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This study involves gravity processing of chromite samples taken
from Eskisehir/Gunduzler ore deposit. Several gravity concentration
tests including jig, shaking table and MGS concentration with different
flowsheet options were performed for this purpose. The study revealed
that a Cr,Os rich concentrate high recovery values can be obtained by
the application of gravity concentration techniques from this ore.
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INTRODUCTION

Eskisehir/Gunduzler chromite ore deposit is located at east of Eskisehir. The
ore is mostly disseminated type but also vein formations can be seen in the cracks.
Chromite is found in severely mashed serpentine’.

The ore is very friable and can easily be comminuted by crushing and grinding
operations. Chromite minerals are observed as mainly disseminated into serpentine
and serpentinized dunite matrix and have a particle liberation size of about 300 um.

In general, particle liberation size and the type of gangue mineral determine
the beneficiation method of the chromite ore. If the ore contains significant amount
of olivine, the separation is harder by gravity processing due to the high specific
gravity of the olivine. Magnetic separation is needed for this type of ores. In case of
the presence of the serpentine as gangue mineral, gravity concentrators such as
jigs, shaking tables, spirals and multi gravity separators are the most commercially
used devices. These devices separate the minerals from each other based on the
differences between their specific gravities. It is a low cost and environmentally
friendly operation’. Flotation is another method to be used for the concentration
of chromite ores, but it is rather difficult to separate chromite from serpentine because
of the similar surface properties of both minerals®.

Conventional flotation, column flotation and multi gravity separators are usually
preferred for the treatment of the chromite ores having fine particle liberation size
(below 100 um). Shaking table, spirals and jigs are more appropriate for the coarser
particles™®.

tDokuz Eylul University, Mining Engineering Department, Division of Mineral Processing, [zmir,
Turkey



2418 Malayoglu et al. Asian J. Chem.

In this study, different techniques of gravity concentration were applied to recover
chromite from Eskisehir/Gunduzler chromite ore. For this purpose, a laboratory
scale mineral jig, shaking table and a pilot scale MGS (Mozley multi-gravity separator)
were employed in concentrations tests.

EXPERIMENTAL

The main ore mineral in the investigated sample (chromitite) is chromite
(chromian spinel). Chromite mineral is found as massive and disseminated assemb-
lages. Massive ore includes ca. 90-95 vol. % chromite with closely packed < 0.02-3
mm large chromite grains. Interstitial silicates between the grains are mainly olivine
and serpentine group minerals. Disseminated ore includes ca. 65-70 vol. % chromite
with 0.02-2 mm large chromite in a matrix made of serpentinized olivine (Fig. 1a).
Both massive and disseminated ore are characterized by cataclastic texture with
fissures, cracks and breccia. However the latter is much more affected (Fig. 1a).
Chromite in massive ore is generally fresh with only ferrite-chromite and magnetite
alterations along its borders, fissures and cracks (Fig. 1b). There alterations are
more abundant in more severely brecciated disseminated ore.

Fig. 1. Microscopic examination of the ore
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Very small (ca. 2 p) sulfide grains are located in cracks of the chromite crystals
(Figs. 1b and c). These grains are usually too small to determine via conventional
reflected light microscopy. However, this kind of occurrences are generally ubiquitous
in chromitites and might be base-metal (Fe-Ni-Cu) sulfides and/or alloys. A very
small (ca. 2 p) isolated and discrete sulfide inclusion (Fig. 1d) observed in the
massive ore is suspected to be a platinum-group phase (a member of laurite-
erlichmanite series), however, dimensions of the grain did not allow us to make an
exact determination. In addition, a relatively larger sulfide (ca. 60 p) is found located
in contact of the chromite crystal and silicate mineral. This phase is isotropic, presents
rather high reflectivity and a light yellow color with a whitish tint. This phase may
be interpreted as a Fe-Ni-S bearing phase (Ni-pyrite, pentlandite, efc.) (Fig. 1le).

The effect of size reduction on the liberation of particles was investigated by
means of microscopic examinations. The study showed that whether in its pure or
partially separated form, chromite and gangue minerals mingled in different size
fractions. As can be seen from the Fig. 2, chromite is distributed almost evenly in
all particle size classes, but the number of the liberated chromite particles increases
below 0.5 mm particle size. Liberation ratio rises to about 80 % below 0.3 mm
particle size and reaches almost 100 % below 0.1 mm. The pictures of the particles
representing different size fractions are given in Fig. 2.
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General procedure: The whole sample was crushed below 15 mm using a jaw
crusher. The crushed ore was split to 3 sub-samples by using a sample splitter. The
first sample was classified into different size fractions by screening to use in the
first group of concentration tests. The second sample was crushed below 5 mm
using a roll crusher and ground below 0.5 mm using a rod mill and used in shaking
table tests. The third sample was crushed below 5 mm using a roll crusher and
ground below 0.1 mm using a rod mill and used in MGS concentration tests. The
flow sheet of the experiments was given in Fig. 3.
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Fig. 3. Flowsheet of the experiments

Detection method: Mineralogical characterization of the ore was carried out
using an optical microscope. Elemental composition of the samples was determined
by using wet chemical analysis technique and an Analytic JenaAG novAA 330
atomic absorption spectrometer.

RESULTS AND DISCUSSION

First group of concentration tests (the tests on 15 mm crushed material):
15 mm crushed ore sample was classified into different size fractions by screening
before using in the experiments. 15-2 mm size fraction was employed in the jigging
tests, 2-0.1 mm size fraction was used in the shaking table tests and 0.1 mm size
fraction was subjected to MGS separation.

Jigging tests of 15-2 mm size fraction: Mineralogical analysis studies showed
that sufficient liberation for an effective separation can not be sustained at coarse
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particle sizes. For this reason, the jigging tests were performed to find out whether
a large portion of the chromite can at least be pre-concentrated effectively. The
tests were conducted by using a one-compartment mineral jig. The results were
presented in Table-1.

TABLE-1

RESULTS OF THE JIGGING TESTS OF THE 15-2 mm PARTICLE SIZE FRACTION
Size fraction (mm)  Products Weight (%) Grade (%) Fractional recovery (%)
Cr,0;, Fe MgO |Cr,O, Fe MgO
Concentrate 69.85 16.55 597 2398 | 79.85 7490 65.74
15-10 Tailing 30.15 9.68 4.64 2896 | 20.15 2510 34.26
Feed 100.00 | 14.48 5.57 25.48 |100.00 100.00 100.00
Concentrate 76.92 | 2589 625 2251 | 89.96 80.70 70.77
10-5 Tailing 23.08 9.63 498 30.97 | 10.04 19.30 29.23
Feed 100.00 | 22.14 595 24.46 |100.00 100.00 100.00
Concentrate 76.57 | 31.02 639 2527 | 91.11 8626 72.18
5-2 Tailing 23.43 990 333 31.83 8.89 13.74 27.82
Feed 100.00 | 26.07 5.67 26.80 | 100.00 100.00 100.00

As it can be seen from the Table-1, the clearest separation was obtained by
using 5-2 mm particle size fraction. This test showed that it is possible to remove
23-43 9% of the total material by using a mineral jig before feeding to the shaking
tables with 91.11 % chromite recovery. The grade of this pre-concentrate was about
31 % Cr,0s. However, a techno-economical evaluation should be done before the
implementation of this option in the processing flowsheet.

Shaking table tests of 2-0.1 mm size fraction: These tests were realized using
a 1270 mm x 480 mm Wilfley type shaking table by applying the following opera-
tional parameters; stroke: 10 mm, tilt angle: 4°, water: 11 L/min, speed: 500 rpm. A
single-stage cleaning was applied after rougher concentration. The results were
given in Table-2.

The best result was achieved for 0.3-0.1 mm size fraction in this group of experi-
ments. A concentrate containing 56.00 % Cr,O; and a middling assaying 44.01 %
Cr,05 was produced. The middling grade was considerably high and thus can be
joined to the concentrate. The overall Cr,Os recovery can be increased to 64.28 % by
combining these two products, however, the grade of the new concentrate decreases
to 45.35 % Cr,0s.

MGS tests of 0.1 mm size fraction: 0.1 mm particle size fraction of the 15 mm
crushed ore was subjected to MGS concentration tests by using a pilot scale MGS
separator. Some of the operational parameters such as pulp density (25 %), wash
water rate (5 L/min), shaking amplitude (15 mm), shaking frequency (4.8 cycles/s)
and feeding rate (2.5 L/min) were kept constant in all the tests. The results obtained
by changing rotational speed and tilt angle of the drum are presented in Table-3.
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TABLE-2
RESULTS OF THE SHAKING TABLE TESTS OF THE 2-0.1 mm
PARTICLE SIZE FRACTION
Size fraction (mm)  Products Weight (%) Grade (%) Fractional recovery (%)
Cr,0, Fe MgO |Cr,0, Fe MgO
Concentrate 49.04 | 30.80 7.87 20.57 | 58.22 59.11 40.59
2-1 Middling 17.37 2583 629 2498 | 17.29 16.73 1745
Tailing 33.59 1891 4.69 31.04 | 2449 2416 4196
Feed 100.00 | 25.94 6.53 24.85 |100.00 100.00 100.00
1-05 Concentrate 24.06 3893 7.86 18.12 | 40.05 3248 17.28
Middling 24.41 2545 651 2327 | 2656 27.28 2251
Tailing 51.53 1515 455 2949 | 3339 4024 60.21
Feed 100.00 | 23.39 5.82 25.24 |100.00 100.00 100.00
Concentrate 16.15 | 57.44 1041 1541 | 31.21 2352 1045
0.5-0.3 Middling 38.62 37.18 8.53 18.18 | 48.28 46.11 2947
Tailing 45.22 1349 480 31.65| 2051 30.36 60.08
Feed 100.00 | 29.74 7.15 23.82|100.00 100.00 100.00
Concentrate 8.93 56.00 12.64 1041 | 1352 11.73 4.28
03-0.1 Middling 70.92 | 44.01 10.66 18.54 | 8440 78.56 60.60
Tailing 20.15 382 464 37.82 2.08 9.71 35.12
Feed 100.00 36.98 9.62 21.70 | 100.00 100.00 100.00
TABLE-3

MGS TEST RESULTS OF 0.1 mm PARTICLE SIZE FRACTION (TILT ANGLE: 4°)

Size fraction (mm)  Products Weight (%) Grade (%) Fractional recovery (%)
Cr,0, Fe MgO |Cr,0, Fe MgO

Concentrate 78.13 | 29.61 11.38 19.70 | 93.09 83.42 68.18

220 Tailing 21.87 7.85 8.08 32.84 691 16.58 31.82
Feed 100.00 | 24.85 10.66 22.57 {100.00 100.00 100.00

Concentrate 66.34 | 30.51 11.28 19.06 | 90.38 76.58 52.91

200 Tailing 33.66 640 6.80 33.44 9.62 2342 47.09
Feed 100.00 | 2240 9.77 23.90 |100.00 100.00 100.00

Concentrate 48.46 | 44.17 1454 18.02 | 88.59 65.53 32.47

180 Tailing 51.54 535 7.19 3523 | 1141 3447 6753
Feed 100.00 | 24.16 10.75 26.89 |100.00 100.00 100.00

In general, increasing the tilt angle and decreasing the rotational speed of the
drum led to higher concentrate grades but lower recovery values. The optimum
conditions for the recovery of chromite from 0.1 mm particle size fraction was
provided by applying 6° tilt angle and 180 rpm rotational speed. A concentrate
assaying 46.49 % Cr,0; with 85.77 % recovery and 47 % yield was obtained by the
use of these operational parameters.

Second group of concentration tests (the tests with 0.5 mm ground material):
The material ground below 0.5 mm was classified into particular size fractions and
has been subjected to the shaking table and MGS concentration tests.
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TABLE-4

MGS TEST RESULTS OF 0.1 mm PARTICLE SIZE FRACTION (TILT ANGLE: 6°)
Size fraction (mm)  Products Weight (%) Grade (%) Fractional recovery (%)
Cr,0O, Fe MgO|Cr, 0, Fe MgO
Concentrate 7116 | 33.84 1202 20.73 | 9199 80.84 60.83
220 Tailing 2884 | 727 703 3294| 801 19.16 39.17
Feed 100.00 | 26.18 1058 24.25 | 100.00 100.00 100.00
Concentrate 6021 | 37.15 10.84 18.73 | 89.63 70.88 45.8
200 Tailing 3979 | 650 674 3425| 1037 29.12 54.72
Feed 100.00 | 2495 921 24.91 |100.00 100.00 100.00
Concentrate 4635 | 4649 13.88 16.10 | 85.77 6588 29.00
180 Tailing 5365 | 666 621 3405| 1423 3412 71.00
Feed 100.00 | 25.12 976 25.73 | 100.00 100.00 100.00

Shaking table tests of 0.5 mm size fraction: The material was screened to
prepare different particle size fractions for using in the shaking table tests. The tests
were done using different table tilt angles, the other operational parameters were kept
constant.

0.5-0.3 mm particle size fraction was treated by applying 4°, 3° and 2° tilt angles.
However, the tests conducted by the application of 3° and 2° tilt angles were unsuc-
cessful. The results obtained by the use of 4° tilt angle were given in Table-5.

TABLE-5
RESULTS OF THE SHAKING TABLE TESTS OF 0.5-0.3 mm SIZE FRACTION
Grade (%) Fractional recovery (%)
Cr,0, Fe MgO|Cr, 0, Fe MgO
Concentrate 49.04 | 42.19 10.87 15.63 | 3248 24.04 9.08

Size fraction (mm)  Products Weight (%)

0.5-03 Middling 17.37 | 31.02 943 20.86 | 4040 3531 2052
- Tailing 3359 | 11.18  5.83 3844 | 27.12 40.64 70.40
Feed 100.00 | 26.73 7.89 21.39 |100.00 100.00 100.00

The liberation degree of the chromite particles was still not enough for a succe-
ssful separation at this particle size. A concentrate containing 42.19 % Cr,Os and a
middling assaying 31.02 % Cr,O; were obtained in this experiment. Concentrate
and middling chromite recoveries were 32.48-40.40 %, respectively.

Shaking table tests of the 0.3 mm size fractions were performed by applying
the same operational parameters. The tests conducted by the application of 4° and
3°tilt angles were failed at this time. The results obtained by the use of 2° tilt angle
were presented in Table-6.

As it is a well known fact that table concentration gives better results for the
materials classified into narrow particle size ranges, concordantly, better results
were obtained from the concentration tests with the narrowly classified samples
above.
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TABLE-6

RESULTS OF THE SHAKING TABLE TESTS OF 0.3 mm SIZE FRACTION
Size fraction (mm)  Products Weight (%) Grade (%) Fractional recovery (%)
Cr,0, Fe MgO |Cr, 0O, Fe MgO
Concentrate 34.55 53.50 11.10 1538 | 60.36 48.37 22.11
0.3-02 Middling 35.64 29.51  8.12 2455 | 3435 3652 3642
Tailing 29.81 544  4.02 3341 530 15.11 41.46
Feed 100.00 | 30.63 7.93 24.02 |100.00 100.00 100.00
Concentrate 3520 |42.14 14.11 10.70 | 57.27 46.75 2147
0.2:0.1 Middling 4290 |24.12 1078 1799 | 39.95 4351 44.00
Tailing 21.91 329 472 27.65 279 974 3453
Feed 100.00 2590 10.63 17.54 |100.00 100.00 100.00
Concentrate 19.16 | 4499 1475 12.10 | 51.00 34.03 9.67
01 Middling 32.54 15.69 832 2230 | 3022 32.62 30.28
’ Tailing 48.30 6.57 573 29.79 | 18.78 33.35 60.05
Feed 100.00 1690 8.30 23.96 |100.00 100.00 100.00

Third group of concentration tests (the tests with 0.1 mm ground material):
MGS tests: In this test, the feed material was ground below 0.1 mm and subjected
to MGS concentration using the optimum parameters found in the first group of
tests. The results are given in Table-7.

TABLE-7
RESULTS OF THE MGS-ONLY CONCENTRATION TEST
Size fraction Products  Weight (%) Grade (%) Fractional recovery (%)
(mm) Cr,0, Fe MgO | Cr,0, Fe MgO
Concentrate 56.37 |34.85 1299 1741 | 9330 80.31 39.84
180 Tailing 43.63 323 411 3398 6.70 19.69 60.16
Feed 100,00 [21.06 9.12 24.64 | 100,00 100,00 100,00

MGS separator achieved a chromite recovery of 93.30 % at a yield of 56.37 %.
The grade of the concentrate was found to be as 34.85 % Cr,0s.

Conclusion

An overall evaluation of the first group of experiments was summarized in
Table-8. The data represent the evaluation of a flowsheet option assuming the pro-
cessing of 15-2 mm size fraction for the production of a pre-concentrate using the
jig units. The remaining equipments (shaking table and MGS) operate for the
beneficiation of 2 mm material according to this assumption. The grade of the
concentrate produced by the concentration of 2 mm material using shaking table
and MGS will be about 39.09 % Cr,0s. Re-processing of the pre-concentrate and
middlings are not involved in the calculations.

An overall evaluation of the second group of tests was summarized in Table-9.
This flowsheet considers grinding of ore below 0.5 mm and concentrating using
shaking tables. The assay of the concentrate was found as 45.56 % Cr,O; and overall
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TABLE-8
OVERALL EVALUATION OF THE FLOWSHEET OPTION INCLUDING JIGS AS THE
PRE-CONCENTRATORS AND SHAKING TABLE AND MGS UNITS AS THE MAIN

CONCENTRATORS
Size fraction Products  Weight (%) Grade (%) Fractional recovery (%)
(mm) Cr,0, Fe MgO | Cr,0, Fe MgO
Concentrate 61.08 26.890 628 2326 | 69.54 61.37 58.30
15-2 Tailing 18.68 9.70 455 31.10 7.67 13.59 23.84
Feed 79.76 22.86 587 2002 | 7721 7496 8214
Concentrate 6.35 39.09 9.87 18.12 | 43.63 40.18 543
5 Middling 6.02 36.88 893 2040 | 3899 3446 3.63
Tailing 7.87 1257 503 2731 | 17.37 2537 8.0
Feed 20.24 28.12 7.71 4.53 |1 100.00 100.00 17.86
TABLE-9
OVERALL EVALUATION OF THE SHAKING TABLE-ONLY FLOWSHEET OPTION OF
0.5 mm GROUND MATERIAL
Size fraction Products  Weight (%) Grade (%) Fractional recovery (%)
(mm) Cr,0, Fe MgO | Cr,0, Fe MgO
Concentrate 31.64 |4556 13.00 12.82 | 5822 44.87 20.16
05 Middling 3594 |23.47 946 20.77 | 34.07 37.08 37.10
’ Tailing 3242 5.80 510 26.52 771 18.05 42.73
Feed 100.00 |24.76 9.17 20.12 | 100.00 100.00 100.00

recovery of the concentrate was calculated as 58.22 % according to this flowsheet
option. About 32 % of the total feed is obtained as a saleable product.

It is important to note that both of the flowsheet options mentioned above produce
high-grade middling products. These middlings can be re-ground and fed to the
circuit to increase the overall efficiency.

The last flowsheet option considers grinding of the feed material below 0.1 mm
and the use of a MGS separator for the concentration (Table-7). By implementing
this option, a concentrate assaying 34.85 % Cr,Os can be obtained with 93.30 %
chromite recovery. This result imply that MGS device is very effective for recovering
fine chromite particles, but it can not produce high grade concentrates with high
recoveries from this ore.

As a conclusion, it can be said that concentration of Gunduzler chromite ore by
gravity processing devices is possible and different flowsheet options can be imple-
mented for this purpose. The best available option seem to be grinding of the ore
below 0.5 mm and concentrating it by using shaking tables. After grinding of the
ore below 0.5 mm, 0.1 mm fraction can be separated from the rest of the material
and treated using MGS concentrator.
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