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ABSTRACT
Uranium is present in the environment as a result of leaching from natural deposits and activities associated with
nuclear fuel, copper mining, uranium mining, milling industry, etc. For the purpose of protecting ecosystem
stability and public health, it is crucial to eliminate uranium from aqueous solutions before they are discharged
into the environment. Various technologies have been used for removing U(VI) ions from aqueous systems.
Among these methods, adsorption has been applied in wastewater because of simple operation procedure and
high removal efficiency. Brazil is the largest producer of charcoal in the world, with nearly half of the woody
biomass harvested for energy in Brazil being transformed into charcoal. Biochar exhibits a great potential as an
adsorbent because of favorable physical/chemical surface characteristics. The objective of this work was to
evaluate the adsorption potential of biochar materials prepared from pyrolysis of Bamboo (CBM), Eucalyptus
(CEM) and Macauba (CMA) nuts for the removal of uranium from solutions. Adsorption experiments were
carried out by a batch technique. Equilibrium adsorption experiments were performed by shaking a known
amount of biochar material with 100 mL of U(VI) solution in Erlenmeyer ﬂasks in a shaker at 120 rpm and
room temperature (25 oC) for 24 h. The adsorbent was separated by centrifugation from the solution. The U(VI)
concentration remaining in the supernatant solution was determined using inductively coupled plasma optical
emission spectrometry (ICP-OES). The inﬂuences of different experimental parameters such as solution pH and
bioadsorbent dose on adsorption were investigated. The highest uranium adsorption capacity were obtained at
pH 3.0 and 16 g/L biomass dosage for CMA, pH 3.0 and 12 g/L biomass dosage for CBM and pH 2.0 and 10
g/L biomass dosage for CEM. The results demonstrated that the biomass derived char can be used as a low-cost
adsorbent for removal of uranium from wastewater.

1. INTRODUCTION

Many activities produce radioactive aqueous wastes that require treatment before they get
discharged into the environment [1, 2]. The removal and recovery of uranium from aqueous
solutions is of paramount importance for the treatment of wastewaters arising as a
consequence of many activities, but mainly those associated with the nuclear fuel cycle
(mining, milling, conversion, enrichment and fuel fabrication).
Conventional treatment techniques such as chemical precipitation, reverse osmosis, solvent
extraction, micellar ultrafiltration and adsorption are usually applied for the remediation of
uranium from aqueous solutions [3, 4, 5, 6, 7, 8]. Due to its high efficiency and ease of
handling, adsorption has been gradually applied for this purpose [9, 10].
Carbonaceous materials have been increasingly used as adsorbent, because of their higher
thermal radiation resistance, compared with organic exchanger resins, and also their acid-base
stability, compared with inorganic sorbents [10]. Produced by hydrothermal carbonization,
biochar has been used as an alternative adsorbent for the removal of heavy metal ions from
aqueous solutions [11], mostly because of its unique features, such as higher surface area and
porous properties [12].
The aim of this study is to evaluate the removal of U(VI) from aqueous solutions using
biochar materials produced by the pyrolysis of Bamboo, Eucalyptus and Macauba nuts.

2. MATERIALS AND METHODS
2.1. Materials
A standard solution of 928 mg/L of uranyl nitrate was prepared by dissolution of U3O8
nuclear pure obtained from Center for Chemistry and Environment at the Nuclear and Energy
Research Institute (CNEN/IPEN-SP), Brazil. Other U(VI) nitric solutions were prepared by
diluting standard solution in double-distilled water. The biochar materials were prepared from
pyrolysis of Bamboo (CBM), Eucalyptus (CEM) and Macauba (CMA) nuts.
2.2. Adsorption experiments
Adsorption experiments were carried out by a batch technique. Equilibrium adsorption
experiments were performed by shaking a known amount of biochar material with 100 mL of
U(VI) solution in Erlenmeyer ﬂasks in a shaker at 120 rpm and room temperature (25 oC) for
24 h. The adsorbent was separated by centrifugation from the solution.
The U(VI) concentration remaining in the supernatant solution was determined using
inductively coupled plasma optical emission spectrometry (ICP-OES). The adsorption of
U(VI) was studied as a function of pH and bioadsorbent dose. The initial pH was adjusted
with 0.1 mol L-1 HNO3 and 0.1 mol L-1 NaOH.
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The adsorption capacity (mg g-1) of the adsorbent was calculated using the Eq. (1):
𝑞𝑡 =

(𝐶0 − 𝐶𝑡 ) 𝑥 𝑉
𝑀

(1)

where qt is the adsorbed amount of adsorbate per gram of adsorbent at any time t, C0 and Ct
the concentrations of the adsorbate in the initial solution and at any time t, respectively (mg
L-1); V the volume of the adsorbate solution added (L) and M the amount of the adsorbent
used (g).
Through the following equation (Eq. (2)), it was possible to determine the extraction
efficiency in the different experiments performed:
𝑅 (%) = �

𝐶𝑜 − 𝐶𝑡
� 𝑥 100
𝐶𝑜

(2)

where R is the efficiency of extraction or retention percentage, C0 (mg L-1) is the initial
concentration of each adsorbate and Ct (mg L-1) represents the concentration of the adsorbate
at time t.
2.3. Instrumental parameters
The quantification of uranium was carried out using a Spectro ArcosCCD inductively coupled
plasma optical emission spectrometer (Spectro Analytical Instruments Co, Kleve, Germany)
with an axially viewed plasma configuration and a radio frequency generator based on a freerunning 27.12 MHz, enabling adjustments of power between 700 W to 1700 W. The
spectrometer is equipped with simultaneous charge-coupled-device detectors (CCDs), which
allow measurements from 130 to 770 nm. Table 1 summarizes the optimized measurement
parameters.
Table 1: ICP OES ARCOS Operating parameters
Parameter
Plasma gas flow
Auxiliary gas flow
Nebulizer gas flow
RF power
Plasma view
Peristaltic pump flow rate
Spray chamber
Nebulizer
Torch
Replicates

Value
12 L min-1
0.8 L min-1
0.8 L min-1
1400 W
Axial
30 Rpm
Cyclonic
Meinhard concentric nebulizer
Quartz
3

The Background Equivalent Concentration for Mn and P was calculated using aqueous
solutions of 0.1 mg L-1 and 7 mg L-1, respectively. The emission line selected for uranium
quantification was 409.014 nm.
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3. RESULTS AND DISCUSSION

3.1 Effect of pH
The pH of the aqueous solution affects the surface charge of the adsorbents as well as the
degree of ionization and speciation of the solute. It is well known that the species of uranium
are strongly dependent on pH value [13]. The pH values were varied between 2.0 and 8.0,
keeping the other parameters constant.
The influence of pH on the removal of uranium ions onto biochar materials was presented in
Tables 2-4. The removal percentage was in the range of 17.2 to 32.9% for CBM, 0.80 to
19.6% for CMA and 88.7 to 81.0 for CEM, when pH was increased from 2 to 8, respectively.
Table 2: The influence of pH on the removal of uranium ions onto CBM
Initial pH
2.04
3.08
3.93
5.03
5.91
7.04
7.93

qt (mg g-1)
0.100
0.187
0.053
0.139
0.070
0.105
0.186

R (%)
17.2
32.1
9.09
23.8
13.0
19.0
32.9

Table 3: The influence of pH on the removal of uranium ions onto CMA
Initial pH
2.03
3.07
4.05
5.07
6.05
7.00
7.97

qt (mg g-1)
0.0047
0.271
0.173
0.0561
0.0267
0.0636
0.115

R (%)
0.804
46.4
29.6
9.60
4.57
10.9
19.6

Table 4: The influence of pH on the removal of uranium ions onto CEM
Initial pH
2.04
3.08
3.93
5.03
5.91
7.04
7.93
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qt (mg g-1)
0.517
0.481
0.436
0.450
0.413
0.440
0.467

R (%)
88.7
82.5
74.8
77.2
71.9
76.5
81.1

Fig. 1 shows the comparison of uranium adsorption capacities for different biochar materials
with variation of initial pH. As can be seen from Fig. 1, the adsorption ability of uranium by
the biochar materials is signiﬁcantly dependent on the pH value for CMA and CBM and
almost constant for CEM.
The uptake amount of U(VI) reached the maximum adsorption capacity at pH 3.0 for both
CMA and CBM and at pH 2.0 for CEM. The observed behaviour can be explained by the
presence of different mononuclear and polynuclear uranium (VI) hydrolysis products in the
form of [(UO2)p(OH)q](2p-q)+ at different pH values in the solution. At lower pH values (pH <
5), the predominant species is UO22+.
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Fig. 1. Effect of initial pH on the adsorption capacity of U(VI) onto biochar materials
from Bamboo (CBM), Macauba (CMA) and Eucalyptus (CEM) ([U]= 5.8 mg/L;
adsorbent dose: 10 g/L; contact time: 24 h, temperature: 25 ± 2 °C)
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3.2 Effect of adsorbent dosage
The adsorbent dosage is an important parameter because it is associated to the determination
of the capacity of an adsorbent for a given concentration of adsorbate. The adsorption studies
of U(VI) onto biochar materials were done by varying the adsorbent dose from 10 g/L to
20 g/L. The equilibrium amount adsorbed and the removal efficiencies are presented in
Tables 5-7.
Table 5: The influence of dose on the removal of uranium ions onto CBM
Dose (g/L)
10
12
14
16
18
20

qt (mg/g)
0.082
0.053
0.214
0.236
0.084
0.044

Removal (%)
14.1
11.0
51.2
64.6
25.9
15.1

Table 6: The influence of dose on the removal of uranium ions onto CMA
Dose (g/L)
10
12
14
16
18
20

qt (mg/g)
0.0760
0.159
0.0456
0.0431
0.0994
0.120

R (%)
13.0
32.8
11.0
11.8
30,7
41.0

Table 7: The influence of dose on the removal of uranium ions onto CEM
Dose (g/L)
10
12
14
16
18
20

qt (mg/g)
0.394
0.342
0.357
0.328
0.284
0.270

R (%)
67,2
70.0
85.3
89.4
87.2
92.2

The influence of adsorbent dosage on adsorption of U(VI) ion is shown in Fig. 2. Increasing
the adsorbent dose up to 16 g/L and 12 g/L for CMB and CBA, respectively, increase the
adsorption capacity (the amount adsorbed per unit mass of adsorbent) of metal ions, which is
due to the increasing in adsorption sites of adsorbent material resulting from increasing of
surface area of adsorbent [14]. However, further increase of adsorbent dosage does not afford
exhaustive adsorption of U(VI). For CEM, when the dose was increased from 10 to 20 g/L,
the adsorption capacity decreased.
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The drop in adsorption capacity is mainly due to the sites remaining unsaturated during the
adsorption process and can be mathematically explained [15]. Another reason may be
attributed to the particle interactions, such as aggregation, caused by high adsorbent
concentration [16]. Such aggregation would lead to a decrease in the total surface area of the
adsorbent [17].
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Fig. 2. Effect of adsorbent dose on the adsorption of U(VI) onto biochar materials from
Bamboo (CBM), Macauba (CMA) and Eucalyptus (CEM) ([U]= 5.8 mg/L; pH: 4.3;
contact time: 24 h, temperature: 25 ± 2 °C)

4. CONCLUSION
The obtained results indicate that biochar materials prepared from pyrolysis of Bamboo,
Eucalyptus and Macauba nuts can be used for the removal of uranium ions from liquid
wastes. A batch technique was employed to investigate the adsorption behavior of U(VI) onto
biochar materials from aqueous solutions as a function of initial pH of aqueous solution and
adsorbent dose. The highest uranium removal efﬁciencies varied between 67% and 92% and
were obtained with Eucalyptus adsorbent material.
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