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ABSTRACT 
Normally groundwater is under chemically reducing conditions with low oxygen levels, in such 

conditions uranium and other heavy mineral solubility is greatly decreased. But within a zone of Uranium 
mineralization, the concentration of Uranium is high enough that some of the uranium will be dissolved 

into the groundwater. In addition to uranium, other minerals like arsenic, molybdenum, cadmium, 

calcium, and radium 226 will be dissolved. Water maintains the human health and health of the 
ecosystem. According to the recent studies almost 70% of the water in India has become polluted and the 

pollutants include domestic sewage at one end and industrial effluents on the other. Leaching and 

mobility of heavy metallic and non-metallic minerals into the aquifers became most dangerous as most of 

the rural population living in India depends on ground water for domestic and agriculture use.  Mobility 
studies on heavy mineral deposits reveal that these minerals move long distances in very short periods of 

time. Unexceptionally the uranium found contaminating the groundwater as well as surface water through 

effluents of uranium mining area. The present study is taken up in order to extract the dissolved uranium, 
further, to purify the groundwater and waste water released from the nuclear plants by the application of 

zeta potential technique and by microporous zeolites as molecular sieves. Zeta potential technique is very 

recent mineral beneficiation technique of ionic separation where the mineral of interest will be kept in 
zero potential by the adding NaOH, by which all other gangue minerals get charged and collected at 

respective ionic beds. Zeolites are crystalline, microporous, hydrated aluminosilicates. Zeolite open-

structure framework consists of many interconnected voids of discrete size. The voids of the zeolites are 

utilized as molecular sieve for the separation of the dissolved uranium. The experiments signify 100% 
pure uranium.  
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INTRODUCTION 
Studies in the uranium mining areas of India reveal contamination of groundwater by leaching of uranium 

and through released waste waters (Mishra et al., 2012). Radioactive minerals move long distances in 
relatively short periods of time through colloids moving with groundwater. This kind of transport is 

attributed to the nanoparticles of the radioactive minerals of less than 15 nm size (Novikov et al., 2006; 

Ramen et al., 2012). The oxidation and dissolution of uranium minerals lead to growth of its 
concentration in hydrothermal as well as meteoric fluids. Under reducing conditions, uranium transport is 

likely to be measured in fractions of centimeter. Uranium is very reactive element combine readily with 

Cl
 –

 Na3
-
, SO4

2-
 and CO3

2-
. At pH 7 the uranium form stable complexes with phosphate and carbonate 

(Lucia et al.,). Naturally uranium ions occur in tetravalent and hexavalent state amongst these, hexavalent 

uranium ions (UO3) are readily soluble in acidic water (Sarangi et al., 2000). The other minerals occur in 

the groundwater and surface water of study area are arsenic, molybdenum, cadmium, calcium, and radium 

226 (Guru-Pratap et al., 2011). 
In the present study microporous zeolites are used as molecular sieves (Yangong Zheng et al., 2012) for 

the separation of gangue minerals from ferric iron oxide uranium carriers. Two different sizes of 15 nm 

and 3.3 
0
A pore size sieves are utilize in two stages for the separation of ferric iron oxide in the first stage 

and water in the second stage of the process.  Zeta potential technique is most recent and better technique 

that can be used for ore beneficiation (Raghu et al., 2013), where selective minerals are kept at zero 
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potential by the addition of catalyst such as NaOH, at this point of pH, other gangue minerals will attain 

respective ionic charge, and hence they will be trapped in respective ionic beds.   

 
 

Figure 1: Uranium mineralization in study area 
 

Tummalapalle of YSR District, Andhra Pradesh covered under Survey of India Toposheet Nos. 57 J/3 and 

57 J/7 between latitudes 14°18'36” N & 14°20'20” N and longitudes 78°15'16” E & 78°18' 03.3” E.  The 

deposit in the study area is dolostone hosted stratabound type formed by the leaching of uranium from 
underlying basement granites. The rock type belongs to the Vempalli formation of Cuddapah Supergroup. 

Tummalapalle project area measures 973 ha (Figure 1). 

 

MATERIALS AND METHODS 

Methodology 
The radionuclides are immobile in nature, but can be moved great distances through thermodynamic 
carriers like ferric iron oxide nanoparticles of less than 15 nm size (Novikov et al., 2006; Ramen et al., 

2012). In the beneficiation process the water sample collected from groundwater/surface water/uranium 

mine effluents in and around Tummalapalli Uranium mining area are subjected preliminary processing by 

passing through bar screen and sediment settling tank. Then the solution is sent through synthesized EMT 
zeolite molecular sieve of 15 nm pore size. In these process nanoparticles having molecular size more 

than 15 nm will be separated and sent out. The radioactive mineral along with carrier ferric oxide having 

15 nm size that will pass through the zeolite molecular sieve and collected in pH conditioner.  In the 
second stage of treatment the nano ferric oxide along with radioactive mineral with remaining impurities 

in aqueous solution is kept at zeta potential of uranium by attaining a pH of 5.8 (Wazne et al., 2004; 

Joseph et al., 1998) by adding NaOH to the solution where the charge of Uranium will become zero while 

other heavy minerals get charged (Raghu et al., 2013). Then the solution is passed through the ionic beds.  
The dissolved impurities having respective charge were hold in relevant ionic bed leaving the zero 
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charged radioactive nano Uranium mineral. Resultant solution contains high concentration of Uranium 

which in the further process, passed through zeolite molecular sieve of 3.3 
0
A pore size. The molecular 

size of water molecule is 3.2 
0
A, hence water pass through the zeolite sieve leaving the Uranium mineral.  

It will be collected, dried and sent for packing for different applications. 

Flow Chart of the Process 

 
 

Figure 2: Uranium extraction process 

 

Processing Unit 

The processing unit (Figure 2) contain bar screen where higher sized waste material such as wood pieces, 

paper pieces, cloth pieces, dry leaves, dry sticks etc are removed, and the water enters into sediment 
settling tank where mud, sand are separated by gravitational settling. Then the solution is passed through 

the zeolite sieve of 15 nm pore size. Here particles having more than 15 nm size. The ferric iron oxide 

minerals have a particle size of 15 nm, hence they pass through the zeolite sieve along with radioactive 
particles and the other gangue minerals having more than 15 nm size are removed. In the following stage 

the solution is taken into a pH conditioner to maintain a pH of 5.8 by addition of NaOH, which leads to 

attain zeta potential to radioactive Uranium. In this process the host ferric iron oxide mineral and other 

gangue minerals will attain ionic nature and trapped in the ionic bed treatment leaving nano sized uranium 
water solution. This solution is passed through a zeolite sieve of 3.3 

0
A pore size. The water molecules 

have molecular dia of 3.2 
0
A are removed through uranium free water outlet (Figure 2). The radioactive 

nano mineral Uranium is collected into a container and heated gently to make free from moisture and 
packed for different applications.  

 

RESULTS AND DISCUSSION 
The dolostone hosted stratabound Uranium deposit of Tummalapalli area, YSR District is found to have 

possible solubility in groundwater as well as surface water and mine effluents along with the other heavy 

minerals. The Uranium mobility in the groundwater is by means of ferric iron oxide of particle size 15 

nm. Other heavy minerals dissolved in the ground water of the study area are arsenic, molybdenum, 
cadmium, cadmium and radium. The Uranium beneficiation process include conventional methods like 

bar screening, and sediment settling followed by advanced techniques of utilization of zeolite sieves and 

zeta potential technique. During the process, two types of zeolite sieves of 15 nm and 3.3 
0
A pore size are 

used. Zeta potential technique is an ion exchange process used to hold ferric iron oxide ions which are 
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carriers of Uranium in groundwater. In the ion exchange process the Uranium along with water is 

collected. The molecular size of water is 3.2 
0
A, which is separated by using zeolite molecular sieve of 

sieve size 3.3 
0
A.   

Treatment plant should be setup towards the downstream side of either surface water or groundwater so 

that treatment may take up at the bottom of the water table in the case of ground water or at the basin 

where the surface waters go stagnant.   

Conclusion  

In recent decades the Uranium has become an important commodity in the energy sector along with oil, 

natural gas and coal. Uranium is used primarily in nuclear power reactors for the production of electricity.  

But the occurrence of uranium in nature in the form of deposit is very rare. It is a known factor that the 
groundwater and surface water in the Uranium mining area contain dissolved uranium as well as other 

heavy minerals. Hence to meet the demand, it is essential to consider the quantities of Uranium dissolved 

in groundwater and surface water around Uranium mining areas. In the present study a technique has been 
developed and adopted for the beneficiation of Uranium dissolved in groundwater and surface waters 

around Uranium mining areas. Apart from the beneficiation of Uranium, in the present study, other heavy 

minerals having economic importance that are collected in different stages can be utilized.   
Water purification is the secondary factor in the present study, where water is purified by the removal of 

all the harmful mineral impurities and highly purified drinking water can be extracted.  Environmental 

safety is the other valuable outcome in the present study. 
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