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Abstract In order to improve the adsorption capacity of chitosan (CTS)
for methylene blue (MB) cationic dye, a series of N,O-carboxymethyl-chitosans
(N,0-CMCTS) were prepared under heterogeneous conditions by controlling the
reaction time. The adsorption of MB from aqueous solution onto N,0-CMCTS was
studied. The effects of degree of substitution (DS) of N,O-CMCTS, initial pH of the
dye solution and adsorption temperature were investigated in detail. The results
showed that the adsorption capacities of N,0-CMCTS increased with the increase of
DS and N,0-CMCTS with DS of 0.72 exhibited the highest adsorption capacity
(349 mg/g). The adsorption kinetics of N,O-CMCTS was found to follow the
pseudo-second-order model. The adsorption equilibrium of N,0-CMCTS fitted very
well with the Langmuir isotherm model, showing maximum monolayer adsorption
capacity of 351 mg/g. The adsorption mechanism of N,0-CMCTS was also dis-
cussed by means of FTIR spectra and XPS. The results revealed that the —OH,
—NH,, and —COOH groups of N,0-CMCTS were involved in the adsorption process.
The desorption studies showed that N,O-CMCTS could be regenerated and used for
the adsorption of MB repeatedly.
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Introduction

Pigments and dyes are widely used in the textile and leather dyeing, paper, printing,
pharmaceutical, and cosmetic industries. A large amount of aqueous waste and dye
effluents with strong persistent color and high biochemical oxygen demand (BOD),
over 4.4 x 10° m® per day in Mainland China [1], is discharged from the dyeing
process, which is esthetically and environmentally unacceptable [2]. Therefore, dye
removal has been an important but challenging area of wastewater treatment.

It is difficult to remove the dyes from the effluent because the dyes are stable to light
and heat, and are biologically non-degradable [3]. Various treatment techniques
including coagulation and flocculation [4], membrane separation [5, 6], oxidation or
ozonation [7, 8], electro-coagulation [9], and adsorption [10, 11], have been used for the
removal of colored dyes from wastewater. Adsorption is a well-established separation
technique to remove dilute pollutants as well as to recover valuable products from
aqueous streams [12]. It has been reported that many different types of adsorbents are
effective in removing color from aqueous effluent. Considerable attention has been
drawn to natural polymeric materials over the past decade because of their
biodegradable and non-toxic nature [13]. Chitosan (CTS) is the N-deacetylated
derivative of chitin and the second most plentiful natural biopolymer. As a well-known
adsorbent, CTS is widely used for the removal of heavy, transition metals and dyes [ 14—
16]. However, its application for the adsorption of cationic dyes such as methylene blue
(MB) is seldom reported because it is a natural cationic polysaccharide.

The last decade has witnessed a growing interest in chemical modification of
CTS and its derivatives to enhance their properties and consequently expand their
potential applications [17-22]. Among various techniques for chemical modifica-
tions, carboxymethylation is very attractive. It introduces active hydroxyl (-OH),
carboxyl (-COOH), and amine (—NH,) groups into the molecule, which make it
possible to increase adsorption capacity for heavy, transition metals [23-26]
and dyes [27]. However, to the best of our knowledge, the adsorption of
N,O-carboxymethyl-chitosans (N,0-CMCTS) for MB cationic dye has not been
reported up to now. Therefore, the aim of this study was to investigate the
adsorption behavior of N,O-CMCTS for MB dye in detail. The effects of degree of
substitution (DS) of N,0-CMCTS, initial pH of the dye solution and adsorption
temperature were investigated. The adsorption kinetics and isotherms for MB dye
onto N,0-CMCTS were studied. The adsorption mechanism of N,O-CMCTS for
MB was also discussed by means of FTIR spectra and XPS.

Experimental

Materials

The degree of deacetylation and viscosity average molecular weight of CTS
(Zhejiang Yuhuan Ocean Biology Co., China) are 85% and 9.0 x 10°, respectively.

Monochloroacetic acid was purchased from Tianjin Chemical Reagent Co., China.
The molecular formula of MB (Shanghai Reagent Corp., China) is C;gH;gN3SCI.
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Other agents used were all of analytical grade and all solutions were prepared with
distilled water.

Preparation of N,0-CMCTS

N,O-CMCTS with different DS were prepared according to our previous report [27].
CTS (5.00 g) was added to a 20 wt% sodium hydroxide solution (50.00 mL) for 12 h
at room temperature, and then separated by filtration. The treated CTS was dipped
into 50 mL of 100% (v/v) anhydrous alcohol in a three-necked flask with stirring for
30 min at room temperature, and then monochloroacetic acid (3.58 g) was added into
the reaction mixture and stirred for additional 30 min. Then the mixture was heated
to 60 °C and allowed to continue for the predetermined time (15, 30, 60, 90,
120 min). Finally, the resultant solution was filtered and the filter cake was dissolved
in distilled water. The solution obtained was adjusted to pH 7.0 and precipitated by
pouring into 100% (v/v) anhydrous alcohol. The white precipitate was filtered,
washed with 70% (v/v) ethanol for three times and 100% (v/v) anhydrous alcohol
once, and then dried under vacuum at 80 °C to obtain the products. The DS of
N,O0-CMCTS was determined using potentiometric titration [28]. The point of zero
charge (pHpzc) of samples was determined by the solid addition method [29]. The
properties of CTS and N,0-CMCTS are shown in Table 1.

Characterization

FTIR spectra of the samples were carried out using a FTIR spectrophotometer
(Thermo Nicolet, NEXUS, TM) in KBr pellets. Micrographs of the samples were
taken using SEM (JSM-6701F, JEOL, Ltd.). Before observation of SEM, all
samples were fixed on aluminum stubs and coated with gold. XPS spectra of the
samples were performed using an X-ray photoelectron spectrometer (VG Scientific
Escalab 210-UK) with a twin anode (Mg Ka/Al Ka), scanning at 6.80 ms/step,
0.6 eV/step, and 6 sweeps.

Adsorption experiments

All batch experiments were performed on a thermostated shaker (THZ-98A) at
120 rpm. The effect of DS on dye removal was carried out in 25 mL of the dye

Table 1 The properties of CTS

and N.O-CMCTS Samples DS Densitz 1 pHpzc Color
(g mL™")

CTS 0 0.33 6.3 White
N,O0-CMCTS 0.32 0.35 7.3 Light yellow
N,O0-CMCTS 0.57 0.40 7.5 Light yellow
N,O0-CMCTS 0.76 0.42 7.8 Light yellow
N,0-CMCTS 0.89 043 8.0 Light yellow
N,O0-CMCTS 0.95 0.44 8.1 Light yellow
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solutions (1600 mg/L, pH = 8.0) with 0.10 g of adsorbent at 30 °C for 60 min. The
influence of pH on MB removal was studied by adjusting MB solutions (1600 mg/L)
to different pH (2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, and 10.0) using a pH
meter (DELTA-320) and agitating 25 mL of dye solution with 0.10 g of adsorbent
at 30 °C for 60 min. The effect of temperature on dye removal was carried out
in 25 mL of the dye solutions (1800 mg/L, pH 8.0) with 0.10 g of adsorbent for
60 min.

For kinetic studies, 1600 mg/L dye solutions (25 mL, pH 8.0) were agitated with
0.10 g of adsorbent at 30 °C for predetermined intervals of time. Batch equilibrium
adsorption experiments were carried out by agitating 25 mL. MB solution of various
concentrations at pH = 8.0 with 0.10 g of adsorbent at 30 °C until equilibrium was
established.

The samples were withdrawn from the shaker at predetermined time intervals and
the dye solution was separated from the adsorbent by centrifugation at 4500 rpm for
10 min. The absorbencies of samples were measured using a UV—vis spectropho-
tometer (Specord 200) at wavelength 670 nm (MB has a maximum absorbency at
wavelength 670 nm on a UV-vis spectrophotometer). Then, the concentrations of
the samples were determined by using linear regression equation (y = 0.1751x
— 0.1145, R* = 0.9998) obtained by plotting a calibration curve for dye over a
range of concentrations. The amounts of MB adsorbed onto samples were calculated
by subtracting the final solution concentration from the initial concentration of dye
solutions.

Desorption studies

For batch desorption study, the adsorbent utilized for the adsorption of an initial dye
concentration of 1600 mg/L was separated from the dye solution by centrifugation.
The dye-loaded adsorbent was washed gently with water to remove any unadsorbed
dye. Then, the spent adsorbent was stirred using a magnetic stirrer with 25 mL of
distilled water at different pHs for 60 min. The desorbed dye was determined as
mentioned before.

Results and discussion
FTIR analysis of N,0-CMCTS

The FTIR spectra of CTS (a) and N,O-CMCTS (b) are shown in Fig. 1. As can be
seen, the absorption band at 3444 cm ™', corresponding to the stretching vibrations
of O-H and N-H groups of CTS, is widened and weakened after carboxymeth-
ylation. The stretching vibration of the NH-CO (I) group (1640 cm™'), the bending
vibration of N-H group (1599 ¢cm™"), and the stretching vibration of the O—H group
(1032 cm™") of CTS disappeared. In addition, the characteristic absorption bands of
the asymmetric and symmetric stretching vibrations of COO™ (1600 cm™"' and
1412 cnfl) were observed in the spectrum of N,0-CMCTS. The information
observed from FTIR spectra indicates that carboxymethylation has occurred on both
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Fig. 1 IR spectra of CTS (a), N,O-CMCTS with the DS of 0.76 (b)

the amino and hydroxyl groups of CTS, which may have an influence on absorption
properties of N,O-CMCTS.

SEM images analysis of N,O-CMCTS

The morphologies of CTS (a) and N,O-CMCTS (b) are shown in Fig. 2. It can
be seen from this figure that CTS shows a tight and nonporous surface, but
N,O-CMCTS has a relatively loose and fibrous surface, which may be convenient
for the penetration of dye molecules into the N,O-CMCTS powder and result in an
increase in the adsorption capacity of MB on N,0-CMCTS.

Fig. 2 SEM images of CTS (a), N,O-CMCTS with the DS of 0.76 (b)
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Effect of DS of N,O-CMCTS on adsorption

The DS of N,O-CMCTS plays an extremely important role in the adsorption
capacities of N,O-CMCTS. Figure 3 shows the effect of the DS on the adsorption
capacities of N,0-CMCTS. As can be seen from this figure, CTS (DS = 0) has
small adsorption capacity (36 mg/g) for MB. However, the adsorption capacity of
N,O-CMCTS sharply increases from 190 to 349 mg/g with increasing the DS from
0.32 to 0.76. This is due to the fact that the chemical interaction and the electrostatic
attraction may occur between —COOH group of N,0-CMCTS and MB cationic dye.
The results also show that the adsorption capacity of N,O-CMCTS slightly
decreases from 349 to 336 mg/g with further increasing DS from 0.76 to 0.95. This
observation may be interpreted as follows. On the one hand, excessive -COOH
group would lead to the increase of steric hindrance with the DS of N,0-CMCTS
increasing. On the other hand, -NH, and —OH groups of the repeated structure units
of N,O-CMCTS decrease with increasing the DS, which result in a slight decrease of
adsorption capacity of MB on N,O-CMCTS. It can be concluded from the above
discussion that the adsorption sites of N,O-CMCTS may be not only the -COOH
group but also the -NH, and —OH groups. This can be further proved by the changes
in the FTIR spectra and XPS of N,0-CMCTS before and after dye adsorption, as
will be described later in detail.

Effect of the pH on adsorption

The effect of pH on the adsorption capacity of N,O-CMCTS was shown in Fig. 4.
It is evident that pH is an important factor influencing the adsorption capacity of
N,O-CMCTS. As shown in Fig. 4, the adsorption capacity sharply increased from
158 to 349 mg/g as the pH of the solution was increased from 4.0 to 8.0, and then
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00 01 02 03 04 05 06 07 08 09 1.0
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Fig. 3 Effect of the DS on the adsorption capacity of N,0-CMCTS for MB. Adsorption experiments—
dye concentration: 1600 mg/L; sample dose: 0.10 g/25.00 mL; pH: 8.0; temperature: 30 °C; equilibrium
time: 60 min
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Fig. 4 Effect of the pH on the adsorption capacities of N,O-CMCTS with the DS of 0.76 for MB.
Adsorption experiments—dye concentration: 1600 mg/L; sample dose: 0.10 g/25 mL; temperature:
30 °C; equilibrium time: 60 min

continuously increased from 349 to 371 mg/g with further increasing pH from 7.0 to
9.0. To understand the adsorption mechanism, it is necessary to determine the point
of zero charge (pHpyc) of the adsorbent [25]. Adsorption of cations is favored at pH
>pHpyc, while the adsorption of anions is favored at pH <pHp,c [30]. In this study,
pHpzc for N,O-CMCTS with DS of 0.76 is 7.8. Usually, as an amphoteric
polyelectrolyte, N,O-CMCTS has a different structure in acidic and alkaline media
and may be written as:

When the pH of MB dye solution is higher than 7.8, the N,O-CMCTS surface is
negatively charged. Taking into account that MB is in the cationic form, the
electrostatic interaction between N,0-CMCTS and MB facilitates an increase of
dye adsorption. Nevertheless, significant adsorption still occurred at pH below
pHpzc due to the fact that a chemical interaction between MB dye and
N,0-CMCTS took place, which will be discussed in the adsorption mechanism
of MB dye in detail.

Effect of temperature on adsorption

The effect of temperature on adsorption capacity of N,O-CMCTS is shown in Fig. 5.
As can be seen, the adsorption capacity of N,0-CMCTS increased from 349 to

@ Springer



968 Polym. Bull. (2010) 65:961-975

420
410 I
a0l
300
380 I

370

Adsorption capacity (mg/g)

360

350

340 . 1 . 1 . 1 . 1 .
20 30 40 50 60 70

Temperature(°C)

Fig. 5 Effect of the temperature on the adsorption capacities of N,O-CMCTS with the DS of 0.76 for
MB. Adsorption experiments—dye concentration: 1800 mg/L; sample dose: 0.10 g/25 mL; pH: 8.0;
equilibrium time: 60 min

418 mg/g with increasing temperature from 30 to 50 °C, indicating that higher
temperature facilitates the adsorption of MB on N,0-CMCTS. This may be
attributed to the fact that N,O-CMCTS is partly swollen at higher temperature,
which helps penetration of dye molecules into the interlayer space of N,O-CMCTS
[31]. However, with further increasing temperature from 50 to 60 °C, the adsorption
capacity of N,O-CMCTS decreased from 418 to 391 mg/g. The mobility of the large
dye ions increases with increasing temperature, which is responsible for the
decrease of adsorption capacity of N,0-CMCTS.

Adsorption kinetics

Figure 6 shows the effect of time on the adsorption behavior of MB by
N,O-CMCTS. As can be seen, the adsorption capacity of MB on N,0-CMCTS
increased sharply with increasing adsorption time, and then slowly increased after
15 min. Maximum adsorption of MB on N,0-CMCTS was observed at 60 min.
Thus, adsorption time of 60 min was chosen to ensure equilibrium was reached
under our experimental conditions.

To investigate the potential rate-controlling steps involved in the adsorption of
MB onto N,0-CMCTS, both pseudo-first-order and pseudo-second-order kinetic
models were used to fit the experimental data.

The pseudo-first-order rate expression of Lagergren model [32] is generally
expressed as follows:

dge
_— = e — 1
5 ki(ge — q1) (1)

After integration with the initial condition ¢, = 0 at t = 0, Eq. 2 can be obtained
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Fig. 6 Effect of the adsorption time on adsorption capacity of N,O-CMCTS with the DS of 0.76 for
MB. Adsorption experiments—dye concentration: 1600 mg/L; sample dose: 0.10 g/25 mL; pH: 8.0;
temperature: 30 °C

kit
1 e —q;) =logge — —— 2
0g(¢e — q1) = log ge — 572 (2)
The pseudo-second-order rate equation is given as [33]
t 1 t
= 4 3
a kG2 qe ®)

where g, and q, are the amounts of adsorption dye (mg/g) at equilibrium and at time
t (min), k; (min_l) and &, (g mg_1 min_l) are the adsorption rate constant of
pseudo-first-order, pseudo-second-order adsorption rate, respectively. The linear
plots of log (g. — ¢,) versus ¢t and (#/q,) versus t are drawn for the pseudo-first-order
and the pseudo-second-order models, respectively. The rate constants k; and k, can
be obtained from the plot of experimental data.

The rate constants, the correlation coefficients, and the calculated g, of the two
kinetic models are shown in Table 2. The correlation coefficients (RZ) of the
pseudo-first-order and pseudo-second-order models are 0.9151 and 0.9999, respec-
tively. In addition, the calculated ¢g. values of the pseudo-first-order and pseudo-
second-order models for the adsorption of MB by N,O-CMCTS were 53 mg/g and
353 mg/g, respectively. Obviously, the calculated g. value agreed with the
experimental data (349 mg/g) in the case of the pseudo-second-order model. It is
clear that the adsorption of MB on N,0-CMCTS followed the pseudo-second-order
rather than the pseudo-first-order model.

Adsorption isotherms

Figure 7 shows the influence of initial dye concentration on adsorption capacity of
N,O-CMCTS. It is clear that initial dye concentration is an important factor
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Table 2 The rate constants, the correlation coefficients and the calculated g, of the two kinetic models

Samples Pseudo-first-order model Pseudo-second-order model

ki (x 102 min~")  R? e k (x 107* g/mg/min)  R? e

N,O0-CMCTS 3.45 0.9151 53 2.34 0.9999 353
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The initial concentration of MB(mg/L)

Adsorption capacity (mg/g)

Fig. 7 Effect of the initial dye concentration on the adsorption capacities of N,O-CMCTS with the DS of
0.76 for MB. Adsorption experiments—sample dose: 0.10 g/25 mL; pH: 8.0; temperature: 30 °C;
equilibrium time: 60 min

affecting adsorption capacity of N,O-CMCTS. As shown in Fig. 7, the adsorption
capacity of the N,0-CMCTS sharply increased from 248 to 349 mg/g with
increasing dye concentration from 1000 to 1450 mg/L, and remained almost
constant with further increasing dye concentration.

Adsorptions isotherms are important for the description of how molecules of
adsorbate interact with adsorbent surface. Hence, the correlation of equilibrium data
using either a theoretical or empirical equation is essential for the adsorption
interpretation and prediction of the extent of adsorption [34]. The equilibrium
adsorption data were generally interpreted using Langmuir and Freundlich models
[35], which are represented by the following equations, respectively:

C 1 C
— +—= )

e Ddn ' dm
ge = KiC" (5)
where ¢, (mg/g) and b (L/mg) are Langmuir isotherm coefficients. The value of ¢,
represents the maximum adsorption capacity. Ky (mg/g) and n are Freundlich

constants. Two adsorption isotherms were constructed by plotting the C./g versus
C., log g versus log C., respectively.
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The values of R? of Langmuir and Freundlich models are 0.9999 and 0.8864,
respectively. In addition, the g, value for the adsorption of MB by N,0-CMCTS
was 351 mg/g, which are same as the experiment data 350 mg/g for N,O-CMCTS. It
can be seen that the adsorption of MB is in good agreement with the Langmuir
isotherm rather than the Freundlich isotherm. This indicates that the surface of
N,O-CMCTS was covered by the monolayer of MB molecules. Similar behavior
was also found for the adsorption of MB onto precursor and quaternary ammonium
compounds-modified montmorillonite [36], clay [37], Cu(Il)-exchanged montmo-
rillonite [38, 39].

Adsorption mechanism of MB dye
FTIR analysis

Figure 8 shows FTIR spectra of N,0-CMCTS before (a) and after (b) dye
adsorption. The major differences are as follows. The absorption band at 3423 cm ™!
(Fig. 8a), corresponded to the stretching vibration of O-H and N-H groups was
broadened, weakened, and shifted to the lower wave number (3401 cmfl) after the
adsorption of MB (Fig. 8b). The bands at 1600 and 1412 cm™"' (Fig. 8a), assigned
to the asymmetric and symmetric stretching vibration of COO™, disappeared after
adsorption (Fig. 8b). The absorption band at 1081 cm ™' (Fig. 8a), attributed to the
stretching vibration of the second —OH group, was weakened and shifted to lower
wave number (1055 cmfl) (Fig. 8b). At the same time, the bands at 1490, 1387,
1329 cm™!, attributed to aromatic skeletal vibrations of MB, appeared after
adsorption (Fig. 8b). The bands at 883, 826, 665 cm ™!, assigned to characteristic
adsorption of aromatic skeletal groups of MB, also appeared after adsorption
(Fig. 8b). The FTIR analysis results suggest that the —OH, —NH,, and -COOH
groups of N,O-CMCTS were involved in the adsorption process.

3401 1598

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber(cm™)

Fig. 8 FTIR spectra of N,O-CMCTS before (a) and after (b) dye adsorption

@ Springer



972 Polym. Bull. (2010) 65:961-975

XPS analysis

The XPS spectra of C 1s, N 1s, O s, and S 2p of N,0-CMCTS before and after MB
adsorption were shown in Fig. 9. It can be seen from this figure that the relative
intensity of the O 1s spectrum was weakened after adsorption. This may be due to
the fact that the —OH, and -COOH groups of N,0-CMCTS were involved in the
adsorption process, which leads to the decrease of the oxygen content. However, the
relative intensity of the N 1s spectrum was strengthened after adsorption. This may
be attributed to the adsorption of dye and plentiful nitrogen contained in the MB dye
molecule, which leads to the increase of the nitrogen content. At the same time, the
new peaks of C ls spectrum at the binding energy (BE) of 285.71 eV and S
2p spectrum at the binding energy (BE) of 164.21 and 168.21 eV appear after
adsorption, which may be attributed to the adsorption of dye and plentiful carbon
and sulfur contained in the MB dye molecule.

It also can be seen from Fig. 9 that the BE of C 1s increased from 285.02 to
285.24 eV after adsorption. In addition, the BE of N 1s decreased from 399.61 to
399.23 eV, while the BE of O 1s decreased from 531.72 to 530.95 eV after
adsorption. Evidently, carbon atom provides electron pair, nitrogen and oxygen

274 276 278 280 282 284 286 288 290 292 294 296 298 524 526 528 530 532 534 536 538 540 542
Binding Energy (ev) Binding Energy (ev)
Cls Ols

164.21

168.21

388 390 392 394 396 398 400 402 404 406 408 410 412 154 156 158 160 162 164 166 168 170 172 174 176
Binding Energy (ev) Binding Energy (ev)
N1s S2p

Fig. 9 XPS spectra of N,O-CMCTS before (a) and after (b) dye adsorption
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atom is inclined to accept the electron. This further implied that the -OH, -NH,, and
—COOH groups of N,0-CMCTS were involved in the adsorption process. The
explanations for the adsorption mechanism of MB dye on N,0-CMCTS are in good
agreement with the FTIR analysis.

Desorption of MB

Desorption studies can help elucidate the mechanism of an adsorption process. If the
dye adsorbed onto the adsorbent can be desorbed by water, it can be concluded that
the attachment of the dye onto the adsorbent is by weak bonds. If the strong acids,
such as HCI can desorb the dye, it can be concluded that the adsorption of the dye
onto the adsorbent is by ion exchange or electrostatic attraction [30]. Effect of pH
on desorption percentage of dye from dye-loaded N,O-CMCTS is shown in Fig. 10.
Apparently, the desorption percentage of N,0-CMCTS decreased sharply with
increasing the pH of distilled water. The lowest desorption was obtained at pH 9.0
and the desorption percentage for N,O-CMCTS was only 2.1%, while in the case of
pH 2.0, 42.8% was obtained. The fact that the high desorption occurred at pH 2.0
suggested that the adsorption of MB onto N,0-CMCTS is mainly via electrostatic
attraction, which further substantiated the discussion of the effect of the pH on
adsorption. These results indicated that N,0-CMCTS provided the potential for
regeneration and reuse after MB dye adsorption despite 57.2% dye remaining in the
adsorbent in the case of pH 2.0. In addition, the spent N,O-CMCTS can be used as a
fuel due to its high-polymer content and the bottom ash after its combustion/
incineration can be blended with clay/cement-concrete mixture to make bricks and
building blocks for its safe disposal [39]. Thus, N,O-CMCTS can be used as an
alternative-adsorbing agent in dye wastewaters.

45

sl
3
301 .
25|

20

Desorption percentage (%)

pH

Fig. 10 Effect of pH on desorption percentage of dye from dye-loaded N,0-CMCTS with the DS of
0.76. Adsorption experiments—dye concentration: 1600 mg/L; sample dose: 0.10 g/25 mL; pH: 8.0;
temperature: 30 °C; equilibrium time: 60 min
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Conclusion

N,O-carboxymethyl-chitosans (N,0-CMCTS) has been prepared under heteroge-
neous conditions by controlling the reaction time. Adsorption tests of MB dye on
N,O-CMCTS were carried out and the results obtained from this study showed that
N,O0-CMCTS with DS of 0.72 exhibited the highest adsorption capacity. The
kinetics and isotherm studies indicated that the pseudo-second-order model and the
Langmuir model well described the adsorption equilibrium of MB on N,0-CMCTS.
The FTIR and XPS analysis results suggested that the adsorption site of
N,O-CMCTS may be not only on -COOH but also on the -NH, and —OH. The
desorption studies showed that N,0-CMCTS is a promising biosorbent for dye
removal from MB dye wastewater.
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