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Abstract &Background
In a world living in the digital environment and consuming smart services the need
for energy is continuously growing [1].
At the same time, the climate change phenomenon demands the greenhouse
emissions limitation [2].
The nuclear fuel fabrication cycle represents a source of clean energy from this
viewpoint when the radioactive pollution is appropriately controlled. Uranium ore
processing activity as part of nuclear fuel cycle generates low radioactive waste
heaps besides wastewaters, which contaminate the environment [3].
Aims
The present contribution aims to compare the current uranium lixiviation Best
Available Techniques (BAT) to elaborate a modern treatment procedure of wastes
resulted in uranium ore processing activity. The advantages and disadvantages are
presented.
Two resins (Purolite and China) are compared in Resin In Leachate (RIL) process and
are investigated from an influencing parameters viewpoint.
Methods and Results
The experiments were conducted on two ion exchange resins namely Purolite A-
600U from Romania and PM611 from China, respectively , which can be used for the
acidic and alkaline leachates.
The Purolite resin A-600 is a strong basic anion exchanger, type 1 special, with gel
structure, able to separate U(VI) soluble anionic complexes from acid and alkaline
leachates.
The PM 611 resin is also a strong basic anion exchanger, type 1 special, with gel
structure, able to separate U(VI) soluble anionic complexes from acid and alkaline
leachates.
The U(VI) adsorption process from alkaline leachates is influenced by contact time,
U(VI) initial concentration, stirring rate and temperature. The contact time and U(VI)
initial concentration were investigated to plot the adsorption isotherms.
The contact time effect on the U(VI) separation efficiency was investigated using 0.5 g
resin contacted with U(VI) carbonate solution with the following chemical
composition: U – 0.56 g/L, CO3

2- -- 8.97 g/L, HCO3
- - 8.85 g/L; SO4

2- - 10.03 g/L at the
ambient temperature . The samples were collected after each 30 minutes during 3
hours.
The results were plotted in figure 1.
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The Langmuir, Freundlich, Dubinin-Radushkevich and Temkin models were
investigated, and the results are displayed in table 1.

Fig.1  Contact time effect on the U(VI) adsorption efficiency of studied resins

One may observe that the Purolite A600U resin has adsorbed  95% U(VI)  after  90 
minutes, while the PM 611 after 120 minutes.

Resin Langmuir pseudo-first order kinetic model

KL (L/g) qm (mg/g) RL R2

Purolite A600U 0.213 23.36 0.015 0.99

PM611 0.115 21.55 0.02 0.98

Langmuir pseudo-second order kinetic model

KL (L/g) qm (mg/g) RL R2

Purolite A600U 3.79 25.25 0.005 0.75

PM611 5.96 25.19 0.5 0.75

Freundlich model

KF (mg/g) N R2

Purolite A600U 7.22 2.90 0.98

PM611 8.69 2.29 0.96

Dubinin-Radushkevich model

qm (mg/g) D (mol2/kJ2) E (kJ/mol) R2

Purolite A600U 28.63 1×10-5 267 0.67

PM611 29.78 1×10-7 223.60 0.68

Temkin model

b A(L/g) B(J/mol) R2

Purolite A600U 198.21 0.0029 12.29 0.97

PM611 155.97 0.0037 15.62 0.98

Table 1 Langmuir, Freundlich, Dubinin-Radushkevich and Temkin models parameters obtained at the 
[UO2 (CO3)3]4-adsorption on the studied resins 

a
b

Fig.2 The U(VI) initial concentration effect on resins ‘adsorption efficiency : a-Purolite A600U and b-PM611

Fig. 2 has pointed out that U(VI) adsorption process efficiency increases with its 
initial concentration for both studied resins.

When the correlation coefficients value is compared one may observe that
Langmuir pseudo-first order fits best to the adsorption of uranyl tri-carbonate
ion on both studied resins namely,R2=0.99 for Purolite A600U and 0.98 for
PM611, respectively, suggesting that the resin’s surface may be considered
homogenous and that the U(VI) ions adsorption takes plays until a mono-layer is
formed. The calculated maximum adsorption capacities (qmax, mg/g) are closed
to the experimental ones. And the Langmuir constant values (KL) points out the
possible electrostatic interactions between the U(VI) carbonate complex and the
resin surface.
The correlation coefficients of Freundlich model shows that Purolite A600U resin
owns functional groups with a higher affinity towards UO2 (CO3)3]4- then PM611
ones. The constant n value ranging between 1 and 10 shows that the adsorption
is enhanced even for U(VI) high concentrations in carbonate leachate and
Freundlich constant (KF) points out that the adsorption process of U(VI) complex
is by electrostatic attraction and not by physical bonds.
The other two models Dubinin-Raduskevich and Temkin respectively confirm the
chemical nature of the adsorption process by their specific coefficients , E and
A).
The adsorption capacity determination tests with the U(VI) solution containing
U-0.544 g/L, pH=9.37, CO3

2- -- 11.81 g/L, HCO3
- - 1.54 g/L; SO4

2- - 6.08 g/L show
that Purolite A600U has a higher one (42.098 g/ Lresin) then PM611 (40.098 g/
Lresin).

Conclusions
The researches have pointed out that both resins are appropriate to separate 
UO2 (CO3)3]4- , but Purolite A600U seems to have a higher adsorption efficiency 
then PM611. The adsorption process is supported  by electrostatic interaction 
conducting to the formation of the ionic chemical bond between the resin’s 
active sites and UO2 (CO3)3]4- as shown by the kinetic models.


