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Static Batch Reactors

Surface Complexation Modeling
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Static Batch Reactors

Surface Complexation Modeling
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[U] (uM), [CO_I* (uM)

Static Batch Reactors
Bulk Water Chemical Variations

SWC, 1000 g/L, 4 meq/L

SWC, 100 g/L, 1 meg/L
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Flow-through Batch Reactors

SWC#2,<2mm,5g /45 mL, Alk = 1 meg/L
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Flow Through 100
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Carbonate Extraction - SWC Size Fractions

1.0x10° - S <0.063 mm
o O O
. O 0.063-0.125 mm
%” 8.0x10° _ OO ¢ ¥ L ¥ 0125025mm
| E o x X X
o Vy 0.25-0.5 mm
2 6.0x10° < o O -+>70.0 mm
S K ® % @ * <2 mm #2
§ Q@ . Sum 0-2 mm
& 4.0x10° %SE HoH T <2mm#
=, 0.5-1 mm
=
-9 (] AA A = - - - A 1-2 mm
2.0x10 7 -
0_0 \ \ \ \ \
0 1000 2000 3000 4000 5000
Time (h)

Size Surface | Weight
Fraction
(mm)

<2 #1
<2 #2
1-2
0.5-1
0.25-0.5
0.125-0.25
0.063-0.125
<0.063

25-40% of U,,, removed

tota




Flow Through »

= 4x10°8 B <2 mm, AGW2 B
. ~
Batch Reactors E B o Acws
B | ff iED, B 0.5-1 mm, AGW2
3x10° B 0.25-05mm, AGW2 ||
artlc € Slze E eCtS % ” B 0.125-0.25 mm, AGW?2
1.6x10” . g
I i = 2x10°
1.4x10°" - 2
o
-7 %
‘ 1.2x10 " - c—; 1X10-8
1.0x107 - E
S gox10® 0 _ _ |
) &) : 1stelution  2nd elution  3rd elution
6.0x10° ' ]

~92 h ||~144 h
4.0x10° :
x-axes adjusted to overlay onset
2.0x10° of elution after a stop-flow event
0.0

0 20 40 60 80 100 120 140




Experiment vs theory

Ratio of initial rates Measured Multi-rate SCM
AGW4/AGW?2 2.5
Ratio to initial rate for 1-2 mm fraction
0.5-1 mm 1.6
0.25-0.5 mm 4.6

0.125-0.25 mm 5.1



Conclusions

Differences in U(VI) adsorption equilibrium constants
determined by SCM vary by a factor of 2

Differences in measured surface area vary by a factor
of 1.3

In static batch reactors, U(VI) adsorption equilibria is
" reached after 500-1000 h though chemical conditions
continue to change for many thousands of hours

In flow-through batch reactors, U(VI) desorption rates
increase with increasing carbonate concentration

° In flow-through batch reactors, initial U(VI) desorption
rate increases with decreasing particle size




Future Work

reactor for all SWC size fractions at 1 meq/L

Non-reactive tracer (Br) pulse to determine
residency time for modeling

Expand the range of chemical conditions to
" represent field-relevant alkalinity, pH, and [Ca]

Uranium adsorption experiments
* Modeling

* More targeted experiments with upper saturated
_zone material from specific wells (limited
guantities)

’ Complete data set using flow-through batch
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