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ABSTRACT

The aim of this investigation was to increase the reactivity of comminuted phosphate ore for application
in composite ceramic materials. The vibratory and planetary mills were used as mechanical activators during
experimental research. The obtained results highlighted the presence of both amorphous and crystallized
forms appearing in the observed phosphate ore mixture due to the specific genetic conditions which rarely
occur in deposits. The heterogenic composition of the ore useful phosphoric part gave optimal results during
the leaching test. For the first time, the experiments of phosphate mechano-chemical activation from Lisina ore
deposit were performed in order to improve its reactivity.

Keywords: planetary mill, vibratory mill, reactivity, crystal structure, apatite.

1 INTRODUCTION

Phosphate minerals from the phosphate ore commonly belong to the apatite group.
These minerals represent an important basic material for industry [1]. A large proportion of
the global phosphate reserves are sedimentary deposits, and in terms of quality and P,Os
content phosphate ore can be divided into three groups: low grade (12-16%), intermediate-
grade (17-25%), and high-grade (26-35%) [2]. Constant development in the industry
imposes increased demand for phosphates, since it the major resource for production of
fertilizers, food preservatives, and important component of artificial bones [3]. From
engineering point of view, phosphorus is irreplaceable as additive in anti-corrosion agents,
ceramics, water treatment and metallurgy [4-6]. Despite already wide area of engineering
branches, where phosphates are applied, demands for the new applications appear daily;
therefore the question of improvement the phosphate ore and its minerals as an important
industrial component material is imposed. Also, the run-of-mine phosphate ores are mostly of
low grade which need processing or upgrading to match the market grade [7]. Beside
procedures, such are flotation [8] and magnetic separation [9], the mechanical activation is a
process which is often applied in order to improve the characteristics of comminuted ore
grain mixtures which are used as a component in design of various composite materials [10].
Activation does not only effect the change of particle size, it is a complex physical-chemical
process which brings about the increase of potential energy, chemical activity and reactivity
of the system. The increase of the material reactivity can be efficiently used in rationalization
of a process and making the basic technologies cheaper. The goal of this study was to
instigate the possibilities of mechano-chemical activation of apatite in phosphate ore.

2 EXPERIMENTAL

In the experiment, a planetary mill "Retsch PM4" and a vibratory mill with balls
"Siebetechnik TS250" were used. The mechanical activators were operating at constant
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speed, and processed material was being lifted and pushed towards the mill walls, and from
this position it fall at parabolic path, becoming activated due to collisions with grinding
bodies and other particles [11]. The capacity of the mill is (Q — activator capacity, kg/h; G -
processed material amount, kg; t is activation time, h):

G
Q=7 @)

The energy for the mechanical activation is (E - energy, kWh; N - activator engine
power, KW, t - activation time, h):

E=N-t @)

Specific energy consumption is e=N/Q

Quantitative characterization of products was conducted by the Coulter Electronics-
Coulter Multisizer. Chemical analysis of the ore sample was performed by the atomic
emission spectroscopy technique: PinAAcle 900 Atomic Absorption Spectrometer
(Perkin Elmer, USA). Mineralogical changes in samples were analyzed by means of X-
ray powder diffraction (XRD). Qualitative mineralogical analysis was performed on the
ore samples by means of polarized microscope with passing through light “JENAPOL-
U” (Carl Zeiss-Jena).

3 RESULTS AND DISCUSSION

Experimental investigation was performed on phosphate ore from the ore deposit
"Lisina" (Sample 1, Sample 2 and Sample 3) in which apatite is the main phosphorus carrier.
Physical characterization of the starting raw material was performed using a sample
composed of materials collected from three localities with similar characteristics (except for
P,Os content). Preparation of the starting sample was conducted according to the standard
technological scheme. The obtained specific mass was in interval 2725-2945 kg/dm?, and
density was 1565kg/dm®. The results of granulometric and chemical composition of the
starting phosphate ore sample are presented in Tablel.

Table 1 Granulometric and chemical composition of the starting phosphate ore sample

Size class, mm M, % | R,% D, % Oxide [Samplel | Sample 2 Sample 3

>25.40 27.27 | 2757 | 100.0 | SiO, 39.82 56.25 48.15
25.40-22.20 7.96 35.23 | 7243 | Al,O4 10.25 7.01 9.05
22.20-19.10 8.25 4348 | 64.47 Fe,03 6.02 4.56 3.12
19.10-15.90 10.5 53.98 | 56.22 | TiO, - 0.4 -
15.90-11.10 13.95 | 67.93 | 45.72 | CaO 15.89 13.95 19.3
11.10-9.52 7.56 75.49 31.77 MgO - 0.42 -
9.52-7.93 3.71 79.2 24.21 Na,O 4.15 0.38 0.11
7.93-6.35 4.27 83.47 | 205 Ka,O 6.25 3.62 0.31
6.35-5.00 2.65 86.12 | 16.23 P,0s 13.99 8.75 17.29
5.00-3.15 5.74 91.86 | 13.58 LOI 2.59 4.02 2.02
3.15-2.00 2.69 9455 | 7.84 S 0.71 0.47 0.42
2.00-0.00 5.45 100.0 | 5.45 ClI 0.08 <0.01 0.02
Total 100 F 0.25 0.17 0.21
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The crystallinity of activated samples (detected via XRD) was noticeably lower than
that of the initial sample which can be attributed to the effect of mechanical activation.
Certain changes in the crystal structure appeared within 30 minutes of activation. Comparison
of the XRD diffractograms of the sample before activation and after 120 minutes of
activation implies that the length of activation influences the crystallinity of the samples, i.e.
the level of crystallinity is decreasing with the increasing activation period.

Minerals identified in the investigated phosphate ore samples by polarized micro-
scope accompanied with the microphotography system are: apatite, kolofanite, quartz,
carbonate minerals, mica, feldspar, zircon and certain amount of opaque minerals. A
quantity of organic matter was also present. Apatite appears in the form of large prismatic
crystals which are often cataclased. Kolofanite appears in the form of large ooids and
spherulites which appear isotropic under crossed Nicol prism, i.e. amorphous. This mine-
raloid is probably krypto-crystalic form of apatite. Carbonates appear as fine-crystalline
aggregates which form the basic mass of the observed samples. Quartz appears in two
forms: as large isometric crystals with rounded edges, and as less abundant built in basic
the mass together with carbonates. Other minerals are negligibly abundant. Quantitative
mineralogical analysis was obtained using the chemical, microscopic and XRD analyses
(Table 2).

Table 2 Quantitative mineralogical analysis

Minerals (in %0) Sample 1 Sample 2 Sample 3
Apatite 36.1 24.1 44.6
Quartz 25.3 59.8 30.1
Sercite 11.7 35 9.5
Biotiote 15.1 2.2 4.2
Carbonate 9.9 8.6 9.9
Others 1.9 1.8 1.7

Mechanical activation of the starting phosphate raw material, with fraction size 100 % -
2 mm, was conducted by milling in high-energy mills (vibratory and planetary mill).
Activa-tion was conducted in time intervals 30 - 240 min. For the activated material
obtained after certain milling time (30 and 120 min), the grain-size composition was
determined in order to analyze level of grain size reduction achieved during activation,
as it is given in Table 3. Level of reduction, i.e. level of diminishing is ratio on the input
(Xa) and output (Xg) for properly defined (referent) grain size; for example 95 %, 80 %,
50 %, etc. Level of reduction r = Xa/Xg regardless of value of cumulative oversize and
undersize, is obtained as the ratio of abscissa at t D height on a cumulative curve of input
(A) and output (B). Abscissa (Xa) has two values (Xagg) and (Xags) since it was adopted
for the points - 80 % and 95 % on the curve of cumulative undersize of the starting
sample prepared for the activation. Abscissa (Xg) is in the function of activation time
and mill type. Data from the Table 3 point out that the reduction level of sample
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activated in the planetary mill is multiple times higher than the reduction level achieved
in the vibratory mill. This leads to a conclusion that sample was unsuitable for micro-
nization, and optimal conditions were achieved only in planetary mill. It is known that
compressive forces in planetary mill are 10-100 times higher than forces in the vibratory
or ball mill, which is one of the reasons why higher level of micronization was achieved
in the planetary mill. Also, prolonged grinding time in the vibratory mill has no effect on
the level of reduction.

Table 3 Interpolated data (XB80) and (XB95) for grain size of
activated phosphate composition

Vibratory mill Planetary mill
Xggo, MM | Xggs, mm retlj_j(\:/t?:)ﬁf(r) 30 min 120 min 30 min | 120min
Xasgo (XBgs)
0.640 - - 0.255 0.255
lgo 3.095 3.095 - -
- 0.840 0.09
los - - - 115

Previously prepared samples are submitted to the leaching treatment. In Table 4, the
best achieved results are given, obtained by treating the sample in vibratory mill at the
coarseness class -0.05+0.00 mm in 2 % solution of citric acid.

Despite the higher level of amorphization achieved in planetary mill, in compa-
rison with the vibratory mill, the experimentally obtained results of leaching of apatite
show that the highest solubility of P,Os was achieved after mechanical activation in
vibratory mill.

Table 4. Results of leaching of the phosphate raw material, size class -0.05+0.00mm

Solvent Starting raw material Vibratory activation Planetary activation
P20s o P20s 0 P20s | P.Os
pH | pH |Fe, g/l ol P,0s% | pH | Fe g/l ol P,05% | pH | Fe g/l ol %

1 70 | 7.6 | 710* | 0.043 | 0.83 | 8.0 | 0.013 | 0.04 | 0.77 | 7.5 [1.110%| - -

2 20 | 23 0132|1675 | 339 |24 | 077 | 219 | 429 | 24 | 0.087 | 2.05 | 40.7

3 66 | 77 | 0132 | 0025| 05 |81 |0450 | 008 | 1.70 | 6.7 | 0.010 | 0.09 | 0.19

*destill.water; **2%sol.citric acid; ***2%sol.ammo.acetate

Based on the results of leaching, using dependence between P,Os leachability level
and phosphate coarseness, and activation time, it can be seen that: (1) P,Os leachability
level for Sample 1 depends on the coarseness of the activated material in the range 16.3-
28.2 %; P,0s leachability level for Sample 1 is increasing up to 240 min.
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The only exception appears at 180 min, which can be explained by partial
agglomeration. (2) P,Os leachability level for Sample 2 depends on the coarseness of the
activated material which is confirmed by low le-vel of exhibited coarsness classes —
being in range 2.8-3.11 %. (3) P,Os leachability level for Sample 3 sample depends on
the coarseness of activated material, varying from 1 to 10.17 %.

4 CONCLUSION

The conclusions that are based on the investigation of the Lisina phosphate ore
before and after mechano-chemical activation are listed as follows: 1. From the aspect of
the ore reserves, there is important potential in the phosphate ore mass which enables
long-termed exploitation; 2. Mineralogical and physico-chemical investigations condu-
cted by XRD and optic-microscopic methods showed that P,Os content significantly
varies in the interval 4-19 % in the observed Lisina deposit; 3. Noticed differences in the
structure of the apatite mineral (amorphous and crystal structure) have not been
significantly modified in the mechanically activated product; 4. Highest level of P,Os
solubility was detected in the amorphous apatite (Panjevica 2) after mechanical active-
tion in vibratory mill. 5. General conclusion that can be deducted is that results obtained
in this investigation showed that there is a possibility of transferring phosphate ore from
insoluble into its soluble phase, and that mechano-chemical activation as a means of
mineral activating, has visible effect in a variety of phosphate applications.
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