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Figure SI-1.  Raw data and model fit of water retention curves in quartz sand using 20 

deionized water and STWL solution. 21 

 22 

Figure SI-2.  Saturation index for cancrinite in STWL reacted with quartz sand at 23 

temperature ranging from 20 °C to 90 °C using Geochemists Workbench 7.1.  Two 24 

precipitates that reach saturation or near saturation include cancrinite and Na2SiO4. 25 

 26 

Figure SI-3.  XRD pattern of quartz sand reacted with STWL at 90˚C.  Cancrinite peaks 27 

are capped with “C”. 28 

 29 

Figure SI-4.  Micro-focused XRF showing: (a) Sr (green) association with aggregates of 30 

secondary precipitates; (b) two brightest green spots used for micro-focused XRD and Fe 31 

(red) impurities on quartz.  The SEM images showing: (c) reacted quartz grains 32 

containing nodules of secondary precipitates; (d) aggregates of secondary precipitates on 33 

the reacted quartz surface; (e) micro-focused XRD patterns collected from the two 34 

brightest green spots containing highest Sr concentration as shown in (b). 35 
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Hydraulic Properties of Quartz Sand Columns 36 

Water retention curves were determined for packed quartz sand columns using the 37 

hanging water column method.  The RETC computer code (1) was used to fit the van 38 

Genuchten water retention model to the experimental data (Equation 1S). 39 

       [1S] 40 

where θv is the predicted volumetric water content (cm3 cm-3), θr is the residual 41 

volumetric water content (cm3 cm-3), θs is the saturated volumetric water content (cm3 42 

cm-3), h is the pressure head (cm), and α and n are model-estimated parameters.  The 43 

estimated parameters for water were θr = 0.027, θs = 0.38, α = 0.039, and n = 7.99 with a 44 

coefficient of correlation of r2 = 0.99; for STWL were θr = 0.027, θs = 0.38, α = 0.036, 45 

and n = 10.12 with a coefficient of correlation of r2 = 0.99.  The water retention curves 46 

were used to guide the adjustment of the hydraulic heads during the unsaturated flow 47 

experiments.  Data for STWL were not adjusted for differences in surface tension and 48 

density of the STWL solution. 49 

 50 

 51 
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 52 

Figure SI-1.  Raw data and model fit of water retention curves in quartz sand using 53 

deionized water and STWL solution. 54 

 55 

Surface Tension Measurement 56 

The surface tension of STWL was 75.40  ± 0.01 mN m-1, measured with the 57 

Wilhelmy Plate method at 20 °C with 10 replicates, and the specific density of STWL 58 

was 1.07 g cm-3 at 20 ˚C.  Increasing concentrations of NaOH and NaNO3 increase the 59 

surface tension, and the surface tension of a mixture of 1 M NaOH and 1 M NaNO3 is 60 

expected to be between 75 and 76 mN m-1 
(2-3). 61 
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Convection-dispersion equation (CDE) 62 

The general non-equilibrium CDE is described as (4): 63 

      [2aS] 64 

        [2bS] 65 

     [2cS] 66 

   [2dS] 67 

where βs is fraction of equilibrium sorption sites, R is the retardation coefficient, C1 is the 68 

dimensionless concentration in the equilibrium liquid phase, C2 is the dimensionless 69 

concentration of the rate limited sorption, T is dimensionless time, P is the Peclet 70 

number, Z is dimensionless distance, ω is the dimensionless mass transfer coefficient, v is 71 

average pore water velocity (cm day-1), t is time (day), L is column length (cm), x is 72 

distance (cm), cs is equilibrium sorption solute concentration (mol L-1), co is the input 73 

concentration (mol L-1), cr is the rate limited sorption solute concentration (mol L-1), D 74 

dispersion coefficient (cm2 day-1), q volumetric flow velocity (cm day-1), αs is the rate 75 

limited mass transfer coefficient (day-1), θ is the volumetric water content (cm3 cm-3), ρb 76 

is the bulk density (g cm-3), f is the fraction of sorption occurring in the mobile domain, 77 

and Kd is the distribution coefficient (L g-1). 78 
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Geochemical Modeling 79 
 80 

Conditions for the model used in Geochemists Workbench were 1 kg water, 2 M 81 

Na+, 0.05 M Al3+, 1.4 mM SiO2(aq), 0.005M CO3
2-, 1 M NO3

-, pH 14, temperature 20 to 82 

90˚C, reacted with 20 g of quartz.  Log K values for cancrinite were calculated using the 83 

van’t Hoff equation (Equation 3aS) with the measured log K of -36.9 at 90˚C (5).  The 84 

van’t Hoff equation is (6): 85 

       [3aS] 86 

The ∆Hr for the reaction was calculated using the ∆Hf of published values (7-9) of 87 

the equilibrium reaction (Equation 3bS)(5).  For H2SiO4
2-, the ∆Hf was estimated using 88 

the ∆Hf of H4SiO4 and the ∆Hr of deprotonation from H4SiO4 to H2SiO4
2- (10): 89 

 90 

Na6Si6Al6O24·2NaNO3·4H2O + 8H2O + 12OH- ↔ 8Na+ + 6Al(OH)4
-  + 6H2SiO4

2- + 91 

2NO3
-; log K90°C = -36.9       [3bS] 92 

 93 
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 94 
The results yielded log K values of -44.45, -41.89, -38.96, -36.29 for temperatures 95 

0˚C, 25˚C, 60˚C, 100˚C respectively. 96 

 97 

Figure SI-2.  Saturation index for cancrinite in STWL reacted with quartz sand at 98 

temperature ranging from 20 °C to 90 °C using Geochemists Workbench 7.1.  Two 99 

precipitates that reach saturation or near saturation include cancrinite and Na2SiO4. 100 

  101 
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X-ray Diffraction of Quartz Sand Reacted with STWL at 90
o
C 102 
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Figure SI-3.  XRD pattern of quartz sand reacted with STWL at 90˚C.  Cancrinite peaks 104 

are capped with “C”. 105 

 106 

Minerals were investigated with a X-ray diffractometer (XRD), Philips 107 

PW3040/00 X’pert MPD system (PANalytical, Natick, MA) with Cu Kα radiation. 108 

 109 

 110 
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Column Experiments at 75
o
C 111 
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 112 

Figure SI-4.  Micro-focused XRF showing: (a) Sr (green) association with aggregates of 113 

secondary precipitates; (b) two brightest green spots used for micro-focused XRD and Fe 114 

(red) impurities on quartz.  The SEM images showing: (c) reacted quartz grains 115 

containing nodules of secondary precipitates; (d) aggregates of secondary precipitates on 116 

the reacted quartz surface; (e) micro-focused XRD patterns collected from the two 117 

brightest green spots containing highest Sr concentration as shown in (b). 118 

 119 

These SEM images and XRF elemental map for Sr (green) showed that Sr was 120 

preferentially associated with secondary precipitates, as noticed as distinct nodule 121 

attached on quartz grain surface.  Two micro-focused XRD patterns collected from the 122 
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brightest green colors in XRF (spot 1 and 2) showed two typical XRD peaks of 13 and 19 123 

at 2-theta which are consistent with those found in cancrinite peaks as shown in Figure 124 

SI-3 above.   125 

Supplemental column experiments were run with STWL under saturated flow at 126 

75oC.  The temperature was controlled with heat tape wrapped around the column. 127 

Strontium concentration in the inflow was 10-3 M Sr and the flow rate was 4.5 pore 128 

volumes/day.  Experiments were run for 30 days.  Selected samples were used for 129 

synchrotron-based µ-focused XRF (Advanced Light Source, ALS, Lawrence Berkley 130 

National Laboratory) on beamline 10.3.2.  Samples for XRF were prepared on Kapton 131 

tape at room temperature.  Data were collected using monochromatic X-rays at 17 KeV 132 

and a spot size 10 µm.  For fluorescence measurements, energy was calibrated with Fe 133 

metal by setting the first inflection on the absorption edge to 7110.75 eV.  A Canberra 134 

seven-element Ge detector with XIA electron (DXP2X Model T) was used for 135 

fluorescence mapping.  For micro-focused XRD, Laue patterns were collected in 136 

transmission mode using a CCD detector for two spots where the brightest green was 137 

found.  The 2θ scale was calibrated with α-Al2O3 (corundum) with the CCD detector 138 

placed at a standardized distance from the sample (150 mm).  For XRD data processing, 139 

the program FIT2D (11) was used to convert Laue patterns to diffractograms of 2θ versus 140 

peak intensity using a calibrated wavelength of 0.7295 Å (17 keV).  Because samples are 141 

usually coarsely crystalline on the microscale and the sampled diffraction volume is 142 

small, Laue patterns from micro-XRD often have spotty and discontinuous rings.  This 143 

arises from diffraction of a finite number of single crystals inside the diffracting volume 144 

and fewer individual crystals satisfying the Bragg condition compared to bulk powder 145 
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XRD.  Thus, micro-diffractograms (after conversion from Laue patterns) often contain 146 

anomalous peak intensities and missing hkl reflections compared with the reference bulk 147 

powder diffractograms (12).  148 

 149 
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