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WP4 KIT-INE work description

Systematic colloid stability studies: pH, low 1S, OM

KIT-INE: Systematic colloid stability studies will be performed by KIT-INE to
investigate the pH, ionic strength and especially the organic matter effects on
bentonite clay colloids (MX-80) stability over long time period (4 years) under glacial
melt water conditions.

Measurements on the influence of DOC (Fulvic acids) on clay colloid stability (Ca- and
Na-CCC) are needed to reduce the uncertainty in potential additional stabilizing effects
naturally occurring. Experimental methods will include time resolved dynamic light-
scattering (PCS) for fast coagulation studies (stability ratio W and critical coagulation
concentration CCC) and AsFIFFF/ICP-MS for the slow coagulation rates expected under
stabilizing conditions (glacial melt water) together with laser- induced breakdown

detection (LIBD).
Why ?

Contradicting results showing that the low IS and high pH
conditions of the Grimsel GW were not sufficient to fully stabilize
clay colloids: Long-term agglomeration demonstrated
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EXAMPLE 2
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Clay colloid size heterogeneity effects on their stability
(PhD work K.K. Norrfors)

» Raw MXS80 fractionated in a carbonated SGW

* SKB Report TR-99-06 ¢ SKB report TR-06-31 ¢« SKB Report R-06-105 ¢ SSM Report 2011:22

& pH 8.4
. Iomc strength 1. 26 10'3M

. Naf 1.2 mM - 28.4 mg/L
« Ca?* 0.05 mM - 1.5 mg/L
*F- 0.1 mM -2.8 mg/L

¢ CI' 0.074 mM - 264mg/L’
. SO 2. 04 mM 4. 13 mg/L’
. Si traces | /

°HCO 1mM 84 mg/L

7 montmorillonite colloidal suspensions




Clay colloid size heterogeneity effects on their stability
(PhD work K. K. Norrfors)

» Raw MXS80 fractionated in a carbonated SGW: 7 suspensions
» Detailed characterization

» Mean ESD : ~ 960 nm down to 85 nm

» Mean number edge sites estimation (factor up to 6)

» NaCl, CaCl,, MgCl, stability tests, with or without OM: no evidence of a
specific size effect observed

Applied Clay Science 114 (2015) 179-189

Contents lists available at ScienceDirect

Applied Clay Science %
journal homepage: www.elsevier.com/locate/clay i,
Research paper
Montmorillonite colloids: I. Characterization and stability of dispersions @cmm

with different size fractions

Knapp Karin Norifors ***, Muriel Bouby 2, Stephanie Heck ?, Nicolas Finck ?, Rémi Marsac ?, Thorsten Schifer 2,
Horst Geckeis ?, Susanna Wold °

2 Karlsruhe Institute of Technology (KIT), Institute for Nuclear Waste Disposal (INE ), PO. Box 3640, D-760 21 Karlsruhe, Germany
" School of Chemical Science and Engineering, Applied Physical Chemistry, KTH Royal Institute of Technology, Teknikringen 30, SE-100 44 Stockholm, Sweden



Clay colloid size heterogeneity effects on their stability
(PhD work K.K. Norrfors)

» NaCl, CaCl,, MgCl, stability tests, with or without OM: no evidence of a
specific size effect observed
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Systematic colloid stability studies: pH, low 1S, OM

S

|

v' Repartition in 50 mL tubes followed by

1 montmorillonite size fraction
WS v Raw MX80 (Volclay)
v' Sieving (Fraction < 63 pm used)

e 1v" (6 times) 10 g in 1 L LiCl 1 M (homo-ionisation, delamination)
v' Contact time : 1 week under slow stitring

a centrifugation at 35¢ at 3500 rpm

v" Removal of the 1st supernatant

v" 3 other extraction cycles consisting on:

a re-suspension of the clay solid/ gel-like residues in 6 different electrolytes
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Systematic colloid stability studies: pH, low 1S, OM

* 1 montmorillonite size fraction
First characterization of the 6 clay colloidal stock suspensions
(the 4 supernatants)

Electrolyte [Colloids] pH Size range nm (PCS)
4th sypernatant | 4t supernatant
9.9

MQ 1.95g-L? . 270-300

NaCl 1.3 10 M 1.38 g-L1 9.9 240-300
CaCl, 0.433 103 M 1.56 g-L1 9.9

NaHCO, 103 M 1.59 g-L? 9.6 270-310

SGW pH ~ 8.5 0.92-L1 9.3 290-350

SGW ~ pH 5 0.87 g-L? 9.7 270-320

> [Si]/[Al] and [Al] /[Mg] ratios suggest the release of clay colloids

»  Their size is in the range expected, further investigations are necessary to check the
presence of smaller-sized particles

> The composition of the SGW strongly decreases the clay colloid production



Systematic colloid stability studies: pH, low IS, OM
» 1 montmorillonite size fraction

= Dilution of each of the 6 stock suspensions in the
corresponding electrolytes ...

E5
= Containing or not additional FA [10 mg.L"] .

v [Colloids]: 1, 5, 10, 100 mg.L!

v' Colloids [10 mg.L1] + Fe® (~ 3 mg)
+ GOHY-FA-573
v' Colloids [10 mg.L 1] + Th (108 M)

» 12 samples are available for each set of
conditions

= Storage at room temperature (~21-22°C)

= Samples are now 28 months old




Training course tomorrow... A4F/UV-Vis./ICPMS

mg.L?
On-going: —+ GOHY-FA-573

« Size and concentration evolution
(fresh vs old samples)
» Th sorption reversibility test

Future work:
» Interaction with RNs (AsFIFFF/ICPMS,
TRLFS, EXAFS, ...)
* lron effect
* Long time (28 months) delamination in
LiCl1 M
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WP4: Synthesis of 1ssues

Synthesis of issues: Colloid stability (WP4)

Safety case Outcomes sort for
position at start of |final State-of-art
BELBaR
. - Stahility of compacted bentonite Understanding of the processes
COI IOId Sta b | Ilty dilute porewater conditions haj controlling colloid stability and their
" been evaluated by laboratory representation in the safety case
Contro Ing measurements. (WP4).
The controlling process is hydration
processes

of exchangahle cations limited by
the availability of cation free water.

Currently the uncertainties in p H y IOW I S, O I\/I

geochemical conditions are greater
than in uncertainties in the stability
limit.

Colloid stability studies have found
that model colloids that possess a
significant net negative charge at
neutral pH, i.e. silica and illite clay,
show the greatest stability under
neutral pH conditions.

CP BELBAR WP4 MEETING
Karlsruhe - 12-13 October, 2015


http://www.skb.se/BELBar

WP4: Synthesis ot Issues

Synthesis of issues: Colloid stability (WP4)

Safety case Outcomes sort

position at start of |from WP
BELBaR

Accessory minerals seem to enrich Summary of the influences of these
I n ﬂ uence Of Ot h er near the bentonite-groundwater factors on colloid stability, to what

fa Ctors tO COI I'Old interface. extent are they significant for the

safety case?
ik Filtration has been discussed as a
Sta bl I Ity possible mean to reduce erosion.
Colloid size, solution ionic strength
and water flow rate are factors which
stronghed gisboaigration.

Association of inorganic particles
with natural organic compounds is

an important mechanism for colloid
abilisation.

_ " ally
operate to stabilise and enhance
colloid populations in the near-field
porewater, this remains an area of
uncertainty.
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