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Abstract

Nanoparticles of chitosan—tripolyphosphate through two ionic gelation methods
(Npl and Np2) with different dosages of TPP and stirring time were prepared and
characterized (FTIR, TEM, SEM-EDS, AFM, XRD, DLS and BET) for the removal
of an allura red dye. Npl and Np2 were obtained with a diameter size of 315.5 nm
and 437.4 nm, respectively, both with low polydispersity. The influence on smaller
particle size was defined by a low concentration of chitosan solution (0.2 mg/mL)
and a higher dosage of TPP (1 mg/mL), while the stirring time did not affect the par-
ticle size. Dye removal was placed in batch mode by varying adsorbent dosage, time
and pH. The removal percentage (R%) in Npl decreased with an increase in adsor-
bent dosage at pH 4 and 6, while Np2 remained constant at pH 2, 4 and 6. Adsorp-
tion essays in Npl and Np2 revealed that under pH 2, an adsorbent dosage of 0.01 g
and a contact time of 5 min, the adsorptions are complete. Np2 was recognized as
the best adsorbent in comparison with Np1 due to the highest R% under several pHs.
This research has demonstrated that the obtained nanoparticles by ionic gelation are
suitable for removal of azo dyes in water.
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Introduction

Facing a concerning situation of the pollution of natural resources, especially water,
there has been a growing interest in solving these problems though low-cost solu-
tions. Owing to the presence of polysaccharides in nature, new alternatives for water
remediation have been explored and developed. One of the natural polysaccharides
used in this area is chitin. Chitin, poly (#-(1 — 4)-N-acetyl-p-glucosamine), is the
most important polysaccharide; this biopolymer is synthesized by a great number of
living organisms; it is the most abundant polymer after cellulose [1]. On the other
side, chitosan is a natural cationic polysaccharide obtained through the N-deacety-
lation of chitin, a product found in the shell of crustaceans [2]. Chitosan has been
studied for its excellent biocompatibility, biodegradability, cationic character and
null toxicity [3]. Furthermore, it has reactive groups such as hydroxyls and amino
groups along its chain, which grants its properties of being nontoxic and biologically
degradable and also increases its potential for synthesis [4].

Due to those characteristics, the formation of hydrogels, membranes, microparti-
cles and nanoparticles is possible and makes it a material of interest to adsorb water
pollutants. Nevertheless, the use of this polysaccharide has been limited due to its
original form. In order to improve chitosan properties, it has been used as cross-
linking chemical agents. Sodium tripolyphosphate is the most commonly used cross-
linker for ionic gelation due to its negative charges [5] and has been successfully
used to obtain nanoparticles and microparticles of chitosan.

Among the described techniques for the preparation of nanoparticles and the use
of sodium tripolyphosphate as a cross-linking agent, emulsion cross-linking and
ionic gelation methods [6] are the most used, because its processes are easy to con-
trol, and do not use large amount of organic solvents and high temperatures [7].

Chitosan in combination with sodium tripolyphosphate offers a great potential to
be developed in a diversity of areas. Various types of adsorbents in a nanoparticle
complex are used to remove dyes from water and are being investigated; one of them
are the MgO nanoparticles used to removed Reactive Blue 19 and Reactive Red 198
reported by Moussavi and Mahmoudi [8]. Also, Lipatova et al. [9] used chitosan
nanoparticles immobilized in activated PET fiber to remove anionic dyes: Direct
Blue-86 and Reactive Blue 21. Another are the nanofibrous membranes of pure chi-
tosan that has been used to remove Acid Blue-113 and reported by Li et al. [10].
El-Harby et al. [11] demonstrated that terephthaloyl thiourea cross-linked chitosan
hydrogels are able to adsorb Congo red dye in an aqueous solution.

There is information about the preparation of chitosan—sodium tripolyphosphate
nanoparticles, but mainly used in biomedical applications. For this reason, the aim
of this work is to synthesize cross-linking chitosan—sodium tripolyphosphate nano-
particles using ionic gelation method with variation in the dosage of TPP and stir-
ring time, as well as the comparison between their physicochemical characteriza-
tions for allura red dye removal in aqueous solutions.
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Materials and methods
Materials

Sodium tripolyphosphate (NasP,0,,, reagent grade, 85%) and sodium hydroxide
(NaOH, reagent grade, 97%) were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Glacial acetic acid (CH;COOH, reagent grade, 99.5%) was purchased from
Fermont (Monterrey, México). Chitin was isolated from shrimp shells. Chitosan
was 92.16% of deacetylation degree (DD) and was 3.16 x 10 g/mol of molecu-
lar weight. Allura Red dye (CAS Number 25956-17-6, reagent grade, 80%) pur-
chased from Sigma-Aldrich.

Nanoparticles preparation by ionic gelation method 1

Tonic gelation nanoparticles method 1 was obtained using ionic gelation proce-
dure by Calvo [12], with modifications. A 0.2% (w/v) chitosan solution in 5%
(v/v) acid acetic was prepared and left to stand for 24 h, and then, the solution
was filtered. Later, a solution of 1% (w/v) TPP was dripped under continuous
stirring for 36 h at 100 rpm (Fig. 1 Npl). Suspension was centrifuged for 1 h at
6000 rpm. Finally, the precipitation was lyophilized by freeze-drying (LabConco
FreeZone 1).

Z

pl Np2

Q 1% TPP dosage (w/v) Q 0.14%

Acetic acid (v/v) £ D )
chitosan concentration (W/v)

0.2%

Stirring time

Fig. 1 Main differences in the formation of Npl and Np2 by the gelation process
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Nanoparticles preparation by ionic gelation method 2

To obtain the nanoparticles by ionic gelation method 2 (Np2), the method proposed
by Hu et al. [13] was used and begins as follows: a solution of 0.2% (w/v) chitosan
was prepared in 0.5% (v/v) acetic solution leaving rest for 24 h. After this period, the
solution was filtered. Later, the solution was kept under stirring for 20 min, while a
solution of 0.14% (w/v) TPP was added (Fig. 1 Np2). After, it was frozen for 24 h
and was subsequently defrosted. This emulsion was stirred by 24 h and lastly centri-
fuged at 6000 rpm for 40 min. The supernatant was retired, and the residual solution
was washed with distillated water. The same procedure was carried out twice for
20 min. At the end, the emulsion was lyophilized in order to be characterized.

Np1 and Np2 characterization

Functional groups of the cross-linking nanoparticles were taken with Fourier trans-
form infrared spectroscopy (FTIR) on a Thermo Scientific Spectrum model Nico-
let iS5. Samples were prepared in a KBr pellet in a relation of weight of 0.02:0.45
(sample: KBr). The range of the analysis was from 4000 to 400 cm™' region with a
resolution of 4 cm™". Previously, the samples were dried at 110 °C for 1 h. An acces-
sory of transmission iD1 was used to collect the sample. The OMNIC software was
used to make the correction for KBr. At this stage, the activated sites after the cross-
linking were determined, and a comparison between pure chitosan, Npl and Np2
was analyzed.

The surface characteristics of the samples were collected using a scanning elec-
tron microscope (SEM, JEOL JSM-5300) with a detector to perform chemical
analysis by means of energy dispersion (EDS) operated at 10 kV; the samples were
placed on a carbon base. The present elements were determined for each sample.
The specific surface area was determined by BET (Brunauer—Emmett—Teller) using
the nitrogen adsorption method (Quantachrome Autosorb-iQ-C, USA). The sample
was dried under 40 °C for 12 h as a pretreatment.

Surface topography and surface roughness were analyzed by atomic force micros-
copy (AFM, Workshop TM). The range of measurement was 50 pm taken at ambi-
ent conditions. All the samples were prepared from a 10% (w/v) nanoparticle solu-
tion in 100 mL of 10% (v/v) acetic acid. A drop of each sample was placed on the
surface of polyacrylic and then on a steel coin. Samples were dried at room tempera-
ture. The cantilever (material) was the same for all the measurements with the val-
ues of drive amplitude set in the range 800—1200 mV. Captured images were treated
using the software Gwyddion.

The crystallinity was recorded using an X-ray diffractometer Philips X’ pert MPD
(XRD) radiation at 40 kV and 45 mA in the 26 range of 5-60°.

To define the size of the particles, the samples were measured with transmission
electron microscopy (TEM, JEOL JEM-2010), which was operated at 200 kV. The
sample was suspended in isopropyl alcohol and then was sonicated for 10 min and
placed in a cooper grid (Lacey carbon, SPI supplies) to be analyzed. The technique
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of dynamic light dispersion (DLS) was used to determine the hydrodynamic diam-
eter and the size distribution (PDI) by using an equipment Nano Zetasizer, Malvern
Instruments at 633 nm wavelength.

Adsorption essays of allura red dye

The nanoparticles were studied to determine the adsorption capacity of allura red
dye expressed in removal percentage (R%). Experiments were carried out in batch
mode, using an adsorbent dry mass from 0.01 to 0.05 g in a volume of 50 mL of dye
solution at 25 ppm, under mechanical stirring at pH 2, 4 and 6. After a contact time
of 15 min, dye solutions were separated using a centrifuge (VWR Clinical 200) at
6000 rpm for 30 min.

The initial and final concentrations of RA dye were obtained from the informa-
tion of the wavelength at 510 nm using a visible spectrophotometer (Thermo Spec-
tronic Genesys 20 (4001/4)). The data collected from the tests were used to calculate
the dye removal using Eq. 1.

R(%) = GG x 100 60
G
where R(%) denoted the percentage of dye removal (%); C; and C; are the initial and
final concentrations of dye (mg/mL).

For a better comprehension of the behavior of AR dye removal, the effect of con-
tact time was assessed by considering the optimal mass of adsorbent resulted from
previous essays. Experiments were carried out at an interval time from 5 to 25 min.
The Fig. 2 shows the structural formula of the allura red dye used in the essay of
adsorption.

Results and discussion

Characterization of cross-linking nanoparticles

In this part of the study, the determination of activated functional groups after the
cross-linking was analyzed. TPP was used to prepare chitosan nanoparticles because

Fig.2 Structural formula of OCH3 HO
allura red dye O
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it is nontoxic and multivalent [6]. TPP is well known because it has a negatively
charged particle due to phosphate radical (PO,”), and it makes an ionic interaction
with the amino groups of the chitosan which is charged positively via electrostatic
attraction.

Functional groups

The infrared spectrum (IR) of CS, Np1 and Np2 is shown in Fig. 3.

The IR spectrum of shrimp chitosan (Fig. 3a) was found to be similar to the
commercial chitosan reported by Sini et al. [14]. The FTIR absorbance band at
3450.31 cm™! of chitosan revealed O-H stretching, and in the same region the pres-
ence of N-H stretching, both groups are presented in the molecular structure of chi-
tosan, and it was consistent to the reported by Kong [15] and De Andrade et al. [16].
The absorbance at 1651.9 cm™', was identified as the amide I, this was appreciated
as a peak with low intensity. Literature by Dimzon et al. [17] showed the amide I
and amide IT absorption bands at 1630 cm™! and 1660 cm™!, respectively. A similar
result was found in this paper with a peak in 1619 cm™" and 1651.9 cm™'. Brugn-
erotto et al. [18] quote the absorbance ranges between 1655 cm™' and 1625 cm™! for
amide I, which also agree with the result in this work. The band at 2926.04 cm™
in this research corroborated the —CH stretching. The band at 1324.54 cm™' as an
indicator of the presence of -OH, —-NH,, —CO groups was considered and was used

1419.95
159153 1384.70

Transmittance (%)

1076.82

c
M‘\___’%:r
Biu Teses2 153079
fone
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cml)

Fig.3 Infrared spectrum of a raw chitosan, b nanoparticles by ionic gelation method 1 (Npl) and ¢ nano-
particles by ionic gelation method 2 (Np2)
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as a reference band to define deacetylation degree. The —-NH (primary and second-
ary) was identified within the range between 1324.54 cm™! and 1384.70 cm™!. The
peak at 1419.95 cm™' was considered as the band referred at 1420 cm™' (CH of
CH, bending) with a very small intensity. The transmittance value of 1159.92 cm™!
showed the bridge —COC stretching (polysaccharide) result which is consistent with
the literature reported by Blanquicet et al. [19], Lin and Lin [20], and Sun and Wang
[21]. The above information made possible calculate the deacetylation degree of chi-
tosan and verify the presence of amino groups in the chitosan chain, resulting in
92.16%.

The Npl infrared spectrum (Fig. 3b) presented a curve in the range of
3700-3500 cm™! that was represented by OH stretching followed by NH stretching,
and it is very similar to pure chitosan (Fig. 3a). The peak found at 3426.91 cm™!
was represented by OH stretching. The peak at 2926.65 cm™! corresponds to —CH
stretching. It is important to observe the reduction of the peak corresponding to
amide I at 1641.16 cm™! and the disappearance of the peak of amide II that was
displaced to 1543.01 cm™!, which indicates a cross-linking of the amino groups,
and suggests an interaction between the TPP and chitosan. This behavior is also
evidenced by the decrease in the degree of deacetylation of the nanoparticles made
under the ionic gelation method 1 (81.21%) and method 2 (80%) compared to raw
chitosan.

An interesting characteristic of the TPP interaction is the intensification and the
slight displacement of characteristic bands of functional groups -NH and —COC, at
1400.53 cm™! and 1153.56 cm™!, respectively. The band at 1076.82 cm™' showed
a high intensity that means an interaction of amino groups, and this behavior is
assigned to P=0 groups of TPP.

In the Np2 infrared spectrum (Fig. 3c), the weak formation of the peaks at
1656.92 cm™! and 1530.79 cm™! was identified as amide I and amide II. The band at
1073.92 cm™! is a peak that cannot be left unnoticed, due to its high intensity, lead-
ing to affirm the correct process to cross-linked particles using TPP, and the same
behavior was presented with the process of method 1. The interference observed in
the range of 3800-3600 cm™' at the beginning of the curve suggested no well-dried
sample, but this does not affect the result after the 3500 cm™' band. The bond C-O
is illustrated in the absorbance at 1158.01 cm™!, corresponding to C—-O—-C groups,
which is the same case reported by Nosal et al. [22].

The peaks at 2926.04 cm™!, 2926.65 cm™! and 2929.42 cm™' on all spectrums
in Fig. 3 were attributed to vibrations of carbon dioxide; data are shared by Brugn-
erotto et al. [18]. The information obtained from each spectrum confirmed the TPP/
chitosan cross-linking.

Crystallinity
The XRD diffraction of CS (a), Np2 (b) and Npl (c) is observed in Fig. 4. The dif-
fractions of Npl and Np2 showed significant differences on the crystallinity profile

compared to raw chitosan. In Fig. 4, the XRD profile of raw chitosan (a) showed its
natural semi-crystal structure on the peaks at 20=20.09° and 10.05°, and they were

@ Springer



4422 Polymer Bulletin (2019) 76:4415-4430

Fig. 4 XRD patterns profile
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attributed to the crystalline region formed by the hydrogen bond among the amino
groups in the chitosan chain; the same data are reported by Martins et al. [23] and
Walke et al. [24].

The diffraction patterns of Npl (c) and Np2 (b) in Fig. 4 presented a chitosan
chain reorganization with peaks at 20=11.77°, 15.69°, 18.43° and 24.35° for Np2
and 260=11.74°, 18.15° and 23.38° for Npl; both methods showed similar peaks
attributed to the appearance of the phosphates belonging to the molecule of TPP.
Comparing the crystallinity between Np2 and Npl, they are lower than chitosan as a
result of TPP concentration, which provides rigidity to the chain. During the interac-
tion of phosphate groups of TPP and amino groups of chitosan, there occurs a loss
in the compaction of the inter- and intra-chain bonding of the molecule, which is
manifested by a decrease in crystallinity. Similar reduction in crystallinity peaks was
reported by Deshpande et al. [25]. In this way, Np2 presented a higher crystallinity
compared to Npl, which is related to TEM results, and attributed to the used small
dosage of TPP. The majority of the nanoparticles (b and c) were amorphous and do
not present well-defined crystalline arrangement.

Surface roughness

The image with two- and three-dimensional surface topography of Npl and Np2 is
shown in Fig. 5a—d. The image was taken using a resolution of 50 pm X 50 pm. It
was noticed for Np1 (Fig. 5b) that the ranges of height of the grains vary from 12 to
82 nm. In this same image were found grains with high density and agglomerates in
specific areas of the surface, with a RMS roughness of 9.432 nm. In Fig. 5d, homog-
enous grain size was distinguished, and the RMS roughness of Np2 was 136.2 nm.
Np2 showed higher grain height (0-0.84 pm); the same behavior was found in the
results given by DLS. The information provided by the 2D tapping mode AFM
matches with noticeable better definition for the images of Np2 (Fig. 5b) and Npl
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Fig.5 Two- and three-dimensional view of Npl (a, b) and Np2 (¢, d) showing surface roughness

(Fig. 5a). Np2 presented particles that appeared clearly and seem to be small parti-
cles with a size diameter of 1.03 pm. On the other hand, Np1 presented some grains
with different sizes, and these are located randomly in the image with an average
size of 1.828 um; this result is due to the agglomerates than increase in the size, and
it was related to the higher index of polydispersity compared with Np2.

Morphology, size, composition and specific superficial area
Morphology

In order to define the surface morphology of the cross-linked particles, micrographs
at different sizes of 200, 60 and 20 were taken from the samples. In Fig. 6a—c, Npl
presented an agglomerate of particles, which together tends to sphericity. Its lumps
were observed, with a crystalline appearance, and edges along the surface layer were
found. A porous and no plane surface of the particles was noted; in general, there is
a lack of shape, confirming the observations of high density obtained by AFM.

@ Springer



4424 Polymer Bulletin (2019) 76:4415-4430

\ RQ\ =

: > £
Aerh r/%_,%\

15 KV_500X 60 um

Fig.6 SEM images of chitosan nanoparticles Np1 (a—c) and Np2 (d—f)

Np2 particles shown in Fig. 6d—f have been recognized to be amorphous, with cer-
tain areas of long flat surface. Long and breakable flakes being spliced can be observed,
revealing the existence of various material sizes. Although the particles were cross-
linked using the same agent, they showed a totally different appearance; hence, it is
deduced that the method utilized to synthetize changed the condition of the surface.

Composition and specific superficial area and solubility

The elements present in the nanoparticles were measured using a complementary
analysis (EDS). The characteristic elements in chitosan, such as carbon, hydrogen, oxy-
gen and nitrogen, were obtained (Fig. 7). Additionally, phosphorous and sodium were
found to be a distinctive element of cross-linked nanoparticles. Np1 presented higher
specific superficial area (1.829 m?/g) compared with Np2 (0.7409 m?/g); these results
were determined by BET. This fact is related to the morphology found in SEM and
attributed to the porous surface, and it is also related to TEM due to the minor size of
the particle. A higher specific superficial area was obtained by Shekhawat et al. [26],
compared with the area obtained in this study. These findings suggest that nanopar-
ticles with high internal porosity have a relatively high specific superficial area. The
low specific superficial area of Np2 is due to the absence of active spaces. This result
is related to the findings in SEM. On the other hand, the solubility of Npl and Np2 is
reported to be insoluble in acid media. TPP cross-linking conferred this condition on
the nanoparticles by increasing its resistance.
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Fig.7 EDS image of Npl and Np2

Size

The interaction between the cross-linking agent and chitosan was defined by
FTIR and XRD, but the answer to Npl and Np2 formation was defined by TEM
(Fig. 8); then, it was compared with DLS.

In the image of Npl (Fig. 8a) was appreciated a unimodal distribution rec-
ognized as micellar formation, meaning that occur a nucleation in the growing
of particles with a circular form. For Np2 (Fig. 8d), it can be visualized as sub-
particles of less diameter supported in an array, as well as the literature reported
by Ramos Guivar et al. [27]. In both micrographs, particles less than 0.2 pm were
noticed.

No. particles

69
Diameter (nm)

2535 3545
Diameter (nm)

Fig.8 TEM images of chitosan nanoparticles Np1 (a—c) and Np2 (d—f), and the diameter distribution of
Npl and Np2 histogram
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A micrograph at 50 and 100 nm was taken to obtain more details of the size of
the nanoparticles, and those are shown in Fig. 8b and e. In both cases, encapsulated
particles were observed in an array. Np2 (Fig. 8e) resulted with well-defined circu-
lar shape particles with the same condition occurred with Npl (Fig. 8b) that pre-
sented a perfect circular formation with a size of 92.3 nm. Another shot of images
at 20 nm was taken for Npl (Fig. 8c), and the average diameter obtained by TEM
was 7.06 nm. The average diameter measurement of Np2 (Fig. 8e) was 27.64 nm.
In Fig. 8f, planes were distinguished in the perimeter, resulting with an inter-planar
distance of 2.93 nm. TEM confirms that TPP was cross-linked with chitosan, and
there exists a change in the crystallinity. The analysis of the diameter distribution
(Fig. 8) presented the smallest size for Np1 from 0 to 3 nm, and for Np2 the smallest
size was found in a range of 11-25 nm.

Size distributions of Npl and Np2 were determined by DLS (Fig. 9). The size
of the Npl (Fig. 9a) was in the range of 100-1000 nm, the mean diameter was
315.5 nm and a PDI of 0.353. The mean diameter of Np2 (Fig. 9b) was 437.4 nm
with a PDI of 0.273, varying the size from 110 to 1500 nm. The disparity of the
size between DLS and TEM of Npl and Np2 was associated with the solid state
of the TEM measurement, while DLS derives the result from an aqueous solution,
resulting in a hydrodynamic diameter. Ding et al. [28] acquired a mean diameter of
211.50+1.58 nm by ionic gelation method, coincidentally with a particle size varia-
tion from 100 to 1000 nm, comparable with this study.

]

Size Distribution by htensity

Intensity (Percent)

01 1 10 100 1000 10000
Size (d.nm)

Size Distribution by htensity

-2

Intensity (Percent)

0.1 1 10 100 1000 10000
Size (d.nm)

Fig.9 Size distribution of a Np1 and b Np2
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Following up the two methods, it resulted in a smaller diameter size for Npl
than for Np2. Regarding the TPP doses, is clear that the high concentration for Npl
(Fig. 1) induces to a decrease in the particle size; and this is a result of the arrange-
ment of strong networks between the polymer and the cross-linker, similar data were
described by Sheikholeslami et al. [29].

On the other hand, the time stirring at 100 rpm by 36 and 24 h for Np1 and Np2,
respectively, did not affect the particle size. The biggest influence is due to TPP con-
centration. Fan et al. [30] proved that the distribution size was significantly reduced
by increasing the stirring speed from 200 to 800 rpm, but also a continuous increase
in stirring leads to the aggregation of the particles, because it may destroy the repul-
sive forces in the ionic gelation process; this is the reason why, in this work, a low
stirring speed was used (100 rpm).

According to the preparation method, Np2 was prepared with low TPP dosage
and low chitosan concentration with high DA. These three variables mentioned
before produce an increment in the particle size compared with Np1 (Fig. 1); in this
way, the information reported by Sreekumar et al. [31] affirmed that chitosan con-
centration and degree of deacetylation play an important role in the formation of
micro- and nanoparticles, and these two factors have a strongest influence over size,
which was observed in the particle size of Np2.

Allura red adsorption

The results of the evaluation of dye removal expressed in percentage of removal
(R%) of Npl and Np2 are observed in Fig. 10a, b. As shown in Fig. 10a of Npl,
dye removal revealed the following order, pH 2>pH 4>pH 6, in a range of
59.53-100%. The maximum percentage of dye removal was achieved at pH 2 from
0.01 to 0.05 g. The mechanism of adsorption process of RA dye being in acid solu-
tion makes dissociate dye sulfonate groups (SO*") to transform to anions, and by
the presence of hydrogen the free amino groups (NH**) are protonated allowing the
attraction between these opposite ions [32]. Same evaluation was realized to Np2

a 120 - b 120 -
ws 1 T I 1 w1 §o§ & & %
<= 80 80
g I 2
E 60 i i s 60
e 3 [ ]
£ £
2 a0 & 4 4
apH2 apH2
20 4 spH4 20 4 spH4
opH6 H 6
0 T T T T T 1 0 b T T T T T 1
0 001 002 003 004 005 006 0 001 002 003 004 005 006
adsorbent mass (g) adsorbent mass (g)

Fig. 10 Effect of mass adsorbent of a nanoparticles by ionic gelation method 1 (Npl) and b ionic gela-
tion method 2 (Np2) on RA dye removal
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and is observed in Fig. 10b, and dye removal in Np2 indicated the highest percent-
ages of removal at all pHs compared to Npl.

The information of Npl exhibited that an increase in adsorbent mass decreases
the percentage of dye removal. A similar phenomenon was reported by Shajahan
et al. [33] who concluded that some larger structure dyes are not able to penetrate
the internal pore structure of nanoparticle of chitosan because of its size; prefer-
entially dyes adsorb near to the outer surface of the particle, which decreases the
adsorption. It is also appreciated in Fig. 10a, b that the optimal adsorbent mass in
Npl and Np2 was 0.01 g at pH 2. Studies investigated by Hosseini et al. [33] by
using chitosan—TPP magnetic nanogels revealed a double dosage of mass of adsor-
bent in comparison with these studies to remove methyl orange dye, under acidic
conditions. Harnessing the last information, the effect of contact time was evaluated
in Npl and Np2 at an interval time from O to 25 min. Results in Np1 and Np2 indi-
cated an insignificant increase of dye removal when increasing the time, due to the
complete dye removal (99.99-100%). Starting from 5 until 25 min, the percentage of
dye removal remained constant; under this condition, the optimal contact time was
5 min in Npl and Np2. Similar results were published by Azlan et al. [34].

Conclusions

Cross-linked nanoparticles were synthetized by two ionic gelation methods in which
the variation was the dosage of TPP, and stirring time, chitosan concentration and
chitosan deacetylation degree (92.16%) are kept constant. Np1 and Np2 character-
istics were studied and compared by FTIR, AFM, XRD, SEM-EDS, TEM, DLS,
BET and solubility test, which confirmed that chitosan was cross-linking with TPP
to form nanoparticles. Npl and Np2 resulted with a mean diameter of 315.5 nm
and 437.4 nm, respectively, both with low polydispersity (0.273-0.353). The influ-
ence on smaller particle size was defined by a low concentration of chitosan solu-
tion (0.2 mg/mL) and higher dosage of TPP (1 mg/mL), while the stirring time at
100 rpm by 36 and 24 h for Npl and Np2, respectively, did not affect in particle
size. The allura red dye removal in Npl and Np2 was studied. The results showed
the maximum dye removal percentage in Npl and Np2 using 0.01 g of mass adsor-
bent (99.99-100%) at pH 2. Moreover, Np1 exhibited a low removal dye percentage
when increasing the adsorbent mass at pH 4 and 6, due to its higher polydispersity
compared with Np2 that tends to form agglomerates than to avoid the adsorption
even when the superficial area is higher. Although the mean diameter was higher
in Npl, Np2 was recognized as the best adsorbent by exhibiting high allura red dye
removal percentage under several pHs.
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