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a b s t r a c t
The potential of nanofiber membrane functionalized with molecularly imprinted polymers (NFMIPs) 
prepared by the electrospinning technique for the humic acid (HA) removal from peat water was inves-
tigated. In this process, preparation of NFMIPs comprised of two steps. The first step was to synthesize 
fabrication of polyvinylidene fluoride (PVDF) nanofiber membrane as support and the second step was 
to synthesize imprinted polymer on the surface of PVDF nanofiber membrane. The prepared NFMIPs 
were characterized by Fourier transform infrared spectroscopy, scanning electron microscopy, trans-
mission electron microscopy, Brunauer–Emmett–Teller and thermogravimetric analysis. Finally, the 
adsorption experiments were carried out to investigate the effect of different adsorption parameters, 
such as contact time, adsorbent dosage, pH and temperatures in a batch system. The NFMIPs materi-
als were then used for HA adsorption from peat water using batch adsorption technique. Adsorption 
was best described by Langmuir isotherm and adsorption capacity was found to be 153.3 mg/g. From 
the kinetic studies, the adsorption of HA onto NFMIPs materials followed the pseudo-second-order 
kinetic model with a rate constant in the range of 0.032–0.104 g/mg min. The adsorption equilibrium 
was achieved at about 90 min. The amount adsorbed increased with increasing adsorbent dosage and 
the temperature, otherwise decreased with increasing peat water pH (from 2 to 10). 
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1. Introduction

Humic acid (HA) is a major component of natural 
organic substances and it can be identified in the peat water. 
HA affects water quality, such as color, taste and odor. HA 
not only reacts with disinfectants to produce disinfection 
by-products harmful to human health, but also could enhance 
the transport of some persistent organic pollutants such as 
polycyclic aromatic hydrocarbons to aquatic organisms [1]. 
Thus, removal of HA from surface water or wastewater is 
very important. 

HA removal from surface water may involve several 
methods that have been founded by previous researcher, 
such as photocatalysis [2], electrocoagulation [3], biofiltration 
[4], coagulation–flocculation [5] and membrane technology 
[5,6]. However, these techniques are associated with prob-
lems such as excessive time requirements, high costs and 
high energy consumption [7].

Adsorption process is of high interest due to its efficiency, 
flexibility and simplicity of design, and ease of operation 
[8,9]. The adsorbent is one of the key factors during the course 
of adsorption in determining the effectiveness of adsorption 
processes; hence, it has become an important research direc-
tion to find a suitable adsorbent for the removal of HA. For 
HA, until now, various natural and synthetics adsorbents 
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have been studied, such as activated carbon [10,11], fly ash 
[12], Shorea dasyphylla sawdust [13], eggshell [14], zeolite [15], 
clay mineral [16,17], chitosan and chitin [18,19], silica [20] 
and other adsorbents [21–23]. However, the deficiencies of 
the abovementioned adsorbents, such as ordinary adsorp-
tion capacities and poor regeneration abilities, confine their 
extensive use in the practice of water/wastewater treatment. 
Therefore, it is imperative to develop a new high-efficient 
adsorbent for removal of HA from peat water. 

Certain properties such as high mechanical, thermal sta-
bility, surface area and high sorption capacity should be care-
fully considered for the adsorbent. The nanofiber membranes 
prepared by the electrospinning method have unique prop-
erties, such as high specific surface area, great porosity with 
fine pores as well as easy handling. Because of its unique 
properties, the electrospin nanofiber materials have been 
developed for protein/enzyme purification [24,25], removal 
of heavy metal ions [26–28] and dyes [29–31].

Molecular imprinting technique (MIT) was carried out 
based on the principle of polymerization between template 
molecule and functional monomer to prepare molecular 
imprinting polymers (MIPs) with specific binding sites 
which can identify template molecule, and these sites are 
complementary with template molecule in the shape and 
spatial structure [32,33]. MIT has been applied in many 
fields, such as environmental samples, or food and beverage 
samples [23,32–34]. However, most studies until now still 
have some defects, such as long adsorption time, low adsorp-
tion capacity, low selectivity, low response kinetics and poor 
site accessibility [33,35]. Surface imprinting technique has 
been proposed as an improved MIT to overcome some of 
these weaknesses [33,36]. This technique is to prepare MIPs 
on the surface of solid matrix for obtaining regular MIP 
composites with abundant binding sites and cavities on the 
solid surface. Therefore, in this work, we explored a modi-
fied surface imprinted technique to produce hollow polymer 
with larger spaces for easy accessing by removing the matrix 
of prepared MIPs.

This study reports the fabrication of nanofiber mem-
brane functionalized with molecularly imprinted polymers 
(NFMIPs) by electrospinning process and its application as 
an adsorbent for the removal of HA from peat water. Besides, 
the study further investigated the effects of various experi-
mental conditions, such as contact time, pH, adsorbent dos-
ages and temperature on the HA removal process. In order 
to understand the characteristics of the removal process, the 
adsorption isotherms, kinetics and thermodynamics have 
also been performed.

2. Materials and methods

2.1. Materials

Polyvinylidene fluoride (PVDF) with higher molecu-
lar weight was purchased from Aldrich (St. Louis, USA) 
and dried at 50°C under vacuum condition for at least 24 h 
before use. Methyl methacrylate (MMA) as a monomer, HA 
as templates, ethylene glycol dimethacrylate (EGDMA) as a 
cross-linker, 2,2-azobisisobutyronitrile (AIBN) as an initiator, 
dimethylformamide (DMF) and dimethylacetamide (DMAc) 
as a solvent were purchased from Merck (USA). All materials 

were commercial reagent grade and used as received without 
further purification. Deionized water was used in all 
experiments. Peat water sample was obtained from Panam, 
a subdistrict of Pekanbaru in Riau Province, Indonesia. The 
characteristics of peat water sample are shown in Table 1.

2.2. Synthesis of PVDF nanofiber membrane as support

First, PVDF polymer dope solutions for electrospinning 
were prepared by dissolving PVDF (12%) in DMAc. A desired 
amount of LiCl (0.004 wt%) was added into dope solutions to 
improve dope electrospin ability, optimize the electrospun 
nanofiber membranes porosity and control membrane pore 
sizes. The dope solutions were stirred mechanically for at 
least 24 h at 60°C. The homogenous dope solutions were then 
cooled down and degassed at room temperature for over-
night before electrospinning. 

Fig. 1 shows schematic diagram of an electrospinning 
setup. Basically, the homogenous solution of PVDF was put 
in a syringe (needle diameter 0.6 mm). The positive terminal 
of a high voltage power supply was connected to the metal-
lic syringe tip while the negative terminal was connected to 
a conductive drum covered with aluminum foil as a collec-
tor of fibers. A voltage of 15 kV and a speed of 0.7 mL/min 
were applied across a distance of 12 cm between the tip of the 
sprayers and the grounded collector aluminum foil. During 
electrospinning process, nanofibers were produced and col-
lected on non-woven textiles posted on the rotating collec-
tor when the applied electric field overcomes the surface 

Table 1 
The characteristic of peat water sample

Parameters Result

Color, Pt–Co 482
Organic compounds, mg/L KMnO4 245
pH 3.95
Conductivity, mS/cm 78
Turbidity, mg/L SiO2 7.2
Iron, mg/L 0.28
Manganese, mg/L 0.12
Calcium, mg/L 0.04
Magnesium, mg/L 6.2
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Fig. 1. Schematic diagram of an electrospinning setup.
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tension of the polymer dope solution. Solvents in the nascent 
nanofibers were evaporated and nanofibers started to bend 
concurrently. In order to eliminate the effect caused by the 
residual solvent in the membrane, the PVDF ENMs were 
subsequently placed in a fume cupboard under vacuum con-
dition at 60°C for overnight to ensure that all solvents have 
been evaporated completely from the fresh membranes. 

2.3. Synthesis of PVDF nanofiber membrane functionalized 
with MIPs 

The functionalized reaction solution was prepared by 
blending of 5 mmol of MMA (0.500 g), 20 mmol of EGDMA 
(4.20 g) and 100 mg of AIBN to HA as a template. This solu-
tion was mixed with 5.116 g of nanofibers and 31 mL of pre-
heated DMF in a 100 mL three-necked flask and continuously 
stirred at 60°C for 24 h. The reaction was performed under 
an inert atmosphere of nitrogen (99.99%). The final fibrous 
product was suction filtered, washed with deionized water 
until no sulfur ions were detected in the washing solution, 
and dried in a vacuum oven at 60°C. About 3 g of these fibers 
were subjected to leaching with 200 mL of 5 M HNO3 for  
5 h to obtain MIPs material, and then washed with methanol. 
After washing, the nanofibers were dried by means of vac-
uum, after which they were ready for use.

2.4. Material characterizations

The IR spectrum of PVDF nanofiber membrane and 
NFMIPs was examined by the Fourier transform infrared 
spectroscopic (FTIR) spectrophotometer model 8300 IR-TF 
(Shimadzu, Japan), equipped with both horizontal attenuated 
total reflectances accessories operating in the wave number 
range of 4,000–400 cm–1. X-ray diffraction (XRD) measure-
ments were carried out to characterize the crystalline phase 
of PVDF nanofiber and NFMIPs with a PANalytical X-ray dif-
fractometer X’Pert Pro with Cu Ka radiation at 40 kV/30 mA. 
The diffractograms were scanned in a 2q range of 10°–70° at 
a rate of 2°/min. The surface morphology of PVDF nanofi-
ber and NFMIPs was investigated using a scanning electron 
microscopy (SEM; JSM-6360 LV, Japan). The surface area of 
the both PVDF nanofiber and NFMIPs was measured using 
Brunauer–Emmett–Teller (BET) analyzer (Micromeritics 
Gemini III 2375, USA). Pore-size distributions were calcu-
lated using the Barrett–Joyner–Halenda (BJH) model based 
on the nitrogen desorption isotherm by a porosimeter 
(Autoporel V 9500, Micromeritics Co., USA). Contact angles 
of the nanofiber substrates were measured based on sessile 
drop method, using a goniometer (Contact Angle System 
OCA, DataPhysics Instruments GmbH, Germany). 

2.5. Adsorption studies

The removal of HA from peat water was investigated 
by batch method. Each samples (0.05 g) of dried PVDF 
nanofiber and NFMIPs were added to 50 mL peat water 
sample in a 100 mL Erlenmeyer flasks which were agitated 
at a constant speed of 100 rpm in thermostatic shaker bath 
(Innova 3000). The effect of contact time on the adsorption 
by both samples was studied for different intervals of time 
ranging from 5 to 120 min at room temperature. At the end 

of the run, both samples were removed and solution was 
centrifuged at 4,000 rpm for 30 min. The HA concentration 
in the clear solution in mg/L was determined using 
ultraviolet–visible spectrophotometer model UV–Vis 1601 
(Shimadzu, Japan) at the l 400 nm [14,23]. The percentage 
adsorption of HA and adsorption capacity of PVDF 
nanofiber and NFMIPs were calculated, respectively, using 
the following equations:

%Adsorption  100=
−

×
C C
C
i e

i
 (1)

q
C C
m

Ve
i e(mg/g) =
−

×  (2)

where Ci and Ce are the initial and final concentration of HA 
(mg/L) in solution, respectively; V is the volume of solution 
(L) and m is the mass of materials (g) used.

The effect of adsorbent dosage (0.01–0.1 g) on the HA 
removal from peat water was investigated by contacting 
50 mL of peat water at pH 4 and room temperature for 
60 min. The next procedure was similar to that of the effect of 
agitation time. The effect of pH on HA removal was studied 
by contacting 50 mL of peat water at varying the pH from 2.0 
to 11.0 for 60 min at room temperature. The pH of the peat 
water sample was adjusted using 0.1 M HCl or 0.1 M NaOH 
and measured by using a pH meter (Orion Aqualytic AL15). 
For examining the effect of temperature on HA removal, 
0.05 g of the adsorbent was immersed in 50 mL of peat water 
at four different temperatures (25°C, 45°C, 65°C and 85°C). 
The next procedure was similar to that described for the 
effect of agitation time.

3. Results and discussion

3.1. Characterization of adsorbents

FTIR spectra were used to detect the surface functional 
groups of sample, as shown in Fig. 2. As shown in Fig. 2(a), 
three strong peaks at 1,404, 880 and 1,183 cm–1 were observed 
in PVDF nanofiber absorption band. The former two peaks 
were obtained from C–F stretching vibration, and the latter 
one appeared due to the C–C bond of PVDF [37,38]. In addi-
tion, two weak bands also appeared at 510 and 487 cm–1 which 
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Fig. 2. FTIR spectrum of (a) PVDF nanofiber and (b) NFMIPs.
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were assigned to the CF2 bending vibration. After treatment 
of PVDF nanofiber, remarkable changes occurred in PVDF 
nanofiber. It can be seen from Fig. 2(b) that the NFMIPs 
exhibited an asymmetric and symmetric C–H stretching 
bands of –CH at a wavelength of 2,956.87 and 2,839 cm–1, 
respectively. The stronger bands at about 1,728.22 cm–1 indi-
cated the stretching vibrations band of C=O, while the peaks 
at 1,475.54 and 1,161.15 cm–1 were assigned to the stretching 
vibration bands of –CH3 and –O–CH3, respectively. However, 
other characteristic bands of NFMIPs were significantly over-
lapped with the absorption bands of PVDF nanofiber.

The crystalline structure of PVDF nanofiber and NFMIPs 
was characterized by XRD as shown in Fig. 3. A strong dif-
fraction peak for PVDF nanofiber samples was observed at 
2q = 20.7° corresponding to b (110) and b (200) planes. Weaker 
diffraction peaks at 36.7° and 41.1° assigned to b (201) and 
b (111) planes were also present [37,39]. These results indicate 
that electrospun nanofiber contains mainly b-phase crystal 
structure of PVDF, which may be formed during the prepa-
ration of electrospinning solution with DMF under 60°C. 
Previous study reported that PVDF could be crystallized 
with b-phase from DMF solution at 60°C [37,40]. In the XRD 
pattern of as prepared, NFMIPs exhibited clear diffraction 
peaks at 20°, 27° and 40° of 2θ and apparent diffraction peaks 
at 18.3°, 26.4°, 36.4° and 38.6° of 2θ (Fig. 3(b)). However, both 
electrospun PVDF nanofiber and NFMIPs only exhibited two 
clear diffraction peaks at 20.0° and 22.4° of 2θ. The clear dif-
fractions could represent the perfection of α and β crystalline 
forms appearing in both materials. These revealed that the 
crystal structure of PVDF in NFMIPs does not change. 

The surface morphologies of PVDF nanofiber membrane 
and NFMIPs material were observed by SEM and trans-
mission electron microscopy (TEM). It can be seen from 
Figs. 4(a) and (c) that the PVDF nanofiber membrane has 
an ultrafine fiber with the diameter distributed mainly in 
range of 275–350 nm. For NFMIPs, the fiber showed uneven 
surface and the diameter was found to increase in the range 
of 295–393 nm. The existence of MIPs on the surface of the 
NFMIPs material was proven by TEM analysis in which 
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Fig. 3. XRD pattern of (a) PVDF powder, (b) PVDF nanofiber and 
(c) NFMIPs.
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Fig. 4. SEM images of (a) PVDF nanofiber and (b) NFMIPs; and TEM images of (c) PVDF nanofiber and (d) NFMIPs.
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MIPs layer were successfully formed on the PVDF nanofibers 
surfaces as a layer with a thickness of about 43 nm (Fig. 4(d)).

The characteristics of the PVDF nanofiber membrane/
NFMIPs material are shown in Table 2. It can be seen that 
the mean pore size and maximal pore size of the NFMIPs are 
reduced significantly than original PVDF nanofiber mem-
branes. It may be as a result of the relatively dense layer 
on the NFMIPs surface reducing a lot of membrane pore 
size. The BET analysis revealed that the surface area of the 
nanofiber decreased from 630.4 m2/g for PVDF nanofiber to 
426.2 m2/g for NFMIPs (Table 2).

3.2. Adsorption studies

3.2.1. Effect of contact time

The effect of contact time on the adsorption of HA from 
peat water onto the PVDF nanofiber as well as NFMIPs in pH 
of solution with 25°C is shown in Fig. 5. As shown in the figure, 
the process of adsorption onto both nanofiber reached the 
equilibrium state after approximately 90 min of contact time. 
During the first 60 min, more than 80% of total adsorption of 
HA from peat water occurred which indicates that there were 
plenty of available adsorption sites. By continuing the process 
of adsorption, the adsorption sites were occupied gradually and 
the percentage removal was elevated slowly. Therefore, 90 min 
was selected as equilibrium time for further experiments.

3.2.2. Effect of adsorbent dosage

The effect of NFMIPs dosage on the HA adsorption from 
peat water is shown in Fig. 6. As can be seen, the percentage 
adsorption of HA raised with increasing NFMIPs dosage 

up to a certain limit, then it reached a constant value. The 
increasing of the HA adsorption with the adsorbent dosage 
can be attributed to the increase of adsorbent surface area 
and the availability of more adsorption sites. It can be seen 
from Fig. 6 that the optimum percentage adsorption of HA 
occurred at adsorbent dosage of 0.05 g.

3.2.3. Effect of pH

The pH value of the peat water is an important factor for 
determination of the HA removal. The effect of the initial 
solution pH on the percentage adsorption of HA from peat 
water by NFMIPs is shown in Fig. 7. It is observed from Fig. 7 
that the percentage adsorption decreases with increase in the 
pH of peat water from 2 to 10. The maximum adsorption 
of HA from peat water occurred at pH = 4.00. At this pH, a 
strong electrostatic interaction occurs between the positively 
charged adsorbent and the anionic HA molecules. The num-
ber of positively charged site of adsorbent decreased at high 
pH value and caused increasing repulsive forces between 
surface functional groups of adsorbent and HA compound. 
This phenomenon led to decreasing of percentage adsorption 
of HA [41–43]. 

Table 2 
Characteristics of NFMIPs and PVDF nanofiber

Parameters NFMIPs PVDF nanofiber

BET surface area (m2/g) 426.2 630.4
Diameter range (nm) 295–393 275–350
Contact angle (°) 102.3 137.8

Fig. 5. Effect of contact time on HA adsorption from peat water 
(volume 50 mL, dosage 0.05 g, pH 4.00, shaking speed 100 rpm 
and temperature 25°C).

Fig. 6. Effect of adsorbent dosage on HA adsorption from peat 
water (contact time 90 min, volume 50 mL, pH 4.00, shaking 
speed 100 rpm and temperature 25°C).

Fig. 7. Effect of pHs on HA removal from peat water (contact time 
90 min, volume 50 mL, dosage 0.05 g, shaking speed 100 rpm and 
temperature 25°C).



M.A. Zulfikar et al. / Desalination and Water Treatment 97 (2017) 203–212208

3.2.4. Effect of temperature

Observation of temperature effect was performed to inves-
tigate the adsorption capacities of the adsorbents. According 
to the results, the adsorption amount of HA onto NFMIPs 
at equilibrium was also affected by temperature  (figure not 
shown here). The adsorption amount increased as the tem-
perature increased, indicating that favorable adsorption 
occurs at higher temperatures. The phenomenon may be due 
to the increase of diffusion rate and the mobility of HA mol-
ecules across the surface of the adsorbent. In other words, by 
raising the temperature, the adsorption capacity of NFMIPs 
can be increased [44,45]. This indicated that the adsorption of 
HA onto NFMIPs was controlled by an endothermic process.

3.2.5. Isotherm adsorption

Adsorption isotherms describe how adsorbates interact 
with adsorbents. Therefore, the correlation of equilibrium 
data by either theoretical or empirical equations is essential 
to the practical design and operation of adsorption systems 
[46]. In this case, the Langmuir, Freundlich and Sips equa-
tions were used to investigate the adsorption isotherms. 
Langmuir’s model of adsorption depends on the assumption 
that intermolecular forces decrease rapidly with distance and 
consequently predicts the existence of monolayer coverage 
of the adsorbate at the outer surface of the adsorbent. The 
isotherm equation further assumes that adsorption takes 
place at specific homogeneous sites within the adsorbent. 
The non-linear Langmuir equation is represented as follows:

q
q bC
bCe

m e

e

=
+1  (3)

where Ce represents the equilibrium concentration (mg/L), qe 
represents the amount adsorbed per amount of absorbent at 
the equilibrium (mg/g), qm and b are the maximum adsorption 
capacity (mg/g) and Langmuir constant (L/mg), respectively. 

The Freundlich adsorption equation was used to describe 
experimental adsorption data based on empirical equations 
which are used to describe multilayer adsorption involving 
interaction between adsorbed molecules. The Freundlich 
equation can be written as:

qe = KfCe
1/n (4)

where Ce represents the equilibrium concentration (mg/L), 
qe represents the amount of adsorbed molecule per unit 
weight of absorbent (mg/g) and Kf and n are Freundlich con-
stants. Kf value corresponds to adsorption capacity of the 
adsorbent, while 1/n, varying between 0 and 1, corresponds 
to adsorption intensity or surface heterogeneity. Adsorption 
with n greater than one indicates that the process is catego-
rized as a favorable adsorption process [47]. 

Sips isotherm is a combination of the Langmuir and 
Freundlich models and employed to analyze the equilibrium 
data obtained during batch adsorption studies. The equation 
is expressed in Eq. (5):

q
q K C
K Ce

m e
n

e
n=

+
eq

eq1  (5)

where Keq (L/mg) is the equilibrium constant of Sips equation 
while qm (mg/g) represents the maximum adsorption capacity 
and Ce is the equilibrium concentration (L/mg). Sips isotherm 
can be used to describe the heterogeneous system. The 
equation is characterized by the heterogeneity factor, n. 
When n = 1, Sips isotherm equation reduces to the Langmuir 
equation and it implies a homogeneous adsorption processes 
[48,49].

The isotherms of HA on the prepared NFMIPs predicted 
from all the three models were plotted in Fig. 8. All the cor-
relation coefficient, R2 values and the constants obtained for 
the models are summarized in Table 3. The Langmuir model 
yielded the best fit with the highest R2 value of 0.997, thus 
the Langmuir isotherm was the most suitable equation to 
describe the adsorption equilibrium of HA on the NFMIPs. 
As can be seen from Fig. 8, the qe values predicted from the 
Langmuir model agreed well with the experimental values. 
The suitability of the Langmuir isotherm to fit the data was 
confirmed by the 1/n value from Freundlich model, which 
was below 1, and also indicating a normal Langmuir iso-
therm [50]. Moreover, the adsorption of each adsorbate mole-
cule onto the surface had equal adsorption activation energy 
and the maximum adsorption capacity (qm) was 153.3 mg/g.

Fig. 8. Isotherm curve for HA removal from peat water (contact 
time 90 min, volume 50 mL, dosage 0.05 g, shaking speed 
100 rpm and temperature 25°C).

Table 3 
Langmuir, Freundlich and Sips parameters for HA adsorption onto NFMIPs

Langmuir model Freundlich model Sips model
b (L/mg) qm (mg/g) R2 n Kf (mg/g) R2 qm (mg/g) Keq (mL/g) n R2

0.236 153.3 0.997 3.94 38.2 0.967 150.2 0.095 0.884 0.988
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3.2.6. Adsorption kinetics

Generally, three steps are involved during the process 
of adsorption by porous adsorbent particles: external mass 
transfer, interparticle transport and chemisorption [51]. 
Several kinetic models have been proposed to clarify the 
mechanism of a solute sorption from aqueous solution onto 
an adsorbent: pseudo-first-order kinetic model of Lagergren, 
pseudo-second-order kinetic model of Ho and intraparticle 
diffusion model of Weber and Morris. In this work, adsorp-
tion kinetics of HA onto NFMIPs was studied in terms of 
pseudo-first-order and pseudo-second-order models. The 
pseudo-first-order kinetic model is shown in Eq. (6):

log(qe – qt) = logqe – (k1/2.303) t (6)

where qe is the adsorption capacity (mg/g) at equilibrium, qt is 
the adsorption capacity (mg/g) at time, t (min) and k1 (min–1) 
is the Lagergren rate constant of adsorption. The values of k1 
and qe were determined from the intercept and the slope of 
the linear plots of log(qe – qt) vs. t (Fig. 9(a)). The rate constant 
k1, qe and the correlation coefficient for this kinetic model are 
presented in Table 4. 

The pseudo-second-order kinetic model is also analyzed 
to fit the data and is given by:

t q k q t qt e e/ / /= + 1 2
2  (7)

where k2 (g/mg min) is pseudo-second-order rate constant 
of adsorption. For this model, k2 and qe (Table 4) were deter-
mined from the intercept and the slope of the linear plot of 
(t/qt) vs. t (Fig. 9(b)).

From Fig. 9(b), it was observed that the pseudo-second-order 
kinetic model adequately fit the experimental values. These 
results suggest that HA adsorption onto NFMIPs follows 
the pseudo-second-order kinetic model. This means that 
chemisorption is the rate-determining step and the overall 
rate of HA adsorption process seems to be controlled by the 
chemical process through exchanging of electrons between 
adsorbent and adsorbate [45,52]. Also from Table 4, it is indi-
cated that the calculated equilibrium adsorption capacity (qe) 
values of the pseudo-second-order model agree well with the 
experimental data.

Adsorption kinetics was controlled by adsorption mech-
anism and rate-limiting step of the process. In general, 
the adsorption of adsorbate onto the adsorbents can occur 
through three consecutive steps: (1) mass transfer of adsorbate 
from boundary film to the surface of resin (film diffusion); (2) 
mass transport of adsorbate molecules within the pores of 

resin (intraparticle diffusion) and (3) adsorption of the adsor-
bate molecules on the interior surface of resin. The third step 
is a fast and non-limiting step in the adsorption process. So 
the adsorption rate can be limited by the first (film diffusion) 
and/or the second steps (intraparticle diffusion) [23,53,54].

To investigate the mechanism of adsorption of HA onto 
NFMIPs, the intraparticle diffusion and Boyd kinetic models 
is used. The intraparticle diffusion model can be defined as:

qt = kdt1/2 + C (8)

where kd and C are an intraparticle diffusion rate constant 
(mg g–1 min–1/2) and a constant, respectively. The value of kd 
and C can be determined from the slope and intercepts of the 
straight line. If the plot of qt vs. t1/2 gives a straight line and 
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Fig. 9. (a) Pseudo-first-order and (b) pseudo-second-order model 
plots for HA removal from peat water at different temperature 
(volume 50 mL, dosage 0.05 g and shaking speed 100 rpm).

Table 4 
Pseudo-first-order and pseudo-second-order kinetics parameters for HA adsorption onto NFMIPs

Temperature
(°C)

Pseudo-first-order Pseudo-second-order

k1 (min–1) qe,cal (mg/g) R2 k2 (g/mg min) qe,cal (mg/g) R2 qe,exp (mg/g)

25 0.040 2.123 0.991 0.043 2.677 0.999 2.520
45 0.053 2.490 0.969 0.056 3.347 0.999 3.200
65 0.062 2.378 0.987 0.087 3.622 0.998 3.528
85 0.089 2.917 0.989 0.156 3.794 0.995 3.728
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passed through the origin, the adsorption process of HA is 
controlled by intraparticle diffusion only. From the plot of 
qt against t1/2, it can be seen that these plots generally have 
a dual nature, implying that more than one process affected 
the sorption (Fig. 10). From these figure, it is clear that at all 
temperatures, the adsorption processes of the HA follows 
two phases, suggesting that the intraparticle diffusion (or 
pore diffusion) is not the rate-limiting step for the entire reac-
tion. The initial portion of the plot indicated an external mass 
transfer (or film diffusion) whereas the second linear portion 
is due to intraparticle or pore diffusion. Extrapolating the 
linear portion of the plot to the ordinate produces the inter-
cept (C) which is proportional to the extent of boundary layer 
thickness [14,21–23,48]. The values of kd1 and kd2 as obtained 
from the slopes of the two straight lines are listed in Table 5.

The values of kd1 and kd2 for the adsorption of HA slightly 
increased with increasing temperature from 25°C to 85°C. 
This indicated that increasing temperature slightly increases 
the migration of HA into the inner structure of the NFMIPs. 
From Table 5, we also can see that the value of C increased 
with increasing temperature. This suggests that the effect of 
boundary layer diffusion for the adsorption of HA on the 
NFMIPs probably become more important at higher tem-
perature because of the greater random motion associated 
with the increased thermal energy [22,23].

The other thermodynamic parameter is activation energy 
(Ea). The Arrhenius equation was applied to evaluate the Ea of 
the adsorption process:

ln  lnk A
E
RT
a= −  (9)

where k is rate constant of pseudo-second-order kinetic 
model (g/mg min), Ea is the activation energy (kJ/mol), A is 
the Arrhenius factor, R is the gas constant (8.314 J/mol K) 
and T is the solution absolute temperature (K). The linear 
plot of lnk vs. 1/T gives a straight line with slope –Ea/R. The 
activation energy obtained in this study was 19.43 kJ/mol. 
The positive value of Ea suggests that an increase in tempera-
ture favors the adsorption of HA onto NFMIPs, and that the 
adsorption process is endothermic in nature [22,23].

4. Conclusion

A NFMIPs was successfully prepared by the electrospin-
ning technique for the HA removal from peat water. The 
characterization of synthesized PVDF nanofiber and NFMIPs 
was performed using XRD, FTIR, SEM, TEM, BET and con-
tact angle. Characterization results indicated that MIPs were 
successfully coated onto the surface of the PVDF nanofiber 
and did not cause any changes in its structure. The results 
of the present study also clearly suggest that NFMIPs can be 
successfully utilized for the removal of HA from peat water. 
The sorption capacity is strongly dependent on the contact 
time, adsorbent dosage, pH and temperatures. Adsorption 
isotherms were better fitted by Langmuir isotherm in which 
the adsorption capacity was found to be 153.3 mg/g. The 
kinetic process of HA adsorption onto NFMIPs was found 
to fit the pseudo-second-order rate equation with a rate con-
stant in the range of 0.032–0.104 g/mg min.
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