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The cation exchange capacity (CEC) is one of the most relevant properties of clay barriers. CEC results
often are used for characterization of the clay host rock or for sensitive detection of degradation of the
barrier material, e.g. bentonite buffer.

Numerous methods exist for the determination of the CEC and exchangeable cations. However, a lot of
methods suffer from systematic errors. These errors are caused by interactions (that differ from cation
exchange) of the exchange solutions used with minerals in the barrier material:

i) Dissolution of soluble minerals such as calcite, gypsum, or dolomite which causes inflated exchangeable
calcium (magnesium) values. Other reactions of carbonates or gypsum not only affect exchangeable cations
but also the CEC (index cation) values in a way that ii) witherite (barium carbonate) is formed and
dissolved later (barium chloride method) which causes inflated CEC values or iii) rests of gypsum are
present during reexchange with magnesium chloride (barium chloride method) which then leads to drastic
CEC underestimation by formation of barium sulphate (here simultaneously barium ions are desorbed from
exchange positions and sulphate enters the solution due to gypsum dissolution). When the ammonium
acetate method is used for CEC determination of calcareous clays/bentonites another mechanism for a
systematic CEC decrease occurs: iv) ammonium acetate is first used to saturate the clay components in a
regular way (cation exchange), but during washing for removal of excess salt, ammonium is desorbed again
from exchange positions by calcium which is liberated (dissolved) from remaining calcite of calcareous
clays studied.

Other errors may be v) the degradation of cationic complexes (silver thiourea, if pH > 8) or vi) substances
which are added to adjust the pH of the exchange solutions such as triethanolamine in barium chloride
exchange solution which may be protonated and adsorbed in competition to barium ions in smectite
interlayers.

The present study aims at proposing a selection strategy for CEC methods including exchangeable cation
determination of different clay materials typically used in radioactive waste disposal studies.

1) If the clay/bentonite contains calcium carbonates but no gypsum several methods are available, all of
them are based on a saturation of the exchange solution with calcite before the exchange experiment starts:
AgTUcalcite (a laborious method, Dohrmann, 2006), CoHexcalcite, and Cu-trien5xcalcite (Dohrmann and
Kaufhold, 2009a). If dolomite is present the initial calcite saturation minimizes dolomite dissolution as well
(proved for AgTUcalcite).

2) If a bentonite contains carbonates and gypsum the only known successful method for determination of
all exchangeable cations (including calcium) and the CEC is a combination of two separate results
(Dohrmann and Kaufhold, 2009b): i) calcite saturation of exchange solution (e.g. Cu-trien5xcalcite) and
ii) quantification of gypsum with suitable mineralogical methods (e.g. Rietveld). Result i) is free of error
caused by calcite dissolution; however it is still wrong because it contains significant amounts of Ca2+ from
gypsum dissolution. After proving that gypsum was completely dissolved during the exchange experiment
result ii) was used to subtract the theoretical Ca2+ portion of gypsum from result i). Gypsum saturation of
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exchange solutions was tested as not suitable owing to the high solubility of gypsum which results in high
initial Ca2+ concentrations.

3) If no such soluble minerals are present and if the pore water contains no excess electrolyte then usually
any accepted CEC method can be used, however, the results should always be checked for plausibility (e.g.
using mineralogical composition of the sample). Any accepted method means that methods with known
systematic errors (hydrophobic interaction, dependency on layer charge density) are excluded.
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