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Abstract 
The alkaline leach process for extracting uranium from uranium ores is reviewed. 

This process is dependent on the chemistry of uranium and so is independent on the type 
of mining system (conventional, heap or in-situ) used. Particular reference is made to the 
geochemical conditions at Crownpoint. Some supporting data from studies using 
alkakine leach for remediation of uranium-contaminated sites is presented. 

Introduction 
Just eight years after the plant Uranus was detected in 1781, a new element was 

discovered. This element was named uranium in honor of the new planet. There was 
little commercial interest except as a source for radium until 1939 when fission was 
discoyered. Uranium rapidly increased in importance for use in nuclear weapons. 
Production peaked in 1962 reaching values of 17,000 tons per annum in the US. 
Although production has declined, uranium is still an important raw material for nuclear 
power. 

In the United States uranium ores are found in three major districts: the Wyoming 
basins, the Colorado Plateau and the Texas Gulf Coast as is shown in Fig. 1. The 
Colorado Plateau extends from Colorado into Utah, Arizona and New Mexico. Most 
uranium deposits are less than 800ft deep, are horizontally bedded in sandstones, 
mudstones and limestones, the minerals occurring as impregnations and pore fillings in 
the host rocks. 

Typically uranium ores are found in roll front formations (Fig. 2). Uranium is 
leached from its original formation by alkaline carbonate-rich ground water under 
oxidizing conditions. It remains in the groundwater until encountering reducing 
conditions where it is precipitated as insoluble uraninite and coffinite. Such conditions 
exist at Crownpoint. 

Mining 
In conventional mining uranium ore is brought to the surface and crushed. The 

uranium is extracted into solution using a leach reagent, and then concentrated, often on 
ion exchange resins. Two variants on this process are the heap leach process and in situ 
mining. These are shown schematically in Figs 3. and 4. Both methods have been used 
for uranium mining; the heap leach process has also been used for remediating uranium- 
contaminated sites. In the heap leach process, ore is brought to the surface and placed on 
impermeable membranes. The leach reagent is sprinkled onto the heap, trickling through 
it and dissolving uranium as it passes. In in-situ mining, the leach reagent is injected 
through wells surrounding a pumping well. The pumping well then removes the reagent 
after it has dissolved uranium. In both cases (heap and in-situ) the solution is passed 
through an ion exchange resin which collects the uranium. 



Both acid and alkali (bicarbonate) have been used as leach agents. Acid is often 
used but dissolves other metals as well as uranium. In regions with carbonate bearing 
rocks, such as limestone, acid is unsuitable and bicarbonate is used. At Crownpoint, 
concentrations of carbonate rocks are sufficiently plentihl that carbonate is present in the 
ground water making natural alkaline leach the leach of choice. In order to be dissolved 
uranium must be in the oxidized form. 

Chemistry of liktraction Processes 

reduced state (+4) which accounts for their presence since if in oxidized conditions the 
uranium would have been transported away through ground water movement. Those 
minerals that are in the oxidized form (+6) (such as carnotite) owe their presence to the 
insolubility of the specific salt. The effect of redox potential (Eh) and acidity (pH) is 
shown in Figure 5 .  At low pH and low Eh the stable form is UOz. At low pH and 
oxidizing conditions (positive Eh), uranyl ions are the stable cations. At high pH, uranyl 
carbonate species are stable over a wide range of Eh values. 

In order to leach the minerals, they first must all be in the oxidized state. 
Different oxidation agents have been used, including potassium permanganate and 
hydrogen peroxide. Oxygen itself is the agent of choice at Crownpoint. Regardless of the 
agent used, the defining chemistry is the same: 

The mineral forms of uranium are listed in Table I. The major minerals are in the 

This is followed by the formation of soluble uranium carbonate species: 

No other commonly occurring metals form soluble complexes with carbonate. This 
is illustrated in Figure 6 .  These results are taken from laboratory studies in support of 
environmental remediation activities at the Fernald site in Ohio. Although the details 
may change, the essential results are the same. Other redox systems may affect the 
solubility of different species. 

Table Il shows the concentrations of chemical species present in the groundwater 
at Crownpoint. The high natural concentration of carbonate is sufficient to mobilize 
uranium. Clearly, for maximum removal of uranium, strict controls of pH and Eh must 
be maintained. The multiplicity of other ions in the groundwater make the possibility of 
subsidiary reactions likely. 

Concentration of soluble uranium species on ion exchange resins. 

The following reaction illustrates their use for removing uranium from solution: 
Ion exchange resins are insoluble polymer beads with easily exchangeable ions. 

4p-N-(CH3)3fHCO<] (solid) -t U02 (C03)3 4- (solution) 
+ [(R-N-(CH3)3)4] UO;! (C03)3 (solid) + 4 HC03- 



Once the uranium is immobilized it can be easily stripped off the resin and concentrated 
using the reverse process and converted to yellow cake, U308, for hrther processing. 
Figure 7 shows comparison of two resins used for uranyl uptake in laboratory studies in 
suppport of an environmental remediation site. The first, Ionac A641, is a simple anion 
exchange resin and shows how the anion, silicate (Si04 +), competes successfully for 
exchange sites. The second, Diphonix, is both an anion and cation exchanger resulting in 
uptake of calcium, magnesium and potassium. Since the ground water at Crownpoint has 
multiple ions, there will be competition for exchange sites on the resin. Figure 8 shows 
the ion exchange columns used at a field remediation site for uranium-contamination at 
Los Alamos where we successhlly removed 99% of the uranyl ions from solution. 

SrCmmary 
Bicarbonate leach systems may be used to dissolve uranium irrespective of the 

type of physical system involved. Each mining (or environmental) site is defined by its 
own local geology and geochemistry and must be considered on its own merits. Some 
chemical information needs hrther study, such as the mechanism of oxidation and the 
partitioning of the radiochemical daughters of uranium, including thorium and radium. 
Knowledge of these variables will help optimize the leach process. 
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Oxidation State Name Mineral 
+4 major cofinite U( sio4)1-x(oI-I)4x 
+4 minor uraninite uoz I 
+6 minor bay ley ite M&Jo2)(co3) 3.18HzO 
+6 minor uranophane Ca(UO2) 2 (Si03) 2 (OH) 2. ~ H z O  
+6 minor tyu y amunite Ca(UO2) 2 (V04) 2.5-8 HzO 
+6 minor carnotite Kz (UO2) z (vo4) 2 . 3  HzO 



Concentration of Chemical species in 
groundwater at Crownpoint 

Chemical species Concentration CmglL) 

calcium 100-350 

magnesium 10-50 

sodium 500-1 600 

potassium 25-250 

carbonate 0-500 

bicarbonate 800-1 500 

sulfate 100- 1200 

chloride 250 -1800 

silica 25-50 

uranium 50 -250 
12 radium-226 (piC/L) 1000 
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Roll-front uranium deposits formed by 
groundwater migration 
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Flgure 13.15 Schcmstic cross-section of an idealized uranium mll-front orcWy ahow- 
ing the zonation of elements and primary hydrologic and grx~ch~rnical festurrs. Oxidized 
gnmndwaters flow from leR to right. The mll front nod arraclated fedox interface moves in 
the mine direction. After h m a n  [ 1978). 
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Figure 5 
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Figure 6 
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Figure 8 


