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Abstract 

This work investigated the ability of maleic acid anhydride grafted cellulose functionalized with thiourea (Cell-THU) to 

adsorb Cu (II), Mn (II), Cd (II), Fe (III) and Pb (II) ions from aqueous solution. Using a variety of conditions including 

adsorbent dose, pH, contact time, metal cations concentration and temperature at 500 rpm, the process of adsorption for this 

produced adsorbent to remove the analyzed metal cations was examined in a batch technique. The mechanism of adsorption 

process is declared by applying different kinetics and isotherm models. Maximum adsorption capacities for Cu (II), Mn (II), 

Cd (II), Fe (III) and Pb (II) were 29.85, 25.91, 31.84, 26.18, and 33.22 mg/g, respectively at pH=7, adsorbent dose=0.3 g, 

contact time=90 min. and initial metal cation concentration (3 mg/L) at room temperature (25°C) . With that maximal 

adsorption capacity, the Langmuir isotherm produces the best match to the equilibrium data. Data analysis using kinetics 

revealed that the adsorption related to pseudo 2nd order model. It was observed that Cell-THU performs really well for 

eliminating toxic metal ions.  

Keywords: Adsorption; maleic anhydride; heavy metal ions; kinetic; adsorption isotherm.  

 

1. Introduction 

Water contamination, particularly pesticide and 

heavy metal pollution, has become one of the causes 

which exhibit numerous effects on different 

organisms due to their excessive release from various 

effluents [1, 2]. Due to heavy metals accumulation in 

biological systems and consumption of food 

contaminated with them causes risk to human’s 

health [3-5]. These metals generate severe toxicity, 

harmful effects on living things and for environment 

due to their aggregation in the food chain since they 

are released into water sources in large quantities [6]. 

Moreover, because heavy metals are not degraded by 

bacteria after being secreted into the atmosphere, they 

can have hazardous effects on the environment and 

later on biological systems [7]. The World Health 

Organization (WHO) put limits on the quantities of 

heavy metals that can be found in drinking water as 

their negative effects to all living things (including 

humans, animals, and plants) [8]. 

Hence, several methods have been used including 

physical, chemical and biological ones to eliminate 

heavy metals from wastewater [9]. Other techniques 

also involve ion exchange, membrane filtration, 

biological systems, adsorption techniques, oxidation, 

precipitation and solvent extraction using electrolytic 

procedures. In adsorption techniques it is preferred to 

use natural polymer adsorbents because they are 

renewable, less hazardous, adaptable to change, 

biodegradable and inexpensive [10]. Natural-based 

polymers as chelating adsorbents may be used due to 

the biopolymer-based adsorbents' functional groups 

improve the effectiveness of elimination of heavy 

metals from samples of water by forming complexes 

with chelating metal ions [9]. 

 The world's most common, sustainable and 

naturally occurring polymer is cellulose which is a 

long-chained linear polysaccharide made up of β-D-

glucopyranose units connected through -1,4-

glycosidic linkages [11]. Two hydroxyl groups and 

one methylol of the cellulose molecule serve as 

functional groups in one repeating unit [12]. Due to 

the strong bonds of hydrogen between the chains of 
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cellulose, cellulose is extremely crystalline and 

typically insoluble in common solvents even in water.  

The modification methods include polymer-

polymer blending, derivative formation, crosslinking 

and grafting [13]. Graft copolymerization is a popular 

technique for modifying the surfaces of polymers 

[11]. and it is an essential method for improving the 

chemical or physical properties of polymers. During 

grafting, the side chains are covalently joined to the 

backbone of the substrate or primary polymer to 

produce a copolymer with a branched structure. 

Resulted graft copolymers acquire additional 

qualities including increased elasticity, hydrophilicity 

or hydrophobicity, ion-exchange capacities, 

thermosensitivity, pH sensitivity, resistance to heat 

and microbial activity, etc [11]. 

This paper concerned to modify the structure of 

cellulose by using maleic anhydride then the grafted 

copolymer was reacted with thiourea. The resulted 

adsorbent used for removing Cu (II), Mn (II), Cd (II), 

Fe (III) and Pb (II) cations from contaminated water. 

This adsorption process was optimized by 

investigating adsorbent dose, pH, contact time, 

temperature and initial metal cation concentration .To 

simulate the adsorption characterization, models of 

Freundlich and Langmuir isotherm were studied. The 

kinetic analysis was also studied. 

 

2. Experimental 

  2.1. Instruments and chemicals 

Cellulose (Cell), maleic anhydride, ferrous 

sulphate (FeSO4.7H2O), hydrogen peroxide (H2O2), 

acetic acid (CH3COOH) and thiourea. Analytical-

grade chemicals were employed to prepare the metal 

ion aqueous solutions used in the current experiment. 

Separate stock solutions of 1000 mg metal ion/L of 

Cu(II), Mn(II), Cd(II), Fe(III) and Pb(II) were made 

from CuSO4.5H2O, MnCl2.4H2O, FeCl3.6H2O, 

CdCl2.H2O, and Pb(NO3)2, respectively. A number 

of diluted solutions were made using these stock 

solutions. 1.0 M of HCl solution and 1.0 M of NaOH 

solution were employed to modify the pH of 

solutions with a pH range of 1 to 9. Using a pH meter 

(WTW-inolab in Germany), the solutions' pH values 

that were produced was identified. The residual 

concentrations were determined using a Flame 

Atomic Absorption Spectrophotometer (FAAS) 

(Perkin Elmer 503) and a calibration curve produced 

using standard metal ion solutions. The KBr pellet 

technique on a Nicolet FT-IR spectrophotometer 

between 4000 and 400 cm-1 was used to indicate the 

most functional groups. Utilizing a Shimadzu 

DT/TG-50 and a nitrogen environment with heating 

rate of 10 °C/min, thermogravimetric analysis (TGA) 

was carried out. Data from X-ray powder diffraction 

experiments (XRD) were gathered using a Philips 

PW 3710/31 X-ray generator and an automatic 

sample changer (scintillation counter, Ni-filter at 40 

Kv and 30 mA and Cu-target tube).Using a scanning 

electron microscope (SEM) (JSM-5300, JEOL Ltd.), 

surface size was determined. In order to increase 

conductivity, gold was sputtered onto the SEM 

specimens using a JEOL-JFC-1100E coating process. 

  2.2. Adsorbent preparation 

     2.2.1. Grafting of cellulose  

50 mL of distilled water were used to suspend a 

sample of 1 g of cellulose (Cell) for one hour, then 1 

g of maleic anhydride was added. After that, 1 mL of 

H2O2 was poured while stirring continuously then 0.4 

g ferrous sulphate was added. The final step, 0.7 mL 

of concentrated CH3COOH was added. This process 

lasted for 3 hours under reflux at 80°C then filtered 

off, washed multiple times by de-ionized water until 

pH of filtrate reaches 7 then dried over anhydrous 

CaCl2 in a vacuum desiccator. 

2.2.2. Grafted cellulose's functionalization 

Thiourea was added to the grafted cellulose 

prepared from the previous step according to: 1 g of 

grafted cellulose was added to 4 g of thiourea 

dissolved in 15 ml ethyl alcohol and 2 mL DMF. The 

mixture lasted for 36 h. The resulted product was 

filtered off, washed many times by de-ionized water 

and dried over anhydrous CaCl2 in a vacuum 

desiccator. The immobilization of thiourea onto 

grafted cellulose is clarified in scheme 1. 

 

2.3. Batch adsorption study  

     The pH impact was studied after adjusting pH 

of solutions from 1 to 9 using 1.0 M of HCl and 1.0 

M NaOH. Also the impact of contact time in the 

range of (10-90 min) was illustrated. The effect of 

initial metal ion concentrations and adsorbent dosage 

was revealed in the range of 2–20 ppm and (0.1 – 0.5 

g), respectively. Also the effect of temperature was 

examined. The solutions were filtered off by 0.45 μm 

filter membrane. Utilizing an atomic absorption 

spectrometer, remaining concentrations were 

measured. Using the equations S1 and S2 in the 

supplementary materials, the adsorption capacity and 

the removal percentage were calculated. 
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Scheme 1. Thiourea schematic immobilization onto grafted cellulose 

 

Adsorption kinetics: The kinetics of adsorption onto 

grafted cellulose are modeled using pseudo-1st-order 

(Eq. S3) and pseudo-2nd-order (Eq. S4) equations 

[14-17].  

Adsorption isotherms:  The study of Adsorption 

isotherm was done using Langmuir and Freundlich 

isotherm (Eq. (S5) and (S6)) [18-20]. 

 

3. Results and Discussion 

  3.1. Adsorbent Characterization  

       Elemental analysis 

       Following the data in Table (1), modified 

cellulose has a lower percentage of carbon and 

hydrogen than cellulose. The analysis also revealed 

that the modified product includes 20.32% sulphur 

and 21.74% nitrogen. This emphasizes thiourea 

immobilized on grafted cellulose.  

Table 1.Elemental analyses of the cellulose and 

modified cellulose 

S% N% H% C% Sample 

- - 6.84 69.17 Cellulose  

20.32 21.74 5.36 60.95 Cell-THU 

 

Infrared spectral studies 

The IR spectra of cellulose, grafted cellulose and 

thiourea grafted cellulose (Cell-THU) were collected 

in (Figure 1a-c). The cellulose spectra showed a 

broad band at 3347 cm
−1

, that was related to 

stretching vibration of the OH groups. The spectral 

bands at 1060 cm
−1

 and 2901 cm
−1

 were ascribed to 

ʋ(–C–O–C) pyranose ring and ʋ(–C–H), respectively 

[21]. Other additional bands appeared in the region of 

1430-1265 cm
−1 

were due to (O-H) bending and (C-

OH) stretching vibrations [22]. However, the 

observed band at 1642 cm
−1

 was assigned to the 

deformation vibration of the hydroxyl groups δ (OH) 

[22]. Other bands within the region below 1000 cm
−1

 

were due to alcohol groups’ absorption [23]. The 

spectrum of grafted cellulose declared a new 

vibration bands at 956 cm
−1

, 853 cm
−1

 and 809 cm
−1

 

that characterized to (–O–) ring of maleic anhydride 

moieties grafted onto cellulose. However, the novel 

spectral bands at 1701, 1743, 1795, 1836 and 1869 

cm
-1

 were attributed to υ(C=O) of cellulose ring 

rupturing [24, 25]. and maleic anhydride, 

respectively. It is observed that there was a differ in 

the bands shape in remote region which confirmed 

υ(C-C=O). The grafting process was confirmed by all 

of these detected bands [26]. The IR spectrum of thio 

aminated grafted cellulose showed peaks at 3449, 

3412; 1521 and 965 cm
−1

 that could be connected to 

υ, δ and γ of NH2 and NH groups [27]. A new band in 

the spectrum revealed at 732 cm
−1

 not observed on 

starting material pointed to υ(C=S) [28]. The above 

observations state the formation of Cell-THU. 

However the spectrum of Cell-THU after adsorption 

of the metal ions delineates in Figure 1-d. The 

spectrum exhibits shifts in the bands at (3449, 3412, 

1743, 732 cm
-1

), denoting to the uptake of the metal 

ion takes place chemically via binding the metal ion 

with the activated functional groups NH2, N-H, C=O, 

and C=S. 

 
Fig. 1. IR spectrum of cellulose (a), grafted cellulose 

(b), Cell-THU (c) and Cell-THU after adsorption (d) 

 

SEM micrograph 

     The SEM is a method that describes the 

constituent and surface topography of the material. 

To examine surface morphology of (Cell-THU) a 

SEM micrograph was done. SEM image (Figure S1) 

reveals that the product's surface has holes and pore 

spaces of irregular shapes that are suitable for 

adsorbing metal ions from liquids. 
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X-ray diffraction analysis    

  This analysis was employed to inform the crystal 

system type and lattice parameters of the materials. 

The cellulose and thio aminated cellulose (Cell-THU) 

powder XRD patterns were shown in (Figure S2 and 

S3). Cellulose XRD pattern had three peaks at 2θ = 

15.34º, 22.33º and 35.11º, related to cellulose crystal 

morphology, while XRD pattern of Cell-THU 

illustrated that the material is much more crystalline 

than cellulose and declared new peaks at 2θ =9.85º, 

15.17º, 16.87º and18.10º.The powder XRD patterns 

of the cellulose was completely different from that of 

Cell-THU, implying the functionalization on the 

cellulose surface was achieved successfully. 

 

Thermal analysis 

      Modification of cellulose was also predicted 

by thermal analysis. The cellulose and (Cell-THU) 

thermogram patterns outlined in Figure (S4). The 

cellulose had a weight loss of 10.87% due to 

dehydration in the range of 28-290°C then pyrolysis 

comes next at 290°C, while (Cell-THU) 

demonstrated a weight loss of 22.79% in the range of 

25-188°C which has been related to the elimination 

of water molecules. After that cellulose and Cell-

THU started decomposition at 290°C and 188ºC, 

respectively. The pyrolysis of cellulose was carried 

out by two separate steps. A large DTG peak was 

seen at Tmax = 334°C during the first pyrolysis, 

which was conducted at a constrained temperature 

range of 290-370°C with a significant weight loss of 

69.16%. This demonstrates that cellulose breakdown 

was both speedy and gradual. A medium-broad DTG 

peak at Tmax=306 degrees Celsius served as an 

indicator for the initial pyrolysis of Cell-THU, which 

occurred throughout a wide temperature range from 

188 to 580 degrees Celsius and resulted in a weight 

loss of 29%. This indicates that cellulose had a 

greater rate of degradation than Cell-THU and was 

more stable than its modified version. It might be 

caused by the graft polymerization process rupturing 

certain cellulose rings [21].  

 

3.2. Analysis of batch adsorption data 

     Impact of pH  

  Figure 2 represents the percentages of removal 

for Cu(II), Mn(II), Cd(II), Fe(III) and Pb(II) cations 

onto prepared adsorbent (Cell-THU). With increasing 

pH, the removal of all metal ions increases where the 

maximum values of removal of Cu(II), Fe(III) and 

Pb(II) was 78%, 97% and 93% at (pH=6) , 

respectively, however in case of Mn(II) and Cd(II) 

reported maximum value 80% and 91% at (pH=7), 

respectively.  The main causes are the functional 

groups' extensive protonation which results in 

electrostatic repulsions between the heavy metal ions 

and the protonated groups [29]. This is normally the 

situation in environments with lower pH levels and 

high proton availability. Another phenomenon that 

could exist in situations with lower pH levels is the 

ineffective adsorption caused by the competing 

adsorption of hydronium ions (H3O+) with the 

positively charged metal species. However, at higher 

pH levels may lead to the formation of metal ion 

hydroxylated complexes, which would inhibit the 

action by restricting the surface moieties [30]. 

 

 

 

Fig. 2. Impact of pH on metal cations removal 

 

     Impact of adsorbent dosage  

Figure 3 shows removal percentages for studying 

metal ions onto adsorbent as a function of adsorbent 

dosages. The results show that removing increases by 

increasing dosage reaching its maximum at 0.3gm of 

adsorbent. This is because the adsorbent's surface 

area has increased, increasing the amount of active 

surfaces which are readily accessible for a given 

volume of liquid, increasing the overall amount of 

metal ion removal [31,32].  

       Impact of contact time  

      Figure 4 illustrates the relationship between 

the percentages of examined metal ions removed 

from produced adsorbents and different times. The 

data recorded removal percentage of 53 %, 50 %, 

56%, 43% and 45 % for Cu(II), Mn(II), Cd(II), 

Fe(III) and Pb(II) cations, respectively during the first 
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20 min. Within 90 minutes, all metal ions had been 

removed to 100% of their original percentage. 

Because there are a lot of empty surface sites 

available during the early stages of sorption, the 

percentage of metal ion removal that increases with 

contact time is explained. After some time, saturation 

makes it challenging to fill the remaining open 

surface sites [33]. 

 

 
Fig.3. Impact of adsorbent dosage on metal 

cations removal 

 

 

 

Fig. 4. Impact of contact time on metal cation 

removal 

     Impact of heavy metal concentration  

The obtained data are diagramed in Figures 5. It 

was discovered that at low concentrations there are 

less accessible metal ions for adsorption which 

results in a better adsorption efficiency. As it 

increases, the number of ions available for the 

adsorption increases, which results in a lower 

adsorption rate. However, the amount of saturated 

sites can still adsorb additional ions up to a specific 

concentration. This results in a decrease in adsorption 

efficiency for a given amount of accessible adsorbent 

[34]. The higher adsorption value of all metal ions is 

100% at initial concentration (Cₒ=3 mg/L). 

      Impact of temperature  

      Figure 6 indicates the influence of temperature 

on the efficiency of removal for different metal ions. 

 
Fig. 5. Impact of initial concentration on metal 

cations removal. 

 

The data reports the sorption efficiency decreased 

from 30 to 60 oC. According to thermodynamics: for 

an endothermic process, the adsorption capacity 

increases as the temperature rises and decreases for 

an exothermic process [35]. The fact that the removal 

effectiveness decreased as the temperature increased 

indicates that the process of adsorption is exothermic. 

Higher temperatures reduce the electrostatic 

interactions which linked the metal ions with the 

adsorbent, increasing the metal ions' mobility and 

causing them to separate from the adsorbent which 

results in lower adsorption [36]. 

 

Fig.6. Impact of temperature on removal 

percentage of metal cations 

 

    Adsorption kinetics: 

   Studying of adsorption kinetics is significant 

because it gives evidence of the adsorption 

mechanism needed for the process' effectiveness [37, 

38]. Adsorption kinetics was investigated at different 

contact time and data was analyzed to know which 

model is better to explain adsorption of Cu(II), 

Mn(II), Fe(III), Cd(II) and Pb(II) ions. Figure 7 and 8 

correspond to pseudo-1st-order model and pseudo-

2nd-order model for the ions, respectively.  
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Fig. 7. Model of Pseudo-1st-order   

Fig. 8. Model of Pseudo-2nd-order  

 

Table 2.Calculated kinetic models parameters 

Pseudo-1st-

order 

Parameters Cu
2+

 Mn
2+

 Fe
3+

 Cd
2+

 Pb
2+

 

K1 (min
−1

) 0.0552 0.0585 0.068 0.0768 
00.074

1 

qe cal.(mg/g) 21.658 28.665 24.751 40.755 36.284 

R
2
 0.9603 0.8247 0.8991 0.8667 0.8998 

Pseudo-2nd-

order 

K2(g/mg min) 0.00122 0.00056 0.00196 
0.0007

2 

0.0009

2 

qe cal.(mg/g) 22.271 27.548 20.161 25.773 24.038 

R
2
 0.9819 0.8578 0.9777 0.9193 0.941 

Experimental 
qe Exp.(mg/g) 

 
15 15 15 15 15 

 

This data shows that the pseudo-2nd-order model 

produces more straight lines than the pseudo-1st-

order model due to its greater correlation coefficient 

R2 and qe values are closer to the experimental 

values. This demonstrates that chemisorption is the 

major process which depending on sharing electrons 

between the adsorbate and the surface of the 

adsorbent. Chemisorption is usually limited to a 

single layer of molecules on the adsorbent’s surface 

[39]. 

Adsorption isotherms:  

     The mathematical model known as the 

adsorption isotherm describes how adsorbate species 

behave in both liquid and solid phases [40, 41]. At 

constant temperature and various ion concentrations, 

the adsorption isotherm was studied. Freundlich and 

Langmuir isotherm models were used to analyze the 

equilibrium results for the adsorption of cations onto 

thio aminated cellulose (Cell-THU). 

Only a single adsorption monolayer exists on an 

adsorbent in Langmuir isotherm models, which is 

based on surface homogeneity. This monolayer forms 

as a result of how the metal ions are distributed in 

equilibrium between the solid and liquid phases. 

There is no further adsorption when the adsorbate 

single layer forms on the adsorbent outer surface 

[42]. 

By plotting Ce/qe vs Ce, Figure 9 reveals Langmuir 

models for the ions. The slope was used to compute 

the monolayer adsorption capacity qmax and the 

intercept was used to calculate KL. 

The adsorption on heterogeneous surfaces is best 

described using Freundlich isotherm models Figure 

10, which are entirely empirical.
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Fig. 9. Langmuir isotherm model  

  

 

Fig. 10. Freundlich isotherm model  

Table 3.Calculated isotherm parameters 

Langmuir 

Parameters Cu
2+

 Mn
2+

 Fe
3+

 Cd
2+

 Pb
2+

 

KL (L/mg) 23.92 8.97 14.27 6.70 10.03 

qmax mg/g) 29.85 25.91 31.84 26.18 33.22 

RL 0.002 0.005 0.003 0.007 0.004 

R
2
 0.9954 0.9844 0.993 0.9799 0.9904 

Freundlich 

KF (L/g) 25.22 21.48 27.14 21.86 28.22 

1/n 0.0986 0.1148 0.1057 0.1201 0.1172 

R
2
 0.6064 0.4527 0.5153 0.4145 0.5496 

 

       According to the data, the Langmuir model 

predicts favorability as a result of RL which is greater 

than zero and less than unity. The Freundlish model 

predicts favorability as a result of 1\n which is greater 

than 0.1 and less than unity. However, because the 

R2 value of the model of Langmuir is greater than of 

the Freundlish model, so the process of the tested 

metal ions go along with the Langmuir isotherm 

model [43, 44]. 

 

3.3. Application to real underground water:  

       Underground water samples from the El-

Meridian Hotel in El-Haram, Giza, Egypt, were taken 

in order to test the treatment process used to remove 

Cu (II), Mn (II), Cd (II), Fe (III) and Pb (II) ions from 

synthetic water. Membrane filter of 0.45µm was used 

to filter the sample. A flame atomic absorption 

spectrophotometer was used to measure the metal 

concentration in the water sample. 

    According to batch experimental results of 

removal of Cu(II), Mn(II), Cd(II), Fe(III) and Pb(II) 

ions from synthetic water, the optimum treatment 

conditions were pH = 7, dose = 0.3gm and time = 90 

min. 

       In the experiment, 50 mL of water sample and 

0.3 g of Cell-THU were combined. The mixture was 

lasted for 90 min at 500 rpm, pH 7 and (25 °C). 

Using 0.45µm membrane filter paper, suspensions 

were filtered and maintained for metal analysis. 

The treatment data (Table 4) declared that the 

removal percentages were found to be 84-100%. 

According to this, the researched adsorbent can be 

used to treat real samples due to its high efficiency 

and fast kinetics. 
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Table 4.Removal of Cu(II), Mn(II), Cd(II), Fe(III) and Pb(II) ions from underground water by Cell-Thiourea 

(Cell-THU) 

Metal ions 
Concentration (mg/L) 

Removal percentage 
Before treatment After treatment 

Cu(II) 3.0012 - 100% 

Mn(II) 3.1121 - 100% 

Fe(III) 7.2001 0.144 98% 

Cd(II) 2.0213 - 100% 

Pb(II) 3.6143 - 100% 

Ni(II) 3.0145 0.434 85% 

Cr(VI) 4.8811 0.7842 84% 

  

Table 5. Comparison between the performance of maleic acid anhydride grafted cellulose functionalized with 

thiourea (Cell-THU) and other adsorbents reported in literature [45-50] 

*a: Cellulose grafted with 2-acrylamido-2-methylpropane sulfonic acid (AASO3H) and acrylic acid in the presence of 

N,N'-methylene bisacrylamide cross-linker, *b: Cellulose grafted with 2-acrylamido-2-methylpropane sulfonic acid 

(AASO3H), *c: Cellulose grafted with 2-acrylamido-2-methylpropane sulfonic acid (AASO3H) and binary comonomer 

acrylonitrile (AN), *d: Sodium Carboxymethyl Cellulose (CMC-Na)/Sodium Styrene Sulfonate (SSS) hydrogels with grafted 

and crosslinked polymeric networks 

 

Conclusion 

maleic acid anhydride grafted cellulose 

functionalized with thiourea (Cell-THU) showed high 

efficiency for removal of Cu (II), Mn (II), Cd (II), Fe 

(III) and Pb (II) ions from aqueous solution. 

Maximum adsorption capacities for Cu (II), Mn (II), 

Cd (II), Fe (III) and Pb (II) were 29.85, 25.91, 31.84, 

26.18, and 33.22 mg/g, respectively at pH=7, 

adsorbent dose=0.3 gm, contact time=90 min. and 

initial metal cation concentration (3 mg/L) at room 

temperature (25°C) . Langmuir isotherm produces the 

best match to the equilibrium data. Data analysis 

using kinetics revealed that the adsorption related to 

pseudo 2nd order model. The application data 

declared that the removal percentages were found to 

be 84-100%. 

Adsorbents Metal ions 
Removal 

percentage % 
Ref. 

Grafted TEMPO-oxidized cellulose nanofiber 
embedded with modified magnetite 

Pb (II) 80% [45] 

a*Cell-g-AASO3H-co-AAc cross-linked graft 
copolymer 

Ni(II), Cu(II) 72%, 67% [46] 

b*Cell-g-AASO3H-co-AN Pb (II) 62% [47] 
c*Cell-g-AASO3H Pb (II) 59% [47] 

Pristine cellulose nanocrystalline (CNC) Cd(II) 70% [48] 

maleic anhydride functionalized cellulose 
nanocrystalline (MA-CNC) 

Cd(II) 90% [48] 

d*CMC/SSS gels 
Cr(III),  Pb(II), Mn (II), 

Fe (III) 
68%, 41%, 

35%, 33% 
[49] 

Cellulose-graft-polyacrylic acid (cellulose-g pAA Pb(II), Cu(II), Cd(II) 
94%, 65%, 

26% 
[50] 

Cellulose-g-p(AA–NMBA) Pb(II), Cu(II), Cd(II) 
90%, 66%, 

39% 
[50] 

cellulose-g-p(AA–AASO3H Pb(II), Cu(II), Cd(II) 
6%, 8%, 

7% 
[50] 

maleic acid anhydride grafted cellulose 
functionalized with thiourea (Cell-THU) 

Cu (II), Mn (II), Cd (II), 
Fe (III), Pb (II) 

96%, 95%, 
98%, 100%, 
99% 

This 
work 
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According to this, the Cell-THU can be used for 

eliminating toxic metal ions from real samples due to 

its high efficiency and fast kinetics. 
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