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a b s t r a c t
In this study, activated carbon biomass was prepared from pistachio hull (PiH-AC). The PiH-AC was 
used for removal of methylparaben (MP) and propylparaben (PP) from aqueous media. The biomass 
was fully characterized using Fourier transform-infrared spectroscopy, field emission- scanning 
electron microscopy, energy-dispersive X-ray spectroscopy, and Brunauer–Emmett–Teller sur-
face morphology. The important parameters including pH of the solution, adsorbent dosage, 
ionic strength, contact time, initial solution concentration, and temperature were investigated. 
Furthermore, the process was fitted with adsorption isotherms, kinetics, and thermodynamic models 
to validate and predict the adsorption nature and mechanism. The Langmuir adsorption isotherm 
and pseudo-second-order kinetic models were best fitted to the experimental data. Langmuir iso-
therm was predicted monolayer pattern for selected parabens sorption with appropriate adsorption 
capacity of 55 and 50 mg g–1 for MP and PP, respectively. The value of free energy (Ea = ~2.45 kJ mol–1) 
suggests a physisorption mechanism for selected parabens uptake onto the PiH-AC.
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1. Introduction

Parabens are formed as the result of a reaction between 
para-hydroxybenzoic acid with alkyl substituents rang-
ing from methyl to butyl or benzyl groups, hence they are 
categorized into ester group [1,2]. They are widely used 
as preservatives in cosmetics, pharmaceuticals, foodstuff, 
and also industrial products that have been used for nearly 
100 y due to their low cost, and broad spectrum of antimi-
crobial and anti-fungal properties [1,3,4]. Methylparaben 

and propylparaben are the most commonly used among the 
parabens and they often are present in the products together 
[1]. Because of their high consumption as a common pre-
servative, parabens are present in environ mental resources 
such as surface waters, soils, sediments and sludge, air, and 
dust and even have been detected in biota like fish tissue 
and also human tissue and body fluids [1,5]. Recent reports 
have indicated that extensive use of parabens may cause 
harm to human health. According to these reports, para-
bens play a role as endocrine disrupting agents, contribute 
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to breast cancer, have an effect on male’s reproductive sys-
tem, trigger early onset of puberty, and also early aging 
[1,3,5]. In this regard, European Union (EU) and also food 
and drug administration (FDA), have recommended thresh-
olds for using parabens as preservative: 0.4% for a single 
ester to be used and 0.8% for mixtures of all parabens in 
cosmetic products and also 1% in pharmaceutical products 
[1,5]. Parabens are continuously being released in urban 
wastewater at relatively high levels and despite being con-
siderably removed during conventional sewage treatments, 
they are still being detected and reported in many aqueous 
media [4,6]. The presence of these compounds in wastewa-
ter may present a risk to human health. Thus, their removal 
from the environment is of the essence [7].

Various techniques have been applied for organic pol-
lutants removal from water sources until now [8–12]. 
Methods such as photosensitized degradation [13], ozo-
nation [14], and chlorine dioxide treatment [15] provide a 
high percentage of paraben removal but unfortunately, they 
produce disinfection by-products [4]. It seems among all 
methods, adsorption is a safer way and is the most suitable 
treatment for removing parabens from water and wastewa-
ters [4,16]. It is a method that is free of harmful substances, 
environmentally friendlier, has a low initial costs, is flex-
ible, and simple in design and operation [4,8,17]. In the 
adsorption process, choosing a suitable adsorbent is one of 
the most important steps. Activated carbon (AC) is known 
as an actual effective biomass adsorbent due to its micro- 
porous nature, large surface area, variable characteristics of 
surface chemistry, and high adsorption capacity [7,18–20]. 
AC can be synthesized from a wide variety of abundant 
and cheap with high carbon content and low inorganic 
content raw materials, [19,21]. Unfortunately, commercial 
AC is usually very expensive and suffers from impurities 
[7,19]. Therefore, in recent years, researchers focused on 
the biomass activated carbon preparation method based on 
agricultural waste and lignocelluloses materials which are 
more effective and also affordable [22–24]. A wide variety 
of agricultural and industrial waste are frequently used as 
AC precursor, such as corncob [25], hazelnut husk [26], olive 
stone [27], coconut shells [28], bamboo [29], rice husk [30], 
groundnut shell [31], pistachio-nut [32], and so forth [19,33]. 
There are two different processes to prepare activated car-
bon; chemical and physical treatment. Chemical activation 
requires oxidizing agents such as ZnCl2, H3PO4, H2SO4, K2S, 
NaOH, and KOH to be impregnated into the precursor and 
be washed to produce the activated carbon [33]. Hence, 
NaOH is an appropriate oxidizing agent due to its ability 
to produce carbon with a well-developed pore structure, 
less corrosion ability, and lower cost [7].

In this work, pistachio hull is used as the biomass acti-
vated carbon precursor as it is a carbon-rich source and it is 
free of cost. Hence, the present work describes the prepa-
ration and characterization of activated carbon (PiH-AC) 
from pistachio hulls in the presence of NaOH. Besides, 
the PiH-AC application was used to improve the removal 
of methylparaben and propylparaben from aqueous solu-
tions. The main properties of the obtained PiH-AC, are 
high surface area, high porosity, possessing surface func-
tional groups, and flake-like framework with PiH porous 
architecture.

2. Experimental

2.1. Chemicals and reagents

Raw pistachios were purchased from a local market 
and their hulls were used to prepare the activated car-
bon. Sodium hydroxide (NaOH), and hydrochloric acid 
(HCl) were purchased from Merck Chemicals (Darmstadt, 
Germany). Methylparaben and propylparaben were 
bought from SolarBio Co., (Beijing, China).

2.2. Preparation of activated carbon

At first, pistachios hull were completely dried at room 
temperature and then was powdered. Ten grams of this 
powder was mixed with 3 g of NaOH in 100 mL distilled 
water and was stirred for 24 h to remove lignans. The mix-
ture was diluted and filtered via filter paper then washed 
with excess distilled water before drying in oven at 90°C. 
Thereafter, the dried powder was carbonized in a furnace 
at 410°C for 2 h. The obtained carbon was impregnated 
with NaOH solutions at a ratio of 3:1 (w/w) with 20 mL of 
distilled water and was stirred under magnetic stirring at 
120°C for 1 h to get homogenous solution. Afterward, prod-
uct was dried on heater at 140°C. Then, it was moved to the 
furnace and heated at 710°C for 2 h to complete the activa-
tion process. As the last step, AC sample was washed with 
HCl (0.01 M) and excess distilled water to be completely 
neutralize and was oven dried at 90°C for 24 h.

2.3. Apparatus

Surface morphology properties and elemental analysis 
of the raw materials and the activated carbon were inves-
tigated using a TESCAN MIRA3 (Prague, Czech Republic) 
field emission-scanning electron microscopy (FESEM) 
equipped with energy-dispersive X-ray spectroscopy (EDX). 
Specific surface area and pore diameter of the adsorbents 
were measured by the Belsorp-mini II BEL Japan Inc., 
(Osaka, Japan) under N2 adsorption at 77 K. In order to 
remove moisture, the samples were outgassed at 373 K for 
24 h. Functional groups of prepared activated carbon were 
identified by Bruker Equinox 55 Fourier transform-infra-
red spectroscopy (FT-IR) spectrometer (Bremen, Germany). 
IR spectra were recorded under transmission mode in the 
wavenumber ranged from 450 to 4,000 cm–1. Concentration 
of parabens were determined by a Rayleigh-UV 2601 spec-
trophotometer (Beijing, China) in the range from 200 to 
400 nm and lambda max (λmax) at 260 nm.

2.4. Adsorption procedure

At first, a solution of methylparaben (MP) and pro-
pylparaben (PP) in water (20 mg L–1) was prepared. Then, 
20 mg of activated carbon was added into the solution. 
Effective parameters of the adsorption performance were 
investigated by varying pH of the solution (2–10), the 
mass of activated carbon (10–100 mg), NaCl salt (0–10%, 
w/v), adsorption time (10–300 min), initial concentration 
of MP and PP (10–300 mg L–1), and solution temperature 
(25°C–50°C). After each adsorption procedure, the adsor-
bent was separated from water sample by filter paper. 
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The aliquot amount of supernatant was filtered through 
0.45 µm PTFE syringe filter and then was transferred in a 
vial for determination of the residual concentration of MP 
and PP by UV-Vis spectrophotometer. The removal effi-
ciency (R %) and equilibrium adsorption capacity (Qe) were 
calculated using Eqs. (1) and (2), respectively.

( %)R
C C
C

e=
−( )







×

0

0

100  (1)

Q V
m

C Ce e= × −( )0  (2)

where Qe is the equilibrium adsorption capacity (mg g–1), 
C0 is the initial concentration of parabens before adsorption 
(mg L–1), Ce is the concentration of parabens after adsorp-
tion in water (mg L–1), V is the aqueous solution volume (L), 
and m is the adsorbent dosage (g).

3. Results and discussion

3.1. Characterization

3.1.1. FT-IR spectroscopy

Fig. 1 shows the FT-IR spectra of the carbonized pista-
chio hull (A), and the home-made activated carbon (B). In 
Fig. 1a, the appearance of various transmittance bands in 
the wavenumber ranged from 3,370–1,124 cm–1 indicates the 
presence of functional groups in the carbonized material. 
The functional groups could be attributed to O–H stretch-
ing vibrations at 3,370 cm–1, N–H stretching vibrations at 
3,179 cm–1, C–H stretching vibrations at 2,917 cm–1, C=O 
axial deformation (carboxyl, ketone, or aldehyde groups), 
and the highly conjugated oxygen functional groups at 
1,560 cm–1, C–C stretching at 1,449 cm–1, C–N stretching 
at 1,376 cm–1 and C–OH stretching at 1,124 cm–1 [34–36]. 
Following the activation of pistachio hull carbon at a 
high temperature some characteristics bands appear in IR 

spectra (Fig. 1b) at 3,432 cm–1 (O–H stretching), 2,921 cm–1 
(C–H), 1,588 cm–1 (C=O) and 1,125 cm–1 (C–OH). As Fig. 1b 
illustrates, in the activated carbon there are less functional 
groups compared to the carbonized pistachio hull. This is 
probably due to breaking of some bands or decomposition 
of volatile compounds during the activation at high tem-
peratures [34]. Figs. 1c and d represent the FT-IR spectra of 
parabens loaded adsorbent after adsorption process. As can 
be seen, extra IR bands are observed at 1,741 cm–1 (C=O), 
1,284 cm–1 (C(O)–O stretching vibration), 1,211 cm–1 (O–H 
vibration), and 1,005 cm–1 (C–H vibration) for AC–PP and 
AC–MP as compared activated carbon (Fig. 1b).

3.1.2. Field emission scanning electron microscopy

Fig. 2a shows the SEM micrograph of the carbonized 
pistachio hull, in which micro-sized pore structures are 
observed. In the case of activation, nano-sized pores have 
been produced with high interconnected morphology 
(Fig. 2b). In the magnified micrograph (Fig. 2c), a three- 
dimensional flake like framework with a porous mor-
phology less than 500 nm is observed. Besides, uniform 
flake sheets were observed with a thickness of approxi-
mately 30 nm for PiH-AC. However, successful synthesis 
of three-dimensional leaf-like activated carbon biomass 
was previously reported [37,38].

3.1.3. Specific surface area analysis (Brunauer–Emmett–Teller)

The specific surface area of the carbonized pistachio 
hull and PiH-AC was investigated based on nitrogen 
adsorption–desorption isotherm at 77 K [39], and the results 
are illustrated in Fig. 2d. The gas adsorption–desorption 
isotherm for PiH-AC follows the Type I pattern (set by 
IUPAC) at wide relative pressure (P/P0) from 0 to 1 with 
R2 = 0.9993. In contrast, the isotherm for carbonized pista-
chio hull does not follow the specific adsorption–desorption 
pattern. Based on the isotherms, the Brunauer–Emmett–
Teller (BET) specific surface area and pore diameter are 

Fig. 1. FT-IR spectra of (a) carbonized pistachio hull and (b) activated carbon. After adsorption process of methyl paraben (c) and 
propyl paraben (d) loaded activated carbon.
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9.64 m2 g–1 (13.414 nm) and 457.77 m2 g–1 (3.377 nm) for 
carbonized pistachio hull and PiH-AC, respectively. 
Additionally, these results indicate that the activation pro-
cess significantly increased the surface area. Moreover, the 
activation process appropriately decreased the pore diam-
eter to produce mesopores material. Mesopores materials 
with high surface area are more suitable to be used as an 
adsorbent material to enhance removal of various pollutant.

3.2. Effect of pH

The solution pH plays a significant role in adsorption 
process, as it can affect the chemical structure of analytes 
and also the surface charge of adsorbent [40,41]. Thus, 
the effect of this parameter on the parabens adsorption, 
was examined at different pHs (2, 4, 6, 8, and 10). Fig. 3a 

illustrates the effect of pH on the adsorption behavior of 
methylparaben (MP) and propylparaben (PP) onto the 
synthesized PiH-AC. As Fig. 3a shows, the highest adsorp-
tion efficiency was obtained at pH 4–6 for both selected 
parabens and afterward, it decreased gradually until pH 
10. A survey in literature, shows that some mechanisms 
may take place in the adsorption process involving acti-
vated carbons, such as electrostatic interaction, hydrogen 
bonding formation, electron donor-acceptor, and π–π 
dispersion interaction [36]. According to electrostatic inter-
action theory, regarding the pKa values of MP (8.17) and 
PP (8.35) [42], at high pHs, repulsion electrostatic inter-
action may happen between the adsorbent and parabens. 
Increasing pH promoted the deprotonation of parabens 
followed by the repulsion between the analyte and nega-
tively charged adsorbent. The high adsorption at pH = 4–6 

(a) (b)

(c) (d)

Fig. 2. FESEM micrographs of (a) carbonized pistachio hull at the magnification ×600, 50 µm, (b) porous activated carbon (PiH-AC) at 
the magnification ×10,000, 3 µm, and (c) PiH-AC at magnification ×100,000, 500 nm. (d) The BET analysis of the carbonized pistachio 
hull and PiH-AC.
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can be attributed to the maximum stability of parabens in 
this pH values through electrostatic interaction, hydrogen 
bonding formation and π–π interactions [43,44]. Thus, 
further experiments were performed at pH = 6.

3.3. Effect of adsorbent dosage

The effect of adsorbent dosage of methylparaben 
and propylparaben as another important parameter in 
adsorption were assessed by changing the mass of adsor-
bent in the range of 10–120 mg and the results are shown 
in Fig. 3b. According to that, the adsorption efficiency 
increased with an increase in the mass of adsorbent from 
10 to 60 mg and after that remained almost constant. The 
reason probably is due to an increase in the number of avail-
able adsorption sites, and thus more analytes can occupy 
these sites, hence adsorption increases. But after that, it 
reached the adsorption equilibrium at 60–100 mg of adsor-
bent, so no sensible uptake was observed. Consequently, 
all the experiments were performed with a fixed mass of 
adsorbent, that is, 60 mg.

3.4. Effect of ionic strength

The salt concentration is another parameter that 
could affect the adsorption performance by changing ionic 
strength of the sample solution. The effect of salt concentration 

was studied by adding different amount of NaCl in the range 
of 0%–10% (w/v) into the sample solution prior to addition of 
adsorbent. According to data in the Fig. 3c, by increasing the 
NaCl concentration into the sample solution, the percentage 
of adsorption does not change dramatically. Therefore, as the 
salt has no effect on the adsorption of parabens on the acti-
vated carbon, further experiments were performed without 
adding salt.

3.5. Effect of contact time

The contact time is another key parameter in the 
adsorption process. To optimize the adsorption time, it 
was studied in the range from 10 to 300 min. According to 
Fig. 4a, as the contact time increases, adsorption increases 
too, and the reason is probably due to more contact 
time between analyte and adsorbent. As seen in Fig. 4a, 
the slope of the plot is high until 60 min and after that 
becomes milder and then almost constant as the equilib-
rium of reaction the between analytes and activated carbon 
comes close. Therefore, 60 min was chosen as the optimum 
time for parabens adsorption process.

3.6. Kinetic study

Adsorption rate between parabens and PiH activated 
carbon is described by sorption kinetic models namely 

(a) (b)

(c)

Fig. 3. Effect of (a) pH, (b) adsorbent dosage, and (c) salt concentration on the adsorption of parabens onto the activated carbon.
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pseudo-first-order and pseudo-second-order. These models 
are more appropriate to validate the experimental adsorp-
tion rate of parabens sorption onto the activated carbon. 
The Linear form of the proposed models is plotted by 
ln(Qe – Qt) vs. t and Qt/t vs. t (Figs. 4b and c) and their values 
are expressed in Table 1. Table 1 illustrates parabens adsorp-
tion rate is well-described by pseudo-second-order due to 
high values of coefficient of determination (R2 = 0.999). The 
small differences between Qe (experimental) and Qe (theory) 
in pseudo-second-order model suggests the adsorption rate 
may be limited through the exchange or sharing electrons 
between the adsorbent and the adsorbed [44,45].

3.7. Adsorption isotherm

Experiments on adsorption isotherm were conducted 
in order to determine the equilibrium adsorption capacity 
(Qe, mg g–1). Generally, adsorption isotherm describes the 
phenomenon governing the release or mobility of adsor-
bate from a liquid into solid adsorbent [41]. Hence, equi-
librium was studied in different concentration of parabens 
in the range of 10–200 mg L–1 (20 mL), 40 mg adsorbent, 
and 180 min shaking time at pH 6. The values of Qe (mg g–1) 
was obtained from Eq. (2) and was plotted vs. Ce (mg L–1) as 
shown in Fig. 5a. It is clear that the adsorption capacity was 
increased by the increase of the initial concentration until it 
reaches equilibrium. At high concentrations the adsorption 

system reaches equilibrium, this is probably due to satura-
tion of adsorbent active cites [34,40].

Hence, in order to describe the nature of the adsorp-
tion equilibrium, isotherm models, Langmuir, Freundlich, 
and Dubinin–Radushkevich were investigated [46,47]. 
Additionally, the proposed isotherm models are able 
to describe the adsorption capacity, the adsorbed layer 
(pattern), and sorption mechanism (interaction) [41,48]. The 
values of isotherm parameters were calculated from linear 
equations (Table 2), by plotting Ce/Qe vs. Ce (Langmuir), lnQe 
vs. lnCe (Freundlich), and lnQe vs. e2 (Dubinin) as shown in 
Figs. 5c–f, respectively.

According to the value of R2 of three isotherms (Table 2), 
the adsorption of parabens onto activated carbon follows 
the Langmuir model. This suggests a monolayer pattern 
of parabens sorption onto the activated carbon. In addi-
tion, the value of sorption free energy (Ea) indicates the 
paraben uptake of activated carbon follows physisorption 
mechanism. Since Ea values in the range of 1–8 kJ mol–1, it 
suggests physisorption and 20–40 kJ mol–1 chemisorption 
mechanism for sorption process [44,49].

3.8. Regeneration and real sample analysis

In order to study the regeneration of the newly 
prepared activated carbon, the adsorption–desorption proce-
dure was conducted several times. In this light, the loaded 

(a)
(b)

(c)

Fig. 4. (a) Effect of contact time on parabens adsorption. The kinetics of (b) pseudo-first-order, and (c) pseudo-second-order linear 
models.
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parabens were desorbed from adsorbent using methanol 
(5 mL) for 10 min shaking on plate-shaker. Then, the removal 
percentage was calculated for the fifteenth continuous 
adsorption–desorption cycle. Hence, the activated carbon 
can be regenerated at least 15 times with high removal effi-
ciency of 91.37% and 87.13% for MP and PP, respectively.

In further experiments, the prepared activated carbon 
was used for the removal of the selected parabens from 
wastewater samples. The aliquot concentration of parabens 
(20 mg L–1) was added to wastewater sample and the removal 
process was conducted using activated carbon. The proposed 
adsorbent provided appropriate removal efficiency (>84%) 
for both of the selected parabens in complex matrix wastewa-
ter. These indicate that the PiH activated carbon is an efficient 
material for the removal of parabens residuals from waste-
water media.

3.9. Comparison

The removal efficiency and adsorption capacity of 
the as-prepared PiH activated carbon and other materials 
were compared and listed in Table 3. The newly prepared 
PiH activated carbon provides high Qe values for selected 

parabens compared to some other adsorbent, magnetic phe-
nyl, polyacrylonitrile bead, and Fe3O4/BiVO4. The results 
indicate the PiH activated carbon and β-cyclodextrin 
adsorbents are more suitable for parabens removal from 
aqueous media.

4. Conclusion

A novel porous activated carbon biomass derived from 
pistachio hull was successfully synthesized. The PiH-AC 
was characterized and applied to enhance the removal of 
MP and PP parabens from a water sample. The adsorp-
tion process was evaluated with isotherm models such as 
Langmuir, Freundlich, and Dubinin–Radushkevich iso-
therms. Due to the high value of R2, Langmuir model was 
well-fitted to experimental data as compared to other mod-
els. Langmuir predicts high adsorption capacity for selected 
MP (55.52 mg g–1) and PP (50.10 mg g–1) parabens uptake 
using PiH-AC at pH 6. According to Langmuir isotherm, 
parabens adsorption process follows a monolayer pat-
tern. According to the kinetic study, pseudo-second- order 
model was the best model to describe the experimental 
sorption rate. However, regarding the value of free energy 

Table 1
Kinetic rate models and their constants for adsorption of parabens onto the activated carbon

Model Linear equation Constant Adsorbate

MP PP

Pseudo-first-order ln lnQ Q Q k te t e−( ) = − 1

Qe (mg g–1) 13.09 20.11
k1 (min–1) 0.010 0.015
R2 0.971 0.906

Pseudo-second-order 
t
Q k Q Qt e e

= +
1 1

2
2

Qe (mg g–1) 33.02 34.01
k2 (g mg–1 min–1) 0.0008 0.0008
R2 0.998 0.999

Table 2
Linear for of the Langmuir, Freundlich, and Dubinin–Radushkevich isotherm models and their constants for adsorption of parabens 
onto activated carbon

Model Equation Isotherm constant Adsorbate

MP PP

Langmuir
C
Q

C
Q kQ

e

e

e

m m

= +
1 Qm (mg g–1) 55.52 50.10

k (L mg–1) 0.301 0.382
R2 0.997 0.998

Freundlich ln ln lnq K
n

Ce F e= +










1 KF (mg g–1) 11.42 13.22
n 3.33 3.03
R2 0.873 0.945

Dubinin–Radushkevich

ln lnq q Ke s= − ( )adε
2

ε = +








RT

Ce
ln 1 1

Qs (mg g–1) 35.36 37.16

Kad 0.082 0.083

R2 0.866 0.851

E Ka =( )−2
1 2

ad

/
Ea (kJ mol–1) 2.46 2.45
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(~2.45 kJ mol–1) parabens uptake onto PiH-AC follows a phy-
sisorption mechanism. Particularly, the novelty of this work 
to prepare PiH-AC is utilizing inexpensive biomass for the 
efficient removal of parabens from environmental aqueous 
solutions.
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