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in iron 85.6%, with 4.6% of silica, and 5.5% of chromium. The bench scale test on the

LSP soil did not yield ferrofurnace bottom.

Table 5.4 Material Balance (Fe) of Soil and Vitrified Soil from LSP

Figure 5.8 Morphology of Vitrified Soil from CD

Approximately 100 kg of ferrofurnace bottom was collected during the pilot scale

vitrification of 3 metric tons of LSP soil, 3.3% by weight of the initial soil. The vitrified

product filled 10 graphite molds from which three molds were sent to NJIT for analysis.

The glass portion approximately accounted for 40% by weight of the total mass. The

material balance of iron in initial and vitrified soils is given in Table 5.4.



106

During the sample preparation for vitrification, 4.4 gm of carbon was added to

each kilogram of soil, 0.44% by weight. The reduction of iron oxide to metallic iron was

not complete; the glass portion still contains high concentration of iron.

Figure 5.9 Elemental Distribution of Vitrified Soil from CD

The images of vitrified soils from CD and its elemental distribution are illustrated

in Figure 5.8 and 5.9. The uniform distribution of elements implied the complete

dissolution and high fluidity of molten soils during the vitrification process.
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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 different 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 spine!

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
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Figure 5.10 Diffractograms of Magnetic/Non-Magnetic soils from CD

Figure 5.11 Diffractograms of Magnetic/Non-Magnetic Soils from LSP
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Figure 5.12 has images of the magnetic soil from LSP and octagonal crystals,

which are distributed throughout the soil. The chemical analysis of the octagonal crystal

indicated high concentration of Fe - 36.2%, Cr — 13.9%, and Mg - 7.8%, Al — 4.4%, Ca —

6.2%, and Si — 3.0%. It is believed to be the spinel crystal. More morphology studies are

presented along with the gravitational separation results.

Figure 5.12 Morphology of Magnetic Soil from LSP

The magnetic separation was able to concentrate the iron and chromium contents

due to the magnetic properties of the spinel, a source of iron and chromium. However,

the spinel crystal did not contain only iron and oxygen, it also had rather high

concentration of Mg. In other words, the spinel was not solely magnetite but a mixture of

(Mg, Fe)O.(Fe, Al, Cr) 2O 3 .

During the natural ore processing, the low grade ore is ground to liberate the

mineral grain and subjected to further concentrating processes. The liberation size is the

crushed size that the mineral grain is liberated. The liberation size relates to the energy

consumption, the smaller the liberation size the higher the degree of grinding. The



112

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

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


