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ABSTRACT 

 
The uraniferous district of Lagoa Real, located in the south-central region of the state of Bahia, has reserves 

estimated at 100,000 tons of uranium, which is enough to supply Angra I, II and III for 100 more years. The 

process adopted for the beneficiation of the uranium ore from Lagoa Real is heap leaching, a static process in 

which the ore is crushed, disposed in heaps and irrigated with a sulfuric acid solution to remove the uranium. 

This technique has a relatively low cost of implementation, although the yield of uranium recovery is low, with 

an uranium content in the leached residue of 700 µg/g U3O8 for ores with an initial content of 2,700 µg/g U3O8. 

With the deepening of the mine pit, an increase in the carbonate content in the ore was noted, which required a 

higher acid consumption in the leaching. In order to reduce the concentration of carbonates, a study of the ore 

concentration by flotation column was accomplished. The flotation reject had high carbonate content, with a 

uranium content of about 2,300 µg/g U3O8 for flotation in one column and 1,100 µg/g U3O8 for flotation in two 

columns. This paper presents the study of the leaching process for the recovery of the uranium present in the 

residue of the heap leaching and in the carbonated residue from the flotation of the anomaly 13 ore. The results 

indicate the feasibility of treating the waste of the heap leaching through dynamic leaching. The study of the 

uranium leaching from the flotation residue through acid leaching technique indicated a recovery of 96% of 

uranium, however with a high consumption of acid, around 450 kg/t, showing that for this case, the most 

suitable technique for the process is alkaline leaching. 
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1. INTRODUCTION 

 

Leaching process consists in a selective dissolution of a metal contained in ores, mineral 

concentrates or industrial wastes. Leaching can be performed with basic, acidic or neutral 

solutions, to which can also be added salts, complexing, oxidizing or reducing agents 

(Ciminelli, 1996).There are different leaching techniques. The choice one which to use 

depends on the characteristics of the ore (metal content, composition, solubility and 

associated minerals), and other factors, such as price of the product and scale of operation 

(Habashi, 1993). 

 

The uranium concentrate production in Brazil is responsibility of Industrias Nucleares do 

Brasil S.A. – INB. Currently this operation is performed in the complex mine/processing 

plant, called Uranium Concentrate Unit – URA, located in Caetité, state of Bahia (Morais et 
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al., 2008). Nowadays, the process of dissolution of uranium used in Caetité is the static heap 

leaching of the crushed ore, with a recovery of approximately 75%. In the process around 700 

µg/g of U3O8 remains in the leaching ore (Morais et al., 2009). As the mine pit deepens, an 

increase in the carbonate content in the ore was noted, and higher acid consumption in the 

leaching was required. In order to reduce the concentration of carbonates, a study of ore’s 

concentration by flotation column was accomplished in the Centro de Desenvolvimento da 

Tecnologia Nuclear – CDTN (Aquino et al., 2009), where a low carbonate uranium 

concentrate and a waste rich in carbonate, also containing uranium were obtained. The 

uranium content in the waste fraction was around 2,300 µg/g U3O8 when one column 

flotation were used and 1,100 µg/g U3O8 for the process with two flotation columns. 

 

Aiming at recovering uranium present in the ore previously leached in statics heaps and in the 

floating waste, a study of optimization of the dynamic leaching operational parameters was 

proposed.  

 

2. EXPERIMENTAL PROCEDURES 

 

Samples of heap leaching tailings and column flotation tailings were prepared by drying, 

homogenization and quartering in fractions of 40 grams for the batch experiments and 

characterization. The characterization of the samples, carried out by X-ray fluorescence and 

delayed neutrons techniques, is shown in Table 1. 

 

Table I. Chemical characterization of samples 

Samples 

(%) Species 

Heap Leaching 

Tailings 

Flotation  

Tailings 

U3O8 0.07 0.23 

SiO2 54.60 20.8 

Al2O3 19.82 9.70 

CaO 6.87 5.14 

Na2O 5.87 0.28 

Fe2O3 5.31 8.01 

SO3 3.43 0.14 

MgO 2.14 7.67 

K2O 1.24 3.04 

TiO2 0.51 0.52 

V2O5 0.08 0.16 

ZrO2 0.06 <0.05 

MnO 0.06 0.20 

SrO 0.03 0.03 

Cr2O3 0.21 <0.05 

ZnO <0.01 0.013 

CaCO3 1.50 43.0 
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The leaching experiments were carried out in beakers of 250 ml under mechanical agitation 

and temperature controlled by water bath. The solid/liquid separation was done through a 

vacuum system using Büchner funnel and Kitasato. The ore was weighted and added to the 

beaker with water to form a pulp, and then the sulfuric acid (H2SO4) and the oxidant agent 

(sodium chlorate - NaClO3) were added. After leaching, the pulp was filtered and the residue 

was dried, weighed and sent for analysis. Figure 1 below shows schematically the process 

performed. 

 

 

 

 
 

Figure 1. Scheme for acidic leaching 

 

 

 

The process variables investigated were: acid/ore ratio, oxidant/ore ratio, reaction time, pulp 

solids content, ore particle size and temperature. The uranium recovery was obtained by 

analysis of the leaching residue through the delayed neutrons and X-ray energy dispersive 

spectrometry (Kevex system) techniques. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1. Heap Leaching Tailings 

 

For the sample from the heap leaching tailings, the process variables investigated were: acid 

and oxidant to ore ratio, reaction time, pulp solids content, ore particle top size and 

temperature. 

 

3.1.1. Oxidant/ore ratio 

 

The oxidant/ore ratio was investigated at the interval between 0 to 7.5 kg of sodium chlorate 

per ton of ore. The results are presented in Figure 2. As shown, under the conditions applied, 

i.e. temperature 65 ºC, acid /ore ratio 40 kg/t, reaction time 4 hours, solids percentage 40% 

and ore top size of 590 µ, the oxidant/ore ratio of 2.5 kg/t is enough to lead to a maximum 

uranium recovery (Figure 2).  
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Figure 2. Influence of oxidant/ore ratio on uranium recovery. Fixed parameters: 

temperature 65ºC, acid/ore ratio 40 kg/t, leaching time 4h, ore top size 590 µ, 40 wt% 

pulp solids content. 

 

 

 

3.1.2. Reaction time 

 

The influence of reaction time on uranium recovery was investigated in the range of 1 to 4 

hours. The results presented in Figure 3 shown that the maximum recovery obtained for the 

leaching tailings was 73.4% for a reaction time of 4h. In such case the content of uranium 

that was not solubilized was 130 µg/g. 

 

 

 

 
 

Figure 3. Reaction time influence on uranium recovery. Fixed parameters: temperature 

65ºC, acid/ore ratio 40 kg/t, oxidant/ore 12.5 kg/t, ore top size 590 µ, 40 wt% pulp solids 

content. 

 

 

 

3.1.3. Pulp solids content 

 

The influence of the pulp solids content was investigated in the range from 40 to 65wt%. 

There was no significant effect of this variable in this interval, where the recovery of uranium 
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ranged from 73% to 75.6%. The other process variables were investigated using 65wt% pulp 

solids content. 

 

3.1.4. Ore particle top size 

 

The influence of the ore particle size on uranium recovery was investigated with 4 top sizes: 

590 µ (28 mesh Tyler), 210 µ (65 mesh Tyler), 105 µ (150 mesh Tyler) and 74 µ (200 mesh 

Tyler). The experiments were carried out maintaining the following conditions: leaching time 

4h, temperature 65ºC, acid/ore ratio 40 kg/t, 65 wt% pulp solids content, oxidant/ore ratio 3 

kg/t. The results are shown in Figure 4. In the samples with the maximum particle size of 105 

µ and 74 µ, the content of residual uranium was below the detection limit of the equipment – 

KEVEX - (50 µg/g of U), indicating recoveries above 90%. 

 

 

 

 
 

Figure 4. Ore particle size influence on uranium recovery. Fixed parameters: 

temperature 65ºC, acid/ore ratio 40 kg/t, oxidant/ore 3 kg/t, leaching time 4h, 65 wt% 

pulp solids content. 
 

 

 

3.1.5. Acid/ore ratio 

 

The influence of sulfuric acid to ore ratio were investigated in the range of 20 kg/t to 50 kg/t 

keeping constant the percentage of solids at 60 wt%, the temperature at 65°C, the oxidant to 

ore ratio in 3.5 kg/t and the reaction time in 4 hours. The effect of this variable was 

investigated for two samples of different top sizes, 105 µ and 590 µ, and the results are 

presented in Figures 5. As shown, in the sample with top size of 105 µ no effect of the 

acid/ore ratio was observed. For the sample with top size of 590 µ the uranium recovery 

increases from 60 to 70%, and indicated that a acid/ore ratio of 40 kg/t is required to reach 

the maximum recovery. 
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Figure 5. Influence of acid/ore ratio on uranium recovery with different ore top size. 

Fixed parameters: temperature 65ºC, oxidant/ore 3.5 kg/t, leaching time 4h, 40 wt% 

pulp solids content. 

 

 

 

3.1.6. Temperature 

 

Two samples of different grain sizes (105 µ and 590 µ) were analyzed in the investigation of 

the effect of temperature on uranium recovery. The temperatures investigated varied from the 

25 ºC (room temperature) to 75 C. The experiments were carried out in acid/ore ratio of 40 

kg/t, leaching time 4h, 65 wt% pulp solids and oxidant/ore ratio of 3 kg/t. An important 

interaction between the temperature and the ore particle size was observed. As shown in 

Table II, it was also observed that 45
o
C is enough to attain the maximum uranium recovery 

for both particle sizes investigated. The difference of the temperature influence on the two 

samples is that for the ore particle top sizes 590 µ the maximum uranium recovery reached 

78 % while for the ore particle top size of 105 µ the maximum recovery was 88 % and that the 

uranium recovery with the sample 105 µ at room temperature was higher than that observed at 

75oC with for the sample 590 µ top size (Table II).  

 

 

 

Table II: Uranium recovery for different temperatures and ore top sizes 

 

Ore top sizes/ 

Temperature 
25ºC 45ºC 65ºC 75ºC 

590 µ 82% 86% 87% 88% 

105 µ 45% 78% 76% 77% 

 

 

 

3.2. Flotation Tailing 

 

For the sample from the flotation tailings, the leaching variables investigated were: acid and 

oxidant to ore ratio, reaction time and temperature. 
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3.2.1. Acid/ore ratio 

 

The influence of the acid/ore ratio on the dissolution of uranium from the flotation tailing was 

investigated at the interval between 120 kg/t and 450 kg/t. The parameters fixed for the 

analysis of the influence of the acid/ore ratio were: temperature 65ºC, reaction time 4 hours, 

oxidant/ore ratio 5 kg/t and 40% solids. At the interval from 120 kg/t to 360 kg/t, the 

recovery of uranium did not exceed 5%, indicating that all acid added was consumed by the 

carbonate present in the sample. The uranium dissolution practically started from an acid/ore 

ratio of 400 kg/t were the dissolution of uranium achieved 90%. For an acid/ore ratio of 450 

kg/t the uranium recovery was 96%. The high consumption of acid, favors the use of the 

alkaline leaching; however the study of the acid leaching was concluded with the 

investigation of the other process variables, so that a comparison between the two techniques 

can be made further on. 

 

3.2.2. Reaction time 

 

The influence of the reaction time on uranium recovery was investigated in the range 1 to 4 

hours. The results are shown in Figure 6. In this study, the temperature was kept at 65 °C, 

acid/ore ratio 450 kg/t, oxidant/ore ratio 5 kg/t and 40wt% pulp solids content. At the time 

interval investigated, the uranium recovery varied from 92 to 96%, indicating that leaching 

should not exceed 3 hours. 

 

 

 

 
 

Figure 6. Reaction time influence on uranium recovery. Fixed parameters: temperature 

65ºC, acid/ore ratio 450 kg/t, oxidant/ore 5 kg/t, 40 wt% pulp solids content. 

 

 

 

3.2.3. Oxidant/ore ratio 

 

When analyzing the influence of the oxidant/ore ratio on the dissolution of uranium, it was 

noted that 3.5 kg/t was enough to oxidize all the uranium present in the waste. 
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3.2.4. Temperature 

 

The temperature influence on uranium dissolution was investigated from room temperature 

(25ºC) to 75ºC. The experiments were carried out at an acid/ore ratio 450 kg/t, leaching time 

4h, 40 wt% pulp solids and oxidant/ore ratio 3.5 kg/t. The recovery of uranium in the range 

investigated varied slightly - from 89% to 93%. 
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5. CONCLUSION 

 

The results obtained experimentally indicated the feasibility of treating the tailings 

investigated through the dynamic leaching technique. For waste from the heap leaching 

process, variables that most influence the process yield are the ore particle size, the 

oxidant/ore ratio and reaction time, reaching a performance of 90% for the ore below 105 µ 

and 77% for the ore below 590 µ. For the flotation tailing the main factor in increasing the 

uranium recovery was the acid/ore ratio, with a maximum yield of 97% for an acid/ore ratio 

450 kg of H2SO4 per ton of ore. The high consumption of acid indicates that alkaline leaching 

is the most recommended option for the flotation tailing. 
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