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This study investigated the potential use of natural peach gum (PG) as alternative adsorbent for the
removal of dyes from aqueous solutions. The PG showed high adsorption capacities and selectivity for
cationic dyes (e.g., methylene blue (MB) and methyl violet (MV)) in the pH range 6-10. 98% of MB and
MV could be adsorbed within 5 min, and both of the adsorptions reached equilibrium within 30 min. The
dye uptake process followed the pseudo-second-order kinetic model. The intraparticle diffusion was not

the sole rate controlling step. Equilibrium adsorption isotherm data indicated a good fit to the Langmuir

isotherm model. Regeneration study revealed that PG could be well regenerated in acid solution. The
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Peﬁch gum recovered PG still exhibited high adsorption capacity even after five cycles of desorption-adsorption.
Adsorption On the basis of its excellent adsorption performance and facile availability, PG can be employed as an
Dye efficient low cost adsorbent for environmental cleanup.
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1. Introduction

Dyes are widely used in industrial fields such as textile, prin-
ting, paper-making, plastic, coating and food. It has been reported
that 10-15% of the dye is released to the environment after dyeing
process (Chowdhury, Mishra, Saha, & Kushwaha, 2011). Because
the dye effluent may cause damage to aquatic biota and human
by mutagenic and carcinogenic effects, the removal of dye pol-
lutants from wastewater is of great importance (Crini, 2006).
Various removal methods, including adsorption (Fan et al., 2012;
Ngah, Teong, & Hanafiah, 2011), coagulation (Slokar & Le Marechal,
1998), membrane filtration (Madaeni, Jamali, & Islami, 2011) and
advanced oxidation (Serpone, Horikoshi, & Emeline, 2010), have
been employed to eliminate dyes from wastewaters. Among them,
adsorption has been recognized as a promising technique due to
its high efficiency, simplicity of design, ease of operation as well
as the wide suitability for diverse types of dyes (Asgher & Bhatti,
2012; Dotto & Pinto, 2011).

During the past decades, activated carbon (AC) is the most
commonly used adsorbent. However, the AC suffers from some
drawbacks such as high cost, difficult disposal and regeneration
(Dutta, Bhattacharyya, Ganguly, Gupta, & Basu, 2011). Recently,
increasing attention was paid on the development of highly
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effective and low cost adsorbents (Aksu, 2005; Gupta & Suhas,
2009; Rafatullah, Sulaiman, Hashim, & Ahmad, 2010). In this
respect, renewable biological adsorbents (also called bioadsor-
bents) are attractive because of their low cost, easy availability
and low toxicity. Various renewable materials, such as rice husk
(Vadivelan & Kumar, 2005; Zou, Li, Bai, Shi,& Han, 2011), castor seed
shell (Oladoja, Aboluwoye, Oladimeji, Ashogbon, & Otemuyiwa,
2008), banana peel (Annadurai, Juang, & Lee, 2002), wheat shell
(Bulut & Aydin, 2006) and peanut hull (Gong, Li, Yang, Sun, & Chen,
2005), have been used as adsorbent for the removal of dye from
aqueous solution. However, most of the reported bioadsorbents
show low adsorption capacity, which significantly limits their prac-
tical applications. Therefore, exploring new bioadsorbents that are
more effective, eco-friendly and cost-effective is highly desired.
Peach gum (PG), a kind of gum exudate, is produced as a result
of physiological process or mechanical injury of peach tree (Prunus
persica, family Rosaceae) (Simas-Tosin et al., 2009). PG is a kind
of abundant natural biomass in many areas of the world. It is
reported that more than 10 billion tons of PG are yielded in China
annually (Xie & Ren, 2008). The composition and structure of PG
have been studied (Fernanda et al., 2008; Simas et al., 2008). The
main composition of PG is acidic polysaccharide that generally con-
sists of galactose (42%), arabinose (36-37%), uronic acid (7-13%),
xylose (7%) and mannose (2%) (Fernanda et al., 2008; Simas et al.,
2008). Because PG polysaccharide possesses high molecular weight
and highly branched molecular structure, it is insoluble in aque-
ous solution. In view of its unique composition and property, PG
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Fig. 1. Photographs of crude PG and dried PG powder.

should be a promising adsorbent for the removal of cationic dyes
from wastewater. On one hand, PG contains numerous negatively
charged carboxylic groups that can adsorb cationic dyes through
strong electrostatic interactions. According to our previous studies,
adsorbent with high content of charged functional groups pos-
sesses high adsorption capacity (Chen, Zhou, Zhang, Yu, & Wei,
2012; Zhou, Gao, & Xu, 2010). On the other hand, PG can be eas-
ily separated from aqueous solution after adsorption. Despite PG
has been studied for applications in medicine, printing, fluorescent
materials, cosmetic and food industries (Xie, Zhou, & Qian, 2006;
Zhou, He, & Huang, 2013), the use of PG as adsorbent for treatment
of organic pollutants has not been reported.

Therefore, the objective of this work is to explore the potential of
PG as low cost adsorbent for the removal of dyes from aqueous solu-
tions. The influences of adsorption parameters such as initial dye
concentration, contact time, solution pH and ionic strength on the
adsorption performance of PG were investigated. The new adsor-
bent is proven effective in removal of cationic dyes. The adsorption
mechanism of PG adsorbent was discussed in detail. The regenera-
tion of the dye-adsorbed PG was also studied.

2. Materials and methods
2.1. Materials

The crude peach gum from the peach tree (P. persica) trunk was
collected at Zizhou Park (Guilin, China). The dried crude PG was
grounded into powder (Specific surface area: 15=+5 m?2/g) before
adsorption application (Fig. 1). Congo red (CR), methylene blue
(MB), methyl orange (MO) and methyl violet (MV) were purchased
from Aladdin Chemistry Co. Ltd. (Shanghai, China). The structure
and characteristics of the used dyes are presented in Table 1. Deion-
ized water was used as solvent throughout the experiments. All
other reagents were used as received without further purification.

2.2. Adsorption of dye solution

The adsorption of dyes on PG was performed in a batch system.
Typically, 20 mg of PG powder was added to 10 mL of dye solution
of known concentration. The solution pH was adjusted with NaOH
(0.1 M) or HCI (0.1 M). The mixture was agitated at 100 rpm/min at
25°C. In order to ensure that adsorptive equilibrium was reached,
the agitation was carried out for 24 h. The samples were withdrawn
from the experimental flask at predetermined time interval until
adsorption equilibrium was achieved. The dye solution was sep-
arated from the adsorbent by centrifugation at 5000 rpm/min for
5 min. The supernatants were then filtered to ensure that the solu-
tions were free from PG particles before measuring the residual
dye concentration. All adsorption experiments were carried out in
triplicate, and the average values were used to minimize random
error.

Dye concentration was determined by UV-vis spectropho-
tometer. Calibration curves were plotted between absorbance and
concentration of the standard dye solutions. It should be pointed
that the intensity of absorption peaks of MB and MV solutions at
low pH (e.g. 3-4) or high pH (e.g., 9-10) are slightly changed as

compared with those of solutions in the pH range 5-8. Calibra-
tion curves were plotted between absorbance and concentration
of the standard dye solutions at different pH values. In addition,
no pH change is observed during experiments. The amount of dyes
adsorbed at equilibrium was calculated from the following mass
balance equation:

(Go—-Ce)V
m

Qe = (1)
where Q. (mg g~1)is the amount of dye adsorbed per gram of adsor-
bent at equilibrium, Cy (mgL-1) is the initial concentration of dye
in the solution, C. (mgL-1) is the concentration of dye at equilib-
rium, V(L) is the volume of the solution, and m (g) is the mass of the
adsorbent used. It is noted that the adsorption capacity has been
corrected with the pure products.

2.3. Selective adsorption of cationic dye from dye mixture

The selective adsorption experiments were conducted in the
mixture of MB and MO at pH 7.0. In a typical procedure, 20 mg
of PG powder was added to 10 mL of mixed MB and MV solution.
The initial concentration of MB and MO are 0.5 mM. After stirring
at 100 rpm/min at 25°C for 0.5 h, the dye solution was separated
by centrifugation. The dye concentration in the solution and the
removal of dye were traced and determined by UV-vis spectra.

2.4. Adsorbent regeneration

Desorption of dye was performed by putting the dye-adsorbed
PG into 40 mL of HCI solution (0.05 M). The suspension was stirred
for 2 h. Subsequently, the PG adsorbent was collected by centrifu-
gation. After washing with water, the PG was reused for adsorption
again. The supernatant solution was analyzed by UV-vis spec-
trophotometer.

2.5. Analytical methods

Fourier transform infrared (FTIR) spectra were measured on
a Thermo Nexus 470 FTIR spectrometer (KBr disk). Absorption
spectra were recorded on a UV-3600 UV-vis spectrophotometer
(Shimadzu). Optical microscope image was obtained using an opti-
cal microscope (LEICADM RXP) with imaging software. The zeta
potential values of the PG at various pH values were obtained with
a zeta potential analyzer (Zetasizer Nano ZS90, Malvern). The spe-
cific surface area was determined by BET-N; adsorption method by
using a Quantachrome NOVA 1200e Series at 77.35 K.

3. Theory
3.1. Adsorption kinetics

To study the time dependence of adsorption process and further
investigate the adsorption mechanisms, two well-known kinetic
models were used to fit the adsorption date, namely pseudo-first-
order and pseudo-second-order models (Bulut & Aydin, 2006).

Pseudo-first-order equation : In(Q. — Qr) = In Qe — k1t 2)

t 1 t
Pseudo-second-order equation : — = | —— | + — 3

where Q; (mgg~1) is the amount of dye adsorbed at the time
t (min), k; (min~') is the pseudo-first-order rate constant, k
(gmg~' min~1) is the pseudo-second-order rate constant.
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Table 1
Structure and characteristics of the used dyes.

Dye Chemical structure Color index number Amax (NM) Molecular weight (g mol-')

N -
/O: \:@ ;
MB HaC—p &7 §-CHa 52,015
I I
CHs CHs

HsC,_
N

MV 42,535

SA®
+ cr
HaC~p N

\
CH3 HiC

CHs

NH,

N=y
CR O‘ 22,120

O=?=O
ONa 2

HaC_
N— »—N=N— )—S03Na
MO HaC/ 13,025

662 373.90
583 407.99
496 699.66
463 327.33

Since the above kinetic models cannot describe the intraparticle
diffusion, the intraparticle mass transfer diffusion model (Weber &
Morris, 1963) was also studied.

Intraparticle diffusion : Q; = k;t%% + C (4)

where k; (mgg~! min~1/2) is the intraparticle diffusion rate con-
stant, C(mgg~1) is the intercept.

3.2. Adsorption isotherms

Isotherms studies can describe how the adsorbates interact with
adsorbents, which is the most important parameter for design-
ing a desired adsorption system. Three famous models were used
in current study to describe the adsorption process including
Freundlich, Langmuir and Dubinin-Radushkevich (D-R) isotherm
models (Vadivelan & Kumar, 2005).

Freundlich isotherm : In Qe = InKf + bgln Ce (5)

G_ G, 1
Qe B Qmax QmaxKL

Langmuir isotherm :

(6)

Dubinin — Radushkevich(D — R) : In Q. = InQq — Kpge? (7)

¢=RT In (1+l> @)
Ce
where K is the Freundlich constant, br is a constant depicting the
adsorption intensity, Qmax (mgg=1) is the maximum adsorption
capacity of the adsorbent, K; (Lmg~!) is the Langmuir adsorption
constant, Kpg (mol? kJ=2) is the D-R isotherm constant, € (k] mol~1)
is Polanyi potential, Qy (mgg~1) is adsorption capacity derived
from the intercept of InQ. versus —&2, R is universal gas constant
(8.314Jmol~1K-1) and T (K) is Kelvin temperature.

The K; from Langmuir adsorption isotherm is employed to pre-
dict the favorability of adsorption process (Hameed, 2008).

1

Rp=——
L 1+KLCO

9)
where R| is a dimensionless constant separation factor. Adsorption
isotherm is considered to be favorable (1 >Ry >0), linear (R =1),
unfavorable (R > 1) or irreversible (R, =0) on the basis of the value
of R.. In addition, the D-R model is mainly used to estimate the
average free energy of adsorption (E), which is expressed using the
following equation (Saha, Das, Saikia, & Das, 2011):

1

\/2Kpg

The value of E can characterize the type of adsorption as
chemical adsorption (E=8-16kJmol~!) or physical adsorption
(E<8kJmol-1).

E=

(10)

4. Results and discussion
4.1. Material characterization

The crude PG was collected from the trunk of peach tree. After
purification and drying, PG was grounded into powder before dye
adsorption experiments (Fig. 1). The morphology and size of PG
particles were observed by optical microscopy (OM) (Fig. 2a). The
OM image shows that PG particles are generally spherical shape
with sizes in the range of 2-10 wm. From the FTIR spectrum in
Fig. 2b, the band at 3420cm™! is associated with O—H stretch-
ing vibration of hydroxyl group; peaks at 2932 and 2865cm™!
come from the C—H stretching vibrations; peak at 1618cm™! is
attributable to the —COO~ stretching which is derived from the
uronic acid component (Rosik, Kardo3ova, & Kubala, 1971); peak at
1074 cm! is the result of C—O stretching vibration. All these FTIR
data are well in accordance with the composition of PG polysac-
charide. To gain new information from surface properties of PG
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Fig. 2. (a) Optical microscope image of PG particles. (b) FTIR spectrum of PG. (c) Zeta-potential of PG particles as a function of pH. (d) Adsorption capacity of PG for diverse
dyes (the initial dye concentration is 1.5 mM). Inset of (d): photograph of MB solution (0.1 mM) before (left) and after (right) adsorption on PG particles.

particles, we measured the values of zeta-potential of PG par-
ticles at different pH (Fig. 2c). The isoelectric point (iep) of PG
particles is found to occur at pH 2.3. The low iep indicates that
the surface of PG is negatively charged in the pH range 3-10
due to the ionization of the carboxylic groups. This negatively
charged surface will benefit the sorption of positively charged
adsorbates.

4.2. Adsorption performances of PG adsorbent for various dyes

Four kinds of dyes, including methyl violet (MV), methylene
blue (MB), methyl orange (MO) and congo red (CR), were chosen to
evaluate the adsorption capability of PG (Table 1). Since the adsorp-
tion capacity is considered as one of the most critical parameters
in practical application, the saturated adsorption capacities of PG
for various dyes at high initial dye concentration (1.5 mM) were
studied (Fig. 2d). The PG exhibits much higher adsorption capac-
ities for cationic dyes than those of anionic dyes. For MB and MV
dyes, the adsorption capacities can reach as high as 233 mg g~! and
237mg g1, respectively. At relatively low concentration, the MB
could be completely removed from water by PG adsorbent within
3 minasdepicted in the inset of Fig. 2d. We speculate that the strong
adsorption performance of PG is attributed to the strong interac-
tions between the negatively charged surface —COO~ groups and
the positively charged functional groups of dyes such as =N*H—.
Because the CR and MO contain negatively charged —SO3~ groups
(Table 1), their interactions with PG are very weak, resulting in low
Q. for CR and MO. To further understand the adsorption process,
MB and MV were selected to investigate the adsorption kinetics
and isotherms.

4.3. Adsorption kinetics

The contact time required to reach equilibrium is an impor-
tant parameter in real applications. In order to establish the time
dependence of adsorption, the adsorption of MB and MV solutions
(0.4 mM) using PG were studied as a function of contact time (min)
and the adsorption capacities of PG at different contact time were
determined experimentally. As can be seen in Fig. 3a, the adsorp-
tion amounts for both MB and MV increased rapidly in the initial
stage in first 5 min, and then slowed down until the adsorption pro-
cess reached equilibrium in 30 min. About 98% of MB and MV could
be adsorbed within the first 5 min. The beginning rapid stage of dye
adsorption is due to the surface electrostatic attraction because of
the existence of a large number of adsorption sites (e.g., carboxylic
groups) on the surface of PG particles. The subsequent slow step
is attributable to the limited adsorption sites available on the sur-
face of PG, and the adsorption process followed the intraparticle
diffusion mechanism.

To further investigate the adsorption mechanisms, pseudo-first-
order and pseudo-second-order kinetic models were used to fit
the adsorption data. For pseudo-first-order model, the plot of
In(Q. — Q¢) versus t should give a straight line with slope - k;. In fact,
however, the correlation coefficients (R2) for MB and MV are 0.344
and 0.284, respectively (Fig. 3b). Such low correlation coefficients
suggested the poor agreement of pseudo-first-order kinetics with
the experimental data. In contrast, for pseudo-second-order mod-
els, two linear plots of t/Q; against t give high R? of 0.998 and
0.997 for MB and MV, respectively (Fig. 3¢). The high correlation
coefficients suggest that the pseudo-second-order model is more
suitable than pseudo-first-order model for the dye uptake by PG
adsorbent. In addition, the plot for intraparticle diffusion model
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Fig. 3. (a) Effect of contact time on the adsorption of MB and MV by PG at pH 7.0 and 25 °C. The initial concentration of MB or MV is 0.4 mM. Plots of (b) pseudo-first-order,
(c) pseudo-second-order and (d) intraparticle diffusion rates for adsorption of MB and MV on PG.

(Fig. 3d) did not pass through the origin implying that the intra-
particle diffusion was not the rate controlling factor. Although
intraparticle diffusion model was not fitted well to the kinetic
data but it followed two distinct linear trends. The first sharp sec-
tion is the external surface adsorption or instantaneous adsorption
stage. The second subdued portion is the gradual adsorption stage,
where intraparticle diffusion is rate-controlled. Thus, combination
of mechanisms was involved in the adsorption of MB and MV dyes
on PG adsorbent.

4.4. Adsorption isotherms

Fig. 4 shows the equilibrium isotherms for the adsorptions of
MB and MV. The Freundlich isotherm model can be used to describe
a heterogeneous system. The value of InQ, against InCe according
to the experimental isotherm data is shown in the inset of Fig. 4.
Table 2 shows the calculated values of isotherm model’s parame-
ters. The corresponding R? for adsorption of MB and MV are 0.895
and 0.898, respectively. According to Langmuir isotherm model, it
assumes that the adsorption occurs at a specific homogenous site
within adsorbent, all sites are equivalent and there are no interac-
tions between adsorbate molecules. The plots of Ce/Q, versus Ce in
the inset of Fig. 4 present straight lines with correlation coefficients
for MB and MV are 0.978 and 0.965, respectively. Compared with
Freundlich isotherm, the Langmuir isotherm better represents the
equilibrium adsorption of MB or MV on PG, suggesting that the
adsorption process is the monolayer coverage of the dye on the
surface of PG adsorbent.

Meanwhile, the values of dimensionless constant separation
factor (Ry) calculated from the Langmuir adsorption constant are in
the range of 0.17-0.86 and 0.22-0.89 (Table 2), respectively, indi-
cating that the adsorption is a favorable process. In addition, the
mean free energy of adsorption (E) values according to the D-R

model are 9.13 and 8.78 k] mol~! for adsorption of MB and MV,
respectively, which indicates that chemical-adsorption is the major
process involved in the adsorption of MB and MV on PG particles.

The Qmax values of MB (298 mgg~1) and MV (277mgg-') on
PG according to Langmuir isotherm model were compared with
those of other bioadsorbents (see Table 3). It can be seen from
Table 3 that the Qmax value of PG is much higher than those of other
adsorbents such as castor seed shell (159mgg~! for MB), peanut
hull (68mgg-! for MB), rice husk (41mgg-! for MB), peanut
straw char (256 mgg~! for MV), sunflower seed hull (93 mgg-!
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Fig. 4. Adsorption isotherms for the adsorption of MB and MV on PG at pH 7.0 and
25°C. The insets: the values of InQ. against InC, based on the Freundlich isotherm
model (left) and the linear dependence of C./Q. on C. based on the Langmuir
isotherm model (right).
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Table 2
Adsorption parameters of isotherm for the adsorption of MB or MV on PG adsorbent.
Freundlich isotherm Langmuir isotherm
K br R? Qmax Ky R? RL
MB 6.05 0.625 0.895 298 0.007 0.978 0.17-0.86
MV 4.57 0.636 0.889 277 0.006 0.965 0.22-0.89
Table 3
Comparison of the maximum monolayer adsorption of MB and MV onto various bioadsorbents.
Dye Adsorbent Qmax (Mgg) Reference
MB Castor seed shell 159 Oladoja et al. (2008)
MB Pineapple stem 119 Hameed, Krishni, Sata (2009)
MB Coffee husks 90 Oliveira, Franca, Alves, and Rocha (2008)
MB Peanut hull 68 Gong et al. (2005)
MB Rice husk 41 Vadivelan and Kumar (2005)
MB Banana peel 21 Annadurai et al. (2002)
MB Wheat shell 17 Bulut and Aydin (2006)
MB Peach gum 298 This study
MV Peanut straw char 256 Xu, Xiao, Yuan, and Zhao (2011)
MV Soybean straw char 178 Xuetal. (2011)
MV Rice hull char 123 Xuetal. (2011)
MV Sunflower seed hull 93 Hameed (2008)
MV Mansonia wood sawdust 16 Ofomaja and Ho (2008)
MV Banana pith 12 Annadurai et al. (2002)
MV Cellulose-based waste 11 Annadurai et al. (2002)
MV Peach gum 277 This study
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Fig. 5. (a). Absorption spectra of the mixed solution of MB and MO (0.5 mM) before and after adsorption by PG. Inset of (a): photograph of mixed solution of MB and MO
before (left) and after (right) adsorption on PG. (b) Effect of pH on the adsorption of MB and MV by PG at 25 °C. (c) Effect of ionic strength on the adsorption of MB and MV
by PG at pH 7.0 and 25 °C. (d) Removal efficiency of PG in five successive cycles of desorption-adsorption compared with the original adsorption capacity.
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for MV), Mansonia wood sawdust (16 mgg~! for MV), banana pith
(12mgg-! for MV), and so on. Thus, PG is a promising adsorbent
for the removal of cationic dyes from wastewaters.

4.5. Selective adsorption

In practical applications, it is very important to separation of
specific dye from a mixed solution. Owing to the negative surface
of the PG particles over a wide range of pH values, it is possible
to selective adsorption of cationic dye from the mixture of dyes.
As can be seen in Fig. 5a, the mixture of MB and MO shows two
obvious characteristic absorption peaks at 662 nm and 463 nm in
the UV-vis absorption spectra, respectively. After the addition of
PG, the intensity of peak at 662 nm decreased significantly while
no obvious decrease at 463 nm was observed, demonstrated the
high selectivity of PG for the adsorption of cationic dye. The high
selectivity is possibly due to the fact that the electrostatic attraction
between PG and dyes is the main driving force for the adsorption
process.

4.6. Influence of pH and ionic strength

Solution pH can affect aqueous chemistry and surface binding
sites of the ionic-type adsorbents. To gain further insight into the
adsorption process, the effect of initial pH on the adsorption per-
formance of PG was studied from pH 3 to 10 at 25°C, initial dye
concentration of 0.2 mM, adsorbent does of 2 mg mL~! and contact
time of 2 h. Fig. 5b shows the adsorption capacities of PG for MB
and MV at diverse pH values. With increasing pH from 3 to 10, the
adsorption capacities of PG for both MB and MV gradually increase.
This is attributed to the fact that the variation of pH can influence
the surface charges of PG and the degree of ionization of the dyes.
The PG adsorbent is negatively charged in solution due to the pres-
ence of numerous carboxylic groups. The decrease of adsorption
capacity at very low pH is possibly caused by the protons compe-
tition with dye molecules for the available adsorption sites. As the
pH increases, the electrostatic attraction between the negatively
charged surface of PG and cationic MB or MV molecule enhances,
resulting in an increase of adsorption capacity of PG adsorbent.

The influence of ionic strength on the adsorption is shown in
Fig. 5c. With increasing the concentration of NaCl, the adsorp-
tion capacities for MB and MV firstly decrease and then increase.
Generally, when the electrostatic force between the adsorbent sur-
face and dye was attractive, an increase in ionic strength will
decrease the adsorption capacity. The increase in dye removal at
high concentration of NaCl (e.g., >1.5M) is caused by an increase
in dimerization of dyes in solution, which has been extensively
studied by Alberghina, Bianchini, Fichera, & Fisichella, 2000. It has
been reported that the high adsorption capacity of dyes under high
concentration of NaCl can be attributed to the aggregation of dye
molecules induced by the action of saltions, i.e., salt ions force dyes
to aggregate, enhancing the extent of adsorption on adsorbent.

4.7. Regeneration study

For real applications, the regeneration capability of the adsor-
bent is very important since the dyes can be recovered and the
adsorbent can be regenerated for next applications. An excellent
adsorbent should not only possess high adsorption capacity, but
also high desorption capability in order to significantly reduce the
overall cost of the adsorbent. In this work, desorption experiments
were conducted in HCl solution (0.05 M) for MB- and MV-adsorbed
PG. After desorption, the regenerated PG was reused. Five cycles of
desorption-adsorption were performed (Fig. 5d). The regeneration
results showed that the adsorption capacity decreased not more

than 10% after five cycles of desorption-adsorption compared with
the original adsorption capacity.

5. Conclusions

In conclusion, the use of PG as adsorbent for the removal of dyes
from aqueous solutions was investigated for the first time. The PG
exhibited extraordinary adsorption capacities and high selectivity
for cationic dyes such as MB and MV due to the strong electro-
static attraction between its negatively charged carboxylic groups
and the positively charged functional groups of dyes. The adsorp-
tion rate is fast within 30 min to attain adsorption equilibrium. The
adsorption kinetics and isotherms studies demonstrated that the
adsorption processes can be well fitted by the pseudo-second-order
kinetics and Langmuir isotherm model, respectively. The favorable
pH range is 6-10 for adsorption on PG. With increasing the concen-
tration of NaCl, the adsorption capacity of PG firstly decreases and
then increases. The PG can be regenerated and used repeatedly. The
experimental results imply that the PG may be used as a low cost
and promising adsorbent for the efficient removal of cationic dyes
from dyeing effluents.
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