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Sl Table 1. Bulk composition of feed materials to smelter

Black Thor Chromite  Reductant Flux Flux Feed Compositions
whole coarse fine anthracite limestone silica tests

wt% ore  fraction fraction 1* 2 3 5 6,7,8
Cr0s3 45.06  47.40 47.60 0.02 28.60 30.90 30.80 30.90 29.80
MgO 13.85 13.90 13.60 0.12 0.54 950 890 9.10 9.60 9.30
A0z 12.90 13.80 13.40 3.83 0.07 010 930 930 950 940 9.10
SiO2 6.00 5.60 5.60 5.29 0.39 9956 1220 1220 12.20 11.20 11.40
CaO 0.97 0.30 0.50 1.16 55.07 0.08 650 760 750 6.40 7.70
FeO 18.86 18.80 19.00 0.40 1250 1240 12.30 13.00 12.50
TiO2 0.37 0.22 0.30 0.30
MnO 0.21 0.20 0.20 0.10 0.10 0.0 0.0 o0.10
C 0.14 0.04 0.08 86.60 1250 1240 1240 13.20 12.70
CO: 43.81 510 570 570 440 5.50
P 0.01 0.04

S 0.01 0.20 0.61 020 020 0.10 0.0 o0.10
Total 98.37 100.10 100.20 98.51 99.35 99.74 96.50 99.80 99.80 98.60 98.60

Particle sizes: <4.75 mm for the whole ore, 1.68-4.75 mm for the coarse size fraction and <1.68 mm for the fine
fraction; Coarse size fraction forms 41 wt% of the whole ore whereas the remainder (59 wt%) is made by the
fine size fraction; * measured feed composition, others calculated. Carbon in the chromite ore reflects the
presence of carbonate minerals in the ore.



S| Table 2. Bulk chemical compositions (wt%) of the smelter dust samples

Test no Location Cro0s Fe2O3" AIO3 Si02 MgO CaO KO LOI C total
1 Cyclone 11.07 722 637 2453 3201 1529 071 058 0.15 97.93
1 Cyclone 10.31 576 10.09 33.70 31.73 735 048 0.27 0.07 99.76
1 Cyclone 7.51 508 539 3532 3539 8838 070 052 010 98.89
3 Cyclone 18.55 9.70 6.23 2382 3410 486 047 015 0.05 97.93
2 Cyclone 21.38 1091 944 16.10 29.09 9.74 023 038 0.28 9755
5 Cyclone 20.72 10.17 543 2106 3387 7.06 036 000 0.02 98.69
1 Baghouse 27.34 218 11.78 1940 1018 335 097 075 050 96.12
1 Baghouse 12.59 9.23 10.86 29.94 2813 522 083 124 013 98.17
1 Baghouse 1432 10.47 1293 2654 2558 6.11 070 102 0.13 97.80
1 Baghouse 11.42 848 860 3310 30.16 464 087 121 011 9859
1 Baghouse 2154 1838 1223 20.75 1222 422 095 075 057 9161
1 Baghouse 18.17 14.16 10.76 2437 2281 535 093 122 0.26 98.03
1 Baghouse 25.03 19.80 1140 2046 1521 408 087 071 040 97.96
1 Baghouse 2262 1763 1230 20.19 1800 532 077 095 0.33 98.11
5 Baghouse 8.44 784 257 3148 3999 328 086 155 0.05 96.06
5 Baghouse 8.32 764 356 3130 3968 329 084 152 005 96.20
5 Baghouse 8.27 762 374 3103 3920 324 092 151 0.05 9558
2 Baghouse 3.60 276 269 36.28 4699 247 054 205 013 9751
5 Baghouse 5.59 474 258 3389 4284 306 091 183 0.06 9550

Dropout

box 17.86 10.68 860 1830 24.88 1465 057 105 170 98.29
6 Freeboard 13.65 728 7.44 2274 2759 1847 096 0.25 0.98 99.36
6 Freeboard 16.72 925 757 797 16.04 3140 037 7.69 3.76 100.77
6 Freeboard 14.95 831 752 2754 1890 2085 107 -0.72 0.05 9847
7 Freeboard 1791 1033 7.63 20.62 1332 2420 267 054 022 97.44
7 Freeboard 15.47 880 7.18 2498 1646 2419 144 -021 0.73 99.04
8 Freeboard 15.25 884 6.69 1552 1550 2378 212 386 135 92091
6 Cyclone 4.78 275 2042 3118 3341 6.04 056 -082 090 99.22
6 Cyclone 15.01 939 751 18.74 2276 2225 082 048 045 9741
6 Cyclone 9.89 528 1541 2278 2726 16.64 0.62 -0.32 0.61 98.17
7 Cyclone 1585 10.07 7.68 1059 2122 2958 031 -035 046 9541
7 Cyclone 3098 1247 445 1119 2531 1154 051 029 0.17 96.91
8 Cyclone 2436 1328 874 1288 2282 1198 147 -0.04 0.27 95.76
6 Baghouse 924 1433 7.02 2844 2445 490 199 230 049 93.16
6 Baghouse 924 1305 6.96 2840 2497 528 217 173 049 9229
7 Baghouse 11.25 1373 569 1815 2277 945 409 192 032 87.37
7 Baghouse 1095 1249 560 1863 23.01 932 425 198 029 86.52
7 Baghouse 11.72 1421 502 17.17 2291 984 432 180 034 87.33
8 Baghouse 13.03 1634 396 1688 2141 592 490 228 040 85.12

Dropout

box 2247 1341 878 952 1707 2537 058 -126 099 96.93

LOI: Loss on ignition. Negative values indicate mass gain during fusion (i.e. oxidation of metallic
phases); * Fe2Os3 as total Fe; Tests 1-5 were conducted during pilot smelting campaign 1 and Tests
6-8 during pilot smelting campaign 2.



S| Table 3. Mineralogical composition of the dust samples from first pilot testing campaign

Test Location

Mineralogical composition

-

Cyclone
Cyclone
Cyclone
Cyclone
Cyclone
Cyclone
Baghouse
Baghouse
Baghouse
Baghouse
Baghouse

PP R PRPPRPOONWERPR

Baghouse
Baghouse
Baghouse
Baghouse
Baghouse
Baghouse
Baghouse
Baghouse
Dropout box

1N o1 OO

chromite + lime + periclase + forsterite

periclase + chromite + forsterite + lime

chromite + forsterite + periclase + lime

chromite + periclase + forsterite + lime

chromite + periclase + forsterite + lime

chromite + periclase + forsterite + lime

chromite + chlorite + lime

chromite + forsterite + periclase

chromite + forsterite + periclase

chromite + forsterite +periclase

chromite + halite + lizardite + quartz + maghemite
chromite + forsterite + lizardite + lime + periclase +
maghemite

chromite + forsterite + clay + lime + maghemite
chromite + forsterite + lizardite + lime + maghemite
forsterite + chromite + periclase + quartz

olivine + chromite + periclase + quartz

forsterite + chromite + periclase

forsterite + periclase + chromite + quartz
forsterite + periclase + chromite + quartz
forsterite + chromite + periclase

Mineralogical composition listed in order of abundance from high to low (qualitative), identified
by powder-XRD; all the samples contain amorphous phase(s).
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SI Figure 1. Major element bulk composition of dust samples collected from the baghouse, the
cyclone, and the furnace freeboard relative to the feed composition. Data presented is for tests
using whole ore with variable ore feed rates. Data points represent individual samples; columns
indicate average values; and bars median values
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SI Figure 2. Major element bulk composition of dust samples collected from the baghouse and
the cyclone, relative to the feed composition. Data presented is for tests using variable size
fractions of ore and comparable feed rates. T5 used whole ore and a reduced amount of flux (see
Table 1 for details). Data points represent individual samples; columns indicate average values;
and bars median values



[DCFCDBLHR180367pm-3-1322-3 raw] DCFCDBLHR 18036 7pm

4000
3500
3000
=
£ 200
3
<
=
g 2000
s
E
1500
1000 u
500
‘ { §7-029-0287> Spinel - M, 152Gz 50e0s
| 1 | |
I 97-002-6959> Lime - Ca0
| | |
’ l 00-022-0349> Donathte - (Fe,Mg)(Cr.Felz0c
. . | L
| \ 17-1377> F e - M 0
1 " l I I M L Lyl J J 1
10 20 30 40 50 80 70 80 %0
Two-Theta (deg)
[DCFCDFF18038-4-1322-4 raw] DCF CD FF 18038
7500
Z 5000
€
3
122
=
%
2
S
E
2500
[ 00-022-0349> Donathite - (Fe,Mg)(Cr.Fe):0,
[ . | L

l §7-029-0287> Spinel - Mg3 13:Ga2 502

|

| |

| —
-

|

04-017-1377> Forsterie - Mg 2C003(S104) |

’ | §7-002-8959> Lime - Ca0

50
Two-Theta (deg)

SI Figure 3. XRD patterns of the cyclone dust samples produced during Test 1 (top) and Test 2
involving fine-grained feed (bottom)
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SI Figure 4. XPS spectrum of a dust sample showing the Cr species and their relative abundances
(top) and Fe species and their relative proportions (bottom). Concentrations (at%) were determined
through deconvolution of reference spectra. Measured spectra are shown in red and the fits in
black. The yellow background in both shows the energy range used in fitting.



S| Table 4. Distribution of Crand Fe species on particle surfaces (at%) as determined by XPS

Pilot Test Location Cr(0) Cr,0O3 Cr(OH); Cr(Vl) Fe(0) FeO Fe, O3 FeOOH
1 1  Cyclone 04 477 28.0 23.9 6.1 13.3 80.6
1 Cyclone 03 37.0 35.1 27.6 100.0
1  Cyclone 0.2 457 44.6 9.6 14.1 85.9
3  Cyclone 0.3 47.9 30.6 21.1 100.0
2  Cyclone 1.2 76.3 12.1 10.4 26.3 9.7 64.0
5 Cyclone 1.3 85.0 8.7 5.1 166 11.3 72.1
1  Baghouse 0.2 92.1 7.7 0.1 29.4 354 35.2
1  Baghouse 04 443 46.0 9.2 30.6 5.8 63.6
1  Baghouse 0.3 631 32.1 4.5 358 184 45.8
1  Baghouse 0.3 46.8 45.2 7.8 41.0 0.2 58.9
1  Baghouse 0.3 915 8.1 0.1 295 34.2 36.3
1  Baghouse 0.3 79.0 17.4 3.3 340 234 42.6
1  Baghouse 0.3 86.2 135 0.1 348 3438 30.4
1  Baghouse 0.3 909 8.8 0.1 333 36.3 30.4
5 Baghouse 04 48.0 38.2 134 7.3 92.7
5 Baghouse 0.7 435 43.3 12.5 26.9 3.8 69.2
5 Baghouse 0.2 3838 44.7 16.4 9.9 9.0 81.1
2  Baghouse 05 248 57.2 17.5 21.3 78.7
5 Baghouse 03 271 53.6 19.1 12.2 87.8
Dropoutbox 0.6 846 12.0 2.8 235 194 57.1
2 6  Freeboard 15 494 2.3 46.8 14.1 435 42.3
6  Freeboard 5.3 335 50.6 153 473 375
6  Freeboard 11.3 33.8 549 173 513 136 17.8
6  Freeboard 0.6 525 12.9 341 220 48.1 30.0
6  Freeboard 42 825 5.3 8.0
6  Freeboard 0.8 550 33.0 11.2 82.4 17.6
7  Freeboard 4.2 439 40.1 11.8
7  Freeboard 29.2 47.4 23.4 425 121 45.4
7  Freeboard 0.7 27.7 54.2 17.5 71.0 29.0
6 Cyclone 44.2 45.1 10.7
6 Cyclone 05 350 38.9 25.6 37.2 62.8
6 Cyclone 1.0 485 27.8 12.8 10.2 89.8
7  Cyclone 38.2 39.4 22.4
7  Cyclone 29.2 50.1 20.7 31.4 68.7
8 Cyclone 09 375 41.2 20.5 438 104 45.9
6  Baghouse 09 452 37.4 16.6 44.7 55.3
6  Baghouse 1.2 46.1 39.1 13.7 78.8 21.2
7  Baghouse 15 421 35.0 21.3 58.4 41.6
7  Baghouse 1.4 389 42.1 17.6 76.8 23.2
7  Baghouse 1.3 490 22.1 21.7 76.7 23.4
8  Baghouse 05 251 26.3 48.1 20.6 69.4 10.0
6 PAB 1.1 4.6 54.8 39.6 46.4 53.6
7 PAB 0.6 285 45.7 25.3
8 PAB 09 327 36.6 29.9

PAB: post after-burner
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SI Figure 5. Example of the effect of the monochromator glitch on the normalized XANES
spectrum in the pre-edge region of the Cr K-edge spectra. The incident beam intensity drops
across 5989.3-5992.5 eV (bottom panel). The most drastic artefact in the normalized spectra
resulting from the glitch is shown in the upper panel (sample T7PAB). The sinusoidal glitch
corresponds closely with the monochromator glitch. Data from the glitched region has been
removed in the deglitched spectrum. It should be noted that the pre-edge peak at 5993.2 eV
is not affected by the monochromator glitch.




S| Table 5. Fe species in bulk dust samples based on LCA of XANES spectra

Location test label chromite magnetite* goethite hematite R-factor Chi”2

Freeboard 6 FBD2 57.9 42.1 0.0007 0.0409
6 FBD3 51.6 48.4 0.0006 0.0373

FBD-
6 D3 55.3 44.7 0.0009 0.0543
6 FBD4 42.1 57.9 0.0007 0.0421
FBD-

6 D4 67.5 5.4 27.1 0.0007 0.0388

7 FBD5 20.2 74.0 5.8 0.0011 0.0568

7 FBD6 47.1 45.9 7.0 0.0007 0.0384

7 FBD7 20.3 63.9 15.8 0.0013 0.0770

8 FBD8 38.8 56.7 4.5 0.0005 0.0305

Dropout box 6-8 DOB 39.7 27.8 4.3 28.2 0.0002 0.0093
Postafterburner 6 PAB 27.3 72.7 0.0014 0.0808
7 PAB 27.5 725 0.0020 0.1195

Cyclone 1 CD1 43.8 28.0 28.2 0.0002 0.0093
1 CD2 35.4 28.5 36.0 0.0004 0.0219

1 CD3 51.9 24.9 23.1 0.0003 0.0160

2 CD4 38.2 25.4 18.1 18.2 0.0002 0.0141

3 CD5 26.0 20.6 28.8 24.6 0.0003 0.0169

6 CD7 3.8 49.6 12.4 34.2 0.0003 0.0165

6 CD8 18.3 69.9 10.6 1.2 0.0001 0.0087

6 CD9 13.7 66.2 20.2 0.0001 0.0041

7 CD10 10.3 51.2 34.3 4.2 0.0002 0.0110

7 CD11 26.4 59.4 15.0 0.0004 0.0233

8 CD12 24.2 47.5 28.4 0.0004 0.0251

Baghouse 1 BHD1 20.5 43.7 23.5 12.3 0.0001 0.0042
1 BHD?2 49.9 50.1 0.0015 0.0905

3 BHD3 44.4 55.6 0.0005 0.0280

5 BHD4 21.2 15.2 41.7 21.8 0.0002 0.0140

6 BHDS5 31.7 49.2 19.1 0.0003 0.0165

7 BHDG6 22.9 57.9 19.7 0.0001 0.0063

8 BHD7 91.1 8.9 0.0004 0.0223

R-factor and Chi-square (Chi*2) values represent uncertainties in fitting; Percent values that are

less than about 5 are probably insignificant; *can include maghemite (yFe20O3) as well as

magnetite (Fe30a4)
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SI Figure 6. Binary mixtures of Cr K-edge XANES spectra of Na2CrO4 and chromite showing
the pre-edge peak (top) and the pre-edge and edge regions (bottom). Numbers next to spectra
signify the proportion of chromate (at%) in the mixtures. Chromite: 0%; Na2CrO4: 100%.
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SI Figure 7. Linear combination fitting of Fe K-edge XANES spectra with reference
compounds, chromite, magnetite, hematite and goethite. Measured spectra shown in solid black
lines whereas fits shown in blue circles. Fitting range is marked by red vertical lines.
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S1 Figure 8. Particle size distribution of baghouse dust (BHD?2) determined by laser diffraction.
The sample was ultrasonicated in distilled water for 300 seconds before being poured into the
Microtrac particle size analyzer. The sample was run for 60 seconds with ultrasonication turned
on. The data was analyzed using a refractive index of 1.46 (silica glass), transparent particles,
spherical in shape. MV, MN, and MA refer to the mean calculated based on the volume, number,
and area distribution, respectively.
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SI Figure 9. Compositions of bulk freeboard dust, individual freeboard spherules as determined
by electron microprobe (EPMA) (Berryman and Paktunc 2021) and bulk slag as shown on SiO2-
MgO-CaO phase diagram calculated from FactSage 8.0; 1: monoxide CaO; 2: monoxide MgO;
3: forsterite; 4: protopyroxene; 5: slag-liquid; 6: quartz; 7: CaMgSi204; 8: CaSiOs3; 9:
CaxMgSi1207; 10: CaxMgS1207; 11: CazSi104; Isotherms are color-coded as per the temperature (T
°C) bar on the right



