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1. Experimental details and results

Explanation for abbreviations in tables:
- a=aqueous phase
- 0= organic phase
- in =initial

- e =equilibrium

- p=density

- O/A = organic to equation volumetric ratio
Dreex = distribu . [MsA],,

- Msa = distribution ratio = iSal,,

[MSA], ,(0/4),
[MSA]

- Ewmsa = extraction efficiency = -100

aq,in

[MSA], ,*(0/4)

- Lwmsa = extractant loading = TP ©. 100

0,in

The following equation can be used to convert the TBP concentration in n-dodecane from wt% to

vol%:

[TBP] (vol%) = [TBP] (Wt%) / prae

[TBP] (Wt%) /pTBP + [dOdecane] (Wt%) /pdodecane

with prpp =973 g L' and paoaecane = 750 g L
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Table S1. Experimental details for MSA—100 vol% TBP system collected at 25 °C with O/Ain = 1.

[MSA]lain [MSA]ae [MSAJoe Po [H2Olo (O/A)e Dwmsa  Ewmsa  Lwmsa

mol L"! mol L"! mol L! gmL?  molL! % %
0.00 0.00 0.00 0.976 3.70 1.13
0.10 0.10 0.976 3.60
0.25 0.25 0.00 0.976 3.48 1.18 0.008 0.93 0.1
0.49 0.51 0.01 0.976 3.55 .12 0.013 1.39 0.2
0.74 0.76 0.01 0.976 3.69 1.13  0.018 197 0.4
0.98 1.01 0.02 0.977 3.63 1.13  0.024 2.57 0.7
1.96 1.96 0.11 0.981 3.89 1.15 0.056 5.95 3.2
2.96 2.79 0.29 0.989 4.44 1.20 0.104 10.69 8.7
3.94 3.60 0.66 1.006 5.40 1.33 0.184 19.14 209
4.93 4.35 1.09 1.024 6.42 1.49 0.249 26.37 359
5.92 5.34 1.67 1.046 7.57 1.80 0.313 36.39 59.5
7.89 6.82 2.83 1.093 8.76 2.65 0415 5212 117
9.86 7.20 4.62 1.160 9.32 7.35 0.642 82.53 225.
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Table S2. Experimental details for MSA—TBP—dodecane system collected at 25 °C with O/A;, = 1.

[n-dodecane],in (Wt%) = 100% - [TBP]o,in

[MSAJain [TBPloin [MSAJlae  [MSA]oe Po [H2Olo (O/A)e Dmsa Emsa Lmsa

mol L! wt% mol L"! mol L! gmL!  molL"! % %
0.25 50.2 0.844 0.87
0.25 60.2 0.25 0.00 0.865 1.21 1.04 0.001 0.1 0.0
0.25 69.6 0.25 0.00 0.891 1.51 1.05 0.002 0.2 0.0
0.25 79.5 0.25 0.00 0.917 1.99 1.06 0.003 0.3 0.0
0.25 89.8 0.25 0.00 0.945 2.62 1.09 0.006 0.6 0.0
0.25 95.0 0.25 0.00 0.961 3.05 1.10 0.007 0.7 0.1
1.97 50.2 1.98 0.01 0.844 0.73 1.02 0.004 04 0.6
1.97 60.2 2.06 0.01 0.865 1.02 1.04 0.007 0.7 0.7
1.97 69.6 2.07 0.02 0.892 1.38 1.04 0.012 1.2 1.1
1.97 79.5 1.97 0.04 0.919 1.94 1.07 0.020 2.0 1.5
1.97 89.8 2.05 0.07 0.948 2.58 1.09 0.032 3.5 22
1.97 95.0 2.02 0.09 0.964 3.00 1.11 0.042 45 2.7
3.91 50.2 3.93 0.06 0.848 0.78 1.03 0.016 1.6 4.0
3.91 60.2 3.94 0.10 0.870 1.19 1.06 0.026 2.7 5.5
3.91 69.6 3.67 0.16 0.899 1.67 1.07 0.042 4.1 7.0
3.91 79.5 3.90 0.28 0.930 2.68 1.13 0.073 7.7 11.1
3.91 89.8 3.76 0.41 0.964 3.71 1.12 0.110 11.5 143
3.91 95.0 3.70 0.50 0.983 4.45 1.25 0.135 142 164
5.87 89.8 5.94 1.33 1.004 5.78 1.53 0.223 27.4 50.9
5.87 95.0 5.82 1.51 1.022 6.89 1.70 0.259 32.4 56.1
7.82 89.8 7.64 2.58 1.070 7.93 220 0.337 453 112
7.82 95.0 7.61 2.61 1.070 7.99 236 0.342 46.8 108
9.78 95.0 8.84 4.38 1.143 8.86 542 0.496 75.7 219
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Table S3. Experimental details for MSA—100 vol% TBP system with O/Ain

[MSA]a,in T [MSA]aq,e [MSA]org,e [HZO]org (O/A)e DMSA EMSA LMSA

mol L™! °C mol L! mol L! mol L"! % %
2.02 24 2.04 0.11 1.13¢ 0.052 55¢ 3.1°¢
2.02 40 2.13 0.06 1.11% 0.030 3.4 19¢
2.02 59 2.13 0.05 1.11% 0.024 2.7¢ 15°¢
2.02 77 2.14 0.04 1.11% 0.019 2.1¢ 1.2°¢
4.01 24 4.04 0.66 1.38¢ 0.163 19 21¢
4.01 40 4.12 0.52 1.27¢ 0.125 14¢ 16°
4.01 59 4.25 0.35 .21 0081 10¢ 10¢
4.01 77 4.27 0.35 1.20¢ 0.081 10¢ 11°
6.01 24 5.74 1.67 7.78 1.843 0.290 359 324
6.01 40 5.79 1.51 6.59 1.645 0.260 31.1 31.5
6.01 59 5.66 1.17 3.22 1.305 0.207 22.0 28.1
6.01 77 5.92 1.16 2.05 1.250 0.196 21.4 284
8.01 24 7.42 2.97 256 0400 52¢ [114¢
8.01 40 7.49 2.83 205 0378 45¢ 101°
8.01 59 7.33 2.38 1.71% 0324 35¢ 78¢
8.01 77 7.15 2.32 1.59¢ 0324 33¢ 73¢

? Determined based on equilibrium volumes calculated by the thermodynamic model
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Table S4. Experimental details for MSA—Ni(CH3S03)>—100 vol% TBP at 25 °C with O/Ain = 1.

[MSAJain [Ni(MSA)2]ain [MSAJage [MSA]orge Po [H2O]org (O/A)e Dmsa Emsa Lvsa

mol L! mol L! mol L! mol L! gmL! molL! % %
4.60 0.00 4.48 0.92 1.015 6.46 1.56 0.205 24.4 309
4.60 0.26 4.33 1.10 1.022 6.69 1.63 0.253 29.6 37.5
4.60 0.53 4.04 1.19 1.026 6.55 1.63 0.295 32.1 40.7
4.60 0.79 3.82 1.34 1.032 6.62 1.67 0.350 36.4 46.0
4.60 1.05 3.59 1.48 1.041 6.49 1.78 0.412 41.1 52.1
4.60 1.31 3.36 1.60 1.042 6.22 1.78 0475 445 56.4
4.60 1.47 3.17 1.65 1.048 6.06 1.78 0.522 46.0 58.3
7.66 0.00 7.06 2.87 1.085 921 2.61 0407 52.8 112
7.66 0.26 6.40 2.94 1.089 851 275 0.460 549 116
7.66 0.53 6.36 3.04 1.094 7.75 292 0479 58.0 123
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2. Thermodynamic model fits to experimental data
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Figure S1. Model fit (lines) to experimental data (markers) with undiluted TBP at 25 °C from
Table S1. Experimental CH3SO3H values are based on %L.
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Figure S2. Model fit (lines) to experimental data (markers) with diluted TBP at 25 °C from Table
S2. Experimental CH3;SO3H values are based on %L.
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Figure S3. Model fit (lines) to experimental data (markers) with undiluted TBP at different
temperatures from Table S1. Experimental CH3SO3H values are based on %L.
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Figure S4. Model fit (lines) to experimental data (markers) on the MSA-Ni(CH3S03),—H>O-TBP
system at 25 °C from Table S4.
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3. Simulation of a solvent extraction process for MSA recovery

Raffinate.
o) 250
Feed Valume (Lhr) 0.942347
T(C) 200 oH 0.481402
Volume Lig? (Lhr) 10 |cH3S0aH Liat, True (moiL) 330048e-3
Mass Liq (g/) 12755 ;
CHQS;;H fm) True (mollL) 0067926 R B2 R’ i i i a _Ex?ﬁ't;:n:\:m 0 02;;31:
T(C) 200/T(C) 200/T(C) 2007 (C) 2007 (C) 200 T(°C) 2507 (C) 250
CH3035-1 Lig? (mollL) [ 382668 1 1 Ni+2 Ligh (moliL) 159962
HO0+1 Liqh froll) ogso7zy Yolume (L) 0.96678 | Volume (Lhr) 0.043023|Volume Lig1 (L) 0.92473 Volume Lig! (Lihr) | 0:908548 Volume Lit (L) 0.89179 Volume (L) | 0.88961 Volume (Ur) | s o) Pyos
N2 L1 (moll) 1 ag7a7 CHASO3-1 (moltr) 374532 | CHISO3-1 (motihr) 357503|CHISO3-1 Lig! (molhr) 344608 CHISO3-1 Lig! (malhr) 333776 CHISO3-1 Lig! (moilL) 362063 CH3SO3-1 Liqt (malhr) 318737 CH3ISO3-1 Lig! (malhr) 312519
CH3S03-1 (molhr)
Extract E3 T(C) | 200 T(C) I 200 [T(C) | 250 T(C) | 250 S“Q:,f_"‘
| Extract | (= | TCE) 1 200 Koume (Lihr) 22635 Volume (Lir) | 325119 |Volume (L/hr) 325202 Volume (Lhr) 324781 T
Tee) 200 TrC) 200) Volume (Lir) ! 327835 | 4135031 (molir) 0386771 GH3SO3-1 (malhr) 0278447 |CH3SO2-1 (molhr) 0177547 CH3SO3-1 (malh) 0.128047 = & |
Volume (L) 232792 Volume (Lhr) 229842 CHIS03-1 Li2 {maltr) 0515723 . . [ree) 250
CH3SO3-1 (malhr) 0.9353 CHISO-1 (malhr) 0.685009 |Volume (Lir) 324891)
ersty Lig? i) P Sovent gk CH3S03-1 (molihr) 00658522
Ni(+2) (molihr) 33208610 manipulator
Solvent adj
TC) 200
Volume Solid (Lihr) 00
Extract to strip Volume (Lhr) 33
Exiract TBP Liat (gl) | 00
storage H20 Liqt, Apparent (glL) 00
Density Lig1 (g/mi) | 00
Strp sal adj Recovered MSA
10C) | 750, i 1rC) 750
Volume (Lihr) | 11 TrC) | L H 0.0327403
Mass (ghr) 1072.35| Volume (Lihr) I 108081 CH3SO-1 Lig1 (moliL) 0821089
H20 Lig1, True (giL) 974,865 CHISO3-1 (moly) 00231002 TBF Ligt (moliL) 72077764
CH3S03-1 (molhr) 0.934861

Strip Strip sol. Strip sol Recavered MSA
solution ‘manipulator adi
e
Cleaned sahvent
Cleaned solvent Es2

Tro) 750 Tro) 750

Volume (Lhr) 343548 Volume (L) 342628

CH3S0-1 (molhe) 42881404 CH3S0-1 (molhe) 002254

Density Lia2 (g/mi) 0032721/ ' '

Figure S5. Flowsheet for MSA recovery with 8 extraction and 3 stripping stages developed in OLI Flowsheet version 12.0 from OLI Systems.
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4. TBP and n-dodecane concentration conversion table

Table S5. Molar amounts and masses of tri-n-butyl phosphate (TBP), and n-dodecane (dod.) that

must be mixed to obtain a certain concentration of TBP (in vol.%) in 1 litre of solvent.

TBP NTBP IN  Ndod. mMTBP iN Mdod.
(vol%) (mole)  (mole) (8) (8
0 0 4.40 0 750
5 0.18 4.18 49 713
10 0.36 3.96 97 675
15 0.55 3.74 146 638
20 0.73 3.52 194 600
25 0.91 3.30 243 563
30 1.09 3.08 292 525
35 1.28 2.86 340 488
40 1.46 2.64 389 450
45 1.64 242 437 413
50 1.82 2.20 486 375
60 2.19 1.76 583 300
70 2.55 1.32 680 225
80 2.92 0.88 778 150
90 3.28 0.44 875 75
100 3.65 0.00 972 0
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