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M. N. Kouraim, N. M. Farag, S. A. Sadeak, M. A. Gado 

Abstract
In this work, water hyacinth root (WHR) was directed to produce different modified adsorbents. The first 
(GWHR) was based on the graft copolymerization of vinyl-type monomers onto the backbone of WHR. 
The other adsorbents (TBP-WHR and TBP-GWHR) were prepared by the impregnation of the WHR by 
Tri butyl phosphate (TBP). Adsorbents characterization carried out using scanning electron microscope 
(SEM) and FT-IR. It was observed that adsorption capacities of the modified WHR are significantly 
greater than the conventional one. The adsorption capacity was found to be 42, 74, 153 and 400 mg g-1 
for WHR, GWHR, TBP-WHR and TBP-GWHR, respectively. 
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1. Introduction
Uranium is one of the most hazardous metals due to its high toxicity, as well as its 
radioactivity [1]. Among such traditional methods of uranium removal described before as, 
adsorption [2], coagulation [3] and membrane separation [4] the first one was considered as the 
most effective. Adsorbents as gibbsite [5], synthetic and natural zeolites [6, 7], composite ion 
exchangers [8], activated clay [9], chitosan [10] and biological sorbents [11] were used in practice 
for uranium removal. Being a low-cost material, water hyacinth root (WHR) seemed to have 
been one of the most perspective adsorbents taking into account its ability for removal of 
heavy metals from wastewater [12]. Adsorption of uranium from aqueous solutions by WHR 
was studied [13]. It was reported that OH groups and oxygen bridges of the WHR surface act as 
adsorption sites, forming hydrogen bonds with the uranium [14]. However, it suffers from lower 
selectivity and mass transfer rate. Different methods of WHR modification allowing increased 
its adsorption properties were described. Among these, the immobilization of selective 
solvents into its surface, where the solvent was retained on the internal surface of hydrophobic 
nonionic roots by adsorption rather than chemical bonding [15, 16]. Tributyl phosphate (TBP) 
was the most selective ligand used commercially, which also resists the strong oxidation 
action, so it is satisfactory for uranium extraction from nitrate aqueous solution media [17]. The 
tributyl phosphate impregnated resin shows a lower solubility in water as well as in nitrate 
solutions than in the liquid state. In this regard, the solubility of TBP in water is 0.38 g/L while 
its solubility in a polymeric resin support varies from an undetectable amount (0.02 g/L) to 0.2 
g/L. Losses of TBP from the impregnated resins are negligible in relatively concentrated salt 
solutions, particularly in the acidic range [18−20]. 
However, the lignocelluloses materials originally existed in WHR are polar and hydrophilic. 
This renders them low susceptible to absorb TBP.  One possible solution to this limitation 
could be the enhancement of the surface energy of lignocelluloses materials. Surface treatment 
can be occurred by introducing hydrophobic moieties onto the lignocelluloses backbone of 
WHR, for instance, by graft copolymerization of vinyl-type monomers onto the backbone. 
Graft copolymerization in the process of the study, in principle, comprises three different 
steps: initiation, propagation and termination. In this process, free radicals were generated for 
forming interfacial strong bonding such as covalent bonds between the roots and the 
polymerizable material or monomer. Surface modification can potentially enhance the 
compatibility of lignocelluloses materials with TBP in related applications. 
This work involves preparation of hydrophobic water hyacinth roots (GWHR) and the TBP 
impregnation of either water hyacinth roots (TBP-WHR), or grafted roots (TBP-GWHR) as 
well as the extraction of uranium using these sorbents. 
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2. Experimental 
2.1. Characterization of the uranium leach liquor 
The studied uranium leach liquor used in this work was 
obtained from the dissolution of the uranium ore come from 
El-aluga, Sinai aria, Egypt. The ore was crushed to + 250 μm 
and then ground to the required particle size of (- 80 μm). The 
sample was first digested using complete attack method in 
which 1 g of sample was mixed with a mixture of conc. 10 mL 
HNO3, 10 mL HF and 5 mL HClO4 in Teflon beaker, was 
heated until dryness after that 5 ml of 50 % HNO3 was added 
then completed to the required volume. The chemical 
compositions of ore and the leach liquor are listed in Table 1. 
 
Table 1: Chemical analysis of the uranium ore and the applied leach 

liquor (weight %). 
 

Component El-aluga, Sinai ore Leach liquor 
SiO2 62.16 ---- 

Al2O3 06.30 01.30 
TiO2 00.37 00.05 
Fe2O3 05.40 00.87 
CaO 12.08 02.10 
MgO 10.50 01.76 
Na2O 00.06 00.01 
K2O 00.45 00.12 
P2O5 0.025 0.007 

Uranium 2500 ppm 500 ppm 
 
2.2. Chemicals and reagents 
All chemicals and reagents used were of analytical grade. 
Uranium solutions were prepared using uranyl nitrate 
hexahydrate, (UO2) (NO3)2 .6H2O (BDH, England). Analytical 
grade nitric acid solution (BDH, England) was used, and 
tributyl phosphate (TBP) was obtained from Merck. Kerosene 
(non-aromatic) was purchased from Misr for Petroleum 
Company. Uranium ions were standardized and measured 
spectrophotometrically as reported elsewhere [21]. The 
measurements were made with a Schimadzu UV-VIS-160 
double beam spectrophotometer. 
 
2.3. Preparation of the grafted water hyacinth roots 
(GWHR) 
Air-dried water hyacinth roots are disintegrated in boiling 
deionized water under vigorous stirring for 30 minutes. The 
roots are filtered off, washed several times with water until 
obtaining a colorless clear solution. In a sealed 500 mL 
Erlenmeyer flask, an equivalent of 1.0 g oven dried roots (4 g 
wet) is suspended in 100 mL of water. 0.6 mL of concentrated 
nitric acid is after that added, and the slurry is deoxygenated 
by bubbling nitrogen flow through it for 30 minutes, while 
mixing vigorously in order to obtain well dispersed 
suspension. Ferrous ammonium sulfate hexahydrate (51 mg, 
1.3 mmol/L) is later added to the root slurry, followed by 0.75 
mL of a 34-37% aqueous hydrogen peroxide (0.25 % v/v). 
Five minutes later, 3.0 mL of methyl methacrylate (3.0 % v/v) 
is added to the pulp slurry and the reaction mixture is heated to 
60° C. for one hour under vigorous stirring. The root is next 
filtered off while warm. It is afterwards dispersed in 400 mL 
of water, filtered, washed thoroughly with 500 mL of water, 
150 mL of acetone then 500 mL of water and stored. The pure 
grafted co-polymer (PMMA-WHR) is then dried at 110 °C to 
constantly weigh, the grafting yield equal 95 %. 
 
2.4. Preparation of solvent impregnated water hyacinth 
roots 
Wet impregnation method was chosen for conducting the  

impregnation of TBP solvent onto either WHR or GWHR. The 
experiments were performed in 100 mL glass beaker using 
TBP (diluted with kerosene) and 5.0 g the pretreated dry roots. 
To verify the maximum impregnation, the major factors 
affecting the impregnation were studied at room temperature. 
After each impregnation experiment, the TBP remained was 
separated from the impregnated roots using plastic net, and its 
volume was determined. Samples from the solvent before and 
after impregnation were analyzed against its TBP 
concentration. The impregnated samples were well washed 
with distilled water to free the root beads from any adhered 
TBP and diluent, which can be assured by the disappearance of 
the solvent spots floating on the surface of the wash water. The 
washed impregnated root samples were then dried overnight in 
an oven at 50 °C. The dried mass was accurately determined 
then actual mass of the impregnated TBP was calculated. 
 
2.5. Sorption isotherms 
In isotherm studies, batch adsorption studies of uranium were 
performed at room temperature (25 °C). A series of 50 mL test 
tube was used; each one was filled with 25 mL of uranium 
leach liquor. Variation of the uranium concentrations of the 
leach liquor was obtained by dilution or by uranium spiking. 
The uranium concentration retained in the solid phase (mg/g) 
was calculated by: 
 

         qe= (Co-Ce)V/m                                          (1) 
  

Where Co and Ce are the initial and the equilibrium 
concentrations of the uranium) (mg/l), respectively, V is the 
volume of the aqueous solutions (L), and m is the weight of 
the sorbent (g). 
The distribution of uranium between the solid, liquid interfaces 
at equilibrium has been studied by the Langmuir and 
Freundlich isotherm models. Langmuir isotherm equation may 
be written as: 
 

  Ce / qe =(1/ b qo) + (Ce / qo) (2) 
 

Where qe is the amount of solute sorbed per unit weight of 
adsorbent (mg/g), Ce is the equilibrium concentration of the 
solute in the bulk solution (mg/L), qo is the monolayer 
adsorption capacity (mg/g) and b is the constant related to the 
free energy of adsorption. Freundlich equation may be written 
as: 
 

  log qe = log Kf + 1/n log Ce (3) 
 

Where Kf is the constant indicative of the relative adsorption 
capacity of the adsorbent (mg/g) and 1/n is the constant 
indicative of the intensity of the adsorption. 
 
2.6. Kinetic studies 
Pseudo first-order and second-order models were used in this 
study to explain the adsorption process. 
 
2.6.1. Pseudo first-order kinetics 
The adsorption rate is based on the adsorption capacity and 
acts according to the pseudo first-order equation as the 
following:  
            

           log (qe − qt) = log qe − [kad t / 2.303]                       (4) 
 

Where; qe and qt are the amounts of the adsorbed uranium ions 
(mg/g) at the equilibrium time and at any instant of time "t," 
respectively, and kad is the rate constant of the pseudo first-
order adsorption operation ( l/min). Plotting of log (qe − qt) 
versus t gives a straight line of the pseudo first-order kinetics 
[22, 23].  
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2.6.2. Pseudo second-order kinetics 
The applicability of the pseudo second-order kinetics has to be 
tested for qe estimation with equation given by: 
 

t / qt  = 1/h + (1/qe) t                      (5) 
 

Where; h = k2qe
2 that can be regarded as the initial sorption 

rate as t→0. Under such circumstances, the plot of t/qt versus t 
should give a linear relationship which allows the computation 
of qe and k2.        
                                       
2.7. Chemical characterization methods 
The chemical composition of the adsorbents (WHR, GWHR, 
TBP-WHR and TBP-GWHR) before and after uranium 
adsorptions was examined using wet chemistry methods. Total 
organic carbon (TOC) was determined using a Total Organic 
Carbon Analyzer TOC-5000 series combined with SSM-
5000A (Shimadzu, Kyoto, Japan). Total carbon (TC) was 
detected in the samples by using the catalytically combustion 
oxidation at 900 0C, while inorganic carbon (IC) was analyzed 
in the samples after acidification at a temperature of 250 0C. 
TOC was calculated as a difference between TC and IC and 
was used for calculation of the polymer content in GWHR. 
The infrared spectra (IR) of water hyacinth root samples were 
obtained using a Fourier transform IR spectrophotometer 
Spectrum 2000 (Perkin Elmer) in order to determine the 
functional groups of the samples before and after uranium 
adsorption. 
Morphology of the sample's surface was carried out by 
scanning electron microscopy (SEM LEO 1430 VP ). To 
understand the swelling properties of the roots' samples a size 
distributions' measurements were carried out by using laser 
techniques. 
 
3. Results and discussions 
In their natural form, and before either the chemical grafting or 
the solvent impregnation, the water hyacinth roots surface is 
covered with inorganic and organic impurities. In general 
during chemical curing of roots, most of the surface impurities 
are removed, which makes the roots surface rough and 
improve the adhesion of the roots surface and either the 
polymer matrix or TBP. 
 
3.1. Chemical characterization 
3.1.1. Elemental analysis 
Elemental analysis data of C, H, O and N shown in Table 2, 
were calculated from methods mentioned before. The samples 
are all carbon-rich, as is typical of WHR, and they have low 
ash and sulfur contents. Atomic nitrogen content is highest for 
GWHR and lowest for other samples. The metal contents of 
the roots showed in Table 3, which contains data for eight 
metals in the roots. The WHR has the highest levels of Ca, Cr, 
Cu, Fe, Mg, Na and Ni in its roots. Lower metal levels were 
observed in the corresponding samples, except for Na and Si, 
which persist in the roots even after impregnation or chemical 
grafting. 

 

Table 2: Elemental analysis of water hyacinth root samples. 
 

Element 
WHR GWHR TBP-WHR TBP-GWHR 

Conc. % Conc. % Conc. % Conc. % 
C 50.0 52.0 51.0 50.0 
O 30.0 33.0 40.0 39..0 
N 02.0 05.0 01.0 04.0 
H 05.0 07.0 07. 0 04.00 
S 0.30 0.10 0.10 0.05 

 

 
Table 3: Metal analysis of water hyacinth root samples. 

 

Element 
WHR GWHR TBP-WHR TBP-GWHR 

Conc. % Conc. % Conc. % Conc. % 
Si 12.0 02.0 00.9 01.00 
Al 00.5 00.2 00.2 00.21 
Fe 00.3 00.2 00.18 00.17 
Cl 0.04 0.04 0.03 0.03 
Na 0.02 0.013 0.01 0.01 
K 00.1 0.05 00.04 00.03 
Ca 00.1 0.07 0.09 0.02 
Mg 0.04 0.02 0.01 0.01 

 
3.1.2. Carbohydrate analysis 
Table 4, shown the carbohydrate composition of water 
hyacinth root. It has been clear that all the percentages 
decreased after the chemical treatment. 
 
Table 4: Carbohydrate composition of water hyacinth root samples. 

 

Sorbents 
Hemicellulose 

% 
Cellulose 

% 
Lignin 

% 

Ash 
content 

% 
WHR 16 28 15 17 

GWHR 14 22 13 07 
TBP-
WHR 

10 27 10 10 

TBP-
GWHR 

12 20 10 08 

 
3.2. Physical characterization 
3.2.1. FTIR spectrum 
The FTIR spectra of the studied sorbents (WHR, GWHR, 
TBP-WHR and TBP-GWHR) before uranium adsorptions are 
shown in Fig.1. In case of WHR, intense bands at 3697, 3621, 
1631, 1103, 1015, 913, 796, 694, 537, 469 cm−1 (Fig. 1-A) 
were observed. The peak at about 1255 cm−1 is attributed to 
the lignin components [24], and the peak at 1517 cm−1 is within 
the typical region of aromatic ring C–C stretching [25]. Bands 
centered at about 2924 and 2854 cm−1 are assigned the 
asymmetric and symmetric C–H stretching of the aliphatic 
groups [26]. The band at 1720 cm−1 is attributed to the C-O 
stretching of the carboxylic group [27]. The peak at 1637 cm−1 
is assigned C-O for stretching of carboxylate. The stretching 
vibrations of – OH at 3000–3700 cm−1 and the stretching 
vibrations of C–O at 1036 cm−1demonstrated the presence of 
alcoholic hydroxyl groups [28]. After grafting with PMMA the 
aforementioned bands have preserved, but new bands of 
polymer groups, 2920, 2851, 1471 cm−1 (Fig. 1-B) have 
appeared [29]. Also, after impregnation of either the natural or 
the grafted roots with TBP the aforementioned bands have 
preserved, but new bands of TBP groups, 2920, 2851, 1471 
cm−1 (Fig. 1-C, 1-D) have appeared. Compared FTIR spectra 
of the studied roots, within uranium loaded roots shown in Fig. 
2 (A, B, C and D) which displayed a significant shift in some 
of the peaks. The shift of the 3414 cm−1peak to 3417 cm−1 

suggests the attachment of uranium on –OH group. The shift 
of the peak at 1637 to 1645 cm−1 reflects the changes in the 
stretching frequency of carboxylate upon binding of uranium. 
Moreover, two bands of small intensity are observed at 2927 
and 2857 cm−1, this can be assigned to UO2

2+ [30]. According to 
Vidya et al. [31], the uranyl ions' adsorption on mesoporous 
molecular sieves leads to appearance of bands of small 
intensity at 902 cm−1 (U = O), 915-833 cm−1 (O=U=O). It was 
observed the same bands in our study for the root samples with 
the uranium loading. The IR bands appearing in 1525 and at 
1379 cm−1 in the spectra corresponded to U connecting with 
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organic TBP. These observations confirm the complex 
formation between the adsorbent and the uranium. 
 

 
 

Fig 1: FTIR spectra of roots before uranium adsorption. (A. WHR, B. 
GWHR, C. TBP-WHR and D. TBP-GWHR) 

 

 
 

Fig 2: FTIR spectra of roots after uranium adsorption. WHR, B. 
GWHR, C. TBP-WHR and D. TBP-GWHR) 

 
3.2.2. Scan electron microscope (SEM) 
Microphotographs of water hyacinth root samples before 
adsorption are presented in Fig. 3. The microphotographs 
show that the well-preserved forms of WHR generally have 
cylindrical and plate shapes with well-developed porous 
structure. There are also small broken particles of other kinds. 
As one can see in Fig. 3A, the centric diatom is approximately 
50 μm radius and 10 μm thickness. The body of these roots is 
covered with clean pores for 500–700 mm in diameter. The 
grafted roots' particles have a cylindrical shape of a 7–15 μm 
in stretch and 10 –15 μm in external diameter (Fig. 3B). The 
thickness of grafted roots cylinders is about 5 μm and their 
surface is also covered with pores of 350 – 400 mm in 
diameter. Moreover, the walls of the cylinders are folded by a 
few circular belts. The characteristics of the impregnated 
samples (Fig. 3C, 3D) shows that the porous structure of this 
material may be successfully modified by the organic TBP 
phase. The thickness of impregnated roots cylinders is about 
15 - 20 μm and their surface is also covered with pores of  
 
 

600 – 850 mm in diameter. Compared with SEM of the studied 
roots, SEM of uranium loaded roots are shown in Fig. 4 (A, B, 
C and D) which show that the walls of the cylinders is covered 
by cluster forms of the uranium. The clusters sizes range from 
2 to 7 micrometers in size. 
 

 
 

Fig 3A: SEM of WHR before uranium adsorption. 
               
                                                                             

 
 

Fig 3B: SEM of GWHR before uranium adsorption. 
 
 

 
 

Fig 3C: SEM of TBP-WHR before uranium adsorption. 
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Fig 3D: SEM of TBP-GWHR before uranium adsorption. 
 
 

 
 

Fig 4A: SEM of WHR after uranium adsorption. 
 
 

 
 

Fig 4B: SEM of GWHR after uranium adsorption. 

 
 

Fig 4C: SEM of TBP-WHR after uranium adsorption. 
 

 
 

Fig 4D: SEM of TBP-GWHR after uranium adsorption. 
 
3.2.3. Size distribution 
Zeta potential measurements are widely used for the 
determination of the particle size of a variety of different solid 
materials. The zeta potential measurements of the studied 
samples show that the impregnated roots have a bigger particle 
size than the other ones as shown in Fig. 5. 
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Fig 5: Size distribution of WHR, GWHR, TBP-WHR and TBP-
GWHR. 
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3.3. Impregnation studies 
The results of the investigated factors affected on the 
impregnation efficiency % will be discussed here, which 
involve solvent concentration, contact time, diluent and the 
solid liquid phase ratio.  
 
3.3.1. Effect of TBP concentration 
Figure 6 shows the effect of TBP concentration on the 
impregnation efficiency of WHR and GWHR. The data 
revealed that the impregnation efficiency was gradually 
increased to 50 and 90% by increasing the concentration of 
TBP in kerosene to 20% (v/v) for WHR and GWHR, 
relatively. The maximum impregnation efficiency reached 50 
and 150% for WHR and GWHR, respectively, when the 
undiluted TBP was used. The maximum impregnated amount 
of TBP by GWHR is higher by 16% than that impregnated 
using Amberlite XAD - 4, which was only 1.26 g/g [32]. 
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Fig 6: Effect of TBP concentration on the impregnation %. 
 

3.3.2. Effect of contact time 
The effects of contact time on TBP impregnation efficiency 
onto WHR and GWHR were studied to attain the equilibrium 
time for maximum impregnation. The results are shown in Fig. 
7. Clearly the impregnation of TBP solvent proceeds rapidly 
from the first 10 min. Where it reached 10% and 50% for 
WHR and GWHR, respectively, and increased steadily to 
reach the maximum value of 50% and 90% for WHR and 
GWHR, respectively after 30 minutes. 
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Fig 7: Effect of contact time on the impregnation %. 

 
3.3.3. Effect of diluents 
The diluent effect upon the impregnation % of the roots by 
TBP was studied using different diluents (Ethanol, Propanol, 

1-octanol, Cyclohexane, Benzene, Kerosene and Toluene). 
Experimental data represented in Table 5 shows that the 
Kerosene gave the highest impregnation efficiency compared 
to the other solvent. 

 
Table 5: Effect of diluents on TBP impregnation % of the roots. 

 

Impregnation %Sorbent 
 

Diluent GWHR 
 

WHR 
90 50 Kerosene
79 40 Ethanol
81 41 Propanol
80 42 1-octanol
87 48 Cyclohexane
92 51 Benzene
91 50 Toluene

 
3.3.4. Effect of phase ratio 
The effect of the liquid, solid ratio (L/S) on impregnation 
efficiency was studied as shown in Fig. 8. The results showed 
that, in case of WHR the impregnation efficiency slightly 
increased from 30 to 50 by increasing the (L/S) ratio from 10 
to 30. In case of GWHR the impregnation efficiency quite 
increased from 40 to 90 by increasing of the (L/S) ratio from 
10 to 30. However, the impregnation efficiency of GWHR 
higher than that of WHR, reflecting the hydrophobic character 
of GWHR surface. 
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Fig 8: Effect of L/S phase ratio on the impregnation %. 
 
3.4. Sorption studies 
3.4.1. Effect of pH  
Hydrogen ions affect the surface charge of adsorbents, and the 
adsorbed species [33-35]. As H+ is a known competing species in 
cation exchange processes, the effect of media pH on the 
adsorption capacity of roots was studied. The effects of pH on 
the uranium adsorption onto WHR, GWHR, TBP-WHR and 
TBP-GWHR were investigated using 20 mL of 500 mg/L 
uranium leach liquor solution, for a pH range of 1.0-8.0 at 25 
◦C for 10 minutes. The uranium adsorption capacities (qe) of 
WHR, GWHR, TBP-WHR and TBP-GWHR were greatly 
affected by the solution pH variations as shown in Fig. 9. The 
adsorption capacity increased with pH rising up to pH 5.0 and 
then declines slowly with a further rise in pH. In strongly 
acidic solutions, more protons will be available to proton-ate 
phenolic and carboxylic groups on the root surface, reducing 
the number of binding sites for the adsorption of UO2

2+; 
therefore, the adsorption capacity of uranium is lower in acidic 
solutions (pH < 5.0). However, the increasing of pH value 
beyond 5.0; hydrolysis precipitation starts due to the formation 
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of complexes in aqueous solution, decline of uranium (VI) 
adsorption capacity [36, 37]. Furthermore, it was noticed that the 
impregnated roots either the natural or the grafted has the 
higher adsorption capacity than the non-impregnated one due 
to it was believed that the uranium adsorption occurred via its 
interactions with functional groups of TBP. 
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Fig 9: Effect of pH on the uranium sorption. 
 

3.4.2. Effect of contact time 
Under conditions of, an adsorbent amount of 0.1 gm, pH 5.0, 
temperature 25 ◦C and 500 mg/L uranium leach liquor, the 
adsorption experiments for WHR, GWHR, TBP-WHR and 
TBP-GWHR were investigated over time intervals from one 
up to 30 minutes. Figure 10 illustrates the data obtained 
showing that the adsorption of uranium was proceeding 
rapidly. It closely reached a maximum after 10 minutes, and 
nearly remained constant up to 30 minutes. Rapid uranium 
adsorption, which is similar to the adsorption of other metals 
[38], was contributed significantly to equilibrium uptake, which 
is interpreted to be the instantaneous adsorption stage or 
external surface adsorption. After 10 minutes, there are no 
notable effects on the uranium adsorption capacities so, 10 
minutes was considered the adsorption. 
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Fig 10: Effect of contact time on the uranium sorption. 
 

3.4.3. Sorption isotherm 
The effect of the original uranium concentration on the 
adsorption capacity of the roots (WHR, GWHR, TBP-WHR 
and TBP-GWHR) was studied using a range of initial uranium 
concentrations, 0.1 to one gm/L. The results are shown in Fig. 
11, clearly that, the adsorption capacity of uranium increased 
with rising the initial uranium concentration in the aqueous 
solution; this is because more mass of uranium is put into the 

system by increasing the initial uranium concentration in the 
solution at the same amount of adsorbent [39].  
The adsorption experimental data were subjected to analysis 
according to the Langmuir isotherm by plotting Ce /qe vs. Ce as 
shown in F.g. 12, which gives a straight line with intercept and 
slope values equal to 1/bqo and 1/qo, relatively. Moreover, 
Freundlich isotherm was applied from the adsorption data by 
plotting log qe vs. log Ce giving a straight line with slope and 
intercepts values equal to 1/n and log Kf, correspondingly, as 
shown in Fig. 13. The isotherm data for the uranium 
adsorption was calculated from the slopes and intercepts of 
figures 12 and 13 and reported in table 6.  
The values of the constant (b) for the treated roots are higher 
than that for the natural roots. Higher (b) values refer to 
stronger interaction between uranium and the active sites of 
the adsorbent [40]. 
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Fig 11: Effect of initial concentration on the uranium sorption. 
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Fig 12: Langmuir isotherm of the uranium sorption. 
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Fig 13: Freundlich isotherm of the uranium sorption. 
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Table 6: Isotherm data of uranium adsorption. 
 

Sorbent 
Isotherm data 

Langmuir Freundlich 
qo (mg/g) b 1/n log Kf 

WHR 42 0.003 0.68 0.39 
GWHR 74 0.0027 0.55 0.12 

TBP-WHR 153 0.0018 0.68 0.01 
TBP-GWHR 400 0.0005 0.86 0.40 

 
3.4.4. Effect of temperature 
The effects of temperature on the adsorption of uranium by 
WHR, GWHR, TBP-WHR and TBP-GWHR were studied 
from 25 to 50 °C. The results shown in Fig. 14 revealed that, 
there is no significant change in the adsorption capacity of 
uranium, with temperature variation, indicating that the 
process is spontaneous in nature. 
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Fig 14: Effect of temperature on the uranium sorption. 
 

3.4.5. Sorption kinetics 
In order to determine the kinetic parameters and explain the 
mechanism of the adsorption processes, many researchers have 
used first and pseudo second-order rate expressions [41]. The 
uranium adsorption data by WHR, GWHR, TBP-WHR and 
TBP-GWHR were subjected to analysis according to the first-
order equation by plotting log (qe − qt) versus time as shown in 
Fig. 15. The adsorption rate constants (k1) can be determined 
experimentally from the obtained straight line. The rate 
constants and r2 values of the kinetic models are shown in 
Table 6. The experimental data give a good fit for root samples 
(r2~0.96) indicating that the pseudo first-order model is 
applicable for WHR, GWHR, TBP-WHR and TBP-GWHR. 
Furthermore, pseudo second-order model was applied from the 
adsorption data by plotting t/qt versus time (t) as shown in Fig. 
16. The rate constant (k2), and qe are given from the figure and 
reported in Table 7. Based on the obtained correlation 
coefficients (r2), the experimental data of the roots conformed 
better to the pseudo-second-order equation, evidencing 
chemical adsorption involving valence forces through the 
sharing or exchange of electrons between adsorbent and 
adsorbate [42] as a rate-limiting step of the adsorption 
mechanism [43]. 
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Fig 15: Pseudo first - order model for the uranium sorption. 
 

 
 

Fig 16: Pseudo second - order model for the uranium sorption. 
 

Table 7: Kinetic data of uranium adsorption. 
 

Sorbent 
Kinetic data 

Pseudo first - order Pseudo second - order 
k1 log qe r2 k2 qe r2 

WHR 0.048 1.30 0.97 0.189 25 0.96 
GWHR 0.051 1.54 0.95 0.037 43 0.92 

TBP-WHR 
TBP-GWHR 

0.097 
0.059 

1.79 
1.67 

0.98 
0.95 

0.029 
0.029 

81 
79 

0.99 
0.96 

 
3.4.6. Effect of interfering ions 
The effects of interfering ion's presence on the adsorption of 
uranium by WHR, GWHR, TBP-WHR and TBP-GWHR were 
studied as shown in Table 8. In this respect, the adsorption of 
uranium was performed first in the absence of any interfering 
ions to observe any changes. Major and trace element's 
standard concentration of 250 mg/L were prepared because 
they were composing the matrix of the most geologic samples 
and present in the laboratories effluents waste water streams. 
These experiments are carried out by maintaining the initial 
uranium concentration, pH, and S/L constant at 500 mg/L, 5, 
and 0.05 g/mL, respectively at room temperature for 10 
minutes. The results revealed that, there is no significant effect 
was recorded by the interfered ions except for iron and 
thorium; however, the effect is minimized in the case of the 
impregnated roots (TBP-WHR, TBP-GWHR). 
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Table 8: Effect of interfering ions on uranium adsorption uptake. 
 

Uranium uptake capacity, qe  (mg/g)     Sorbent 
 
Interfering  
Ions 

TBP-GWHR TBP-WHR GWHR WHR 

29  72 46 30 ------- 
92 71 41 29 NH4 
91 72 39 26 Na+ 
91 72 44 26 K+ 
85 67 31 09 Fe3+ 
83 65 34 17 P2O5 
90 70 40 20 Co2+ 
89 70 41 21 Ni2+ 
88 70 37 21 Cu2+ 
87 71 30 19 Zn2+ 
82 61 27 18 Th4+ 
81 65 26 14 SO4

2- 
89 72 40 25 V5+ 
92 71 41 23 Al3+ 
92 72 45 29 Si4+ 
89 68 29 17 NO3

- 
87 67 28 16 Cl- 
92 72 29 16 Ca2+ 
92 72 31 17 Mg2+ 

 
3.5. Uranium desorption  
The different eluents used for uranium desorption from WHR, 
GWHR, TBP-WHR and TBP-GWHR was investigated as 
shown in Fig. 17. It was found that HNO3 is the most effective 
one for uranium desorption even at low concentration reached. 
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Fig 17: Uranium desorption by different eluents 
 
4. Conclusion 
The results obtained from this study lead to the following 
conclusions; 1- the optimum pH for uranium adsorption by 
WHR, GWHR, TBP-WHR and TBP-GWHR is pH 5,  2- the 
experimental data can fit satisfying both Langmuir and 
Freundlich model,  3- the uptake data of WHR, GWHR, TBP-
WHR and TBP-GWHR can fit satisfying both  pseudo first-
order and pseudo second-order model, 4- the chemical grafting 
of the water hyacinth roots with polymethyl methacrylate 
(PMMA) increases the hydrophobic character of its surface 
and hence increasing the impregnation %, 5- the impregnation 
of the water hyacinth roots either the natural or the grafted 
with TBP enhanced the uranium adsorption capacity more 
much better and, 6- the adsorption capacity is found to be 42, 
74, 153 and 400 mg g-1 for WHR, GWHR, TBP-WHR and 
TBP-GWHR, respectively.   
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