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Objectives of coagulation studies ﬁg

=« The coagulation experiments with dilute clay suspensions are
performed mainly for prediction of colloids stability during the
transport in the far field.

» The chemistry of groundwater has dominant impact on clay colloids stability and
therefore the potential influence of relevant Czech granititc groundwaters from Bohemian
Massif was studied.

« The obtained critical coagulation concentrations (CCC) for
coagulants in dilute systems can be transferred to much more dense
systems (erosion task), but with some limitations (e.g. effect of
cation exchange, clay origin and structure, hysteresis).



Coagulation of clay dispersions by inorganic SU%B
cations (Na”, K+, Ca2+’ M92+) uJv

a Series of test-tube tests

= The CCC of univalent cations (Na*, K*) and divalent cations (Ca?*, Mg?*) were
determined in the series of test-tube coagulation tests

« Bentonite B75 in Na* as suspension in distilled water (0.005 %, 0.05 % and 0.5 % w/w)
« Electrolytes (NaCl, KCI, CaCl, and MgCl,)
» The final pH of solutions from 6.0 to 7.4

» The visual inspection after 30 min. after the mixing, 24 hours after the re-mixing of the
suspension and more than 48 hours and later with laser light beam?). Colloids presence
confirmed by photon cross correlation spectroscopy (PCCS).
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1} Berg J. C. (2010). An Introduction to Interfaces and Colloids: The Bridge to
Nanoscience. World Scientific Publishing Co. Pte. Ltd., Singapore, 785 pp.



Coagulation of clay dispersions by inorganic &%}
cations (Na*, K+, Ca2+’ M92+) uJv
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Coagulation of clay dispersions by inorganic 1%3
cations (Na+, K+, Ca2+, Mg2+) YUJV

=« How the cation exchange influences the CCC?

» For dilute clay suspensions (up to 5g/l), the effect of cation exchange on CCC was not

observed

B75 Na+ 15/11/12 Clay susp. - pool of exchangeable cations

Cation occupancy 0.005% w/w  0.05% w/w 0.5% w/w
meq/100g 50 500 5000 mg/I
Na+ 33.97 0.0 0.2 1.7 mmol/l
K+ 1.39 0.0 0.0 0.1 mmol/I
Mg2+ 6.21 0.0 0.0 0.2 mmol/I
Ca2+ 19.24 0.0 0.0 0.5 mmol/I




Coagulation of clay dispersions by inorganic 1%3
cations (Na+, K+, Ca2+, Mg2+) YUJV

%  Component Na K Ca Mg F ClI SO, HCO, NO,
= SGW mg/I 10.6 1.8 270 6.4 0.2 424 27.7 304 6.3
% mmol/l 0.5 0.0 0.7 03 00 12 03 05 01
S [ Groundwater mg/I 114 2.3 301 80 - 117 341 854 -
b (median, n > 351) mmol/l 0.5 0.1 0.8 03 - 03 04 14 -
g—— Mineral groundwater mg/I 5015 255 609 287 - 92.6 1625 1220.5 -
5 (median, n = 16) mmol/l 21.8 0.7 1.5 1.2 - 26 17 200 -
g — Fossil groundwater  mg/I 1050.0 525 559 220 - 644.0 26.3 863.0 -
€ (median, n = 15) mmol/l  45.7 1.3 14 09 - 182 03 141 -
§ CCC for selected cations Na K Ca Mg
o 0.5 % w/w mg/l  138-161 157-196 40-100 24-61 - - - - -
mmol/l  6-7 4-5 1-25 1-25 - - - - -
0.05 % wiw mg/l  138-161 117-157 4-20 12-24 - - - - -
mmol/l  6-7 3-4 0.1-05 051 - - - - -
0.005 % wiw mg/l  115-138 78-117 4-20 2-12 - - - - -

mmol/l 5-6 2-3 0.1-0.50.1-0.5

e =« The bentonite colloids are not stable in the potential groundwaters.

.ﬂ 1) Rukavi¢kova et al., 2009. DZZ 3.3. Vyzkum procesu pole vzdalenych interakci HU VJP a VAO. Czech report.



Coagulation of clay dispersion by inorganic 1%3
cations (Na*and Mg?*) - effect of anions

« Series of test-tube tests
=« The CCC of Na* and Mg?* were determined in the series of test-tube coagulation tests

« Bentonite B75 in Na* as suspension in distilled water (only 0.005 % wi/w)
« Different electrolytes (NaCl, NaNO, and Na,SO, and MgCl,, Mg(NO,), and MgSO,)

s Results

« For electrolytes NaCl, NaNO,; and Na,SO, the appropriate CCC were 5, 6 and 3 mmol/I
with corresponding ionic strength 5, 6 and 9 mmol/l.

« For MgCl,, Mg(NO,), and MgSO, the CCC were exactly the same 0.5 mmol/l with
corresponding ionic strength 1.5, 1.5 and 2 mmol/l.



Coagulation of clay dispersion by inorganic 1%3
cations (Na*) - effect of humic acid

a Series of test-tube tests

= The CCC of Na+ in presence of HA were determined in the series of test-tube
coagulation tests

Bentonite B75 in Na* as suspension in distilled water (only 0.005 % w/w)
NaCl electrolyte concentrations 10 to 500 mmol/l

= HA concentrations 0 to 2 mg/| of total organic carbon (TOC)

The final solutions pH varied from 5.9 to 6.7

2.5
2 -
jary
w 1.5 +
E
o 1-
[ ]
0.5 + o
0 __O 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 20 40 60 80 100 120
-. Critical NaCl concentration [mmol/L]



Coagulation kinetics of clay dispersion in
presence of NaCl electrolyte

SIJ.JV

=« Coagulation kinetics - follow the increase in average hydrodynamic
radius with time as the particles undergo coagulation
Bentonite B75 in Na* as suspension in distilled water (only 0.005 % wi/w)

|

= NaCl electrolyte concentrations 3, 5, 7 and 10 mmol/l

» The hydrodynamic particle radius was monitored over time period of 1 hour recording the
cross-correlation function every 3 minutes (1 minute of measuring and 2 minutes of
pause)

=« Measured by PCCS, data evaluation with method of 2" cumulant
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5 N a 2014-03-13 06:45:52 5240 0214 P Clay-bentonite 19.18 395,45 . L - 2014-03-13 09:30:13.5350 0214 P Clay-bentonite 16.85 21868
- - 2014-02-13 06:48:50.5120 0214 P Clay-bentonite 16.59 42919 C B 2014-03-13 09:33:18.3610 0214 P Clay-bentonite 13.98 24372
sE 3L - 2014-03-1300:36:22.9980 0214 P Clay-bentonite 1488 181.42
C & 2014-03-1308:52:03.4370 0214 P Clay-bentonite 18.21 38552 r g B
sF e 20140312 06:55:085020 0214 P Clay-bentonite 18,52 399.82 2F T a1 T Carbenonte 1232 e
L St C o 2014-03-13 09:42:31.6780 0214 P Clay-bentonite 13.45 163.66
= -+ 2014-03-13 06:58:12.5670 0214 P Clay-bentonite 17.76 34442 1F - 2012-03-13 09:45:35.3200 0214 P Clay-bentonils 14.47 149.45
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A= —-  2014-03-13 07:04:22.7260 0214 P Clay-bentonite 16.43 37030 n o 2014-03-130951:46.9070 0214 P Clay-bentonite 11.84 188.95
L & 2014-03-13 07:07:26.8240 0214 P Clay-bentonite 16.50 370.00 0.0007 % 2014-03-13 09:54:52.6380 0214 P Clay-bentonite 15.44 129.26 L L D‘E — ‘1‘[‘ s L ‘m
o < 2014-03-13 07:10:30.6960 0214 P Clay-bentonite 16.91 366.97 & 2014-03-1309:57:57.2820 0214 P Clay-bentonite 1578 117.15
00001 % 2014-03-1307:13:355350 0214 P Clay-bentonite 1661 37027 L 0'5 R '1‘0 R 5‘ Ll ‘1'0 R 5‘0 L - 2014-03-1310:01:02.0160 0214 P Clay-bentonite 14.42 118.71
: - 2014-03-1307:16:40.0570 0214 P Clay-bentonite 17.61 35448
- 2014-03-1307:19:45.3880 0214 P Clay-bentonite 16.89 347.30

-- Correlation function for bentonite suspension (0.005 % w/w) and 3 mmol/l (left) and 7 mmol/I (right) NaCl electrolyte.



Coagulation kinetics of clay dispersion in
presence of NaCl electrolyte

Mean hydrodynamic size [nm]
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Coagulation kinetics of clay dispersion in

presence of NaCl electrolyte

Mean hydrodynamic size [nm]
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Coagulation kinetics of clay dispersion in
presence of NaCl electrolyte and humic acid

Mean hydrodynamic size [nm]
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Coagulation kinetics of clay dispersion in

presence of NaCl electrolyte and humic acid

Mean hydrodynamic size [nm]
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Coagulation kinetics of clay dispersion in

presence of NaCl electrolyte and humic acid

Mean hydrodynamic size [nm]
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Summary and conclusions sﬁg

= Comparison of obtained CCC values for cations with concentrations of these cations in
different types of granitic groundwaters lead to the conclusion, that these groundwaters
are not suitable for stability of clay colloids even for dense bentonite suspensions. This
was confirmed by test of clay colloids stability in SGW. Also the same coagulation tests in
SGW for raw bentonite BaM demonstrated almost identical results as for B75 in Na*
form. Colloid particles in these groundwaters coagulate and settle.

= The presence of HA significantly increases the colloidal stability of bentonite particles,
which also means, that in presence of HA the more concentrated NaCl electrolyte is
needed for coagulation of clay dispersion (the CCC is higher).

» The research leading to these results has received funding from the European Atomic
Energy Community’s Seventh Framework Programme (FP7/2007-2011) under grant

agreement 295487, the BELBaR project.



