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5.4 Magnetic Separation of Soils

The possibility to recycle iron concentrate as a substitute source of iron ore needs
verification. The magnetic separation was selected for its simplicity, the magnetic
property of soil, and the least possibility of cross-contamination. Dry soils were sieved
and separated manually by magnet. The weight percentages of magnetic mass compared
to non-magnetic mass at differeni particle sizes are given in Table 5.5. Soil from LSP is
highly magnetic unlike soil from CD. Table 5.6 has the chemical composition of
magnetic (M), initial (I), and non-magnetic (NM) soils for different particle sizes using
full quantitative XRF analysis.

The magnetic separation is able to concentrate iron and chromium oxides from
25.5-37.9% and 4.5-7.8% to 34.9-40.9% and 6.3-8.6% (Table 5.6). The recovery rate of
iron and chromium oxides, weight percentages of iron and chromium oxides concentrated
in magnetic portion, are 84.9-99.2% and 86.6-99.8% (Table 5.7). The recovery rate is
very high since most LSP soil is magnetic. Silica content decreases from 9.5-29.6% to
5.2-9.9% in magnetic portion and increases to 47.1-74.6% in non-magnetic portion. The
magnetic portion also has higher concentration of calcium carbonate and magnesium
oxide. There was no significant difference in the distribution of alumina between both
portions. The results suggest the agglomeration of iron, chromium, magnesium, and
calcium.

Diffractograms of magnetic and non-magnetic soils from CD and LSP are given in
Figures 5.10 and 5.11. The first number in the sample ID represent the particle size while
the second number signifies the magnetic property, “1” for magnetic and “2” for non-

magnetic. The magnetic portion had distinct peaks of spinel, while the non-magnetic
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portion had an intense peak of silica. The CD soil did not show much difference between
the magnetic and non-magnetic fractions except for larger intensity of spinel peak at 43°
in 20. The diffractograms of both magnetic and non-magnetic fractions at different
particle sizes did not show any differences in phases, and likewise for the chemical
compositions. From the results, the magnetic portion of LSP soil contains mostly spinel
phase, which comprises of iron, chromium, magnesium, and calcium as its major

elements.

Table 5.5 Distribution of Magnetic/Non-Magnetic Soils at Different Particle Sizes

LSP CD
Size | ID | Distribution | Magnetic | Non-mag | Distribution | Magnetic | Non-mag
% % % % % %
Pan [LSPS8 11.9 100.0 0.0 6.0 0.0 100.0
200 |LSP7 8.7 75.9 24.1 13.2 1.9 98.1
70 |LSP6 7.5 60.8 39.2 21.0 1.8 98.2
40 |LSPS 18.9 75.9 24.1 40.9 1.5 98.5
10 |LSP4 14.7 81.4 18.6 8.9 3.0 97.0
4 |LSP3 214 86.3 13.7 8.4 0.0 100.0
1/2 |LSP2 12.5 904 9.6 1.5 0.0 100.0
3/4 |LSP1 4.5 100.0 0.0 0.0 0.0 100.0
Sum 100.00 100.00




Table 5.6

Composition Using XRF of Different Particle Size Fraction with respect to Magnetic Composition(M), Initial
Composition(I), and Non-Magnetic Composition(NM)

Compound LSP7 LSP6 LSP5 LSP4 LSP3 LSP2
M I NM| M | NM| M | NM| M | NM| M I NM] M I NM
Na20 0.56| 0.66| 0.96] 0.56| 0.67| 0.85] 0.52| 0.64| 1.01] 0.49| 0.63| 1.23] 0.50, 0.59| 1.17] 0.57| 0.58; 0.68
MgO 12.93/10.26/ 1.87|13.83| 9.00| 1.50] 14.24|/11.13| 1.33] 13.50| 11.28| 1.55] 14.48{12.74] 1.80] 14.29/13.03| 1.14
Al203  ]13.37/13.09| 12.20] 12.86( 11.92| 10.46] 12.99,13.16| 13.70] 10.69]| 12.26| 19.12] 11.13| 11.42| 13.23] 11.00| 11.88| 20.19]
Si02 0.88| 18.84|47.06] 8.97/29.61/61.62] 8.85(24.70|74.61] 6.32/13.96|47.38} 5.87/12.53|54.48] 5.23| 9.45/49.19
P205 0.08/ 0.07| 0.04] 0.08] 0.08 0.09] 0.07| 0.08 0.12] 0.06| 0.07| 0.13] 0.05| 0.06/ 0.10] 0.05| 0.07| 0.29]
K 0.22] 0.40| 0.98] 0.18] 0.43] 0.83] 0.18] 0.14] 0.00] 0.13] 0.11] 0.00] 0.09] 0.08 0.00] 0.07] 0.20] 1.46
CaCO3  [24.55|21.32| 11.16]26.93| 19.60| 8.23| 26.29| 22.70| 11.41] 22.09| 20.82| 15.26] 24.79| 23.22| 13.36] 23.65| 21.99| 6.40
Cr203 7.66| 6.40| 2.44] 6.27| 4.49| 1.72] 6.57| 530 1.30] 847 7.19| 1.59] 798| 7.03] 1.03] 8.59 7.83 0.66
MnO2 1.15| 0.88] 0.02] 1.15 0.71] 0.02] 1.15] 0.87] 0.00] 1.15] 0.94] 0.00] 1.15 0.99| 0.00 1.15] 1.04| 0.00]
Fe203  |34.94/28.84| 9.62]|36.32|25.49| 8.70] 38.12{ 28.99| 0.22] 40.90|33.49| 1.04f 39.72/ 34.32| 0.31} 39.97| 37.92| 18.66
Total 105.3/100.8| 86.4]107.2|102.0 94.0| 109.0/ 107.7| 103.7| 103.8/100.7| 87.3] 105.8/103.0| 85.5] 104.6|104.0| 98.7
Table 5.7 Iron and Chromium Recovery Percentage
| 1sp7 | 1sp6 | Lsp5 | Lsp4 | LSP3 | LsP2
Recovery rate (%)
- Fe,03 90.84 % 84.90 % 94.09 % 95.89 % 97.96 % 99.17 %
- Cr0; 91.95 % 86.63 % 99.80 % 99.41 % 99.88 % 95.29 %
Concentration ratio of compound - Magnetic/Non-magnetic
- Fe,03 3.63 4.17 171.51 39.46 126.62 2.14
- Cr 03 3.14 3.65 5.07 5.34 7.72 13.02
- MgO 6.91 9.22 10.68 8.72 8.04 12.54
- CaCO; 2.20 3.27 2.30 1.45 1.86 3.70
- Si0, 0.21 0.15 0.12 0.13 0.11 0.11

601
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Figure 5.10 Diffractograms of Magnetic/Non-Magnetic soils from CD
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Figure 5.11 Diffractograms of Magnetic/Non-Magnetic Soils from LSP
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physical appearance of the magnetic particles of LSP soil looked more like the
agglomeration of fines than solid particles. Upon grinding, they were readily broken
unlike the hard-to-grind sandy grains. The contents of iron and chromium were quite the
same regardless of the particle sizes. Therefore, it can be concluded that there is no
liberation size for the LSP soil since iron and chromium already exist as fines or
agglomeration of fines and readily liberated. The LSP soil requires no further grinding
for the liberation of iron and chromium but the magnetic separation to concentrate iron

and chromium.

5.5 Gravitational Separation of Soils
The difference in specific gravity between the iron and chromium ore and impurities
prompted the possibility of applying the gravitational separation technique. During the
separation, the sample, < 75 micron, was fed with water, agitated, and drained repeatedly
till the separation was clean. The tail appeared as brown and fine particles, finer than the
concentrate. The concentrate was brown and dark gray. Table 5.8 contains the weight
percentages of each portion.

Table 5.9 contains chemical compositions of LSP and CD, both concentrates and
tails. The results show slight concentrating of iron and chromium. The tail still has high
concentrations of iron and chromium compared to the results from magnetic separation.
Diffractograms of both concentrates and tails showed similar phases (Figures 5.13 and
5.14). From the physical appearances, compositions, and phase analysis, the gravitational
separation separated the particles of different sizes rather than of different phases for this

experimental setup.
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Table 5.10 contains the specific gravity of concentrates and tails from LSP and
CD soils. The specific gravity of the concentrate and tail did not differ as much as
expected. The closer the specific gravity between them, the harder the separation is. The
efficiency and the recovery rate of the gravitational separation were not as good as those

from the magnetic separation, for this experimental setup.

Table 5.8 Weight Percentages of Concentrates and Tails

Soil Cold Water Hot Water
Concentrate Tail Concentrate Tail
LSP 52% 48% 56% 44%
CD 38% 62% 38% 62%

Table 5.9 Compositions of Concentrates and Tails from LSP and CD Soils, semi-

quantitative XRF
Soils Concentration (% wt)
MeO |ALO; [SiO, [CaCO; |Cr,0s |Fe,0;
LSP
LSP_C_CW 11.1 11.5 43 16.2 10.5 45.7
LSP_C_HW 11.3 9.8 4.0 15.8 10.6 47.5
LSP.T_CW 9.3 144 7.6 27.7 6.1 31.8
LSP_T_HW 9.7 14.7 7.9 28.7 5.6 31.1
CD
CD_C_CW 9.9 14.5 16.4 38.8 1.9 17.1
CD_C_HW 10.6 14.5 14.3 38.9 1.9 17.2
CD_T_CW 8.4 18.2 18.2 39.3 1.4 124
CD_T_HW 8.2 17.7 18.1 38.7 1.4 12.5
T : tail

C : concentrate
CW : cold water
HW : hot water



