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a b s t r a c t
Chitosan nanoparticles with particle size about 84 nm were successfully prepared in tripolyphosphate 
(TPP) solution and modified through redox grafting reaction of different amounts of amino ethyl 
methacrylate (AEMA) monomer producing chitosan-g-AEMA. Both of chitosan and its modified 
copolymer were characterized by Fourier-transform infrared, scanning electron microscopy and 
transmission electronic microscopy analyses. The prepared chitosan and chitosan-g-AEMA were 
used for adsorption of Cr(VI). The effect of pH values, adsorbent dose, contact time, temperature and 
Cr(VI) ion concentration was studied. The data show that the percentage of Cr(VI) removal using 
chitosan-g-AEMA is more than that of chitosan nanoparticles. The optimum conditions for adsorption 
of Cr(VI) were pH 3 and 120 min of contact time at room temperature using 2:1 chitosan:AEMA ratio. 
Adsorption process was confirmed by Langmuir’s model. 
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1. Introduction

Pollutants including heavy metals such as Cr, Pb and Ni 
enter into our food through water contaminations with a neg-
ative effect on the life of living organisms [1]. According to 
Hoffmann et al. [2], 70% of the water resources containing 
toxic chemicals are considered to be the main source of water 
contaminations. 

Chitosan is a highly basic polysaccharides with high 
chelating ability [3] and considered to be the most numer-
ous carbohydrate biopolymers which are characterized by 
its non-toxicity and biodegradability properties. It can be 
extracted from shrimps and can be prepared in nano-form for 
using in different applications as drug delivery, and anti-mi-
crobial activities. In addition, chitosan is suitable for remov-
ing heavy metals by adsorption by modifiable positions in its 
chemical structure [4].

Chitosan has a high adsorption capacity due to the pres-
ence of nitrogen content in a form of a primary amino group. 
Recently, an attention has been focused on the nanoadsor-
bents due to its high surface area and permeability which 
enhance the adsorption capacity. Many efforts have been car-
ried out for modification of chitosan in order to increasing its 
adsorption capacity [5]. 

Metal ion adsorption from aqueous solutions can be 
achieved through different techniques such as metal precip-
itation, electro-deposition, ion-exchange and membrane for-
mation [6]. Metal ion adsorption capacity of chitosan could 
be improved via incorporation of additive function groups 
to chitosan structure through grafting reaction [7]. Grafting 
polymerization of acrylate monomers as acrylic acid [8] and 
methyl methacrylate (MMA) [9] monomers onto chitosan 
backbone via chemical or radiation initiation systems is 
considered as one of the hopeful attempts for increasing the 
chitosan adsorption efficiency [10]. Chitosan–MMA nanopar-
ticles can be prepared by grafting of MMA onto chitosan and 
gave good results in metal adsorption [11].
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Pollution by chromium in water resources through such 
industries like dyes, pigments, electro-plating and tanning 
is a more dangerous behavior [12,13]. Chromium in water is 
present in two forms Cr(III) and Cr(VI) ions where the sec-
ond form is highly soluble, more toxic and dangerous due to 
fast diffusion ability through cell membrane to form (CrO4)2– 
and (HCRO4)– [14]. The negative effect of Cr(VI) could be 
minimized by conversion into Cr(III) through biological or 
chemical reduction processes [15].

Reverse osmosis, solvent extraction and chemical pre-
cipitation are used for removing Cr(VI) from water. The 
most efficient method was adsorption method using zeo-
lite [16] and graphene [17]. Different adsorbent had been 
used for removal of Cr(VI) such as magnetically modified 
graphene oxide–chitosan composite [18], amino terminated 
hyperbranched dendritic polyamidoamine third generation 
chitosan beads [19], and chitosan grafted with n-butylacry-
late [20]. Chitosan modified-bioreduced non-tronite [21], 
beta-cyclodextrin–chitosan modified walnut shell biochars 
[14], chitosan modified with epichlorohydrin [22], graphene 
oxide–chitosan composite [23] and chitosan modified with 
polyalginic acid [3] give good results for removal of Cr(VI).

The aim of the work is to prepare chitosan nanoparticles 
modified with poly(AEMA) via redox grafting polymeriza-
tion process in order to compare the efficacy of the prepared 
chitosan nanoparticles with its poly(AEMA) graft copolymer 
in Cr(VI) adsorption from water samples in different reaction 
and environmental conditions. 

2. Experimental

2.1. Materials

Chitosan, powder acetylation degree 14%, viscosity aver-
age molecular weight 40,000 kDa and amino ethyl methacry-
late (AEMA) monomers were supplied by Fluka Chemical, 
Germany. Potassium persulfate initiator (KPS), sodium 
bisulfate (NaBS), sodium hydroxide, hydrochloric acid and 
glacial acetic acid were purchased from El-Nasr Company, 
Egypt. Sodium tripolyphosphate (TPP) Na5P3O10 technical 
grade, 85% with molecular weight 367.86 was purchased 
from Sigma-Aldrich, Germany. Sodium TPP solution was 
prepared using bidistilled water.

2.2. Preparation of chitosan nanoparticles 

Chitosan was in 1% acetic acid. The pH is adjusted to 
4.6–4.8 using sodium hydroxide. 1 mL of 0.25% sodium 
TTP solution was added to 3 mL of chitosan solution under 
magnetic stirring chitosan nanoparticles was shaped spon-
taneously [24]. The formed nanoparticles were purified by 
centrifugation at 9,000 rpm for 30 min. Supernatants were 
discarded, and the chitosan nanoparticles were extensively 
rinsed with deionized distilled water to remove any sodium 
hydroxide and thereafter freeze-dried before further use or 
analysis.

2.3. Preparation of chitosan-g-poly(AEMA) 

The grafting of the AEMA monomer onto the chitosan 
backbone was done by KPS/NaBS redox initiation method 

[25]. 100 mL of 1% acetic acid solution was prepared in a 
250 mL flask, 0.4 g of chitosan was added with shaking at 
100 rpm for about 30 min. KPS/NaBS redox initiation sys-
tem (with ratio 10:20 mmol) was added slowly to the reac-
tion flask. During stirring process with a desired amount of 
acidified AEMA solution (pH 4 ± 0.2 with nitric acid) and the 
mixture was allowed to react for 2 h in a thermostatic water 
bath. During the reaction time the temperature was allowed 
to increase gradually following the 50°C for 30 min; 60°C for 
30 min and finally 70°C for 60 min. The reaction mixture was 
allowed to precipitate in ethyl alcohol/water (80/20). A white 
precipitate in the form of copolymer was allowed to wash 
with excess acetone many times, to remove any homopoly-
mer. The copolymer was dried in a vacuum oven at 50°C for 
24 h. The solid contents of the obtained copolymers were 
determined gravimetrically. 

2.4. Effect of grafting ratio

The optimal grafting ratio which was determined by 
grafting yield calculation using the following equation [26]: 

G.Y. (%) = [(W1 – W2)/W1] × 100  (1) 

where W1 and W2 are the weight of chitosan before and after 
grafting, respectively.

The effect of grafting ratio was studied to determine the 
effect of chitosan/monomer ratio in the grafting percentage 
where chitosan/AEMA ratios were 1:1, 2:1, 3:1 and 5:1.

2.5. Polymer characterization

Fourier-transform infrared (FTIR) spectra of chitosan and 
chitosan-g-AEMA were recorded on a FTIR spectrophotom-
eter (Thermo Nicolet, NEXUS, TM) in the range of 4,000–
400 cm–1 using KBr pellets.

Chitosan and chitosan-g-AEMA samples were analyzed 
by thermal gravimetric analysis. A solid sample (5 mg) was 
placed on a thin platinum pan and was conducted at a heat 
flow rate of 10°C/min under purging nitrogen for thermal 
gravimetric measurement. The temperature range of mea-
surement was varied between 30°C and 600°C.

The particle size of the chitosan nanoparticles was mea-
sured by transmission electronic microscopy (TEM), where 
the TEM images were obtained by JEM-1230-electron micros-
copy operated at 60 kV. A drop of well dispersed diluted 
sample was placed onto a copper grid (200 mesh and covered 
with a carbon membrane) and dried at ambient temperature. 

The morphology of the chitosan and chitosan-g-AEMA 
samples was investigated using scanning electron micro-
scope (SEM). SEM images were obtained by JEOL Model 
JSM-T20 SEM.

2.6. Preparation of aqueous solutions of Cr(VI) ions

A stock solution of Cr(VI) solutions was prepared from 
stock solution of K2CrO4 (0.1 M) by successive dilution with 
double distilled water [27]. Different concentration of Cr(VI) 
solutions (1 × 10–2, 1 × 10–3 and 1 × 10–4 mol L–1) were prepared 
by dilution and used for performing the chemical deposition 
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experiments. The pH of solutions was adjusted by using 
0.1 M HCl or NaOH solution.

2.7. Adsorption experiments

Different doses of dry adsorbent were placed in 150 mL 
stoppard flask containing 100 mL aqueous solution of 

different concentrations of Cr(VI). A thermostatic shaker 
with velocity of 200 rpm was used for different samples 
for specific time (15–180 min) at the desired temperature 
(25°C–50°C). The effect of pH on the adsorbed metal ions was 
studied at the range 2–8.

The remaining concentrations of the Cr metal ion in the solu-
tions after adsorption were analyzed using a Shimadzu atomic 

Fig. 1. Grafting mechanism of AEMA onto chitosan.

Fig. 2. Cr(VI) removal mechanism using chitosan and chitosan-g-AEMA.
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absorption spectrophotometer (AA-6650) and the removal effi-
ciency (E%) is calculated using the following equation [28]:

The removal efficiency (E%) = (Ci − Cf)/Ci × 100...... (2)

where Ci and Cf are the initial and remaining concentrations 
of the metal ions, respectively.

3. Results and discussion

3.1. Characterization of chitosan nanoparticles and chi-
tosan-g-AEMA

Chitosan nanoparticles were prepared based on the reac-
tion at room temperature between positive charge chitosan 
and negative charge TTP. 

Chitosan-g-AEMA was prepared by grafting of AEMA 
monomer onto chitosan nanoparticle in 3:1 mole ratio in the 
presence of KPS/NaBS redox initiation system. 

The products were characterized by SEM, TEM, FTIR and 
X-ray diffraction analyses.

The SEM micrographs of Fig. 3 show spherical shape and 
high distribution of chitosan nanoparticles of the prepared 
chitosan and chitosan-g-AEMA. AEMA grafting successfully 
indicated by the presence of polymer particles on the chi-
tosan surface. 

The particle size of the prepared chitosan nanoparticles 
was determined by TEM analysis (Fig. 4). It is clear that the 
prepared chitosan has high dispersion in acidic solution and 
the particle size lies in the range of 84 nm.

Fig. 4 also indicates the successful grafting of AEMA 
monomer onto chitosan with uniform distribution of grafted 
polymer on the chitosan surface. 

FTIR analysis [29] of the prepared chitosan nanoparticles 
is shown in Fig. 5. It is clear that the bands related to chi-
tosan (N–H) and (O–H) groups were assigned in the range 
3,457 cm–1 where the bands at 2,880 and 1,440 cm–1 are related 
to (C–H) and (C–N) groups, respectively. The presence of 
bands characteristic for C=O and C–H alkenes was assigned 
in 1,760 and 3,100 cm–1, respectively. FTIR analysis of chi-
tosan-g-AEMA confirms the successful grafting of AEMA 
monomer onto chitosan surface.

A characteristic peaks of Cr–O and Cr=O at 750 and 
940 cm–1 was detected in the FTIR analysis of chitosan-g-
AEMA loaded Cr(VI) which confirm the successful loading 
of Cr(VI) onto chitosan-g-AEMA [30]. 

The thermal stability of the prepared chitosan and chi-
tosan-g-AEMA samples was determined by thermogravimet-
ric analysis (TGA) within the temperature range 50°C–650°C 
(Fig. 6). The data related to the temperature degradation at 
which weight loss starting temperature (Tstart), 10% weight 
loss temperature (T10), 25% weight loss temperature (T25), 50% 
weight loss temperature (T50), 75% weight loss  temperature 
(T75), 90% weight loss temperature (T90) and the  temperature 
at which the sample stop degradation (Tstop) are listed in 
Table 1.

The thermal degradation data refers to all weight lose 
temperature of chitosan-g-AEMA which are higher than that 
of the prepared pure chitosan. This result could be attributed 
to the high moisture content of the chitosan and to the mobil-
ity limitation of the grafted AEMA polymer [31,32]. 

3.2. Grafting ratio of AEMA onto chitosan nanoparticles

Effect of chitosan/monomer ratio on the grafting yield of 
AEMA monomer onto chitosan nanoparticles was studied 

(A) (B)
Fig. 3. SEM of the prepared (A) chitosan and (B) chitosan-g-AEMA.
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and illustrated in Fig. 7. It is clear that the increasing of mono-
mer ratio led to increasing in the grafting yield till reaching 
52% with chitosan/AEMA ratio 2:1. The increasing in the 
grafting yield with increasing monomer ratio could be due to 
the rising in, the availability of growing polymer chains [33].

3.3. Factors affecting Cr(VI) adsorption using chitosan and 
chitosan-g-AEMA

3.3.1. Effect of pH value

The effect of pH on the adsorption percentage of Cr(VI) 
was studied at different pH (2–8), for 120 min using 0.2 g 
adsorbent dose and 100 mL of 1 × 10–3 mol L–1 Cr(VI) solution 
at 30°C (Fig. 8).

It is clear that, the removal efficiency percentage of 
Cr(VI) was increased rising the pH 3–6. Maximum removal 
percentage of Cr(VI) was attained at pH 6 due to decreasing 
in competition between H+ and Cr(VI) ions by decreasing the 

positively charged group with increasing pH value in acidic 
range [34].

The decrease in removal efficiency percentage at pH > 6 
is due to the formation of soluble hydroxide complexes with 
Cr(VI) ions [14].

The lower removal efficiency percentage values of Cr(VI) 
at pH 2 are due to the reduction of Cr(VI) to Cr(III) [35]. 

3.3.2. Effect of adsorbent dose

The effect of adsorbent dose on the removal efficiency 
percentage of Cr(VI) ions was investigated at pH 6, for 
120 min using different doses from chitosan and chitosan-g-
AEMA adsorbents in 100 mL of 1 × 10–3 mol L–1 Cr(VI) solu-
tion, at 30°C, and the results are illustrated in Fig. 9.

The data of Fig. 7 show that Cr(VI) ions removal efficiency 
percentage (in case of the types of adsorbents) is directly pro-
portional with the amount of adsorbent dose. This behavior 
could be attributed to the increase in adsorbent dose, which 

C

BA

Fig. 4. TEM of the prepared (A) chitosan, (B) chitosan-g-AEMA and (C) chitosan-g-AEMA loaded Cr(VI).
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leads to an increase in the adsorption surface area giving 
more available adsorption active sites [36].

3.3.3. Effect of adsorption time

The effect of adsorption time (15–180 min) on the removal 
efficiency percentage of Cr(VI) was investigated at pH 6 using 

0.2 g of adsorbent dose (chitosan and chitosan-g-AEMA) in 
100 mL of 1 × 10–3 mol L–1 Cr(VI) at 30°C (Fig. 10).

The data illustrate that Cr(VI) removal efficiency per-
centage increased by increasing the adsorption contact time 
where equilibrium adsorption was observed at 120 min con-
tact time for chitosan-g-AEMA and at 150 min with chitosan 

 

 

Chitosan 

Chitosan - g- AEMA 

Chitosan - g - AEMA loaded Cr (VI) 

Fig. 5. FTIR analysis of the prepared chitosan, chitosan-g-AEMA 
and chitosan-g-AEMA loaded Cr(VI).

Fig. 6. TGA analysis of the prepared (A) chitosan and  
(B)  chitosan-g-AEMA.

Table 1
TGA data obtained for chitosan and chitosan-g-AEMA

Temperature Chitosan Chitosan-g–AEMA

Tstart 240 252
T10 258 290
T25 283 320
T50 325 348
T75 348 361
T90 363 377
Tstop 376 387

Fig. 8. Effect of pH value on the Cr(VI) removal efficiency per-
centage using (A) chitosan and (B) chitosan-g-AEMA adsorbents.

 

Fig. 7. Effect of chitosan/AEMA ratio on the grafting yield of 
AEMA onto chitosan.

Fig. 9. Effect of adsorbent dose on the Cr(VI) removal  efficiency 
percentage using (A) chitosan and (B) chitosan-g-AEMA 
 adsorbents.
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adsorbent. This figure, also indicates that the initial Cr(VI) 
removal rate was fast due to the high availability of adsor-
bent doses. Afterword, the rate of adsorption was decreased 
due to the limitation of vacant active adsorbent sites on the 
two types of adsorbent surface [37].

3.3.4. Effect of adsorption temperature

The effect of adsorption temperature (25°C–40°C) on the 
removal efficiency percentage of Cr(VI) ions for 120 min from 
its solution was investigated at pH 6, using 0.2 g of adsor-
bent dose from chitosan and chitosan-g-AEMA adsorbents in 
100 mL of 1 × 103 mol L–1 Cr(VI) solution. 

The data illustrated that the temperature does not have 
a noticeable effect on the adsorption efficiency percentage of 
Cr(VI) using chitosan or chitosan-g-AEMA. The adsorption 
efficiency percentage was around the value of 89% at all the 
studied temperature range.

3.3.5. Effect of Cr(VI) ion concentration

The initial concentration of metal ions is an important fac-
tor to overcome the oppositions and resistance of ion transfer 
from solution to the adsorbent material. 

Cr(VI) adsorption efficiency percentage was deter-
mined by using100 mL of various Cr(VI) ions concentrations 
(1 × 10–2 mol L–1 to 1 × 10–4 mol L–1) at pH 6, for 120 min using 
0.2 g from chitosan and chitosan-g-AEMA adsorbents at 30°C 
(Fig. 11).

From the data, it is clear that the removal efficiency per-
centage of Cr(VI) reached to about 97% in case of chitosan-
g-AEMA with Cr(VI) concentration 1 × 10–4mol L–1. It is also 
obvious that there is an inverse relation between the initial 

Cr(VI) ion concentration and the removal efficiency percent-
age. This could be due to the limitation of adsorption active 
sites relative to the competing ions [8].

In all factors studied including pH value, adsorbent 
dose, adsorption time, adsorption temperature, and Cr ions 
concentration, and from the data illustrated in Figs. 8–11. 
It is clear that the percentage of Cr(VI) removal using chi-
tosan-g-AEMA is more than that using chitosan nanopar-
ticles at all studied factors. This is due to the increase in 
the number of amino function groups by incorporation of 
AEMA polymer which led to increase in the active sites 
(N+) formed in acidic solution and increases the adsorption 
capacity of Cr(VI).

3.4. Adsorption isotherms 

The equilibrium adsorption isotherm of Cr(VI) using both 
chitosan and chitosan-g-AEMA is represented by Fig. 12.

The obtained results are well confirmed by Langmuir iso-
therm model. The Freundlich model is poorly fitted with the 
obtained data.

The Langmuir constants and coefficients listed in Table 2 
are calculated according to the following equation [38]:

Ce/Qe = 1/Qb + Ce/Q (3)

where Ce is the equilibrium concentration (mg/L); Qe is 
the amount of metal ion adsorbed at equilibrium (mg/g); Q is 
the Langmuir constant related to adsorption capacity; b is the 
Langmuir constant related to energy of adsorption.

Ce/Qe against Ce gave a straight line with slope 1/Q shown 
in Fig. 12 which indicate that the adsorption follow Langmuir 
isotherm [39].

From the obtained data, it is clear that chitosan-g-AEMA 
has higher values of Q and b than the chitosan nanoparti-
cle. This result could be attributed to the interaction force 

Fig. 10. Effect of adsorbent time on the Cr(VI) in removal 
 efficiency percentage using (A) chitosan and (B) chitosan-g-
AEMA adsorbents.

Fig. 11. Effect of initial Cr(VI) concentration in removal efficiency 
percentage using chitosan and chitosan-g-AEMA adsorbents.

 

Fig. 12. Langmuir isotherm for sorption of Cr(VI) on (A) chitosan 
and (B) chitosan-g-AEMA.

Table 2
The Langmuir constants and correlation coefficients for 
 adsorption of metal ions from aqueous solution using different 
adsorbents

Chitosan-g-AEMAChitosan

R2bQR2bQ
0. 9830.05370.7468870. 97430.0350.511776
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between the sorbent and metal where the chelating bond 
between the tertiary amino group in chitosan-g-AEMA and 
Cr metal ion is stronger than the chelating bond between the 
primary amino group in chitosan and Cr metal ion [40]. 

4. Conclusion

Chitosan nanoparticles with particle size about 84 nm 
were successfully prepared in TPP aqueous solution and 
characterized by FTIR, SEM and TEM analyses.

The prepared chitosan nanoparticles was grafted with 
AEMA monomer using KPS/NaBS redox initiation system 
producing chitosan-g-AEMA with grafting percentage 52% 
in case of 2:1 chitosan/AEMA ratio.

The grafting process was confirmed by FTIR and the pre-
pared grafted polymer was characterized by SEM, TGA and 
TEM analyses.

The prepared chitosan and chitosan-g-AEMA have been 
used in adsorption of Cr(VI) ions from its K2CrO4 solution 
in different pH values, adsorbent dose, adsorption time, 
adsorption temperature and Cr ion concentration.

The data showed that at all factors studied the percent-
age of Cr(VI) removal of chitosan-g-AEMA is more than that 
using chitosan nanoparticles. 

The equilibrium isotherm of Cr(VI) adsorption using 
both chitosan and chitosan-g-AEMA and the obtained results 
are well described by Langmuir isotherm model.
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