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ABSTRACT 

Water treatment technologies involving pre-treated industrial effluents without 
transporting them to the tailing dump are of interest primarily from an 
environmental point of view, as they reduce the environmental burden. The paper 
studies the possibility of purification of process waters from apatite concentrate 
production from suspended particles and water-soluble impurities using 
polyacrylamide flocculants. 

By studying the processes of adsorption of H+ and OH- ions from aqueous 
solutions, the acid-base properties of the surface of the solid phase of the most 
polluted technological product - the drain of the apatite concentrate thickener - the 
mineral composition of which is 90% apatite have been studied. The influence of 
the reagents present in the processing technology on the quantitative ratio of acid-
base centers on the apatite surface has been evaluated. It has been shown that the 
interaction of these reagents with the mineral creates prerequisites for a greater 
efficiency of the anionic flocculant. 

The electro-surface properties of apatite treated with various reagents were 
studied using the laser Doppler electrophoresis method. The mechanism of fixation 
of ions present in the dispersion medium on the surface of apatite was studied by 
infrared spectroscopy. 

In order to determine the conditions under which various flocculants are in the 
most ionized state, studies were conducted on the change in the viscosity of the 
polyelectrolyte solution at different pH values. The position of the isoionic point 
for samples of cationic and anionic flocculants in the presence of reagents used in 
the apatite flotation and dehydration of apatite concentrate was studied. 

A research has been carried out on "model" and real suspensions in circulating 
water for a number of cationic, anionic and nonionic flocculants. The kinetic and 
concentration dependences of the flocculating capacity of the studied reagents were 
determined, which confirmed the high efficiency of the anionic type reagents. 

Keywords: water-preparation process, reagents-flocculants, flotation, 
phosphorus-containing ores 
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INTRODUCTION

At present, water treatment technologies are of some interest in order to involve 
pre-treated wastewater from mineral processing plants without transporting them to 
the tailing pond. The study of the composition of various waters from mineral 
processing plants working with apatite-containing ores has shown that the main 
impurities affecting the technological parameters of obtaining conditioned apatite 
concentrate are suspended particles and calcium ions [1]. The most contaminated 
processing product transported to the tailing dump is a drain of the apatite 
concentrate thickener which is characterized by high hardness, increased 
concentration of polyvalent ions and a high content of suspended particles due to 
applying of an inorganic coagulant. 

A well-known and widely practiced way to reduce the amount of suspended 
particles is the use of organic flocculants [2]. The flocculation process and its 
efficiency are influenced by many parameters and in each case the choice of the 
optimal flocculant should be based on the study of the surface properties of the 
dispersed phase, the ionic composition of the dispersion medium and the 
characteristics of the flocculant itself (molecular weight, ionicity, etc.). 

MATERIALS AND METHODS 

The substantiation and selection of the most effective flocculant for the 
purification of industrial waters of apatite-nepheline processing plant were carried 
out on the drain of the apatite concentrate thickener, the most contaminated 
product.  According to X-ray phase analysis, the mineral composition of the 

The efficiency of water treatment largely depends on the surface properties of this 
mineral; therefore apatite was used as the solid phase of the model system. 

Table 1. Results of X-ray phase analysis of solid phase of apatite concentrate 
thickener drain 

Mineral Content, % 
Fluorapatite 88.42 
Nepheline 5.38 
Aegirine 0.96 

Aegirin-augite 0.7 
Arfvedsonite 0.8 
Orthoclase 1.02 

Sodalite 0.29 
Natrolite 0.55 
Titanite 1.09 
Ilmenite 0.55 
Annite 0.24 

The surface properties of apatite were studied by the following methods: the 
acid-base surface properties were researched by investigating the adsorption of H+ 
and OH- ions from aqueous solutions; the electro-surface properties were studied by 
laser Doppler electrophoresis on Malvern Zetasizer Nano-ZS laser analyzer (Great 
Britain). The zeta potential measurements were carried out in the apatite suspension 
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in distilled water in the presence of an indifferent electrolyte (KCl 0.01 M). The 
particle size distribution of apatite used in the research was determined on a laser 
granulometer Malvern Mastersizer 3000 (Great Britain) and shown in Figure 1.  

 
Fig. 1. The apatite particle size distribution  

a suspension of fine apatite concentrate particles with a dispersed phase content of 
2% prepared in circulating water. The suspension was prepared with the apatite 
concentrate (particle size -0.071 mm) with a P2O5 content of 39.34%. 

For flocculation of fine apatite particles the authors studied polyacrylamide 
cationic (FO series) and anionic (AN series) SNF flocculants (France) with various 
ionicity. 

RESULTS AND DISCUSSION 

The surface of apatite is heterogeneous and bifunctional and bears both acidic 
and basic centers of different strength. It is known [3], that H+, OH-, CO32- ions 
are potential-forming ions for apatite; therefore the surface properties were studied 
using the pH-metric method based on the study of the adsorption from aqueous 
solutions of H+ and OH- ions. The method is to measure the suspension effect (SE), 
which is the difference between the concentrations of counter-ions in the suspension 
(dispersed system) and the filtrate. According to the theory [4], the SE value allows 
estimating which centers dominate on the mineral particles surface and 
characterizes the exchange processes occurring between the liquid phase and the 
surface, depending on the characteristics of the dispersion medium. 

The SE evaluation in a suspension of apatite particles prepared in distilled 
water (Fig. 2) showed the predominance of the basic centers on the apatite surface. 
This creates the prerequisites for the interaction of positively charged reagents with 
the apatite surface. 

Zeta potential measurements results also show that the potential-forming layer 
on the apatite surface is formed by anions. According to the composition and apatite 
structure, anions are represented with phosphate and hydroxylic groups [5]. 
Evaluation of the zeta potential of apatite under the action of cationic and anionic 
flocculants (Fig. 3) has shown that both anionic and cationic flocculants are fixed 
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on the apatite surface in the absence of any polyvalent cations. A cationic flocculant, 
which has a lower ionicity, more strongly changes the zeta potential of the apatite 
surface, recharging it, compared with a decrease in the zeta potential in the case of 
anionic flocculant fixing on the surface. To put in another way, the fixation of the 
flocculant on the mineral surface due to the interaction of differently charged groups 
determines the greater amount of the adsorbed reagent. 

 
Fig. 2. Dependence of the SE on pH in apatite suspension in distilled water 

 
Fig. 3. Dependence of the zeta-potential of apatite under the action of cationic 

and anionic flocculants at different pH values 

It is known that the circulating water of processing apatite-nepheline ores 
plants contains a large amount of polyvalent metal cations, which will also interact 
with the basic apatite surface. Evaluation of the electro-surface properties of apatite 
in the presence of calcium and iron salts (Fig. 4) has shown that the adsorption of 
calcium cations with a concentration of 40 mg/l Ca2+ decreases the negative value 
of the zeta potential and shifts the zero point of charge to a higher pH range. A 
further increase of calcium ions concentration can lead to a complete recharge of 
the surface and change the sign of the apatite surface to positive [6], [7]. Iron 
cations, which have a higher positive charge, neutralize negatively charged groups 
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on the apatite surface to a greater extent, and even at Fe3+ concentration of 40 mg/l 
the apatite surface is recharged.

 
Fig. 4. The impact Fe3+ ions (1) and Ca2+ (2) ions on zeta potential of apatite: 

Ca2+ -  40 mg/l, Fe3+- 40 mg/l 

Thus, it can be assumed that in the circulating water contaminated with salts of 
polyvalent metals positive ions are fixed on the apatite surface and prerequisites for 
more effective action of the anionic flocculant are produced.  

The higher efficiency of flocculation is known to depend on the characteristics 
of the used organic polymer, the more charged flocculant is used. It is important to 
understand to which pH range corresponds this flocculant being in the most ionized 
state. This state determines more expanded conformation of molecules due to the 
mutual repulsion of equally charged parts of the polymer chain [8].  

Evaluation of the solution viscosity of the cationic and anionic polyacrylamide 
has shown (Fig. 5) that the anionic flocculant has the maximally expanded state in 
the alkaline pH range. For a cationic flocculant the regularities are different: when 
pH value increases, the charges of the polycation will be bound. Consequently, in 
the alkaline region the cationic flocculant molecule is in unexpanded state, which 
is ineffective for bridge-type flocculation. 

 
Fig. 5. The dependence of the specific viscosity of various solutions of flocculants 

depending on pH ( 1 - anionic flocculant, 2 - cationic flocculant)  
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The obtained concentration and kinetic curves of the clarification degree of the 
"model" suspension (Fig. 6) confirm anionic flocculants to be more effective and 
much lower costs for anionic flocculants are required to achieve the similar 
characteristics of water clarification. The advantage of the anionic flocculant 
appears more in the first minutes of clarification. Among anionic flocculants, 
reagents with a higher ionicity (from 30%) have a higher efficiency. 

 
Fig. 6. Concentration and kinetic curves of the clarification degree of a model 

suspension of apatite concentrate in recycled water for a number of cationic (FO 
series) and anionic (AN series) flocculants 

CONCLUSION  

The authors have studied the effect of anionic and cationic organic flocculants 
during cleaning the drain of the apatite concentrate thickener as the most 
contaminated product obtained in the apatite-nepheline ores processing. It was 
found that the influence of the applied reagents and ions of the liquid phase changes 
the surface properties of the dispersed phase. Polyvalent metal cations are fixed on 
the surface of apatite providing conditions for the effective application of anionic 
polyacrylamide flocculant. 

The authors have analyzed the results and assumed the following mechanism 
of action of an anionic flocculant: 
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 oleate ion is adsorbed on apatite particles; 
iron ions (or its hydroxocomplexes) are fixed under the action of 
ferrous sulfate making a positive charge to the particle surface; 

 anionic flocculant due to the formation of complex compounds with 
iron ions is fixed on the particles of the dispersed phase; 

 the calcium ions present in the solution also enhance the flocculating 
effect due to the formation of complex bridges of the "particle - 
macroion - Ca2+ - macroion - particle" type, thereby increasing the 
effective size of the flocculant molecule. 
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