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In the extraction, reduction and classification,
55–60% of a phosphate rock passes into the small
fraction fines of 10 mm class. By its grain fineness, it
cannot be used in electro�thermic processing for pro�
duction of phosphorus, by its chemical composition, it
is of little use for chemical processing into wet�process
phosphoric acid [1, 2]. For these reasons, a large vol�
ume of the phosphorites' small fraction fines is stored
in culm banks and the problem of its efficient process�
ing into mineral fertilizers is of important scientific,
economic and environmental task [3]. 

Phosphorus compounds in natural phosphorites
are in the form of hardly soluble hydroxyl�, carbonate�,
fluor�apatite, their phosphate base is Са3(РО4)2 with

isomorphic inclusions into a crystal latitude of 
OH–1, F–1 ions [4, 5]. The main objective of the phos�
phoric fertilizers technology is conversion of insoluble
natural compounds of phosphorus into the soluble one. 

Traditional acid processing of the natural phospho�
rites into the phosphoric and complex fertilizers is
multistage and requires heavy spending of power con�
sumption and material resources. Large volumes of in�
dustrial wastes and liquid wastes are formed at that. 

The alternative and promising one is acidless and
wasteless technology using mechanical and mechanic�
chemical activation of the phosphorites in mills�acti�

CO2
3 ,−

vators. The activation provides intensive complex me�
chanical effects on the phosphate particles, in a result
of these effects, there is accumulation of internal ener�
gy, deformation of its crystal structure, increase in its
amorphous degree, specific surface and, as a conse�
quence, significant increase in its solubility [6–8].

Results of systematic researches carried out by dif�
ferent authors [9–12] show that method of the phos�
phate raw material mechanical activation can be con�
sidered as a very promising way to increase efficiency
of using the low�grade phosphorites in the production
of phosphoric and complex fertilizers. 

In the research of the mechanical activation pro�
cesses, samples of the phosphate fines, low�grade by
its chemical composition and off�grade by its grain
fineness, of Karatau basin Zhanatas field (Kazakh�
stan), with chemical composition given in Table 1,
were used. 

The soluble Р2О5 determination was carried out by
processing with 2% citric acid solution. The content of
Р2О5 soluble form was determined by a differential
colorimetric measurements method by means of
KFK�2MP photoelectric colorimeter at the length of
wave (λ) equal to 440 nm. This method is based on de�
termination of a light transmittance change of the
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Table 1.  Chemical composition of the initial phosphate fines

Analytes P2O5 SiO2 Al2O3 CaO MgO Fe2O3 F CO2

Content,  mass percent 20.89 20.73 2.58 35.82 3.11 1.68  2.14 6.12
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formed yellow phosphorus�vanadium�molybdenum
complex.

The phosphate fines mechanical activation was
carried out in an activator epicyclic mill. Steel spheres
by 6mm diameter were used in the quality of grinding
bodies. The drum rotation rate was 400 rpm. The ball
load was 10 : 1. The ball load was determined as a mass
ratio of the grinding bodies to the mass of activated
material (msph/mm). 

Research results of a dependence of the content of
Р2О5 citric soluble form in the phosphate fines on the
activation time are given in Table 2. 

It is seen from the given data that in a result of the
phosphate fines mechanical activation, relative con�
tent of available Р2О5 increases from 17.61% to 53.62–
53.15%, i.e. in more than three times. 

As research results of the disperse powders show,
using PSH�8A device in the phosphate fines mechan�
ical activation, the specific surface increases from
0.25 m2/g to 0.86 m2/g, i.e. on 3.5 times. 

Researches of the activated phosphate fines dis�
perse composition were carried out on a laser analyzer

“Analizette 22” (“MicroTec Fritsch GmbH”, Germa�
ny). The results are given in Fig. 1. The activated sam�
ple is a polydisperse material, its basic component is fine�
ly dispersed fraction from 0.5 to 10 mcm, 5–50 mcm
fraction prevails in the nonactivated phosphorites. 

Researches on the morphology of the phosphate
fines nonactivated and activated samples’ particles
carried out using “JSM�5610 LV” scanning election
microscope show (Fig. 2) that the phosphate fines ac�
tivated sample has no coarse grains, as the activation
reduced their medium size in more than 2 times in
comparison with the phosphate fines nonactivated
sample. Shapeless particles of indefinite configuration
prevail in the phosphate fines activated sample. How�
ever, particles with more pronounced flat faces prevail
in the phosphate fines nonactivated sample. 

Thus, the researches show high efficiency of the
phosphate fines mechanical activation, resulted in sig�
nificant increase of the content of soluble phosphorus
pentoxide in the phosphate fines. Increase in the con�
tent of Р2О5 soluble form allows consider that the acti�
vated phosphate fines can be efficient component of
complex phosphorus�containing fertilizers. 
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Fig. 1. Disperse range of the phosphate fines samples (а) – nonactivated; (b) – activated.
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Fig. 2. Electronic pictures of the phosphate fines samples (а) – nonactivated; (b) – activated.
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DESIGNATION

λ⎯length of wave of the visible spectrum;

m2/g⎯specific surface area;

msph/mm⎯the mass ratio of the grinding bodies to the
mass of activated material;

×500⎯magnification. 
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Table 2.  Influence of the mechanical activation on the con�
tent of soluble Р2О5 in the phosphate fines

Activation 
time,

 minutes 

General 
content 

of P2O5, %

Content of P2O5 
citric soluble form, %

absolute relative 

– 20.91 4.52 17.61

5 20.89 9.76 46.63 

10 20.93 11.01 52.62

15 20.92 11.08 52.94

20 20.91 11.12 53.15
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