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ABSTRACT: Magnetic Graphene Oxide (MGO) impregnated Di(2-Ethyl Hexyl)Phosphoric Acid 

(D2EHPA) (DMGO) was prepared by multi-impregnation. The structures of GO and DMGO  

were characterized by FT-IR, TGA, EDX, SEM, and XRD. The adsorption capacities for U(VI)  

from aqueous solution is 154.4 mg/g  at pH 5. The essential factors that affected U(VI) adsorption such as 

initial pH, contact time, and temperature were investigated. The adsorption is highly dependent  

on the solution pH. In addition, the adsorption isotherm and thermodynamics were investigated.  

The adsorptions of U(VI) from aqueous solution on DMGO was fitted to the Langmuir adsorption 

isotherms. The adsorption of U(VI) on DMGO is remarkably improved by GO impregnated  

with D2EHPA. Thermodynamic parameters further show that the sorption is an endothermic  

and spontaneous process. DMGO is a powerful promising sorbent for the efficient removal of U(VI) 

from aqueous solutions. 
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INTRODUCTION 

Uranium is a radioactive metal that occurs in nature 

and plays an important role in the nuclear industry.  

It is usually a product of uranium mining and hydrometallurgy. 

Unfortunately, a large amount of low concentration 

uranium-containing radioactive wastewater is produced  

at the same time. Uranium contamination, even at trace 

levels, is a threat to human health and the environment 

because of its chemical toxicity and radioactivity [1-3].  

Many approaches, including adsorption [4-7], 

bioreduction, precipitation [8, 9], electrodialysis, reverse 

osmosis [10], ion exchange [11, 12], and membrane 

filtration, have been applied to eliminate U(VI) from 

wastewater. Among these methods, adsorption technology 

has its unique merits for practical and large-scale  

 

 

 

applications, such as easy operation, high efficiency, etc [4], 

as well as several drawbacks, including limited adsorption 

capacity, restricted adsorption conditions, especially  

for solution pH value. Therefore, new adsorbents with high 

adsorption capacity and mild adsorption conditions  

are still required for radionuclides treatment. 

Different types of adsorbents have been developed for 

uranium (VI) removal in an economical manner, such as 

inorganic oxides [13], metal-organic frameworks [14],  

and biomass [15]. However, most of these materials have 

no resistance to the acidic environment, and to radiation [16]. 

For these reasons, carbon materials are promising 

candidates for use because of their thermal and  

radiation stabilities. Graphene, a monolayer of graphite,  
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with its advantageous thermal and mechanical properties, 

has been used in many areas, such as electrochemical 

energy storage, solar cells and gas adsorption [17, 18].  

Carbonaceous materials including Activated Carbon (AC), 

biochar, Carbon NanoTubes (CNTs), and Graphene Oxide (GO) 

have been widely studied for adsorption of various 

environmental contaminants [19-21] Graphene Oxide (GO) 

is the oxidized form of graphene and is decorated  

with epoxy, hydroxyl, keto, and carboxyl reactive oxygen 

functional groups. 

Graphene Oxide (GO) is typically obtained by oxidation  

or sonication of graphite, its also the oxidized form of 

graphene which possesses oxygen-containing functional 

groups, including hydroxyl groups (–OH), epoxy groups 

(–C=O), and carboxyl groups (–COOH). In addition,  

GO also possesses a high specific surface area [22] 

Compared to other carbon-based materials, GO 

exhibits better environmental compatibility and 

biocompatibility. Oxygen-containing functional groups 

can be used as the adsorption sites for heavy metal ions  

in wastewater [23]. Through interaction with these 

oxygen-containing functional groups, heavy metal ions 

can be removed from wastewater, thus enabling 

purification [24]. In addition, the presence of these 

functional groups enables the stable dispersion of GO  

in water and other polar organic solvents [25]. 

The GO adsorption affinity to many metal ions is 

sturdy, and varies from the types of metal ions. The higher 

electronegativity of metal ions, the stronger attraction  

of the metal ions on the negatively charged GO surface.  

In addition, the complexation of heavy metal species  

with surface oxygenous functional groups (e.g. hydroxyl and 

carboxylic groups) was also one possible adsorption mode, 

and the speciation of heavy metal ion species was determined 

by the stability constants. The mechanisms for the adsorption 

of metal ions on the surface of GO were ascribed  

to electrostatic attraction [26], ion exchange [27] and 

surface complexation [28]. 

Graphene oxide (GO) has become a hot topic for  

the uptake of inorganic and organic pollutants because  

of its ultrahigh surface area and large mechanical strength.  

In particular, abundant functional groups present on the 

surface, and these provide a larger space for further 

modification [29]. The maximum adsorption capacity  

of graphene oxide (GO) for uranium (VI) is only  

97.5 mg/g [30]. 

It has been proposed that introducing suitable 

functional groups on the surface of GO can greatly 

increase its adsorption capability and improve its water 

dispersion property, and these are important for practical 

applications of GO as an adsorbent. To date, researchers 

have prepared GO composite materials with organic 

functional groups, such as amidoxime, amino, imide, 

sulfonate, or phosphonate groups, to enhance  

the adsorption of U(VI) ions [31]. 

In this study, magnetic graphene oxide was prepared 

and Impregnated in Di(2-Ethyl Hexyl)Phosphoric Acid 

(D2EHPA) in order to obtain (D2EHPA) impregnated 

magnetic graphene oxide (DMGO) adsorbent. The 

combination between D2EHPA and GO in order to increase 

the adsorption capacity of DMGO toward uranyl ions. 

DMGO characterized by Fourier Transform InfraRed (FT-IR) 

spectra, ThermoGravimetric Analysis (TGA), Energy-dispersive 

X-ray spectroscopy EDX, and Scanning Electron 

Microscopy (SEM). The prepared adsorbent tested for U (VI) 

ions removal from liquid waste solution through batch 

adsorption experiments. 

 

EXPERIMENTAL SECTION 

Chemicals and reagents  

The starting material, is Nature large-flake graphite 

(325 mesh, 99.8 %) obtained from (325 mesh, 99.8%, Alfa 

Aesar),  A stock solution of 1000 mg L-1 U(VI) was 

prepared using UO2(NO3)2.6H2O which obtained from 

Merck Co. The stock solution of U(VI) was prepared  

by dissolving appropriate amounts of UO2(NO3)2.6H2O in 

nitric acid solution for inhibition of the hydrolysis of 

U(VI).  D2EHPA was obtained from Merck also. While  

all other chemicals were of analytical grade and used without 

further purification. All testing solutions were prepared 

with de-ionized water. 

Spectrophotometric determination of uranium and  

the FT-IR spectra of the adsorbent were recorded using Jasco 

model V 650 and 4200 instruments respectively. An Li 127 

(Elico, India) model pH meter was used for pH 

measurements. And The SEM images and the EDAX 

spectra were obtained using a JEOL JSM-6390 analyzer. 

 

Preparation of GO nanosheets 

GO was synthesized using modified hummers method 

as [32, 33] described in our previous work. In brief; 1 g 

graphite powder was added to a mixture of 3 g NaNO3  
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and 70 mL of concentrated H2SO4 in an ice bath. Then,  

3 g KMnO4 was gradually added at 15 min under stirring. 

The mixture was stirred for 2 h at ambient temperature and 

then diluted with deionized (DI) water and stirred for 30 min. 

After that, 5% H2O2was added into the solution until 

the color of the mixture changed to yellow, indicating that 

graphite is fully oxidized. The as-obtained graphite oxide 

slurry was re-dispersed in DI water and then exfoliated  

to generate graphene oxide nanosheets using a bath 

ultrasonic. The mixture was then, filtered and washed with 

diluted HCl solution to remove metal ions. Finally,  

the product was washed with DI water to remove the acid. 

 

Preparation of magnetic graphene oxide MGO 

The magnetic graphene oxide has been prepared using 

the modified method of Massart [34], where about 100 mL 

from ferric solution (0.2 M) has been mixed with 100 mL 

from freshly prepared 0.1 M ferrous solution under stirring 

with ten gram from the produced porous carbon. After that, 

about 100 ml from ammonia solution (30 %) has been 

poured to the Fe+3/Fe+2/GO mixture and stirred vigorously. 

A black precipitate has been formed which was left  

to crystallize for 30 min. under stirring. The crystallized 

product has been then washed with deoxygenated water 

under magnetic decantation until pH of suspension became 

below 7.5. The precipitate was dried at room temperature 

to give a black powder and marked as MGO. 

 

Preparation of Impregnated magnetic graphene oxide 

with D2EPAH (DMGO) 

1.5 g of MGO was mixed with D2EHPA solution  

in Benzene a 100 mL reaction flask. The mixture  

was refluxed at 120 °C for 10 h. The reaction mixture  

was poured into cold water and the solid was filtered and 

washed with methanol, the functionalized adsorbents  

were finally dried at 70 °C for 7 hours to be ready for use. 

The DMGO were characterized by using SEM, FT-IR, EDX. 

 

Batch adsorption experiments 

Adsorption experiments under controlled pH  

were carried out by adding portions of 0.1 g DMGO in a series 

of flasks, each one containing 20 mL solution of (250 ppm) 

U(VI) ions solution. The pH was adapted in the range  

of 1–6 using nitric acid or sodium hydroxide solutions.  

The flasks were shaken on a shaking water bath model 

1083 (Labortechnik GmbH, Germany) at 300 rpm for 2 h 

at 25 °C. After equilibration, the residual concentration  

of the metal ion was determined. 

To conduct the time effect, 0.1 g of DMGO was put in 

a series of flasks containing 20 mL of U(VI) ions solution 

(250 ppm) at pH 5. The flasks were shaken on a shaking 

water bath for the required time period. The effect of initial 

concentration of U(VI) ion was carried out at definite 

concentrations (250–1000 ppm) and pH 5. The contents  

of the flasks were equilibrated on a shaking water bath 

while keeping the temperature at 25, 50, and 70˚C. After 

adsorption, the residual U(VI) concentration of the metal 

ion was determined. The effect of the solid/liquid ratio  

on the adsorption efficiency of the studied resins was  

achieved by varying the amount of beads from 0.01 to 0.3 g 

in the adsorption medium (20 mL containing 250 ppm 

U(VI)), while keeping other parameters (pH, contact time, 

and temperature) constant according to their values 

obtained from the previous experiments. 

 

RESULTS AND DISCUSSIONS 

Characterization of the Adsorbent 

Fourier transform infrared FTIR spectra of the prepared 

GO and DMGO: 

FT-IR was employed to evaluate the structural 

characteristics, the FTIR spectra of pristine GO and 

DMGO are presented in Fig. 1. In the spectrum of GO, 

there are several typical absorption peaks: the peak at 1072 cm-1 

are related to C-O, while the peak at 1730 cm-1 is attributed 

to C=O stretching vibrations, the peak at 3430 cm-1  

are assigned to O-H stretching, the C=C peak appears at 

1620 cm-1 [35]. After the impregnation with D2EPAH with 

the surface of GO, several new peaks are observed  

in the spectrum of DMGO. The absorption peaks at around 

600, 960 and 1020 cm-1 were assigned as phosphate group 

in-side-plane deformation vibration, symmetric bridge 

vibrations [36, 37], and asymmetric bridge vibrations, 

respectively. The bands at 1256, 1640, 1721 and 3420 cm-

1 corresponded to the P=O absorption, P-O bond, C=O  

and O-H functional groups. 

 

Thermogravimetric analysis of GO and DMGO 

Thermal properties of GO and DMGO in a nitrogen 

atmosphere were investigated by TGA, and the results  

are displayed in Fig. 2. the initial mass loss of GO below 

100 °C is attributed to the evaporation of the adsorbed water, 

and the maximum mass loss temperature (Tmax) occurs  
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Scheme 1: Interaction of D2EHPA Impregnated magnetic graphene oxide. 

 

 

at around 200 °C, due to the decomposition of labile  

oxygen functional groups, such as hydroxyl and carboxyl 

groups. The steady weight loss occurs in the temperature 

range of 300.700 °C, due to the degradation of the residual 

char, and a char yield of 53% is obtained at 700 °C.  

For DMGO shows two-step weight loss. The first stage  

is attributed to the degradation of oxygen functional  

groups on the surface of DMGO and the grafted flame 

retardant. While the second mass loss between 450 and 

550 °C is assigned to the further decomposition of  

the residual char. 

SEM and EDX pattern of MGO and DMGO 

In order to identify and visualize the adsorption of 

U(VI) on DMGO, SEM-EDX was employed. The surface 

morphologies of GO and DMGO were examined with 

SEM, as depicted in Fig. 3. GO demonstrated a two-

dimensional multilayered structure with lateral sizes of 

several nanometers, as the reported literature [38].  

While in the DMGO, the combination with Fe3O4 with 

impregnation caused disorderness in the basal plane. Fig. 4 

shows the typical EDX pattern of nanoparticle DMGO 

before and after uranium adsorption which indicate  
 

 



Iran. J. Chem. Chem. Eng. Kinetics and Thermodynamics of Uranium Adsorption ... Vol. 39, No. 5, 2020 

 

Research Article                                                                                                                                                                  229 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: The FT-IR spectra of DMGO and GO. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Thermogravimetric analysis of GO and DMGO. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: SEM pattern of MGO and DMGO composite. 

 

the appear of two peaks of 3.4 and 12.5 kev as a result of 

adsorption of Uranium on the surface of DMGO composite 

 

X-Ray Diffraction (XRD) 

The XRD spectrum was used to characterize the GO 

and DMGO crystalline nature (Fig. 5) the strong 

diffraction peak of GO is appears at 2ϴ  = 10.7° that 

correspond to the (001) diffraction with an interlayer 

distance of approximately 0.82 nm. While the diffraction 

peak of DMGO move to lower 2ϴ  angle with an interlayer 

distance 0.98 nm which is larger than GO by 0.16 nm.  

This increase in the layer to layer distance signifies the 

impregnation of GO with D2EHPA. 

 

Factor affecting the adsorption of thorium on the surface 

of DMGO 

Effect of pH on adsorption process: 

The removal of metal ions from aqueous solution  

by adsorption is highly depending on the pH of the solution 

which affects the surface charge of the adsorbent and  

the degree of ionization and speciation of the adsorbate. 

Most research has been conducted on heavy metal sorption 

indicated that the decrease in sorption at acidic pH may be 

due to the increase in competition with protons for active 

sites. At the alkaline pH values, however, other effects 

may arise from some processes, such as the predominant 

presence of hydrated species of heavy metals, changes  

in surface charge and the precipitation of the appropriate 

salt [39, 40]. To verify the effect of pH on U(VI) ions 

adsorption onto DMGO, experiments were conducted 

modifying the initial solutions pH from 1 to 5.  

The obtained results are shown in Fig. 6. 

The results show that the pH value is very significant 

for the performance of DMGO in the process of U(VI) ions 

adsorption from solution. The adsorption capacity of  

the DMGO increase sharply at pH range 3–5. At pH > 5 

the adsorption capacity decreases with pH increasing.  

The optimum initial pH of the U(VI) ion solution in the process 

GO DMGO 
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Fig. 4: EDX pattern of MGO and DMGO composite. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: X-ray diffraction patterns of GO and DMGO. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Effect of equilibrium pH on the extraction of U(VI) with 

DMGO. U conc. 250 ppm, room temperature, 30 min., contact 

time, 0.1 gm composite, 20 ml sample). 

of U(VI) ions adsorption onto DMGO is 5, where almost 

90% of uranium is removed. The further experiments  

were conducted at an initial pH of the solutions of 5. 

 

Effect of adsorbent dosage on adsorption  

The adsorbent amount is an important parameter  

to obtain the quantitative uptake of metal ion. Fig. 7 shows 

the adsorption capacity versus weight. The adsorption 

capacity increase rapidly with increasing the weight  

of composite from 0.01 until reaching the equilibrium state 

at 0.1 g. It can be noticed that the adsorption capacity 

degrease with the resin dosage increasing, therefore  

this dosage (0.1g) was selected for the all further experimental 

studies. 

 

Effect of contact time  

The effect of contact time on the adsorption of U(VI) 

studied on the range from 5 to 60 minutes is plotted in Fig. 7. 

The adsorption efficiency increase gradually with 

increasing the time reaching the equilibrium at 40 min.  

and being constant after that, Fig. 8. the short equilibrium 

time indicates high efficiency and economic feasibility  

of the sorbent for industrial applications.   

In order to investigate the controlling mechanism  

of adsorption process, the pseudo-first-order and pseudo-

second-order kinetic models are used to evaluate  

the experimental data obtained from batch Th(IV) removal 

experiments. Pseudo-first-order kinetic model and pseudo 

second order kinetic model are shown in Eqs. (3) and (4) 

[41-43]. 

Pseudo-first-order: ln(qe − qt) = ln qe − k1t                      (3) 

pseudo-second-order : t /qt = 1/ k2qe
2 + 1 /qe t                  (4) 

Where qe and qt are the amounts of U(VI) adsorbed 

(mg/g) at equilibrium and at time t (min), respectively. 

k1 (min-1) and k2 (g/mg/min) are the rate constants 

of pseudo-first order and pseudo-second-order rate constants, 

respectively. 

Kinetic parameters are calculated and shown in Table 1 

and (Figs. 9 and 10). Results clearly indicate that the rate 

of adsorption of U(VI) onto DMGO composite depends  

on the initial concentration of U(VI). The applicability  

of these models was quantified from the coefficient  

of determination, R2 (Correlation coefficient values).  

The values of R2 show that the pseudo-second-order can 

describe the experimental data better than the pseudo 
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Fig. 7: Effect of adsorbent dosage on the adsorption of U(VI) on 

DMGO (pH 5, 20ml sample, room temperature, 30 min contact time). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Effect of contact time on the U(VI) adsorption. (pH 5, 250 ppm 

U, 20ml sample, room temperature, 0.1 gm. sorbent dosage). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: First order kinetics plot for the adsorption of U (VI)  

onto DMGO composite. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10: second order kinetics plot for the adsorption of U (VI) 

onto DMGO composite. 

 

first-order model. Moreover, the theoretical qe values 

calculated from the pseudo second-order model are close 

to the experimental data. These results confirm the validity 

of the pseudo second-order model to the adsorption 

system, suggesting the main adsorption mechanism of 

chemical adsorption.  

 

Intra-particle diffusion model 

In this model, the adsorption of an adsorbate on  

an adsorbent surface varies proportionately with t0.5 

according to Weber-Morris equation: 

0 .5
 

t ip
q K t I                                      (6) 

Where Kip is the intra-particle diffusion rate constant 

and I is a constant proportional to the boundary layer 

(mg/g.min0.5 ). The larger I value, the greater contribution 

of the boundary layer [43] . 

According to the intra-particle diffusion model,  

if the value of I is 0, it is means that the intra-particle diffusion 

is the rate limiting step in the adsorption; if not,  

the adsorption process is controlled by other adsorption stages, 

Fig. 11 [45-47]. In this study, intra-particle diffusion is not 

the main mechanism of the adsorption. As seen from Table 1. 

The value of I is 16.68 beside the r2 is smaller than both 

1st and 2nd order kinetics models the pseudo-second-order 

model could well simulate the data. 

 

Effect of Initial thorium concentration 

The effect of initial uranium concentration was studied 

by using a range of initial thorium concentrations between 

50 and 1100 mg/L at three fixed temperatures (298, 323 

and 343 K). As shown in Fig.12, the U(VI) uptake capacity 

increase with the increase in the initial uranium 

concentration. This may be due to higher metal ion 
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Table 1:Pseudo-first and second order model parameters of U(VI) sorption onto DMGO. 

First ordered Kinetic  2nd ordered Kinetic Intra-particle diffusion 

Kl qmax(cal) r2 qmax(exp) K2 qmax(cal) r2 Kip I r2 

0.187 63.31 0.999 47.88 0.008 50.25 0.8574 0.7198 16.68 0.839 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11: Intra-particle diffusion model for the adsorption  

of U (VI) onto DMGO composite. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: Effect of initial uranium concentration on U(VI) 

adsorption efficiency onto DMGO composite. 

 

concentration enhancing the driving force to overcome 

mass transfer resistance between the aqueous and solid 

phases [48]. Further, it is observed that the adsorption of 

uranium by DMGO increase with the increase in temperature 

indicating that the process to be endothermic in nature. 

 

Sorption isotherms 

Adsorption isotherms are very powerful tools for  

the analysis of adsorption process. Adsorption isotherms 

establish the relationship between the equilibrium 

concentration and the amount of adsorbed by the unit mass 

of adsorbent at a constant temperature. The sorption 

isotherms of U(VI) ions on DMGO composite are shown 

in Figs. 13, 14. In order to better understand the sorption 

mechanism, the experimental data are simulated  

by the Langmuir and the Freundlich models [49-51].  

The Langmuir model assumes that the surface and bulk phases 

of homogeneous sorbents are of ideal behavior  

and has been widely used to describe the monolayer sorption 

process. It is expressed as: 

e e

e m ax m ax

C C

q b.Q Q
 

1
                                                              (6) 

Where Qmax (in milligrams per gram) represents  

the maximum amount of metal ions per unit weight of 

adsorbent to form a complete monolayer on the surface,  

b is the equilibrium adsorption constant or Langmuir 

sorption coefficient that represents enthalpy of sorption, qe 

is the amount of metal ions adsorbed by adsorbent at 

equilibrium, and Ce is the equilibrium concentration of 

Uranium ions. 

The linearized Freundlich model is [52, 53]: 

e e
ln q ln k ln C

n

 
   

 

1
                                                        (7) 

Where 1/n is an indicator of isotherm nonlinearity 

corresponding to the sorption intensity at a particular 

temperature and k (mg1−n Ln g−1) is the Freundlich sorption 

coefficient related to the sorption capacity of DMGO. 

The Langmuir and Freundlich constants evaluated 

from isotherms and their correlation coefficients of U(VI) 

sorption on DMGO composite are presented in Table 2. 

The Freundlich plot has a correlation coefficient very 

low; this suggests a restriction on the use of Freundlich 

isotherms. The numerical value of 1/n < 1, which provides 

information about surface heterogeneity and surface 

affinity for the solute, indicates a very high affinity  

of the DMGO for U(VI) ions. It is clear that the Langmuir 

isotherm model provide an excellent fit to the equilibrium 

adsorption data giving correlation coefficients of 0.9752 

and a maximum adsorption capacity close to that 

determined experimental. The essential feature of  
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Table 2: Parameters of Langmuir and Freundlich models of U(VI) sorption on DMGO composite. 

Langmuir isotherm Freundlich isotherm 

Temp. °C b qm R2 qt Kf 1/n R2 

25 0.0255 158.73 0.9752 154.4 38.575 0.2306 0.9317 

50 0.0584 169.49 0.9816 166.8 101.555 0.0733 0.6933 

70 0.037 181.81 0.9982 179.2 55.322 0.2259 0.9658 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13: Langmuir isotherms and of U(VI) ions on DMGO 

composites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14: Freundlich isotherms and of U(VI) ions on DMGO 

composites. 

 

the Langmuir equation can be expressed in terms of  

a dimensionless separation factor, RL defined as: 

RL = 1/(1 + KL Co)                                                                (5) 

The degree of suitability of the adsorbent towards 

metal ions was estimated from the values of separation 

factor constant (RL) (equation 5) which gave indication for 

the possibility of the adsorption process to be proceed  

as follow: RL > 1 unsuitable; RL = 1 linear; 0 < RL < 1 

suitable; RL = 0 irreversible. The values of RL lie between 

0.727 and 0.0425 which indicate the suitability of the 

adsorbent for U(VI) from aqueous solution.  

Also, the observed increase in KL values with 

temperature indicates that the adsorption reaction has 

endothermic nature. This can be confirmed by the 

calculation of the thermodynamic parameters.  

ln KL

R

ΔS

RT

ΔH-
oo

                                                                (6)   

∆Go = ∆Ho - T∆So                                                             (7) 

Thermodynamic parameters (ΔH˚, ΔS˚ and ΔG°)  

were calculated from the equations listed previously and their 

values were tabulated in Table 3. The obtained results 

show that at all studied temperature the values of │ΔH°│ 

< │TΔS°│, The positive value of ΔH° for uranium 

adsorption indicates that uranium adsorption on DMGO 

composites is an endothermic process. The positive 

ΔS°value of uranium also indicates that the adsorption 

process is spontaneous with high affinity. The negative 

ΔG° values of uranium also indicate the spontaneous 

process of uranium sorption under the conditions applied. 

The decrease of ΔG° with increasing temperature indicates 

more efficient adsorption at higher temperatures.  

The thermodynamic parameters reflect the affinity of DMGO 

composites toward uranium ions in aqueous solutions  

and may suggest some structural changes in the sorbent [54, 55]. 

 

Elution efficiency 

The desorption experiments of U(VI) ions are carried 

out by rinsing the DMGO composites adsorbed U(VI) ions 

with a series of concentrations (0.01, 0.1, 0.5, 0.75, 1.0 M) 

of HCl and H2SO4  solutions for 5 h under continuous 

stirring Fig. 15. Then the composite separated by 

centrifugation and the concentrations of U(VI) in solutions 

determined with UV Vis spectrophotometer using 

Arsenazo III as reagent. The experimental results  
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Table 3: Thermodynamic parameters for adsorption of Th(IV) on composite at different temperatures. 

ΔH° (kJ mol-1) ΔS° (J mol-1 K-1) ΔG° (kJ mol-1) 

5.443 45.25 
298 K 323 K 343 K 

-13.48 -14.61 -15.52 

 

Table 4: The Chemical composition of the studied granitic sample. 

Major SiO2 TiO2 Al2O3 Fe2O3* MnO MgO CaO Na2O K2O P2O5 l.O.I 

(%) 73.9 00.54 12.82 02.9 00.04 00.55 00.80 03.35 03.70 00.35 00.95 

Trace (ppm) 
Ga U Rb Sr Zr Ba Nb Y Zn   

86 755 166 39 244 101 125 107 188   

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13: Langmuir isotherms and of U(VI) ions on DMGO 

composites. 

 

show that 0.75 M HCl solution is the best eluent giving  

the best efficiency in comparison with the other 

concentrations, indicating that DMGO composites have  

a good desorption property for U(VI) ions under 0.75 M HCl 

solution, which is suitable for the reusability of the DMGO 

composite in real possible applications. 

The chemical stability of DMGO in acid and alkaline 

media was tested by shaking a 0.5 g portion of the 

composite in turn with 100mL of 1M HCl and 1M 

NaOH for 24h. The composite were then filtered off and 

washed with water. The adsorption capacities after  

the treatments were reduced by only 3–5%, which  

were denoted as desirable stability of the composite.  

No obvious change of composite was observed  

in the experimental process. After desorption with 0.75 HCl 

solution, the residual adsorbed U(VI) ions are 

negligible, indicating that DMGO composite has a good 

desorption property for U(VI) ions under 0.75 M HCl 

solution. 

Application on some granitic ore rock samples 

This procedure was applied on some rock sample 

collected from gattar area which is located about 35 km 

Southwest of Hurghada city, Red Sea coast. The samples 

of this study are collected from GII uranium prospect 

which is located in the Northwestern part of Gabal Gattar. 

Before it's subjected to the chemical analysis, the sample 

was crushed using the Jaw crusher then ground to about -

200 mesh in size by the ball mill. By careful quartering (to 

conduct complete homogeneity), a 0.5 gram of the ground 

representative sample was properly digested till complete 

decomposition and finally obtained in a volume of 250 mL 

of double distilled water. The major components  

were identified and estimated by the proper analytical 

techniques relevant to the measured elements [56], while 

the trace elements were estimated and the got information 

were outlined in Table 4. The follow components  

were evaluated utilizing the nuclear ingestion spectrometer. 

0.1 gm of the studied sorbents DMGO was stirring  

in 20 ml of sample solution at pH 5 for about 40 min.  

the extraction percentage (q%) was then determined. Table 5, 

It is was found that adsorption capacity of uranium  

was about 94.7% by DMGO. Elution of the adsorbed heavy 

metals was carried out using 0.75M HCl acid. 
 

CONCLUSIONS 

Impregnated magnetic graphene oxide in D2EPAH 

has been prepared, characterized and examined for uranium 

adsorption from its pregnant solution. The controlling 

factors have been determined and the obtained results 

reveal the following: the adsorption of uranium ions onto 

DMGO is pH dependent with maximum adsorption at pH 

5 and reaching the equilibrium after 40 minutes.  

The experimental maximum adsorption capacities of  
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Table 5: Effect of DMGO on the uranium concentration of the collected samples. 

Gattar Sample Uranium Concentration (ppm) Adsorption Efficiency 

Adsorption Efficiency 714.99 94.7 

Elution Efficiency (0.75M HCl) 697.8 97.6 

 

DMGO is found to be 154.4, 166.8 and 179.2 at 298, 

323and 343 K respectively, which indicates that the 

temperature has a positive effect on uranium adsorption. 

HCl can be used as desorbing agent for uranium ions from 

the surface of DMGO. 
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