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ABSTRACT

Giombo persimmon seeds (GPS) (Diospyrus kaki L) were used as a novel low-cost adsorbent
for the removal of Toluidine Blue dye (TB) from aqueous solution by batch contact adsorp-
tion mode at 25°C. The GPS adsorbent was characterized by specific surface area (Bru-
nauer-Emmett-Teller), scanning electron microscopy, infrared spectroscopy (ATR-FTIR),
thermal analysis, point of zero charge, and Boehm titration techniques. The effects of initial
pH of solution, adsorbent dosage, contact time, and initial dye concentration on TB
adsorption were investigated. Kinetic data were evaluated by pseudo-first-order, pseudo-
second-order, and Elovich models. The equilibrium adsorption was analyzed by Langmuir,
Freundlich, and Sips isotherms models. Desorption studies were also performed. The results
indicated that the Elovich model agreed very well with the kinetic data. The equilibrium
data of adsorption of TB onto GPS were better fitted using Sips isotherm. The maximum
adsorption capacity was 34.73 mg gfl. Good regeneration (93.5%) of GPS adsorbent was
obtained using 2.00 mol L™' CH3COOH as eluent. The GPS adsorbent can be used in the
future as an alternative low-cost adsorbent for the treatment of waters contaminated with
TB dye.
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1. Introduction

The deleterious effects of dyes and pigments on
ecosystems and on human health are well known.
Many of these organic compounds are commonly toxic
and even carcinogenic representing a great threat to
life [1-3]. The presence of these dyes in water can

*Corresponding author.

affect the photosynthesis, reducing significantly water
qualities [4]. The biggest problem to remove dyes from
aqueous media is their stability, high solubility, and
low degradability [5]. For these reasons, several studies
have been conducted to eliminate color from wastewa-
ter using various methods. Among the existing meth-
ods for the dye removal from aqueous media,
adsorption has been widely used, since it presents
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several operational advantages [6,7]. Activated carbon
is the most commonly used adsorbent [8] and has been
employed with great success, especially because its
capacity to adsorb a very wide range of dyes with high
adsorption capacity [9]. However, activated carbon is
expensive with high regeneration costs, hindering its
application specially when used at large quantities
[10]. Nowadays, in order to decrease the cost of
wastewater treatment, a large variety of low cost
adsorbents have been prepared and their adsorptive
capacities investigated under different experimental
conditions [11,12]. Several alternative low-cost adsor-
bents, including waste agricultural and forestry materi-
als have been used with success on color removal from
aqueous solution [13-16]. Nevertheless, studies involv-
ing the use of Giombo persimmon seed for the dye
removal from aqueous are still very scarce.

In the present investigation, Giombo persimmon
seeds (GPS) (Diospyrus kaki L) were prepared, charac-
terized, and used for the first time as an alternative
low-cost adsorbent for the removal of Toluidine Blue
(TB) from aqueous solutions. TB, a phenothiazine dye,
was chosen for this investigation because it is widely
used in several fields such as textile industry, biotech-
nology, and medicine science [17]. Thus, large quanti-
ties of colored effluents containing TB dye are
generated annually and these effluents must be treated.

The persimmon tree is grown mainly in the south
and southeast of Brazil country [18,19]. It is a fruit
with spherical shapes, slightly flattened, and can be of
several colorations (yellow, dark purple light, purple
dark light yellow, orange or red) and, its seeds are
flattened and brown coloration. Persimmon ‘Giombo’
belongs to the variable group, which has clear and
astringent pulp, when the parthenocarpic fruit devel-
opment occurs, and no astringent and dark pulp in
the presence of seeds. Persimmon production in Brazil
is intended almost entirely for the consumption of
fresh fruit and after the consumption of fruit, the
seeds are discarded.

The goal of this work was to investigate the
adsorption of TB dye from aqueous solutions on GPS
under various adsorption conditions. Characterization
studies of GPS adsorbent, such as, specific surface area
(Brunauer-Emmett-Teller (BET)), scanning electron
microscopy (SEM), thermal analysis (TA), Boehm titra-
tion, and point of zero charge (pHpzc) were per-
formed in order to determine the interactions between
TB molecules and adsorbent in the solid-liquid inter-
face. The effects of pH of solution, adsorbent dosage,
initial dye concentration, and contact time were inves-
tigated using batch adsorption procedure at 25.0°C.
Equilibrium isotherm and kinetic data were fitted with
adequate models, using nonlinear regression analysis.
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2. Materials and methods
2.1. Reagents and solutions

TB cationic dye (C.I. number 52040; Basic Blue 17;
empirical formula C;5H;6N3SCl, molecular weight
305.8 g mol ') was obtained from Sigma Chemical Co.,
USA, with analytical grade. The TB chemical structure
is presented in Fig. 1. The salts NaCl, Na,CO;, CaCl,,
Mg,S0,, KC1, (NH4),HPO,, and CH;COOH were pur-
chased from Synth Brazil. The sodium hydroxide
(NaOH), hydrochloride acid (HCI) used were from
Merck Ltda., Brazil.

The TB stock solution was prepared by dissolving
accurately the weighed dye in deionized water to
obtain the concentration of 1,000.0 mg L™". Working
solutions were obtained by diluting the dye stock
solution to the required concentrations. Deionized
water was used throughout for solution preparations.
The initial pH of each solution was adjusted with
0.10 mol L™" NaOH or HCI solutions using a pH-meter
(Digimed, DM 20, Brazil) for the measurements.

2.2. Adsorbent preparation

GPS was obtained at local market. The seeds were
removed manually from fresh fruit and washed with
distilled water to remove dust and other impurities.
Afterwards, the seeds were dried at 60.0°C for 24 h
(Sterilifer, SX450A, Brazil), crushed in a mill (Quimis,
Q298A21, Brazil) and sieved through a 250 um sieve.
Subsequently, the seeds were washed with doubly dis-
tilled water and then oven dried at 60.0°C for 48 h
(Sterilifer, SX450A, Brazil). The powdered seeds
obtained were then named as GPS [20].

(A) Cr

- N*\ S NH,
N

Fig. 1. TB dye: (A) chemical structure and (B) three-
dimensional formula.
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2.3. Characterization of GPS adsorbent

The specific surface area and porosity of GPS were
determined by the BET and Barrett-Joyner-Halenda
(BJH) methods by the N, adsorption technique using a
surface area analyzer (Quantasorb, QS-7, USA). The
GPS was previously degassed at 120.0°C in vacuum
for 12 h. N, analysis was carried out using a tempera-
ture of —196.0°C [21].

The point zero charge (pH,,.) of the GPS was
determined by variations of pH solution when in con-
tact with the solid adsorbent using the following pro-
cedure: 50.0 mL of 0.10 mol L™' NaCl solution was
placed in a closed 100.0 mL capped Erlenmeyer flask.
The pH of each solution was adjusted to values of
2.0-10.0 using 0.1 mol L™" HCI or NaOH. An amount
of 0.200 g of GPS was added to the flask and the final
pH (pHy) was measured after 48 h under stirring at
25.0°C. The pH,,. is the point where the curve pH
final (pHp) vs. initial pH (pH;) crosses the line and
equals to final pH (pHjy) [22].

The concentrations of acid groups (carboxylic, phe-
nol and lactonic) present onto GPS were determined
by the Boehm titration method [23]. Analyses of mois-
ture, ashes, and specific density were carried out
according to the methodology of Association Official
of Analytical Chemistry [24].

The investigation of surface structure and mor-
phology of native GPS and dye-loaded GPS adsorbent
was made by SEM (Jeol, JSM 5800, Japan) with work-
ing voltage of 10 kV at magnification 2,500 times [25].

The superficial chemical groups of GPS were iden-
tified by (FTIR-ATR) spectroscopy (Shimadzu, 8300,
Japan). The spectra were obtained with a resolution of
4 cm™" with 100 cumulative scans over the range of
4,000-1,000 cm™" [26].

Thermogravimetric (TG) curve of GPS was carried
out using a thermogravimetric analyzer TGA
(Q5000IR, TA instrument, USA) under experimental
conditions: initial temperature 50°C; final temperature
700.0°C; heating rate: 10°C min~ L and nitrogen flow
rate 25.0 mL min "' [20].

2.4. Batch adsorption and desorption experiments

The effects of initial pH of dye solution, adsorbent
dosage, contact time between the adsorbent and dye
and initial dye concentration on TB adsorption by GPS
were studied using batch adsorption method at 25°C.
These experiments were performed with 50.0 mL of
TB solution (initial concentration 50.0 mg L™"), at dif-
ferent contact times (5.0-300.0 min), adsorbent dosage
(0.2-1.2g/50.0 mL), and pH values (2.0-10.0). For
adsorption equilibrium studies, 0.4 g adsorbent was
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placed in a series of conical flasks (125.0 mL) each one
containing 50.0 mL of different initial dye concentra-
tions (1.0-1,000.0 mg L™") at pH 8.0. The conical flasks
were shaken in a rotary orbital shaker at 150.0 rpm for
180.0 min (Quimis, G225 M, Brazil). The adsorbent
was separated from the liquid phase by centrifugation
(Quimis, Q222T216, Brazil) and the remaining dye in
the solution was then determined using a UV-vis
spectrophotometer (Varian, Cary 50 Bio, USA) with
1.0 cm path length cell at 630.0 nm. The experiments
were carried out in replicate (n = 3) and blanks were
performed. The amount of dye adsorbed per gram of
adsorbate at equilibrium (q.) at any time (g¢) and the
dye removal percentage (R%) was obtained by the
Egs. (1)-(3) [27,28], respectively:

qe:%V (1)
Co—C

g=—""V @

R = S0 =Ceqpg @)
Co

where Cy is the initial TB concentration (mg L™, C.is
the equilibrium TB concentration (mgL™"), C; is the
TB concentration at any time (mgL™'), m is the
adsorbent amount (g), and V is the volume of dye
solution (L).

Batch desorption studies were carried with goal to
restore the adsorbent, using CH;COOH, as the eluent.
For this propose, 04 g of dye-loaded adsorbent
obtained from more adequate adsorption conditions
(T =25°C, adsorbent dosage = 0.4 g/50.0 mL and con-
tact time = 180.0 min) was mixed with 50.0 mL of
0.05-2.00 mol L™ CH3COOH solution in Erlenmeyer
flasks, the mixture was agitated with help of rotator
shaker at 150.0 rpm for 180.0 min to reach equilibrium.
Afterward, the samples were centrifuged at
5000.0 rpm for 15.0min, the dye concentration
released on the desorbing solution was determined at
the maximum wavelength of TB dye (630.0 nm).

2.5. Kinetic and equilibrium models

To study the kinetics of adsorption of TB on the
GPS, three different kinetic models, namely pseudo-
first-order [29], pseudo-second-order [30], and Elovich
[31] were employed.

The non-linear form of the pseudo-first-order rate
equation is given as:
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9, =49, [1 —exp(—ket)] 4)

where g. and g, are the amounts of TB adsorbed
(mg g™") at equilibrium and at a predetermined time
(1), respectively, and k; (min~") is the rate constant of
this equation. The values of pseudo-first-order rate
constants, k¢, and g, values are listed in Table 1.

The non-linear form of the pseudo-second-order
rate equation is expressed as:

ksq?t

T 1+ qkt ©)

qt

where k, (gmg ' min ") is the pseudo-second-order
rate constant. The values of g., ks and h obtained from
this rate model are given in Table 1.

The Elovich model has been widely used in
adsorption kinetics to describe chemical adsorption
mechanism because it is based on a general second-
order reaction mechanism for heterogeneous adsorp-

tion processes.

The non-linear form of the Elovich equation is

expressed as:

6 == (2f) +%<t>

I -

Table 1

(6)

Kinetic parameters for TB adsorption by GPS at more

adequate conditions
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where a (mg g ' min™') is the initial adsorption rate
and g (gmg ") is desorption constant. The kinetic
parameters are summarized in Table 1.

To study the equilibrium isotherms of TB dye onto
GPS adsorbent, the Langmuir [32], Freundlich [33],
and Sips [34] isotherm models were used.

The non-linear form of the Langmuir equation is
given as:

Qmax KL Ce
9e=71 1 K C. @)
where C. is the concentration of TB in solution at
equilibrium (mgL™), g. is the adsorption capacity at
equilibrium (mg g_l). The Langmuir isotherm implies
a monolayer adsorption on the homogeneous surface.
The Langmuir constant, Qmax (Mg g_l) is related to the
maximum adsorption capacity (mgg™') of the adsor-
bent and Kj is the Langmuir equilibrium constant
(L mg ™). The maximum adsorption capacity (Qmay) of
the GPS for TB was 54.54 mg g ' (Table 2).

A non-linear form of Freundlich equation is:

g = KeCl/™ ®

where Kg (L g7") is the Freundlich constant related to
the adsorption capacity and 1/n measures the surface
heterogeneity. The Freundlich equation is an empirical

1 Table 2

Comg L) Isotherm parameters and error analysis, )f for TB adsorp-
Model 20.00 50.00 tion by GPS at optimal adsorption conditions
Pseudo-first-order Parameters Langmuir p:a]rameters
k¢ (min™") 0.030  0.002 0248001  Qumax (Mg g ) 54.54 = 0.201
de (mg g™ 2.25+0.121 5200050 Ko (Lmg) 0.004
R? 0.865 0.690 R 0.994
7 1.81x 107! 283x1070 X 0.06
Pseudo-second-order Parameters Freundlic_}]\ param_ez]tez_r]s/
ks (g mg ™" min™") 0.019 = 0.002 0.090 + 0.003 Kr(mgg (mgL ) "™) 0.568
e (mg g™ 2.46 + 0.230 5370121 1.392
ho (mg g~ min™") 20 18 Rz 0.985
R? 0.925 0.911 x 0.11
e 50%1072 4.1 x 1072

Sips parameters

Elovich model Parameters Qmax (mg75% 711)/ 34.73 + 1.023
a (mg g ' min™") 0.454 2.944 Ks (mg L) 0.0016
B (gmg™ 2.428 14,856.521 N, 0.719
R? 0.959 0.940 R 0.997
s 1.62x 1072 104x102 X | 0.03
Jeexp (Mg g™ 2.34 +0.184 545+ 0254  Jeexp (M) 24.90 + 1.765
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model, which considers that the adsorption occurs on
a heterogeneous surface and the active sites have
different energies.

The Sips model is expressed as:

_ QsksC"

— =sfste )
1+ KsC/"

e

where Ks (L mg™") represents the equilibrium constant
of the Sips equation and Qs (mg g™ ') is the maximum
adsorption capacity.

The kinetic and equilibrium parameters were
determined by the fit of the models (Table 1) with the
experimental data through nonlinear regression using
the Quasi-Newton estimation method. Statistic 9.1
software (Statsoft, USA) was used for the calculations.
The accuracy of the parameters was measured
through the determination coefficient (R®) and
Chi-square test (%) [35].

2.6. Applications of GPS adsorbent on simulated effluent

In order to verify real possibility of applying the
GPS adsorbent for the TB removal, a simulated efflu-
ent contend organic and inorganic species commonly
present in wastewater was prepared. The effluent was
prepared as previously described [36]. The simulated
river effluent (pH of 6.0) contains the following sub-
stances: CaCl, (294.0 mgL™"), NaCl (216.1 mgL™),
Mg,SO, (86.2mgL™"), KCI (97mgL™"), and
(NH4),HPO, (7.3 mg LY. The removal of TB from the
simulated effluent proceeded as follows: 0.4 g of GPS
adsorbent was placed into conic flask containing
50.0 mL of the simulated effluents in the presence of
200mgL™" of TB. The mixture was stirred at
150.0 rpm for 180 min. Then, the solid phase was sep-
arated by centrifugation and the TB concentration on
supernatant was determined.

3. Results and discussion
3.1. General characteristics of GPS

The GPS is dark brown in coloration, have high
hardness, and varied sizes. The results of analysis of
specific density (g cm 2, 25.0°C), moisture (% w.b.),
and ash (%) of GPS found were: 0.82 = 0.10, 3.9 + 0.04,
and 2.31 + 0.20, respectively.

The specific surface area and pore structure of GPS
were obtained by N, adsorption/desorption isotherm.
The specific surface area of GPS (obtained by BET
method) was 8.03 = 0.06 m* g~". The total pore volume
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was found to be 0.087 +0.011 cm® g™'. Commonly,
materials of biological origin have low values of sur-
face area [37,38]. The average pore diameter (found by
BJH method) for GPS was 2.330 nm (23.30 A). There-
fore, the GPS adsorbent could be considered a mixture
of micropores and mesopores [39].

The oxygen functional groups (carboxylic, carbonyl
and phenolic) of the surface of GPS were investigated
by the Boehm titration method [23]. The aim of this
study was to investigate quantitatively the existence of
oxygenated groups that can assist on the TB adsorp-
tion onto GPS. Based on quantitative analysis, the con-
centration of oxygenated groups on GPS surface was:
1.5+ 021 mmolg ' of carboxylic groups, 0.96
+0.03mmolg' of lactonic groups, and 0.26
+ 0.02 mmol g~ of phenolic groups.

The determination of the pHzpc of adsorbent is
very important for adsorption applications where tar-
get adsorbate has anionic or cationic state. When the
solution pH is greater than pHzpc, its full load or
external surface is negatively charged and the adsorp-
tion of cations is favored due to electrostatic attraction.
On the other hand, pHs lower than the pHgzpc, the
charge on the adsorbent surface is predominantly pos-
itive, so favoring the adsorption of anions [40]. The
pHzpc of GPS found was 6.7 (figure not shown).

3.2. SEM images

The surface feature and morphological characteris-
tics of native and loaded GPS adsorbent were investi-
gated using the SEM technique and showed in
Fig. 2(a) and (b), respectively. As seen from Fig. 2(a),
(native GPS) it is possible clearly to observe that
adsorbent has an irregular and non-compacted surface
with cavities and protuberances throughout its length.
The Fig. 2(b) shows the SEM image of GPS after TB
adsorption. Comparing the SEM images of native
(Fig. 2(a)) and loaded adsorbent (Fig. 2(a)) is possible
to observe morphological changes onto the GPS sur-
face. Fig. 2(a) shows that after TB molecules adsorp-
tion, the GPS appears to have a compacted surface,
with cavities and protuberances were completely
filled. The results obtained by SEM suggest the depo-
sition of dyes molecules on adsorbent structure and
thus, the occurrence of adsorption process between TB
and GPS. This result is supported considering the
average pore size found by the method BJH (23.30 A)
and the longitudinal size of TB (13.03 A) is shown in
Fig. 1(B). A similar effect was reported by Han et al.
[41] using lotus leaf for the removal of methylene blue
and by Bhatti [42] for adsorption of Everdirect
Orange-3GL and Direct Blue—67 dyes on rice husk.



M.S. Bretanha et al. | Desalination and Water Treatment 57 (2016) 2847428485

Fig. 2. SEM images of GPS (a) native and (b) loaded TB-GPS adsorbent.

3.3. ATR-FTIR spectroscopy

The infrared spectrums of GPS adsorbent before
and after adsorption of TB are presented in Fig. 3(A)
and (B), respectively. As shown in Fig. 3(A), the spec-
trum of unloaded GPS shows bands at 3,285 cm ™%, rel-
ative to the stretch vibration of OH group [41]. The
absorption band at 2,921 cm™' was due to asymmetri-
cal stretch vibration of -CHj; groups on adsorbent sur-
face [43]. The small band at 2,855 cm ™' is assigned for
symmetric stretching vibrations of -CH group [41].
The band at 1,745cm ' is characteristic of C=0O
stretching [44] of ketones, aldehydes. The band at
1,602 cm™" was attributed to stretch vibration of
COOH from carboxylic acid with intermolecular
hydrogen bond [45]. The band at 1,522 cm™! can be
assigned C=C to aromatic rings [46]. The band at
1,433 cm ™" is due to the symmetric bending of CHs;
[45]. The bands at 1,379 and 1,260 could be assigned
to a bending of C-H group [47]. The band at
1,150 cm ™! could be due to the C-O stretching [44].
The Fig. 3(B) shows the spectrum of loaded TB-GPS
adsorbent. As shown in Fig. 3(B), after TB adsorption
it is possible to verify some changes on the native
spectrum of GPS. When the dye is adsorbed on GPS
surface, some adsorption bands were shifted: at
1,739 cm™ ! (C=0) appears at 1,745 cm !, the band
1,602 cm ! (C-O) was shifted to 1,612 cm !, and the
band 1,522 cm ™" (aromatic ring) appears at 1,532 cm™ .
The band 1,379 cm™ ' (OH) was shifted to 1,369 cm™ .
These changes on spectral behavior after TB adsorp-
tion suggest that the functional groups such as CO,
COOH and OH are involved in interaction between
TB molecules and GPS adsorbent. These results are
concordance with results obtained by Saha et al. [45].
The results obtained by Boehm tritation analysis (see
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Fig. 3. ATR-FTIR spectra of GPS: (A) before TB adsorption
and (B) after TB incorporation.

Section 3.1) confirm the existence of hydroxyl, car-
bonyl, and carboxyl groups on the surface of GPS
adsorbent.
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3.4. Interactions of TB-GPS under basic media by FTIR—
ATR technique

The results obtained on FTIR-ATR spectra of GPS
before and after TB adsorption at pH 8.0 (Fig. 3(A)
and (B)) show the involvement of OH, CO, and
COOH groups on TB adsorption. Basic conditions
implied that the OH and COOH groups change to
become its deprotonated form (O, and COO).
Accordingly, basic conditions, the hydroxyl and car-
boxyl groups are deprotonated so, this means that the
GPS surface is negatively charged (pH,p.=6.7) and
positively charged dyes molecules can interact
strongly with CO™, and COO™ as well as C=O groups
present onto adsorbent. Thus, electrostatic interaction
or covalent binding between deprotonated groups on
GPS surface and cationic dye (see Fig. 1) from aque-
ous solution could have occurred. Similar results were
obtained by Saeed et al, using grapefruit peel as
adsorbent for cationic dyes [48].

3.5. TA of GPS

The thermal behavior of GPS adsorbent was inves-
tigated by the TG technique. The TG curve of GPS
adsorbent was made in N, atmosphere and is pre-
sented in Fig. 4. In Fig. 4 are observed different weight
losses regions of GPS with an increase in the tempera-
ture. The initial weight loss (60-150.0°C) was attribu-
ted to the desorption of water molecules from the
surface and pores of GPS [49]. The second stage the
weight loss occurred between 270 and 400°C. The sec-
ond weight loss (55%) between 270.0 and 400.0°C
could be ascribed to the thermal degradation of hemi-
celluloses, lignin, and cellulose [49]. The weight loss
above 400.0°C was attributed to carbonization of GPS.

3.6. Effect of adsorbent mass and pH

The effect of GPS mass on TB adsorption was
investigated. The amount of adsorbent is a very
important parameter to be considered in the adsorp-
tion process. The adsorption efficiency and operating
costs depend strongly on the amount of adsorbent
employed. When the adsorbent is used in smaller
amounts than ideal, the adsorption efficiency
decreases and when used in amount above the ideal,
the operating costs increasing significantly. Thus,
know the ideal amount of adsorbent to obtain maxi-
mum efficiency with low cost is interesting. The
dependency of adsorption efficiency of TB on GPS
was investigated by varying amount GPS from 0.1 to
1.2 g and while keeping the parameters such as pH,
initial dye concentration (50.0 mg LY, and contact
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weight loss (%)
g
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Temperature ("C)

Fig. 4. TG curve of GPS adsorbent

time (180 min). In Fig. 5(A) are presented the values
of g. (mg g ") and the removal of percentage (R%) of
dye at different GPS dosages. Fig. 5(A) shows that
when the amount of GPS was increased 0.1-0.4 g, the
(R%) increased from 58.3 to 91.7%. This increase on
the removal is attributed to the increase in amount
surface area and vacant binding sites [50]. For adsor-
bent doses from 0.4 to 1.2 g, the (%R) was constant.
This result is due to the aggregation of adsorbent par-
ticles at a fixed volume solution [51,52]. As shown in
Fig. 5(A), () decreased with an increase in the adsor-
bent dosage, an opposite behavior of (R%). With an
increase in the adsorbent dosage 0.1-1.2 g, the g,
decreased from 4.80 to 4.18 (about 15.0%). This
decrease is due to the adsorption competition among
adsorbent and the split in the concentration gradient.
At 0.4 g of GPS adsorbent, the R% and g, were 91.7%
and 4.75 mg g~ respectively. Thus, adsorbent mass of
0.4 g/50.0 mL was chosen to ideal for subsequently
adsorption experiments.

Fig. 5(B) shows the effect of pH solution on
adsorption capacity. It was found that when the pH
values increased from 2.0 to 8.0, the g, increased from
247 to 535 mgg '. For pH values above 8.0, the g,
values decreased. These results show that the better
pH value for TB adsorption on GPS is 8.0. The pHzpc
of GPS can be help to elucidate this dependency
between pH and g, values. Considering that pHzpc of
GPS is 6.7 and, that TB is a cationic dye, at pH values
lower than 6.7 the surface of GPS is positively charged
and electrostatic repulsion occurs, consequently, lower
adsorption occurred. Similar observation has been
reported by El-Sayed [53] in the removal of cationic
dye by palm kernel fiber and Lakshmi [54] using rice
husk ash for the removal of indigo carmine blue.
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Fig. 5. Effect of (A) adsorbent mass and (B) pH on the
adsorption of TB by GPS (Co=50.00mgL™" and
T =25.00).

3.7. Effects of contact time and dye concentration

The data of g; vs. t for two initial dye concentra-
tions (20.0 and 50.0 mg L™') are shown in Fig. 6(A).
Fig. 6(A) shows the dependency of adsorption capac-
ity with contact time. The amount of TB adsorbed on
GPS increased with time and later remained constant.
At the first 120.0 min, the kinetic was faster and after
the adsorption rate decreased and the equilibrium was
reached in 180.0 min. This behavior can be explained
considering that at initial adsorption stages there is
large surface area and an abundant availability of
active sites on GPS for to bind the dye molecules from
solution facilitating the adsorption rate [45,55]. Above
180.0 min, the kinetic adsorption was slower and the
amount of adsorbed TB did not significantly changed
with time. This behavior can be explained considering
that, with an increase in the time, a gradual saturation
of active sites on GPS surface responsible for to bind
TB molecules occurs, consequently, the adsorption
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remains constant. Based on these results, the time cho-
sen for TB adsorption on GPS was 180.0 min. Fig. 6(B)
shows that an increase from 20.0 to 50.0 mg L™" in TB
concentration increased the adsorption capacity from
2.34 to 5.44 mg g~ '. This result could be attributed to
the driving force that overcomes the mass transfer
resistance [56].

3.8. Kinetic studies

The kinetic study was performed by the fit of
pseudo-first-order, pseudo-second-order, and Elovich
model with the experimental data. The Fig. 6(B) and
(C) shows the fit of kinetic models for TB adsorption
on GPS at initial dye concentrations of 20.0 and
50.0 mg L', respectively. The high values of R* and
the low values of y* (Table 1) show that the Elovich
model was the more adequate to represent the adsorp-
tion kinetics of TB onto GPS. This result indicates that
exist heterogeneous active sites for TB adsorption on
GPS adsorbent [57].

3.9. Equilibrium study

The equilibrium study was performed by the fit of
Langmuir, Freundlich, and Sips models with the
experimental data. The equilibrium experimental
curve was obtained in the following conditions:
25.0°C, pH of 8.0, contact time 180.0 min, and adsor-
bent dosage 0.4 g/50.0 mL. The initial TB concentra-
tion ranged from 1.0 to 500.0mg L™'. The Sips
isotherm model is characterized by the heterogeneity
factor, n, and specifically when n =1, the Sips iso-
therm equation reduces to the Langmuir equation and
it implies a homogeneous adsorption process. The
maximum adsorption capacity (g.) of the GPS
obtained from the Sips isotherm was 34.73 mgg™"
(Table 2). The isotherm parameters, Rz, and )(2 are
presented in Table 2 and the experimental fitted curve
is presented in Fig. 7. The Fig. 7 shows that both
Langmuir and Sips isotherm models adequately
describe the adsorption of MB. The Sips isotherm
model presents highest values of R* and the lowest
values of x> (Table 2) when compared with the Lang-
muir isotherm model. The experimental data obtained
did not agree with the Freundlich isotherm model.
These results indicated that Sips model is more
adequate to represent the adsorption equilibrium of
TB onto GPS.

The maximum adsorption capacity from the Sips
model (Qs) was 34.73 mg g '. This value was com-
pared with other adsorbents used to remove TB from
aqueous solutions (Table 3). The comparison shows
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that GPS is a competitive low-cost adsorbent that in
the future can be used for the removal of TB dye from
wastewater.
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Fig. 7. Equilibrium isotherm for the adsorption of TB by
GPS (T =25.0°C, adsorbent mass = 0.4 g/50.0 mL, pH 8.0,
contact time = 180.0 min).

3.10. Batch desorption experiments

Desorption studies were conducted to investigate
the possibility of recovery of adsorbent. The results of
TB desorption onto GPS adsorbent as a function of
eluent (CH;COOH) concentration (0.1-2.0 mol L) are
shown in Fig. 8. Examining the Fig. 8, it is possible to
verify that the desorption percentage increased with
increasing concentrations of eluent. The more ade-
quate desorption condition was obtained with
20mol L' of CH;COOH, where 93.6% of TB was
desorbed. The explanation for these results is that
with an increase in the concentration of CH;COOH,
an increase in the hydrogen ions concentration on
solution occurs. This increase in hydrogen ions solu-
tion lead to increase in the exchange of hydrogen ions
presents in solution by dye molecules adsorbed onto
adsorbent and consequently the desorption rate
increase.

Considering that the desorption of TB on GPS
occurred in acid media and that adsorption in basic
media is very likely that TB adsorption onto GPS is
governed by electrostatic interactions [63].

3.11. Application of GPS for the TB removal from
simulated effluent

In order to study the applicability of GPS for the
TB removal in real conditions, simulated effluent con-
tains various compounds such as inorganic salts and
organic molecules (see Section 2.5) commonly present
in industry and environmental waters were prepared.
Several studies have demonstrated that the presence
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Table 3
Comparison of adsorption capacities (g.) of various adsorbents used for the TB removal
Adsorbent Adsorption capacity g. (mg g™") Refs.
Water-insoluble starch Sulfate 26.56 [58]
Pulp fiber 25.00 [59]
Fly ash 6.00 [60]
Gypsum 26.00 [61]
Almond shell 72.99 [62]
GPS 34.73 Present study
100 of inorganic salts and organic molecules can affect sig-

Desorption percentage (%)
3

000 025 050 075 100

Eluent concentration (mol L)

125 150 175 200

Fig. 8. Desorption data.
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Fig. 9. Visible spectra of TB simulated effluent (A) before
and (B) after treatment with GPS adsorbent. Adsorption
conditions: 20.0 mg L' TB, 04 mg GPS and 50.0 mL of
effluent. The pH value of effluent is 6.0.

nificantly the dye molecules adsorption, limiting the
potential applications of adsorbent. Fig. 9 shows the
visible spectra (from 500.0 to 750.0 nm) of untreated
and treated simulated effluent. The intensity of band
at 630.0 nm was used for to verify the dye percentage
removal. Fig. 9 shows that after the treatment with
GPS adsorbent, the bands of dye practically disap-
peared, indicating good efficiency of adsorbent for
treating effluents. The removal efficiency found was
935+ 0.9% for 200 mgL™" of dye. Considering the
amounts of inorganic salts and organic molecules pre-
sents in the simulated effluents prepared, which are
potentially able to inhibit the TB adsorption. These
results obtained are quite satisfactory indicating that
GPS is a promising adsorbent for the TB removal from
wastewater.

4. Conclusions

In this work, Giombo persimmon seed (GPS) was
prepared, characterized and tested as an alternative
low-cost adsorbent for the removal of TB from aque-
ous solutions using batch procedure at room tempera-
ture. The effects of initial pH of solution, adsorbent
dosage, contact time, and initial dye concentration
were evaluated. Kinetic and equilibrium studies were
performed. The potential of GPS to treat simulated
effluents was verified. The results obtained by ATR-
FTIR indicate that carboxyl and hydroxyl groups are
responsible to uptake TB molecules. The more ade-
quate pH for the adsorption of TB was 8.0. The equi-
librium was attained in 180.0 min of contact time
using 0.4 g/50.0 mL of adsorbent. The adsorption
kinetics of TB onto GPS can be well described by the
Elovich model. The Sips isotherm model is more
appropriate to explain the adsorption of TB on GPS.
Based on Sips isotherm model, the maximum adsorp-
tion capacity was 37.40 mg g '. Desorption studies
showed that GPS adsorbent can be regenerated (93.5
+ 0.9%) using 2.0 M CH3COOH solution as an eluent.
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Based in these results, it can be concluded that
Giombo persimmon seed (GPS) can be used as an
alternative low-cost adsorbent for the removal of TB
from aqueous media.
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