous phases especially in fresh simulant water during the experiments.

Similar experiments with Ca-montmorillonite have been conducted – analyses ongoing

The results have showed that more detailed information and modelling are needed to broaden
the understanding behaviour of montmorillonite in different kinds of ground waters
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Future

Analyses of samples from Ca-montomorillonite experiments
Results and models (Ca vs Na)

New experiments with Na and Ca-montmorillonite
Ground water simulants will be labeled with radioactive isotopes

22Na
45Ca
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THANK YOU FOR YOUR
ATTENTION!
Kiitos!
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- Literature review -
5 decades of dissolution research … and still going on

Processes affecting to the dissolution:
Formation of surface complexes
The evolution of reactive surface area as the
dissolution progresses
Effects of the solution saturation
Rate controlling Steady-State versus Initial
rapid dissolution

"General agreement that the dissolution
progresses by breaking of bridge oxygen bonds
Si-O-Al, at the crystal edges, although in some
cases basal planes may contribute to the
dissolution reaction"
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- Literature review -
Factors affecting to dissolution

Experimental dissolution rates (normalized to initial
mass) derived from Si and Al concentrations in
output solution at 25, 50 and 70 °C. Solid lines are
calculated dissolution rates obtained using Eqs.
(10), (11) and (12). Small vertical lines indicate the
corresponding neutral pH at each temperature (pH
7 at 25 °C, pH 6.63 at 50 °C and pH 6.4 at 70 °C).
(Rozalen et al., 2009)

pH

Temperature

Time

Reactive surface area

The amount of aluminol surface
complexes

>AlOH2
+ in acid contitions

>AlO- in basic conditions
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-Literature review –
Determining of Dissolution rate (Rozalen et al. 2008)

Dissolution rate was calculated from release of Si
Si forms  most unlikely  secundary phases (or coprecipitates)

3 stages of dissolution:
1. Rapid initial stage –dissolution of fine particles, zones with high stress and crystal defects
2. Time unlimited dissolution below the saturation
3. Stage after the saturation - The saturation of solution appears as a decrease of dissolution

rate

Dissolution rate can be
determined only during
the 2nd stage, when
observed changes are mostly
derived to dissolution of mineral
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Purication of Swy-2 montmorillonite

Elimination of big particles by sedimentation
Separation of montmorillonite from solution
Removal of carbonates with acid treatment
Removal of iron oxides
Removal of organic matter
Fractionation
Dialysis
Drying (incubator 60 ºC + freeze drying)

Grinding
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Experiments without and with solution exchange
Batch experiments without solute change 250 ml (parallel

tests, 2 x 4 vessels)
7-12 well stirred samples (8 ml) from every vessel as a
function of time ultrafiltration by sentrifugation
Refering to  Rozalen et al. 2008:  Under  5 % of smectite
dissolved during the tests the solid-solution ratio can be
consired as constant

Filtered samples (3 ml, 0,45 m) for pH measuremnts
suodatetut näytteet
Elemental analyses (Al, Fe, Mg and Si) from ultrafiltated
samples (10 kD 1nm)
Solid analyses

XRD samples
CEC samples

STEADY- STATE
Batch experiments with solute exchange in 500 ml

sentrifugal vessels (parallel tests, 2 x 4 vessels)
Ultafiltrated samples

Microfiltrated samples for pH measuments
XRD analyses of the solids

Avoiding steady-state – CONTINOUS DISSOLUTION
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Results and observations - pH

Experimental data versus model
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Modelling

Premodelling
Equilibrium of simulant waters in experimental conditions (EQ3/6)
Solubility of montmorillonite to plan the sampling intervals (excel)

Modelling of dissolution rate and possible mineral transformations
Total ion concentration
pH
Temperature

Demand for preliminary hypothesis of secondary phases
Any suggestions?

Surface reactions – understanding of surface complexes


