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interfacial mixture

Figure S1. Phases present in the experiments described in Section 3.1.
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Figure S2. Experimental setup for non-destructive sampling of emulsions and particle suspensions
described in Sections 3.3 and 3.4.
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Figure S3. pH data related to the release of alkalinity in response to repeated additions of HCl to an aqueous
suspension of 0.04% wt. MgO particles.
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Figure S4. pH data related to the alkalinity release from an oil-in-water emulsion containing 0.04% wt.
MgO particles.
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Figure S5. pH data related to the alkalinity release from an oil-in-water emulsion containing 0.02% wt.
CaCOs particles.
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Figure S6. [llustrative data showing emulsion droplet sizes through the alkalinity release process.

Fractionation Calculation
The fraction of mass located in the oil phase (woil), aqueous phase (Wag), and interfacial mixture (@wim)
were determined using Equations S-1 through S-3.

CoilVoil

Woj = S1
ot CoilVoil + Caanq + CimVim ( )
CoiVs
Waq = A (52)
CoilVoil + Caanq + CimVim
CinVi
Wi = imVim (53)

CoilVoil + CaqV;zq + CimVim

Where, Coi, Cog and Cim are the mass concentrations of magnesium in the oil phase, aqueous phase, and
interfacial mixture, respectively. Concentrations were determined via ICP-OES as described in Section 2.5
in the manuscript. Volumes of the oil phase (Vui), aqueous phase (Va), and interfacial mixture (Vin) were
determined using 10 mL graduated, conical bottom centrifuge tubes having 0.1 mL gradations.

Buffer Capacity Calculation
The total buffering capacity was calculated based on amount of acid added required to reach the
operationally defined pH endpoint of 4.2 during the titration experiment. The total amount of acid added



was recorded and provides the total mols of H+ needed to neutralize the solution. That is, the buffering
capacity = ¥ Vua * Cua = mols H* or equivalents. Equivalents can be converted to alkalinity in terms of
mg-CaCO3-L by dividing the equivalents by the volume of the reactor and multiplying by the
equivalent weight of CaCOs (50 mg-CaCOs-meq™). For more information on buffer capacity, titrations,
and the associated calculations the interested reader is reffered to textbooks on water chemistry. The
alkalinity utilization percentage was then computed by dividing the experimentally determined buffering
capacity by the theoretical amount of alkalinity each emulsion should be able to supply. Here, we assume
that the alkalinity-releasing particles are the sole source of the buffering capacity and thus percentage of
particle mass utilized may serve as a marker for the extent of alkalinity release.

Modeling Approach

Kinetic descriptions of alkinity release are provided by the mineral dissolution and linear driving force
models as described in the manuscript. Simulation were conducted in Matlab R2014a (MathWorks,
Natick, MA USA) with equilibirum solution chemistry provided from PHREEQC via the approach
described in Figure S7. The mineral disolution model had no fitting paramters. The linear driving force
model was fit to the pH data by adjusting the lumped mass transfer coefficent, ki, and solubility product,
Kspmgo. Fits were obtained by mininimzing the sum squared errrors via the fmincon function in Matlab.
The overall modeing approach is described in Figure S8. Notes related to both Figures S7 and S8 are
provided in Table S1.



)

Input Pgrameters
(MO, 5 KSP KK e Tireepenieiers
Rep {dh ol Farapldly); Poars P
agueous solute concentrations™;
no. of acid additions {A&_ 1;
time ot each acid addition;
final simulation time{t,_”m n..:-:|3

Initialize
AA=Ot, . =n

v

Calculate

Mt Moo (b )i

Ner; N props
Asep; Asprgp

<t

tsim sim tinz|

no

no

Compute subroutine PHREEQ

fort =0tot .

v

ACID ADDITION LOOP
for AA=O to AAm

Load output subroutine fort_ =0tot

MFP{tr>:||= Oto tr>:||.h||:-:l :Ij
Mpgop {tn:lu: Oto tr>:||.h||:-:l ki
Agueous solute conc it =0tot

renbing|

)

end

Figure S7. Equilibrium chemistry via PHREEQC. See Table 51 for notes and definitions.

Advance to next acid addition
{AA=AA+])

Update
total HO added at A&

v

Update

trxnz O




PHREEQC

Load Inputs from MATLAB
Myt =0 Moo it =0}
chemical species {t,  =0)

Update
[from previous time

step) ——>
M {tam'lL
Mogor {t,,,,-1)

L final, tu-:p

it PO
Mpgop {t,, -1)20

Compute
dM
E (t, r.xn)

using Eq. F.6

{MD & LDF release)

TIME STEP LOOP
for t,rxn=0to t,rxn final

Compute

dM

E (t,m‘n]
using Eq. F.7

(LDF release only)

dM
ar (t, r.rn)

l using Eq. F.8 (MD only)

a‘"»f( .m) —0 Compute

W N
v

QOutput
Mep L) Moo T, )
chemical species {t, )

%

Calculate Asgp(t,
(Eq. F.5)

2

Advance time step
{trm_ rxn+tslap)

rn "

rxn)

yes

M

no

Figure S8. Overall modeling approach. Model types shown in grey boxes: Mineral Disolution (MD);
Linear Driving Force (LDF). See Table S1 for notes and definitions.



Table S1. Notes for Figures S7 and S8.

Symbols Referenced in Flow Chart

Mep=mass of free particles

fep= fraction of total input particle mass present as free particles

Moot =input particle mass

Marop=mass of particles encapsulated within droplets

farop= fraction of total input particle mass encapsulated within droplets
rep= radius of free particles (dso)

rarop= radius of droplets (dso)

Nep=total number of free particles

Narop=total number of droplets

kaiss= mineral dissolution rate constant

As rp=total surface area of free particles

As arop=total surface area of droplets

kLor=interphase mass transfer coefficient

C”=equilibrium ion concentration (e.g., [Mg?**] equilibrium magnesium ion concentration)
{C}=ion activity

Equations Referenced in Flow Chart

Note: chemical equations F.7-F.9 have been shown release from magnesium particles to provide a more
complete illustration of the interconnectedness of the release expressions through chemical species when
both LDF and MD models are considered. Equations F.7-F.9 can be written to describe release from calcium
carbonate particles.
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