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Effect of mechanical activation on alkali leaching of chromite ore
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Abstract: Mechanical activation was used to improve the extraction of chromium in molten NaOH. It is observed that the extraction
ratio reaches 97% after leaching for 200 min when chromite ore is mechanically activated for 10 min, but only 34% if not activated.
Mechanical activation can decrease the particle size, increase the surface area, and enhance the lattice distortion. Further, the
mechanisms for mechanical activation were exposed. The results show that the mechanical activation mainly focuses on chromite ore
particle size decrease and the lattice distortion. The formation of aggregation weakens the strengthening effect of mechanical

activation for releasing high surface energy.
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1 Introduction

Chromite ore is widely used in metallurgical and
chemical industries for the production of ferrochrome
and chromium chemicals, such as sodium dichromate[1].
The production of chromate from chromite ore usually
suffers from low extraction ratio and high environmental
pollution. Traditionally, the chromite ore is processed by
roasting with sodium carbonate at 1 200 ‘C in a rotary
kiln with the addition of limestone and dolomite,
yielding only 75% of chromium extraction[2]. Further,
the hazardous hexavalent chromium wastes released

bring about significant environmental pollution problems.

Two ameliorations are expected to be able to enhance the
utilization ratio of chromite ore and to prevent the
pollution of chromate production process[3—4]. One is
the improvement of the decomposition ratio of chromite
ore via outfield intensifying, and in this regard,
mechanical activation is considered to be the most
common method. It is well known that the utilization of
mechanical activation in mineral processing leads to the
decrease of decomposition temperature, the reduction of
reagents consumption, and the promotion of the recovery
of valuable components[5—11]. The other one is the

improvement of the reactivity of reaction media, such as
replacing sodium carbonate by alkali metal hydroxide.
The mechanism and process of alkali metal hydroxide
used in chromite processing were studied in previous
work in detail[12—14].

In this work, mechanical activation was used to
improve the decomposition of chromite ore in molten
NaOH, and the strengthening effect was investigated by
study on the changes of particle size, morphology and
mineralogy phases.

2 Experimental

2.1 Chromite ore and reagents

The chromite ore used is Vietnamese chromite ore
with the chemical composition and the mineralogical
analysis presented in Table 1 and Fig.1, respectively.
They both indicate that Vietnamese chromite ore consists
mainly of magnesiochromite and quartz.

Table 1 Main chemical composition of Vietnamese chromite
ore (mass fraction, %)

Cr203 FeO MgO SIOZ A1203 Mn02 CaO

38.82  20.07 7.50 13.13 9.84 0.35 0.69
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Fig.1 XRD pattern of Vietnamese chromite ore

The reagents used in the experiments were of
analytical grade, and de-ioned water was used in all
experiments.

2.2 Mechanical activation of chromite samples

The mechanical activation of chromite ore was
performed in a planetary mill PuLuerisette 6 (FRITSH,
Germany). 50 g of chromite ores were ground with 400 g
of steel balls (10 mm in diameter) for 10 and 45 min,
respectively, and revolution speed of the grinding shaft
was set to be 550 r/min. After grinding, the activated
samples were used for the following experiments.

2.3 Experimental setup

All leaching experiments were carried out in a
stainless steel reactor which is illustrated schematically
in Fig.2. The temperature of the reactor was controlled
by a programmable temperature controller, with a
precision of +2 ‘C. The oxygen was provided by an
oxygen cylinder and the flow rate was controlled by a
flowmeter. Sodium hydroxide and sodium nitrate were
mixed with de-ioned water in the reactor. With the
increase of temperature, the formed a
homogeneous liquid. When the temperature reached the
designed value, the chromite ore sample was added to

mixture
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Fig.2 Schematic diagram of experimental apparatus

the reactor, and continuous oxygen flow was passed
through the reactor to facilitate the decomposition of the
chromite ore. After reaction, oxygen was first replaced
by N, to protect the products, and dilute alkali solution
was added to decrease NaOH concentration to 50%.
Under ambient condition, the products were filtered to
obtain chromite solution and solid residue for further
analysis.

The chromite ore samples and residues were
analyzed wusing inductively coupled plasma-optical
emission spectrometer (ICP-OES, PE Optima 5300DV,
Perkin Elmer). The mineralogy phases of chromite ore
and the residues were examined by X-ray diffractometry
(XRD, Phillips PW223/30), and the morphology was
observed by scanning electron microscopy (JEOL SEM).
The particle size distribution of chromite ore was
measured by laser particle size analyzer (Mastersizer
2000).

3 Results and discussion

3.1 Effect of mechanical activation on chromite ore
decomposition

The primary effect of mechanical activation mainly
focuses on the comminution of mineral particles that
resulted in various physicochemical properties. The
disintegration by high-energy is accompanied by the
increase of the number of particles and by the generation
of fresh, previously unexposed surface[9]. Further, the
lattice distortion of mineral is also the consequence of
mechanical activation. The decrease of particle size and
the lattice distortion can both enhance the decomposition
of minerals.

To validate the strengthening effect of mechanical
activation in chromite ore decomposition, the extractions
of non-activated chromite ores and those activated for 10
min and 45 min were studied, respectively, with sodium
hydroxide as the regent and the medium. The extraction
ratios of chromium are shown in Fig.3. The results
indicate that the extraction ratio of chromium is
improved obviously when chromite ore is mechanically
activated for 10 min; while a little increase of extraction
ratio appears when the activation time is prolonged to 45
min. The extraction ratio reaches 97% after leaching for
200 min when chromite ore is mechanically activated for
10 min, and the extraction ratio is only 34% when the ore
is not activated. The strengthening effect of mechanical
activation is due to the change of physicochemical
properties including particle size and lattice structures of
the ores.

3.2 Effect of particle size
The decrease of particle size is considered to be an
important aspect of mechanical activation. Fig.4 shows
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Fig.3 Chromium extraction for non-activated and activated
chromite (Temperature 400 ‘Cand mass ratio of NaOH to
chromite 4:1)
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Fig.4 Particle size distribution of non-activated (a) and
activated (b) chromite ores

decrease of chromite ore size when it is activated in the
planetary mill for 10 min. The results show that the mean
particle size decreases from 39.2 um to 3.7 pm.

The decrease of chromite ore size mainly leads to
the decrease in thickness of product layer and the
increase of contact areas between liquid media and
chromite ore.

3.3 Effect of lattice distortion
Lattice distortion is mainly analyzed by XRD.

Lattice distortion can be concluded from the excursion
and expansion of the characteristic peaks of the chromite.
From Fig.5, the peak (220) of non-activated chromite
locates at 30.46°; while the values of 30.62° and 30.64°
are observed, when the chromite ore is activated for 10
min and 45 min, respectively. The high angle excursion
of peak (220) shows the existence of inner-stress. The
lattice distortion ratio of the mechanically activated
chromite ores is calculated by Jade Software, and the
values of mechanical activation for 10 min and 45 min
are  0.006 54% and 0.010 05%, respectively. That is,
lattice distortion increases when the activation time is
prolonged.
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Fig.5 XRD patterns of activated and non-activated chromite ore:
(a) Non-activated ore; (b) Activated for 10 min; (c) Activated
for 45 min

3.4 Effect of chromite ore surface

After mechanical activation, the chromite ore
particle size is significantly smaller than that of
non-activated ore, in which high surface energy is stored.
However, the unstable surface energy may be easily
released, due to the formation of aggregations from tiny
particles.

The release of surface energy can be proved by the
formation of aggregations from tiny particles. Therefore,
the morphology of the activated chromite ore is studied,
as shown in Fig.6. Fig.6 illustrates that compared with
non-activated ores, the activated chromite ore particles
agglomerate together. The formation of aggregation
decreases the surface areas of activated chromite ore,
leading to the decrease in chromium extraction ratio.
Fig.7 shows the extraction ratio of chromium when the
activated sample is stored in air for 45 h, and the
extraction ratio is less than that stored for 1.5 h for the
same leaching time. The decrease of extraction ratio is
proposed to be attributed to the release of stored surface
energy.
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Fig.6 SEM images of non-activated (a) and activated (b)
chromite ore
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Fig.7 Effect of storage time on chromium extraction
4 Conclusions

1) Mechanical activation significantly accelerates
the extraction of chromium in NaOH medium. The
extraction ratio reaches 97% after leaching for 200 min
when chromite ore is mechanically activated for 10 min,
and the extraction ratio is only 34% when it is not
activated.

2) The effect of mechanical activation mainly
contributes to the decrease in particle size and the
increase of lattice distortion. The mean particle size
decreases from 39.2 pm to 3.7 um when chromite ore is
activated for 10 min. The lattice distortion ratios of
activated chromite ore for 10 min and 45 min are
0.006 54% and 0.010 05%, respectively.

3) The high surface energy can be easily released to
the environment by forming aggregations of tiny
particles. The formation of aggregation weakens the
strengthening effect of mechanical activation.
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