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Presence of heavy metals (HMs) mainly cadmium (Cd (II)) ions in water 
cause serious environmental and health risks that needs to be addressed 
by some effective method. Current study involved the use of Chitosan-
grafted Poly (Carboxymethyl Cellulose-Co-Acrylamide) Nano Hydrogel 
for Cd (II) ions removal from water. The prepared nano hydrogel was 
characterized via Fourier Transform Infrared (FTIR) spectroscopy, Field 
Emission Scanning Electron Microscopy (FESEM) and X-ray Diffraction 
(XRD). The results of these techniques revealed the presence of different 
types of functional groups in nano hydrogel structure that possess 
highly rough and amorphous texture. Adsorption study was conducted 
for investigating the effects of contact time, solution pH, nano hydrogel 
dose, and ionic strength of different salts (NaCl, KCl, CaCl2) on Cd (II) 
removal. Findings of the study highlights maximum removal of 93.3% with 
adsorption capacity 37.3 mg/g in 90 minutes while using 200 mg/L Cd 
(II) solution of pH 10. Kinetic study showed fitness of adsorption process 
with pseudo second model with regression coefficient value equal to unity 
signifying a chemical adsorption mechanism. Overall, the prepared CS-g-
P(CMC-co-AM) nano hydrogel possess adsorption potential for cadmium 
ions removal from water.  

INTRODUCTION 
The extensive use of heavy metals (HMs) in 

modern world led to their increased levels in water 
sources resulting in deteriorating water quality 
and affecting all life forms on earth. Cadmium (Cd) 
is one of the toxic metals that enter water system 
via variety of routes such as galvanized pipes and 

metal fittings. When ingested, Cd is responsible 
for causing human organ dysfunction. Keeping 
in view the toxicity caused by Cd, Department 
of Environment, UK and European Economic 
Community placed this metal in red list of 
priority contaminants and black list of Dangerous 
Substance Directive respectively [1]. Researchers 
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are now working on the development of effective 
and low-cost methods for removal of Cd (II) ions 
from water. Several physi-o-chemical and biological 
methods [2, 3] have been developed aiming to 
treat polluted water. However, high operational 
cost and secondary pollution associated with 
them make them ineffective for treating all 
kinds of pollutants in water [4-19]. Adsorption, 
however, an effective and efficient technique for 
water treatment takes precedence over all other 
conventional methods due to its simple design, 
low cost and easy availability of adsorbents. 

In adsorption method, selection of adsorbents 
for efficient pollutant removal is a crucial step. 
Various kinds of natural and synthetic adsorbents 
have been developed and used till date for Cd 
(II) adsorption [1, 20-29]. This study, however, 
investigated the adsorptive removal of Cd (II) ions 
from water using poly (carboxymethyl cellulose-
co-acrylamide) (CS-g-P(CMC-co-AM)) nano 
hydrogel as an adsorbent. The nano hydrogel was 
characterized by FTIR, FESEM, and XRD techniques. 
Swelling properties of prepared nano hydrogels 
were also investigated under variable pH of 
solution. Influence of adsorption factors as contact 
time, pH, adsorbent dosage, salt concentration 
was also studied. The nature of adsorption process 
was investigated by applying the time data on two 
different kinetic models namely pseudo first and 
pseudo second order kinetic models.  

MATERIALS AND METHODS
Materials and chemicals used 

The experimental reagents used in study 
were acrylamide (AM), chitosan, hydrochloric 
acid, Carboxymethyl cellulose sodium salt 
(CMC), ethanol, potassium persulfate, bis-
acrylamide, acrylic acid, nitrogen gas, acetic acid, 

tetramethylethylenediamine (TMEDA), sodium 
chloride, potassium chloride, and calcium chloride. 
These chemicals were essential components in 
conducting batch adsorption experiments and 
analyzing the results. 

Preparation of Cd (II) solution 
A stock solution (500 mg/L) of cadmium (II) ions 

was prepared by dissolving 1.37 grams of cadmium 
nitrate tetrahydrate (Cd(NO₃)₂·4H₂O) in distilled 
water. The solution was quantitatively transferred 
to volumetric flask (1000 mL) and diluted to final 
volume by addition of water. Working solutions 
of variable concentrations were subsequently 
prepared from this stock solution for further 
experimentation. 

Synthesis and characterization of nano hydrogel 
CS-g-P(CMC-co-AM) 

The prepared nano hydrogel i.e., CS-g-P(CMC-
co-AM) was synthesized via preparation of two 
different solutions [30, 31]. Firstly, solution 1 
was prepared a 1% of acetic acid (AAC), dissolve 
0.5 g of chitosan (CS) in 20 mL of this solution 
and dissolving 6g acrylamide in 10 mL deionized 
water which was then combined with solution of 
acrylamide (6g in 10 mL water). A solution of N, N’-
methylenebisacrylamide (MBA) was prepared by 
dissolving its 0.05g in 5 mL deionized water. This 
solution was then added to mixture and stirred 
for 15 min with simultaneous introduction of 
nitrogen gas. Followed by preparation of solution 
1, next step is to prepare solution 2. For this, 
0.5 g Carboxymethyl cellulose sodium salt was 
dissolved in 10 mL deionized water that was stirred 
continuously for 15 min. Afterwards, potassium 
persulfate (KPS) solution (0.1g in 5 mL water) 
and a TEMED solution (0.05g in 5 mL water) were 

1

 

  
Fig. 1. Prepared CS-g-P(CMC-co-AM) nano hydrogel. 
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added to above mixture serially with continuous 
stirring. This was followed by addition of Solution 
1 (in a dropwise manner) to Solution 2 at 50 °C 
while nitrogen gas was intermittently introduced 
for 30 sec. incubation of mixture was then carried 
out in a water bath at 60 °C for 2 hours that aid in 
completion of reaction. Obtained hydrogel was cut 
into smaller pieces that were then washed with 
water for one hour and oven-drying was done at 
50 °C. The dried hydrogel was then ground into 
very fine particles having diameters varying from 
50 to 250 nm. Fig. 1 shows prepared CS-g-P(CMC-
co-AM) hydrogel.  

The successful synthesis of nano hydrogel was 
confirmed by Fourier Transform Infrared (FTIR) 
spectroscopy (Shimadzu 8400s spectrophotometer 
within range of 500 to 4000 cm⁻¹), Field Emission 
Scanning Electron Microscopy (FESEM) (TESCAN 
MIRA3 at 25 kV) and X-ray Diffraction (XRD) 
analysis (Shimadzu XRD-6000, within 2θ range 
of 10° to 80°) that helps in analysis of functional 
groups [2, 32, 33] surface morphology [34, 35] and 
crystallinity of adsorbent [36] respectively. 

Adsorption experiments 
Batch adsorption study was carried out for 

investigating the effect of equilibrium time (0 
min to 220 min), pH (1.2 to 10), adsorbent dose 

(0.001g to 0.08g) and concentration of different 
salts i.e., NaCl, KCl as well as CaCl2 (0g/L to 0.2g/L). 
Temperature for all experiments was maintained 
at 20°C with shaking speed of 120 rpm, Cd (II) 
ions concentration of 200 mg/L and neutral pH 
(except pH study). The nano hydrogel dose used 
for each study was 0.05g and time of adsorption 
was 90 min unless otherwise specified. Once the 
adsorption equilibrium was achieved, % removal 
of adsorbate and adsorption capacity of adsorbent 
can be calculated using Eq. 1: 

                                                                                     (1)qe =
C0 − Ce

M × V

where  and  refers to concentrations of Cd 
(II) ions in solution (mg/l) both before and after 
adsorption,  and  denote used volume (mL) of 
solution and adsorbent weight (g) correspondingly. 
For investigating effect of solution pH on swelling 
property of prepared nano hydrogel, 0.05g of it was 
immersed in solutions of varying pH i.e., 3 to 10. 
After immersion period, filtration of nano hydrogel 
was carried out for removing excess water and its 
weight was measured again. Afterwards, swelling 
ratios calculation was done by Eq. 2: 

                                                                                     (2)Swelling ratio (%) =  WS − Wd
Wd

× 100

2

 

  
Fig. 2. FTIR results of prepared CS-g-P(CMC-co-AM) nano hydrogel both before and after Cd 

(II) ions adsorption.  
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Fig. 3. XRD of prepared CS-g-P(CMC-co-AM) nano hydrogel. 

Fig. 4. FESEM of prepared CS-g-P(CMC-co-AM) nano hydrogel (a) before and (b) after adsorption.  
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here,  and  refers to weight of nano hydrogel 
that gets swelled and weight before swelling 
(dried form) correspondingly. 

Two different kinetic models namely pseudo 
first as well as pseudo second model applied to 
data obtained from kinetic study. Pseudo first 
order model assumes that adsorption rate has 
direct relation with number of available adsorption 
sites of adsorbent. In contrast, pseudo second 
model assumes that adsorption rate is directly 
related with square of available adsorption sites. 

Expressions for pseudo first and pseudo second 
order model are given in Eqs.3 and 4 respectively: 

                                                                                      (3)log(Qe − Qt) =  log Qe − k1
2.303 t

                                                                                     (4)
t

Qt
=  1

k2Qe2
+ t

Qe                   

here  (mg/g) and  (mg/g) refers to adsorbate 
amount adsorbed at time  (min) and at equilibrium, 

5
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Table 1. Effect of time on adsorption of Cd (II) ions on prepared 
nano hydrogels in terms of percentage removal as well as  (mg/ 
g).  

Fig. 5. Effect of time on adsorption of Cd (II) ions on prepared nano hydrogels in terms of (a) percentage removal and (b)  (mg/ g).  
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correspondingly. Further,  (1/min) and  (g/mgmin) 
are rate constant for pseudo-first and second 
model correspondingly [37]. 

 
   
RESULTS AND DISCUSSION 
Characterization study 

The FTIR spectra of CS-g-P(CMC-co-AM) nano 
hydrogel before and after Cd (II) ion adsorption 
revealed significant changes, providing insights 
into adsorption mechanism. Before adsorption 
(Fig. 2), the broad peak at 3400-3200 cm⁻¹ indicated 
the presence of hydroxyl and amide groups. 
After adsorption, a shift in these peak suggested 
interactions with Cd (II) ions. Furthermore, 
the peak at 2900 cm⁻¹, associated with C-H 
stretching, remained relatively unchanged. 
However, significant changes were observed in 
1750-1500 cm⁻¹ region [5, 17, 19, 38, 39]. Results 
revealed that peaks related to C=O stretching 
of carboxylate groups undergo shifting in both 

intensity and position highlighting the presence of 
strong interactions between adsorbent functional 
groups and Cd (II) ions. Peaks around 1000-1200 
cm⁻¹, attributed to C-O stretching, also undergo 
changes, that further corroborate the contribution 
of hydroxyl as well as carboxylate groups in Cd (II) 
ions removal. This variation in peaks highlight the 
contribution of hydroxyl, carboxylate, and amide 
functional groups of prepared nano hydrogels for 
cadmium ions adsorption [38, 40-46]. 

The crystallographic study of nano hydrogel 
(Fig. 3) revealed the presence of broad peak 
present nearly at 2θ of 20°. The peak corresponds 
to an amorphous structure of nano hydrogel due 
to the lack of long-range crystallinity. The highly 
amorphous nature of the nano hydrogel is mainly 
responsible for Cd (II) ions adsorption [47].    

The morphological analysis of nano hydrogel 
is shown in Fig. 4 highlighting the presence 
of numerous pores and heterogeneity in its 
structure. This porous structure is responsible 
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R2  values 0.6556   1  

Constant 0.02  0.266  
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Fig. 6. Plot of (a) pseudo first and (b) pseudo second model for adsorption of Cd (II) ions onto prepared nano hydrogels. 

Table 2. Parameters calculated from pseudo first and pseudo second models. Experimental  (mg/g) 
= 37.34 mg/g. 
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for providing numerous adsorption sites for Cd 
(II) ions adsorption thereby results in improving 
its adsorption capacity. Study revealed that 
after adsorption of Cd (II) ions, the structure of 
nano hydrogel transit from heterogeneous to 
homogeneous one signifying saturation of active 
sites present on adsorbent surface with adsorbed 
Cd (II) ions [10, 48]. 

Kinetic modeling 
The results of contact time study in terms of % 

removal as well as adsorption capacity are shown 

in Fig. 5 and Table 1 highlighting the direct relation 
of adsorption time with Cd (II) ions removal. With 
increasing time from 1 min to 220 min, there was 
an increment in both percentage removal (from 
89.81% to 93.357%) and adsorption capacity 
(increased from 35.92 mg/g to 37.343 mg/g). This 
can be better explained by accessibility of free 
active sites on adsorbent that allows maximum 
number of ions to get adsorb on adsorbent surface. 
However, no significant change was observed 
in Cd (II) ions adsorption after 90 min and 220 
min where removal percentage was 93.32% and 
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Table 3. Effect on pH on adsorption of Cd (II) ions on 
prepared nano hydrogel.  

Fig. 7. Effect on pH on adsorption of Cd (II) ions on prepared nano hydrogel.   
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93.35% and adsorption capacity observed to be 
37.33 mg/g and 37.343 mg/g respectively. Due 
to this slight variation in results, 90 minutes was 
selected as the optimal contact time [5]. 

The results of kinetic study for pseudo first 
order and pseudo second order model are shown 
in Fig. 6a and 6b respectively. It was observed that 
there exists greater difference between calculated 
(0.02 mg/g) as well as experimental [37.34 mg/g) 

adsorption capacities for pseudo first model. 
Additionally, value of regression coefficient also 
observed to be lesser i.e., 0.6556 when compared 
with the results of pseudo second order model. 
These finding revealed the unsuitability of pseudo 
first model with the studied data. Owing to R² = 
1 and less variation between experimental qe 
(37.34 mg/g) and calculated qe (37.31 mg/g), as 
summarized in Table 2, pseudo second order 
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model fits best to studied adsorption process. The 
fitness of pseudo second model confirmed the 
chemical adsorption between adsorbent surface 
and Cd (II) ions [49].  

Effect of solution pH  
Solution pH is an important parameter that 

affect the charge of both adsorbent surface and 
adsorbate thereby affecting the overall adsorption 
capacity of adsorbent. To optimize best pH for 
study, experiments were carried out by varying 
pH (Fig. 7 and Table 3). Results showed that by 
increasing pH from acidic to basic, there was 
an increment in adsorption capacity of nano 
hydrogel. Adsorption capacity of 37.03 mg/g and 
38.04 mg/g was observed by increasing pH from 
1.2 to 10 respectively. Reason behind this was that 
at lower solution pH, i.e., acidic pH, the surface of 

adsorbent become positively charged that result 
in causing repulsions between positive Cd (II) 
ions and positively charged adsorbent surface. 
However, increasing pH from acidic to basic results 
in inducing native charge on adsorbent surface 
that thereby results in adsorbing cationic Cd (II) 
ions via electrostatic attraction [9].  

Swelling property of prepared nano hydrogel 
was investigated by varying solution pH from 3 
to 10 (Fig. 8 and Table 4). It was observed that at 
lower solution pH i.e., 3, minimal swelling i.e., 60% 
can be observed. This swelling was increased to 
920% when solution pH was 10. The reason behind 
this behaviour is that at lower pH values, water 
absorption was less due to the compact structure 
of nano hydrogel. However, an increase in solution 
pH allow for greater water uptake thus results in 
remarkable increase in swelling ratio [35].  
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Table 5. Influence of nano hydrogel dosage on adsorption of Cd (II) ions in terms 
of % removal and  (mg/ g).  

Fig. 9. Influence of nano hydrogel dosage on adsorption of Cd (II) ions in terms of (a) % removal and (b)  (mg/ g) 
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Effect of nano hydrogel dose and salt concentration 
Effect of adsorbent dose on adsorption of Cd 

(II) both in terms of % removal and adsorption 
capacity were studied and results are presented in 
Fig. 9 and Table 5. It was observed that increasing 
nano hydrogel dose from 0.001g to 0.05g, there 
was an increment in % removal i.e., from 91.70% 
to 95.65% respectively. This was mainly due to the 
increased availability of active sites for adsorption 
of Cd (II) ions with an increase in adsorbent dose. 
However, with further increase in adsorbent dose 
to 0.08g, a decrease in % removal i.e., 94.53% 
was observed that might be due to agglomeration 
effect of adsorbent particles at higher dose. In 
terms of adsorption capacity, an inverse relation 

with an increase in adsorbent dose was observed 
i.e., by increasing dose from 0.001g to 0.08g, there 
was a continuous decrease in adsorption capacity 
from 1834.14 mg/g to 23.63 mg/g respectively. 
The reason of this trend was that with an 
increased % removal of Cd (II) ions, the availability 
of free actives sites for more adsorption decreased 
(since maximum adsorption sites are occupied 
by the adsorbate) thereby results in decreasing 
adsorption capacity [12, 35].

Adsorption capacity of prepared nano hydrogels 
was also investigated in presence of different salts 
i.e., NaCl, KCl and CaCl2. Findings of study (Fig. 10 
and Table 6) revealed that the adsorption capacity 
of adsorbent increased with an increase in 
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1132

Q. Alshamusi et al. /Efficiency of Novel Nano Hydrogel for Cadmium (II) Removal

J Nanostruct 14(4): 1133122-1133, Autumn 2024

concentration of all salts being studied. However, 
the maximum results were obtained with NaCl 
when compared with KCl and CaCl2 due to the 
competitive effect of Cd (II) ions with ions of KCl 
and CaCl2. 

  
CONCLUSION 

Results of the study highlight the adsorptive 
potential of prepared poly (carboxymethyl 
cellulose-co-acrylamide) (CS-g-P(CMC-co-AM)) 
nano hydrogel to adsorb Cd (II) ions from water. 
Characterization of prepared nano hydrogels 
revealed presence of ionic functional groups 
within the nano hydrogel, chiefly hydroxyl, 
carboxylate, and amide groups that are mainly 
responsible for adsorption of Cd (II) ions on its 
heterogeneous and amorphous surface. Results of 
batch adsorption studies showed that adsorption 
efficiency increased with an increase in contact 
time and equilibrium was achieved within 90 
minutes at higher pH levels (i.e., 10). The process 
followed pseudo-second kinetic model, suggestive 
of chemically controlled mechanism. The study 
highlights that the CS-g-P(CMC-co-AM) nano 
hydrogel is a low-cost, efficient adsorbent for 
removing cadmium ions from water. 

CONFLICT OF INTEREST
The authors declare that there is no conflict 

of interests regarding the publication of this 
manuscript.

REFERENCES 
1.	 Wang FY, Wang H, Ma JW. Adsorption of cadmium (II) ions 

from aqueous solution by a new low-cost adsorbent—
Bamboo charcoal. J Hazard Mater. 2010;177(1-3):300-306.

2.	 Batool M, Javed T, Wasim M, Zafar S, Din MI. Exploring the 
usability of Cedrus deodara sawdust for decontamination 
of wastewater containing crystal violet dye. Desalination 
and Water Treatment. 2021;224:433-448.

3.	 Radia ND, Essa SM, Aljeboree AM, Abed Jawad M. 
Evaluation of the Adsorption Efficiency of Biopolymer 
Hydrogel Nanocomposite/Nanoclay in Wastewater Dye 
Removal. Asian Journal of Water, Environment and 
Pollution. 2024;21(4):47-54.

4.	 Ghzal Q, Javed T, Batool M. Potential of easily prepared 
low-cost rice husk biochar and burnt clay composite for the 
removal of methylene blue dye from contaminated water. 
Environmental Science: Water Research and Technology. 
2023;9(11):2925-2941.

5.	 Majeed HJ, Idrees TJ, Mahdi MA, Abed MJ, Batool M, Yousefi 
SR, et al. Synthesis and application of novel sodium carboxy 
methyl cellulose-g-poly acrylic acid carbon dots hydrogel 
nanocomposite (NaCMC-g-PAAc/ CDs) for adsorptive 
removal of malachite green dye. Desalination and Water 
Treatment. 2024;320:100822.

6.	 Mannan HA, Nadeem R, Bibi S, Javed T, Javed I, Nazir A, et 

al. Mesoporous activated TiO2 based biochar synthesized 
from fish scales as a proficient adsorbent for deracination 
of heavy metals from industrial efflux. J Dispersion Sci 
Technol. 2022;45(2):329-341.

7.	 Shah A, Manning G, Zakharova J, Arjunan A, Batool M, 
Hawkins AJ. Particle size effect of Moringa oleifera Lam. 
seeds on the turbidity removal and antibacterial activity 
for drinking water treatment. Environmental Chemistry and 
Ecotoxicology. 2024;6:370-379.

8.	 Shah A, Arjunan A, Thumma A, Zakharova J, Bolarinwa T, 
Devi S, et al. Adsorptive removal of arsenic from drinking 
water using KOH-modified sewage sludge-derived biochar. 
Cleaner Water. 2024;2:100022.

9.	 Shah A, Zakharova J, Batool M, Coley MP, Arjunan A, 
Hawkins AJ, et al. Removal of cadmium and zinc from 
water using sewage sludge-derived biochar. Sustainable 
Chemistry for the Environment. 2024;6:100118.

10.	Arshad R, Javed T, Thumma A. Exploring the efficiency of 
sodium alginate beads and Cedrus deodara sawdust for 
adsorptive removal of crystal violet dye. J Dispersion Sci 
Technol. 2023;45(12):2330-2343.

11.	Javed T, Thumma A, Uddin AN, Akhter R, Babar Taj M, 
Zafar S, et al. Batch adsorption study of Congo Red dye 
using unmodified Azadirachta indica leaves: isotherms and 
kinetics. Water Practice and Technology. 2024;19(2):546-
566.

12.	Rehman H, Javed T, Thumma A, Uddin AN, Singh N, Baig MM, 
et al. Potential of easily available low-cost raw cotton for 
the elimination of methylene blue dye from polluted water. 
Desalination and Water Treatment. 2024;318:100319.

13.	Bukhari A, Javed T, Haider MN. Adsorptive exclusion of 
crystal violet dye from wastewater by using fish scales as 
an adsorbent. J Dispersion Sci Technol. 2022;44(11):2081-
2092.

14.	Imran MS, Javed T, Areej I, Haider MN. Sequestration 
of crystal violet dye from wastewater using low-cost 
coconut husk as a potential adsorbent. Water Sci Technol. 
2022;85(8):2295-2317.

15.	Urooj H, Javed T, Taj MB, Nouman Haider M. Adsorption of 
crystal violet dye from wastewater on Phyllanthus emblica 
fruit (PEF) powder: kinetic and thermodynamic. Int J 
Environ Anal Chem. 2023;104(19):7474-7499.

16.	Alzayd AAM, Radia ND. Novel pH-sensitive of organic 
composite (kc-g-poly(AAc-co-AAm)/bentonite), synthesis 
and characterization candidate as a carrier for controlled 
release system in vitro to some drugs. Carbon Letters. 
2024;34(1):505-517.

17.	Bayati-Komitaki N, Ganduh SH, Alzaidy AH, Salavati-Niasari 
M. A comprehensive review of Co3O nanostructures in 
cancer: Synthesis, characterization, reactive oxygen species 
mechanisms, and therapeutic applications. Biomedicine 
and Pharmacotherapy. 2024;180:117457.

18.	Hosseini M, Ghanbari M, Alzaidy AH, Dawi EA, Mahdi MA, 
Jasim LS, et al. Synthesis and characterization of Fe2SiO4/
Fe2O3/g-C3N4 ternary heterojunction photocatalyst with 
enhanced photocatalytic activity under visible light. Int J 
Hydrogen Energy. 2024;60:1370-1382.

19.	Razavi FS, Mahdi MA, Ghanbari D, Dawi EA, Abed 
MJ, Ganduh SH, et al. Fabrication and design of four-
component Bi2S3/CuFe2O4/CuO/Cu2O nanocomposite as 
new active materials for high performance electrochemical 
hydrogen storage application. Journal of Energy Storage. 
2024;94:112493.

20.	Shah A, Arjunan A, Manning G, Batool M, Zakharova 
J, Hawkins AJ, et al. Sequential novel use of Moringa 

http://dx.doi.org/10.1016/j.jhazmat.2009.12.032
http://dx.doi.org/10.1016/j.jhazmat.2009.12.032
http://dx.doi.org/10.1016/j.jhazmat.2009.12.032
http://dx.doi.org/10.5004/dwt.2021.27192
http://dx.doi.org/10.5004/dwt.2021.27192
http://dx.doi.org/10.5004/dwt.2021.27192
http://dx.doi.org/10.5004/dwt.2021.27192
http://dx.doi.org/10.3233/ajw240045
http://dx.doi.org/10.3233/ajw240045
http://dx.doi.org/10.3233/ajw240045
http://dx.doi.org/10.3233/ajw240045
http://dx.doi.org/10.3233/ajw240045
http://dx.doi.org/10.1039/d3ew00392b
http://dx.doi.org/10.1039/d3ew00392b
http://dx.doi.org/10.1039/d3ew00392b
http://dx.doi.org/10.1039/d3ew00392b
http://dx.doi.org/10.1039/d3ew00392b
http://dx.doi.org/10.1016/j.dwt.2024.100822
http://dx.doi.org/10.1016/j.dwt.2024.100822
http://dx.doi.org/10.1016/j.dwt.2024.100822
http://dx.doi.org/10.1016/j.dwt.2024.100822
http://dx.doi.org/10.1016/j.dwt.2024.100822
http://dx.doi.org/10.1016/j.dwt.2024.100822
http://dx.doi.org/10.1080/01932691.2022.2151456
http://dx.doi.org/10.1080/01932691.2022.2151456
http://dx.doi.org/10.1080/01932691.2022.2151456
http://dx.doi.org/10.1080/01932691.2022.2151456
http://dx.doi.org/10.1080/01932691.2022.2151456
http://dx.doi.org/10.1016/j.enceco.2024.07.008
http://dx.doi.org/10.1016/j.enceco.2024.07.008
http://dx.doi.org/10.1016/j.enceco.2024.07.008
http://dx.doi.org/10.1016/j.enceco.2024.07.008
http://dx.doi.org/10.1016/j.enceco.2024.07.008
http://dx.doi.org/10.1016/j.clwat.2024.100022
http://dx.doi.org/10.1016/j.clwat.2024.100022
http://dx.doi.org/10.1016/j.clwat.2024.100022
http://dx.doi.org/10.1016/j.clwat.2024.100022
http://dx.doi.org/10.1016/j.scenv.2024.100118
http://dx.doi.org/10.1016/j.scenv.2024.100118
http://dx.doi.org/10.1016/j.scenv.2024.100118
http://dx.doi.org/10.1016/j.scenv.2024.100118
http://dx.doi.org/10.1080/01932691.2023.2265464
http://dx.doi.org/10.1080/01932691.2023.2265464
http://dx.doi.org/10.1080/01932691.2023.2265464
http://dx.doi.org/10.1080/01932691.2023.2265464
http://dx.doi.org/10.2166/wpt.2024.020
http://dx.doi.org/10.2166/wpt.2024.020
http://dx.doi.org/10.2166/wpt.2024.020
http://dx.doi.org/10.2166/wpt.2024.020
http://dx.doi.org/10.2166/wpt.2024.020
http://dx.doi.org/10.1016/j.dwt.2024.100319
http://dx.doi.org/10.1016/j.dwt.2024.100319
http://dx.doi.org/10.1016/j.dwt.2024.100319
http://dx.doi.org/10.1016/j.dwt.2024.100319
http://dx.doi.org/10.1080/01932691.2022.2059506
http://dx.doi.org/10.1080/01932691.2022.2059506
http://dx.doi.org/10.1080/01932691.2022.2059506
http://dx.doi.org/10.1080/01932691.2022.2059506
http://dx.doi.org/10.2166/wst.2022.124
http://dx.doi.org/10.2166/wst.2022.124
http://dx.doi.org/10.2166/wst.2022.124
http://dx.doi.org/10.2166/wst.2022.124
http://dx.doi.org/10.1080/03067319.2023.2176229
http://dx.doi.org/10.1080/03067319.2023.2176229
http://dx.doi.org/10.1080/03067319.2023.2176229
http://dx.doi.org/10.1080/03067319.2023.2176229
http://dx.doi.org/10.1007/s42823-023-00674-1
http://dx.doi.org/10.1007/s42823-023-00674-1
http://dx.doi.org/10.1007/s42823-023-00674-1
http://dx.doi.org/10.1007/s42823-023-00674-1
http://dx.doi.org/10.1007/s42823-023-00674-1
http://dx.doi.org/10.1016/j.biopha.2024.117457
http://dx.doi.org/10.1016/j.biopha.2024.117457
http://dx.doi.org/10.1016/j.biopha.2024.117457
http://dx.doi.org/10.1016/j.biopha.2024.117457
http://dx.doi.org/10.1016/j.biopha.2024.117457
http://dx.doi.org/10.1016/j.ijhydene.2024.02.253
http://dx.doi.org/10.1016/j.ijhydene.2024.02.253
http://dx.doi.org/10.1016/j.ijhydene.2024.02.253
http://dx.doi.org/10.1016/j.ijhydene.2024.02.253
http://dx.doi.org/10.1016/j.ijhydene.2024.02.253
http://dx.doi.org/10.1016/j.est.2024.112493
http://dx.doi.org/10.1016/j.est.2024.112493
http://dx.doi.org/10.1016/j.est.2024.112493
http://dx.doi.org/10.1016/j.est.2024.112493
http://dx.doi.org/10.1016/j.est.2024.112493
http://dx.doi.org/10.1016/j.est.2024.112493
http://dx.doi.org/10.1016/j.clwat.2024.100050
http://dx.doi.org/10.1016/j.clwat.2024.100050


1133J Nanostruct 14(4): 1133122-1133, Autumn 2024

Q. Alshamusi et al. /Efficiency of Novel Nano Hydrogel for Cadmium (II) Removal

oleifera Lam., biochar, and sand to remove turbidity, E. 
coli, and heavy metals from drinking water. Cleaner Water. 
2024;2:100050.

21.	Pérez-Marín AB, Zapata VM, Ortuño JF, Aguilar M, Sáez J, 
Lloréns M. Removal of cadmium from aqueous solutions 
by adsorption onto orange waste. J Hazard Mater. 
2007;139(1):122-131.

22.	Pyrzynska K. Removal of cadmium from wastewaters with 
low-cost adsorbents. Journal of Environmental Chemical 
Engineering. 2019;7(1):102795.

23.	Sen TK, Mohammod M, Maitra S, Dutta BK. Removal of 
Cadmium from Aqueous Solution Using Castor Seed Hull: 
A Kinetic and Equilibrium Study. CLEAN – Soil, Air, Water. 
2010;38(9):850-858.

24.	Shin EW, Karthikeyan KG, Tshabalala MA. Adsorption 
mechanism of cadmium on juniper bark and wood. 
Bioresour Technol. 2007;98(3):588-594.

25.	Tran HN, You S-J, Chao H-P. Thermodynamic parameters 
of cadmium adsorption onto orange peel calculated 
from various methods: A comparison study. Journal of 
Environmental Chemical Engineering. 2016;4(3):2671-
2682.

26.	Vázquez G, González-Álvarez J, Freire S, López-Lorenzo 
M, Antorrena G. Removal of cadmium and mercury ions 
from aqueous solution by sorption on treated Pinus 
pinaster bark: kinetics and isotherms. Bioresour Technol. 
2002;82(3):247-251.

27.	Zheng W, Li X-m, Wang F, Yang Q, Deng P, Zeng G-m. 
Adsorption removal of cadmium and copper from 
aqueous solution by areca—A food waste. J Hazard Mater. 
2008;157(2-3):490-495.

28.	Pang Y, Zhao C, Li Y, Li Q, Bayongzhong X, Peng D, et al. 
Cadmium adsorption performance and mechanism from 
aqueous solution using red mud modified with amorphous 
MnO(2). Sci Rep. 2022;12(1):4424-4424.

29.	Lei T, Li S-J, Jiang F, Ren Z-X, Wang L-L, Yang X-J, et al. 
Adsorption of Cadmium Ions from an Aqueous Solution 
on a Highly Stable Dopamine-Modified Magnetic Nano-
Adsorbent. Nanoscale research letters. 2019;14(1):352-
352.

30.	Lapham DP, Lapham JL. BET surface area measurement of 
commercial magnesium stearate by krypton adsorption 
in preference to nitrogen adsorption. Int J Pharm. 
2019;568:118522.

31.	Thommes M, Kaneko K, Neimark AV, Olivier JP, Rodriguez-
Reinoso F, Rouquerol J, et al. Physisorption of gases, with 
special reference to the evaluation of surface area and pore 
size distribution (IUPAC Technical Report). Pure and Applied 
Chemistry. 2015;87(9-10):1051-1069.

32.	Shah A, Arjunan A, Manning G, Zakharova J, Andraulaki 
I, Batool M. The effect of dose, settling time, shelf life, 
storage temperature and extractant on Moringa oleifera 
Lam. protein coagulation efficiency. Environmental 
Nanotechnology, Monitoring and Management. 
2024;21:100919.

33.	Jiang Z, Han X, Zhao C, Wang S, Tang X. Recent Advance 
in Biological Responsive Nanomaterials for Biosensing 
and Molecular Imaging Application. Int J Mol Sci. 
2022;23(3):1923.

34.	Abdullah AR, Jasim LS. High-efficiency removal of diclofenac 
sodium (DS) drug using chitosan-grafted-poly(acrylic acid-
co-N-isopropylacrylamide)/kaolin clay hydrogel composite. 
Int J Environ Anal Chem. 2024:1-21.

35.	Rafak SH, Jasim LS. Synthesis of novel bentonite/pectin-
grafted-poly(crotonic acid-co-acrylic acid) hydrogel 

nanocomposite for adsorptive removal of safranin O dye 
from aqueous solution. Int J Environ Anal Chem. 2024:1-24.

36.	Batool M, Haider MN, Javed T. Applications of Spectroscopic 
Techniques for Characterization of Polymer Nanocomposite: 
A Review. Journal of Inorganic and Organometallic Polymers 
and Materials. 2022;32(12):4478-4503.

37.	Saruchi, Kumar V, Ghfar AA, Pandey S. Microwave Synthesize 
Karaya Gum-Cu, Ni Nanoparticles Based Bionanocomposite 
as an Adsorbent for Malachite Green Dye: Kinetics and 
Thermodynamics. Frontiers in Materials. 2022;9.

38.	Kareem NS, Mohammed SA, Abed MJ, Aneed AH, Kamal HM, 
Zahid NI, et al. New macrocycles incorporating glycolipids 
via copper-catalyzed triazole coupling. J Carbohydr Chem. 
2022;41(1):1-17.

39.	Yasir AF, Jamel HO. Synthesis of a New DPTYEAP Ligand 
and Its Complexes with Their Assessments on Physical 
Properties, Antioxidant, and Biological Potential to 
Treat Breast Cancer. Indonesian Journal of Chemistry. 
2023;23(3):796.

40.	Pathania D, Sood S, Saini AK, Kumari S, Agarwal S, Gupta 
VK. Studies on anticancerious and photocatalytic activity 
of carboxymethyl cellulose-cl-poly(lactic acid-co-itaconic 
acid)/ZnO-Ag nanocomposite. Arabian Journal of Chemistry. 
2020;13(9):6966-6976.

41.	The value of two onset determination of anti-H.pylori IgM 
antibody in patients with dyspepsia in Iraq. International 
Journal of Pharmaceutical Research. 2020;12(02).

42.	The value of iron supplementation to children with 
Helicobacter pylori infection in Iraq: a cross-sectional 
study. International Journal of Pharmaceutical Research. 
2020;12(02).

43.	Jamdar M, Heydariyan Z, Alzaidy AH, Dawi EA, Salavati-
Niasari M. Eco-friendly auto-combustion synthesis 
and characterization of SmMnO3/Sm2O3/Mn2O3 
nanocomposites in the presence of saccharides and their 
application as photocatalyst for degradation of water-
soluble organic pollutants. Arabian Journal of Chemistry. 
2023;16(12):105342.

44.	Kennen JG, Stein ED, Webb JA. Evaluating and managing 
environmental water regimes in a water‐scarce and 
uncertain future. Freshwater Biology. 2018;63(8):733-737.

45.	Mahdi MA, Oroumi G, Samimi F, Dawi EA, Abed MJ, Alzaidy 
AH, et al. Tailoring the innovative Lu2CrMnO6 double 
perovskite nanostructure as an efficient electrode materials 
for electrochemical hydrogen storage application. Journal 
of Energy Storage. 2024;88:111660.

46.	Rahimkhoei V, Alzaidy AH, Abed MJ, Rashki S, Salavati-
Niasari M. Advances in inorganic nanoparticles-based drug 
delivery in targeted breast cancer theranostics. Advances in 
Colloid and Interface Science. 2024;329:103204.

47.	Awad MA, Jasim Al-Hayder LS. Removel of a Bsoprolol 
drug from Aqueous Solutions onto Graphene Oxide/
Carboymethyl cellulose sodium / Acryl acid polymer 
Composite by Adsorption. IOP Conference Series: Materials 
Science and Engineering. 2020;928(5):052033.

48.	Sun Z, Yin Y, An Y, Deng C, Wei Z, Jiang Z, et al. A novel 
modified carboxymethyl cellulose hydrogel adsorbent for 
efficient removal of poisonous metals from wastewater: 
Performance and mechanism. Journal of Environmental 
Chemical Engineering. 2022;10(4):108179.

49.	Abbas SS, Jasim LS. Removal of rhodamine B from aqueous 
solution by montmorillonite/poly (malic acid-co-acrylic 
acid): Thermodynamic study.  AIP Conference Proceedings: 
AIP Publishing; 2023. p. 020013.

http://dx.doi.org/10.1016/j.clwat.2024.100050
http://dx.doi.org/10.1016/j.clwat.2024.100050
http://dx.doi.org/10.1016/j.clwat.2024.100050
http://dx.doi.org/10.1016/j.jhazmat.2006.06.008
http://dx.doi.org/10.1016/j.jhazmat.2006.06.008
http://dx.doi.org/10.1016/j.jhazmat.2006.06.008
http://dx.doi.org/10.1016/j.jhazmat.2006.06.008
http://dx.doi.org/10.1016/j.jece.2018.11.040
http://dx.doi.org/10.1016/j.jece.2018.11.040
http://dx.doi.org/10.1016/j.jece.2018.11.040
http://dx.doi.org/10.1002/clen.200900246
http://dx.doi.org/10.1002/clen.200900246
http://dx.doi.org/10.1002/clen.200900246
http://dx.doi.org/10.1002/clen.200900246
http://dx.doi.org/10.1016/j.biortech.2006.02.024
http://dx.doi.org/10.1016/j.biortech.2006.02.024
http://dx.doi.org/10.1016/j.biortech.2006.02.024
http://dx.doi.org/10.1016/j.jece.2016.05.009
http://dx.doi.org/10.1016/j.jece.2016.05.009
http://dx.doi.org/10.1016/j.jece.2016.05.009
http://dx.doi.org/10.1016/j.jece.2016.05.009
http://dx.doi.org/10.1016/j.jece.2016.05.009
http://dx.doi.org/10.1016/s0960-8524(01)00186-9
http://dx.doi.org/10.1016/s0960-8524(01)00186-9
http://dx.doi.org/10.1016/s0960-8524(01)00186-9
http://dx.doi.org/10.1016/s0960-8524(01)00186-9
http://dx.doi.org/10.1016/s0960-8524(01)00186-9
http://dx.doi.org/10.1016/j.jhazmat.2008.01.029
http://dx.doi.org/10.1016/j.jhazmat.2008.01.029
http://dx.doi.org/10.1016/j.jhazmat.2008.01.029
http://dx.doi.org/10.1016/j.jhazmat.2008.01.029
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8924200/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8924200/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8924200/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8924200/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6883013/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6883013/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6883013/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6883013/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6883013/
http://dx.doi.org/10.1016/j.ijpharm.2019.118522
http://dx.doi.org/10.1016/j.ijpharm.2019.118522
http://dx.doi.org/10.1016/j.ijpharm.2019.118522
http://dx.doi.org/10.1016/j.ijpharm.2019.118522
http://dx.doi.org/10.1515/pac-2014-1117
http://dx.doi.org/10.1515/pac-2014-1117
http://dx.doi.org/10.1515/pac-2014-1117
http://dx.doi.org/10.1515/pac-2014-1117
http://dx.doi.org/10.1515/pac-2014-1117
http://dx.doi.org/10.1016/j.enmm.2024.100919
http://dx.doi.org/10.1016/j.enmm.2024.100919
http://dx.doi.org/10.1016/j.enmm.2024.100919
http://dx.doi.org/10.1016/j.enmm.2024.100919
http://dx.doi.org/10.1016/j.enmm.2024.100919
http://dx.doi.org/10.1016/j.enmm.2024.100919
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8837089/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8837089/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8837089/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8837089/
http://dx.doi.org/10.1080/03067319.2024.2361335
http://dx.doi.org/10.1080/03067319.2024.2361335
http://dx.doi.org/10.1080/03067319.2024.2361335
http://dx.doi.org/10.1080/03067319.2024.2361335
http://dx.doi.org/10.1080/03067319.2024.2356711
http://dx.doi.org/10.1080/03067319.2024.2356711
http://dx.doi.org/10.1080/03067319.2024.2356711
http://dx.doi.org/10.1080/03067319.2024.2356711
http://dx.doi.org/10.1007/s10904-022-02461-3
http://dx.doi.org/10.1007/s10904-022-02461-3
http://dx.doi.org/10.1007/s10904-022-02461-3
http://dx.doi.org/10.1007/s10904-022-02461-3
http://dx.doi.org/10.3389/fmats.2022.827314
http://dx.doi.org/10.3389/fmats.2022.827314
http://dx.doi.org/10.3389/fmats.2022.827314
http://dx.doi.org/10.3389/fmats.2022.827314
http://dx.doi.org/10.1080/07328303.2022.2039685
http://dx.doi.org/10.1080/07328303.2022.2039685
http://dx.doi.org/10.1080/07328303.2022.2039685
http://dx.doi.org/10.1080/07328303.2022.2039685
http://dx.doi.org/10.22146/ijc.81734
http://dx.doi.org/10.22146/ijc.81734
http://dx.doi.org/10.22146/ijc.81734
http://dx.doi.org/10.22146/ijc.81734
http://dx.doi.org/10.22146/ijc.81734
http://dx.doi.org/10.1016/j.arabjc.2020.07.001
http://dx.doi.org/10.1016/j.arabjc.2020.07.001
http://dx.doi.org/10.1016/j.arabjc.2020.07.001
http://dx.doi.org/10.1016/j.arabjc.2020.07.001
http://dx.doi.org/10.1016/j.arabjc.2020.07.001
http://dx.doi.org/10.31838/ijpr/2020.12.02.0176
http://dx.doi.org/10.31838/ijpr/2020.12.02.0176
http://dx.doi.org/10.31838/ijpr/2020.12.02.0176
http://dx.doi.org/10.31838/ijpr/2020.12.02.0175
http://dx.doi.org/10.31838/ijpr/2020.12.02.0175
http://dx.doi.org/10.31838/ijpr/2020.12.02.0175
http://dx.doi.org/10.31838/ijpr/2020.12.02.0175
http://dx.doi.org/10.1016/j.arabjc.2023.105342
http://dx.doi.org/10.1016/j.arabjc.2023.105342
http://dx.doi.org/10.1016/j.arabjc.2023.105342
http://dx.doi.org/10.1016/j.arabjc.2023.105342
http://dx.doi.org/10.1016/j.arabjc.2023.105342
http://dx.doi.org/10.1016/j.arabjc.2023.105342
http://dx.doi.org/10.1016/j.arabjc.2023.105342
http://dx.doi.org/10.1111/fwb.13104
http://dx.doi.org/10.1111/fwb.13104
http://dx.doi.org/10.1111/fwb.13104
http://dx.doi.org/10.1016/j.est.2024.111660
http://dx.doi.org/10.1016/j.est.2024.111660
http://dx.doi.org/10.1016/j.est.2024.111660
http://dx.doi.org/10.1016/j.est.2024.111660
http://dx.doi.org/10.1016/j.est.2024.111660
http://dx.doi.org/10.1016/j.cis.2024.103204
http://dx.doi.org/10.1016/j.cis.2024.103204
http://dx.doi.org/10.1016/j.cis.2024.103204
http://dx.doi.org/10.1016/j.cis.2024.103204
http://dx.doi.org/10.1088/1757-899x/928/5/052033
http://dx.doi.org/10.1088/1757-899x/928/5/052033
http://dx.doi.org/10.1088/1757-899x/928/5/052033
http://dx.doi.org/10.1088/1757-899x/928/5/052033
http://dx.doi.org/10.1088/1757-899x/928/5/052033
http://dx.doi.org/10.1016/j.jece.2022.108179
http://dx.doi.org/10.1016/j.jece.2022.108179
http://dx.doi.org/10.1016/j.jece.2022.108179
http://dx.doi.org/10.1016/j.jece.2022.108179
http://dx.doi.org/10.1016/j.jece.2022.108179
http://dx.doi.org/10.1063/5.0157306
http://dx.doi.org/10.1063/5.0157306
http://dx.doi.org/10.1063/5.0157306
http://dx.doi.org/10.1063/5.0157306

	Efficiency of Chitosan-Grafted Poly (Carboxymethyl Cellulose-Co-Acrylamide) Nano Hydrogel for Cadmiu
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION  
	MATERIALS AND METHODS 
	Materials and chemicals used  
	Preparation of Cd (II) solution  
	Synthesis and characterization of nano hydrogel CS-g-P(CMC-co-AM)  
	Adsorption experiments  

	RESULTS AND DISCUSSION  
	Characterization study  
	Kinetic modeling  
	Effect of solution pH   
	 Effect of nano hydrogel dose and salt concentration  

	CONCLUSION
	CONFLICT OF INTEREST 
	REFERENCES  

