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Hamaker constants

A combined Hamaker constant (A;3,) for interaction of CML (phase 1) with muscovite (phase 2) across
water (phase 3) was obtained using the approximation below, as subscripted for the three phases
(Israelachvili, 2011):

Az = (\/A_n - \/Azz)(\/Azz - \/A33)

where A; is the Hamaker constant of polystyrene, muscovite, albite, or water in vacuum. Hamaker
constants for polystyrene and water in vacuum were taken from literature and were A,, = 6.5x10%° J and
Az =3.7x10%°) respectively (Israelachvili, 2011). The Hamaker constant of muscovite in vacuum was
averaged from three sources to yield A;; = 8.9x10%°) (Ackler et al., 1996; Bergstrom, 1997; Israelachvili,
2011). Combining values:

Ay ~ (\/8.9x10‘2° —/6.5x10720) (\/6.5x10‘2° —~1/3.7x10720) = 2.72x102!

A Hamaker constant for albite in vacuum was not available in existing literature; however, one was
calculated on the basis of Lifshitz Theory (Israelachvili, 2011):

&1 — 53)2 3hv, (nf —nj)?
16v2 (nf + n3)3/2

where k is the Boltzmann constant, T is temperature in kelvins, &; is the dielectric constant of albite, &; is
the dielectric constant of the medium (&;=1 for a vacuum), h is Planck’s constant, v, is the mean
electronic UV adsorption frequency for albite, n; is the refractive index of albite, n; is the refractive
index of the solution (ns;=1 for vacuum). Since no electronic adsorption frequency (v.) was available for
albite, it was estimated as 3x10" (1/s) based on values reported for other silicate minerals, which
showed a narrow range of values from 3.2E15 (silica) and 3.0E15 (mica) (Israelachvili, 2011). The
dielectric constant of albite was averaged from two sources (£,=6.5 + 0.5) (Olhoeft, 1989; Rosenholtz,
1936). The refractive index of albite was averaged (n;=1.535+/-0.004) from the three principal crystal
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faces using the higher-end values in those ranges to reflect composition with significant anorthite end-
member content in the solid solution (Deer et al., 2001). Inserting values:
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Inserting values yielded A3, for albite:

Asz ~ (V/8.05x10720 — 1/6.5x10720) (1/6.5x10720 — /3.7x10720) ] = 1.80x1072*

Calculation of Collector Efficiency (7)

The colloid deposition rate across the area of observation (A,s) was used to calculate the collector
efficiency (n) via the following equation:

(M) #attached
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where Cg is the injected concentration of colloids and Q is the flow rate of the fluid that enters the cell
(across the area of the jet, Aj¢). The product CoQ is equal to the number of particles injected per unit
time across the area of the jet (Ae:). In simulations, colloid injection was performed across a smaller
radius (R;») than R;.; for computational efficiency, since beyond this limiting radius (distance from the
impinging jet axis) particles had zero chance of reaching the near surface fluid. An appropriate R,
results in equivalent n despite increases in R, up to a limiting size where the number of colloids
deposited becomes too small for accurate quantification (e.g., Pazmino 2014a). The radius of the area of
observation (A.ps) in simulations was chosen to circumscribe the same area as the experiment-based A,
(450 x 336 um?), and served as the exit radius in the simulations.

Maxwell Approach Implementation

Hahn and O’Melia (2004) proposed that the fraction of colloids retained in the secondary minimum

(Gomin) is equal to:

[oe]

Aomin = 1 — fvp(hot) fMax(vp)dvp

Where v, is the particle velocity, and fiauup) is the Maxwell-Boltzmann distribution cast in terms of

velocity (Kubo et al., 1966):
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where m,, is the particle mass, and k the Boltzmann constant and T the absolute temperature. The
integral of f,avp represents the fraction of the population of colloids with kinetic energy greater than
the corresponding secondary minimum energy depth (@;,,,), where the integral lower limit is the

velocity threshold at which the colloid is “hot” enough to escape the secondary minimum:
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Table SI-1: Artificial Groundwater Composition (Taken from Ferris et al.,2004)
Electrolyte Concentration

(mM)
K2504 0.00403
MgS04 0.448
CaCl2 1.75
NaNO3 0.0044
NaHCO3 1.10

KHCO3 0.0623



Table SI-2: Zeta potential values used in simulations where CML=carboxylate modified polystyrene
latex. Values determined from measurement on a dynamic light scattering instrument.

C-potential  C-potential

Material PRI SiFE Electrolyte Concentratio pH average std. dev.
(um) n (mM) (mV) (mV)
CML 0.25 NaCl 6 6.7 -35.7 4.6
CML 1.1 NaCl 6 6.7 -78.5 2.0
CML 2 NacCl 6 6.7 -79.2 0.6
CML 0.25 NaCl 20 6.7 -26 5.4
CML 1.1 NaCl 20 6.7 -48.9 5.1
CML 2 NaCl 20 6.7 -61.5 1.0
CML 0.25 NacCl 6 8 -40.8 2.9
CML 1.1 NaCl 6 8 -91 2.1
CML 2 NaCl 6 8 -80.5 1.0
CML 0.25 NaCl 20 8 -26.5 1.1
CML 1.1 NaCl 20 8 -62.2 1.3
CML 2 NacCl 20 8 -66.5 1.0
CML 0.25 CaS0, 15 6.7 -34.9 3.3
CML 1.1 CaS0, 15 6.7 -48.3 1.4
CML 2 CaS0, 15 6.7 -43.7 0.5
CML 0.25 CaS0, 6 6.7 -16.5 2.0
CML 1.1 CaSO0, 6 6.7 -32.9 0.9
CML 2 CaS0, 6 6.7 -29.3 0.7
CML 0.25 AGW 1.8 6.7 -32.3 2.1
CML 1.1 AGW 1.8 6.7 -44.9 1.5

CML 2 AGW 1.8 6.7 -41.7 13



Table SI-3. Exemplary Simulation Parameters.

Flow and Geometry Parameters

A Jet
Particle Radius verage Je

velocity
a, (m) Vier (M/s)
1.00E-06 1.70E-03

Physical Parameters of Materials

Particle Density Water Density

P (kg/m’)
9.98E+02

P (kg/m?)
1.06E+03

Colloid Elastic Parameters

Hysteresis Loss
¥ Young's Modulus

Factor
B (kg/m’) Kine (M)
1.06E+03 9.98E+02

Jet Radius Injection Radius Exit Radius
Rjet (m) RIim (m) Rexit (m)
5.00E-04 4.00E-06 2.19E-04
Viscosity Temperature Exit Radius
K (kg/m/s) T(m) Rexit (M)
9.98E-04 2.98E+02 2.19E-04

Diffusion Force Scaling Parameter
Multiplier of
Diffusion Vector

Dfact (')
1.35E+00

van der Waals and Steric Force Parameters

vdW Characteristic

Hamaker Constant

Wavelenght
Az (1) A (m)
3.84E-21 1.00E-07

Maximum Steric

Buffer Distance from

Steric Decay Length

Repu|si0n Steric Minimum
WO (J/m) )"0 (m) dsep (m)
2.10E-01 6.35E-11 5.00E-10

Water Chemistry and Surface Charge Parameters

lonic Strenght

IS (mol/m°) Z;(-)
2.00E+01 1

Heterodomain Parameters

Numb?r of : Tile Size
Heterodomains per tile

NHet (#) Tsize (m)

3.84E-21 1.50E-05

Simulation and Time Parameters

Number of . . .
. Simulation Time
Particles
Npart (#) Ttime (S)
10000 1.00E+04

Collector Zeta
Electrolyte Valence

Particle Zeta

Potential Potential
€ (V) Co (V)
-5.30E-02 -4.10E-02

Fluid Flow Field Parameters

Heterodomain Zeta Flow Field Flow Field
Potential Coefficient 1 Coefficient 2
Chet (V) o () a; (-)
5.30E-02 -1.00E-01 6.60E-02

Ouput Settings

Multiplier of d, for Multiplier of d, for Number of Lines of

bulk trajectory contact trajectory  Trajectory Array
MULT (-) MULT2 (-) Nour (#)
1.00E+02 1.00E+00 5000

Chamber Height

Zmax (m)
1.22E-03

Chamber Height

Zmax (m)
1.22E-03

Chamber Aspect
Ratio Coefficeint
x(-)
9.00E-01

Write to Array
Interval

PI1 (#)
500
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Figure SI-1: Schematic of the impinging jet flow chamber. Fluid flow field is represented by color coded
flow lines (red high velocity, blue low velocity). The jet is 1Imm in diameter and the impinging plane is

located 1.2 mm below the jet exit. Images of attached colloids are acquired via an inverted microscope
across an area of observation of 450x336 um on the impinging plane aligned with the center of the jet.
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Figure SI-2. Number of colloids on surface as a function of time, experimental data from an impinging jet
experiment on muscovite, 5.94x107 m/s, 6 mM, pH 6.7.
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Figure SI-3. Experimentally-observed collision efficiencies () as a function of colloid size for soda-lime
glass (red triangles), muscovite (blue diamonds) and albite (green squares) at multiple ionic strengths
(6mM, 20mM), pH values (6.7 and 8.0) and fluid velocities (1.71E-03, 5.94E-03 m/s). Colored textured
lines represent unfavorable condition mechanistic particle trajectory simulations (blue dash-
dot=muscovite, red dot=glass, green dash=albite). A Pareto size distribution of heterodomains was
approximated using a 1:4 ratio of 120 nm to 60 nm (radius) heterodomains was utilized to represent
soda-lime glass collectors and muscovite and albite collectors. Surface coverage by heterodomains is
reported adjacent to simulation line.
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Figure SI-4: Experimentally-observed collision efficiencies () as a function of colloid size for soda-lime
glass (red triangles), muscovite (blue diamonds) and albite (green squares) at multiple ionic strengths
(6mM, 20mM), pH values (6.7 and 8.0) and fluid velocities (1.71E-03, 5.94E-03 m/s). Colored textured
lines represent unfavorable condition predictions (blue dash-dot=muscovite, red dot=glass, green
dash=albite). Unfavorable condition predictions were performed using the correlation equation
developed by Elimelech (1992).
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Figure SI-5: Experimentally-observed collision efficiencies () as a function of colloid size for soda-lime
glass (red triangles), muscovite (blue diamonds) and albite (green squares) at multiple ionic strengths
(6mM, 20mM), pH values (6.7 and 8.0) and fluid velocities (1.71E-03, 5.94E-03 m/s). Colored textured
lines represent unfavorable condition predictions (blue dash-dot=muscovite, red dot=glass, green
dash=albite). Unfavorable condition predictions were performed using the Maxwell approach provided
by Hahn and O”Melia (2004).
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Experimentally-observed collision efficiencies () as a function of colloid size for soda-lime

glass (symbols), at multiple ionic strengths (6mM, 20mM), pH values (6.7 and 8.0) and fluid velocities
(1.71E-03, 5.94E-03 m/s). Dashed lines correspond to optimized Ncol correlation equations fit. Solid
lines correspond to optimized 3-term correlation equation fit.
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Figures SI-7: Experimentally-observed collision efficiencies () as a function of colloid size for muscovite
(symbols), at multiple ionic strengths (6mM, 20mM), pH values (6.7 and 8.0) and fluid velocities (1.71E-
03, 5.94E-03 m/s). Dashed lines correspond to optimized Ncol correlation equations fit. Solid lines
correspond to optimized 3-term correlation equation fit.
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Figures SI-8: Experimentally-observed collision efficiencies () as a function of colloid size for muscovite
(symbols), at multiple ionic strengths (6mM, 20mM), pH values (6.7 and 8.0) and 1.71E-03 m/s fluid
velocity Dashed lines correspond to optimized Ncol correlation equations fit. Solid lines correspond to
optimized 3-term correlation equation fit.
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