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This research aims to investigate the possibility of electrospun fibers from Polymers of Intrinsic
Microporosity (PIM-1) as an alternative adsorbent for aniline removal from both air and aqueous solu-
tion. Adsorption properties of electrospun PIM-1 fibers were compared with powder and film form of
PIM-1. While electrospun PIM-1 nanofibrous mat can adsorb 871 mg g�1 aniline from air, it can also
adsorb 78 ± 5.4 mg g�1 aniline from aqueous environment when 50 mg L�1 aniline solution is used.
The experimental maximum adsorption capacity of electrospun PIM-1 fibers was found as (qe) 138 mg
g�1. Langmuir and Freundlich isotherm models have been studied and Langmuir model found more
appropriate for aniline adsorption on electrospun PIM-1 fibers. The study reveals that self-standing elec-
trospun fibrous mat of PIM-1 has shown potential to be used as an efficient adsorbent material for the
adsorption of VOCs from air and aqueous system thanks to its fast kinetic and high adsorption capacity.

� 2018 Elsevier Inc. All rights reserved.
1. Introduction

Air and water pollutions are major problems faced by today’s
world. The situation is further aggravated by industrialization as
the pollutants released into environment without proper treat-
ment methods [1,2]. Aniline is an important organic compound
that is widely used as an intermediate in the production of phar-
maceuticals, dyes and pesticides [3,4]. Aniline is a common volatile
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organic compound (VOC) that can contaminate both air and aqua-
tic environment [5]. The presence of aniline may cause serious
environmental and health problems because of its toxicity [6,7].
Hence, removal of aniline from air and water has attracted serious
attention from researchers. A number of processes including oxida-
tion [8], biodegradation[9], membrane separation [10], adsorption
[11] and some other processes can be applied for removal of ani-
line [12]. From the technical and economical points of view,
adsorption is regarded as one of the most promising method for
aniline removal [13].

Recently, Polymers of intrinsic microporosity (PIMs), a new
class of polymer, attracted significant interest due to their unusual
structural feature with a backbone composed of fused rings and
site of contortion [14,15]. PIMs behave as molecular sieves and
show high free volume as they cannot pack space efficiently [16].
PIMs have attracted widespread attention as material for sensor
[17,18], catalysis [19,20], membrane separation [21,22], adsor-
bents [23] and other applications. Although a number of PIMs have
been synthesized, the first member of this class, PIM-1, received
the main focus as it shows great separation performance in the
gas separation [24,25]. PIM-1, has high surface area, high thermal
and chemical stability and, is soluble in common organic solvents
such as tetrahydrofuran and chloroform, and can be processed in
the forms of powders, membranes and fibers. PIM-1 is an organo-
philic polymer that is selective towards organic compounds and it
shows extremely high CO2 permeability along with moderate
selectivity in the membrane form. Moreover, PIM-1 membranes
employed successfully in pervaporation systems to separate VOCs
from aqueous system as the system has the same mass transfer
mechanism with the gas separation system [26,27]. It was also
studied in organic solvent nanofiltration system [28]. Recently,
comparative study has been conducted by using high free volume
polymer including PIM-1, poly(1- trimethylsilyl-1-propyne)
(PTMSP) and poly(4-methyl-2-pentyne) (PMP). PIM-1 showed
great sorption selectivity along with sorption ability for neutral
dye (Solvent 35) in ethanolic solution compared to other polymer
[29]. Later on, the possibility of using PIM-1 as an adsorbent and
membrane material was investigated using combined process of
solvent swing adsorption with solvent recovery by nanofiltration
[30]. In addition to membrane form, PIM-1 has also been produced
in the form of hollow fibers showing similar performances in gas
separation [31,32]. The fiber form can also be produced by electro-
spinning method which is fairly simple and versatile way to pro-
duce three-dimensional porous adsorbents for various
applications [33–39]. Electrospinning of PIM-1 is a fairly new con-
cept that was investigated recently [40–43]. Bonso et al. [40] was
first used tetrachloroethane solution to produce electrospun PIM-
1 fiber mat. Following this, PIM-1 mat was carbonized and used
successfully as an electrode for supercapacitors. Then, the prepara-
tion of PIM/POSS fibrous membranes were developed and their oil/
water separation performances have been studied by Zhang et al.
[42]. The same group also have investigated the adsorption of dyes
from non-aqueous media by electrospun PIM-1 [41]. Lasseuguette
et al. [43] employed different solvent system for the fabrication of
electrospun PIM-1 by using tetrahydrofuran/dimethylformamide
mixture.

In this study, we have prepared electrospun PIM-1 fiber and the
aniline removal ability of electrospun PIM-1 was compared with
powder and film form of PIM-1 from air and water. The study
revealed that all forms of PIM-1 have the ability to adsorb aniline
from air within 24 h. Moreover, PIM-1 fiber shows considerable
aniline adsorption from aqueous system up to 138 mg g�1 (qe).
While powder and fiber forms of PIM-1 show higher adsorption
capacity than film form, fiber form of PIM-1 found more applicable
in aqueous system as powder form dispersed in water and it needs
additional filtration for analysis. On the other hand, fiber PIM-1
shows better stability and it maintains the fiber morphology that
provides practical advantage in adsorption and reuse of adsorbent.

2. Experimental

2.1. Materials

5,50,6,60-Tetrahydroxy-3,3,30,30-tetramethyl-1,10-spirobisindane
(TTSBI, 98%, Alfa Aesar) was dissolved in methanol and re-
precipitated from dichloromethane before use. Tetrafluorotereph-
thalonitrile (TFTN, 98%, Aldrich) was purified by sublimation; pure
product collected without vacuum. Anhydrous potassium carbon-
ate (K2CO3, 99.0%, Fisher) was dried in an oven at 110 �C overnight
before use. Dimethylacetamide (DMAc), toluene, dimethylfor-
mamide (DMF), methanol (MeOH), chloroform (CHCl3), tetrahydro-
furan (THF), dichloromethane (DCM) and 1,1,2,2,
tetrachloroethane (% 98) were purchased from Sigma Aldrich and
were used as received.

2.2. Synthesis of PIM-1

Synthesis of PIM-1 was performed as reported previously [44].
Yield: 62 g (90%). GPC: Mn = 106,000, Mw = 189 000, Mw/Mn =
1.78. 1H NMR (400 MHz, CDCl3, d, ppm): 6.75 (2H, s), 6.35 (2H,
s), 2.26–2.09 (4H, dd), 1.40–1.10 (broad, 12H). ATR-IR (cm�1):
2995, 2864, 2239, 1605, 1446, 1264. Anal. calcd for C29H20N2O4

(wt%): C: 75.64, H: 4.37, N: 6.08 found: C: 74.6, H: 4.4, N: 5.9.

2.3. Film preparations

PIM-1 (0.2 g) was dissolved in CHCl3 (8 mL) and stirred over-
night to ensure a homogenous casting solution. The casting solu-
tion was filtered through glass wool into a glass dish. The cast
solution was covered by glass funnel and left for 48 h to allow sol-
vent evaporation. The freshly formed film was removed from the
glass dish with the help of an ethanol/water mixture (1:1). Then
it was dried in an oven at 110 �C overnight.

2.4. Electrospinning

PIM-1 powder was dissolved in 1,1,2,2-tetrachloroethane at the
concentration of 23% (w/v). The PIM-1 solution was stirred at 60 �C
for 1 h and left stirring overnight at room temperature and
degassed for 15 min prior to use. Following that, about 2 mL of
the PIM-1 solution was placed in a 3 mL syringe, which was
equipped with a blunt metal needle with an inner diameter of
0.5 mm and the syringe was positioned horizontally on the syringe
pump (KD Scientific, KDS 101). Metal plate collector was covered
by an aluminum foil then placed across the syringe to collect
microfibers. Extensive optimization studies have been performed
for the electrospinning and the applied parameters were as: flow
rate of the polymer solution; 0.5 mL h�1, applied voltage; 11–12
kV and tip to collector distance; 18 cm, rotation speed of the collec-
tor; 2000 rpm. Then, the collected fibers were detached from the
aluminum surface by spraying MeOH on fiber surface to ease the
stress on fibers and inhibit the immediate stretching. Finally, the
PIM-1 fiber was dried in an oven at 130 �C under vacuum for
overnight.

2.5. Methods

The molecular weight of PIM-1 was measured by an Agilent gel-
permeation chromatograph (GPC) equipped with a ZORBAX PSM
300-S column, which was calibrated using polystyrene standard
samples�THF was used as mobile phase at a flow rate of 1 mg
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mL�1. Infrared (IR) spectra of samples were recorded on a Bruker
Vertex 70 spectrometer. Samples were mixed with potassium bro-
mide (KBr) and pressed under the pressure of 8 tons to prepare pel-
lets. Each sample was scanned 64 times at a resolution of 4 cm�1.
Peak areas were calculated using Omnic software. 1H nuclear mag-
netic resonance (1H NMR) spectra was collected using a Bruker
DPX-400 MHz spectrometer at room temperature. Polymer solu-
tions were prepared in CDCl3. Chemical shifts were referenced to
tetramethylsilane (TMS). Thermo Scientific Flash 2000 series
CHNS-O analyzer was used for elemental analysis. 2,5-(bis(5-tert-
butyl-2-benzo-oxazol-2-yl))thiophene was used as a standard.
Samples (1–1.5 mg) were mixed with vanadium pentoxide (8–10
mg) that was used as a catalyst for complete oxidation. N2 adsorp-
tion isotherms at �196 �C were measured using an autosorb iQ gas
sorption analyzer. A small amount of sample (�0.1 g) was weighed
into an analysis tube and degassed under high vacuum at 120 �C
for 960 min. Analysis was conducted after reweighing the degassed
sample. Brunauer–Emmet–Teller (BET) surface areas were calcu-
lated from N2 adsorption isotherms by multi-point analysis. Scan-
ning electron microscopy (SEM) images were recorded using a FEI
Quanta 200 FEG scanning electron microscope. After coating sam-
ples with 5 nm Au–Pt imaging and the analysis was performed at
10 kV. The diameters of electrospun fibers were quantified using
ImageJ software by measuring about 100 different fibers. Thermo-
gravimetric analyzer TGA Q500 (TA Instruments) was used to
investigate the changes on the thermal resistance of polymer
samples. Samples were heated from 30 to 600 �C at a heating rate
of 10 �Cmin�1 under nitrogen atmosphere. Deionized water (0.4 lL)
was automatically dropped on the samples and Laplace–Young
fittingwas applied on contact anglemeasurements. Themeasurements
were repeated 5 times for an average value using Dataphysics
contact angle system OCA.

2.6. Aniline adsorption from air

Powder, fiber and film forms of PIM-1 were used for trapping
aniline. 1 mL of aniline was placed in 50 mL glass vial then adsor-
bents were placed in this vial and sealed with parafilm. The sam-
ples kept for 24 h at room temperature to ensure maximum
adsorption occurred. Then they were removed from glass vial
and kept under suction hood for a certain period.

2.7. Aniline adsorption from aqueous system

For aniline adsorption studies, aqueous stock solution of aniline
was prepared in deionized water. Different concentrations were
prepared by dilution of the stock solution with deionized water.
Calibration solutions were prepared from 200 to 1.6875 mg L�1

and their absorbance were measured using a Varian Cary 100 Bio
spectrometer. Value of kmax for aniline was taken as 280 nm and
specific absorption coefficients, a, was determined as 0.014 L
mg�1 cm�1. An exact amount of oven-dried adsorbent (�5.0 mg)
was placed in 20 mL of 50 mg L�1 aniline solution. The solution
(at natural pH) containing the adsorbent was stirred well with a
magnetic stirrer for 4–72 h. 2 mL aliquots were taken by syringe
and filtered through a PTFE hydrophobic filter (0.45 mm) when
powder from used as an adsorbent. The mass of aniline adsorbed
by the polymer, qe (mg g�1), was determined from the absorbance
of the aniline solution before contact with polymer, A0, and the
absorbance of the aniline solution after reaching equilibrium with
the polymer, Ae, using Eq. (1).

qe ¼
ðA0 � AeÞV

alm
ð1Þ

where V is the total volume of aniline solution, l is the path length in
the spectrometer and m is the total mass of polymer.
For adsorption/desorption experiment 25 mg PIM-1 fiber was
placed in 20 mL of 200 mg L�1 aniline solution and it was stirred
until reaching the equilibrium. Following this, desorption was per-
formed using ethanol and value of kmax for aniline in ethanol was
taken as 286 nm and specific absorption coefficients, a, was deter-
mined as 0.0158 L mg�1 cm�1.
3. Result and discussion

3.1. Structural characterization

Synthesis of PIM-1 has a long history and several methods have
been introduced for PIM-1 preparation [15,45]. PIM-1 can be pro-
duced by using commercial monomers and as synthesized PIM-1
shows significant fluorescent yellow color. The PIM-1 used in this
study has molecular weight (Mw) of 189 kDa and it shows narrow
PDI of 1.78. The structure of and purity of PIM-1 were confirmed
using FT-IR and 1H NMR spectroscopy techniques [44]. FT-IR spec-
trum of PIM-1 is depicted in Fig. 1(a) which shows characteristic
nitrile (CN) stretches at 2240 cm�1 along with aromatic and alipha-
tic CAH stretches around 3000 cm�1. 1H NMR spectrum of PIM-1 is
displayed in Fig. 1(b) showing four different proton environments.
Thermal properties of PIM-1 are studied using thermogravimetric
analysis technique that shows polymer is thermally stable and it
starts degrading at 450 �C (Fig. 1c). This behavior explained as
polymer backbone degradation.

3.2. Electrospinning of PIM-1 fibers

Previous studies have reported the preparation of bead-free
electrospun PIM-1 fibers by using 7 to 10% polymer in tetra-
chloroethane solutions with 127 and 292 kDa molecular weight
of PIM-1 polymer [40–42]. In the present study, we have employed
the PIM-1 with a molecular weight of 189 kDa (Mw) with a narrow
PDI (1.78). However, we only managed to produce fibers with over
23% (w/v) polymer solution in the same solvent (tetra-
chloroethane). Moreover, wetting, is observed when the electro-
spun fibers were collected on the rotating drum at 100 rpm as
reported in previous studies [40–42]. This was overcome by
increasing the rotation speed of drum collector to 2000 rpm which
also enables the formation of completely dried solid fibers with
aligned fiber morphology. Following the electrospinning, polymer
sticks on the surface of the aluminum foil which makes difficult
to detach the fibers from the surface without giving a physical
damage. Thus, the sample was treated with methanol for a short
period of time in order to avoid the physical damage, since PIM-
1 swells reversibly in the presence of alcohol and it was dried after-
wards [14,15,46]. Fig. 2(a) displays the digital image of fluorescent,
self-standing fibrous electrospun PIM-1 and SEM images of bead-
free, rounded and aligned PIM-1 fibers are shown in Fig. 2(b).
The average fiber diameters were found 2.07 ± 0.52 lm for this
polymer under the applied conditions and a relatively uniform
fiber diameter distribution has been attained (Fig. 2c).

3.3. Aniline adsorption from air

PIM-1 has a high surface area, making it a promising candidate
for adsorption studies. BET surface area measurements showed
that PIM-1 powder and fiber have the same apparent surface area
around 770 m2 g�1 and film form of PIM-1 has slightly lower sur-
face area with 720 m2 g�1. All PIM-1 samples show type I isotherm
at low pressure indicating significant microporosity. They also dis-
play hysteresis on desorption that may point out polymer swelling.
N2 adsorption/desorption isotherms and pore parameters data are
provided in Supplementary information in Figs. S1–5 and Tables



Fig. 1. (a) FT-IR spectrum, (b) 1H NMR Spectrum, (c) TGA curve of PIM-1 powder [44].

Fig. 2. (a) Digital image, (b) SEM images and (c) fiber diameter distribution of electrospun PIM-1 fiber.

320 B. Satilmis, T. Uyar / Journal of Colloid and Interface Science 516 (2018) 317–324
S1–5. It has been reported that PIM-1 has high affinity for organic
species and effectively used for removal of organic contaminants
[41,47]. Thus, we have investigated the adsorption of aniline from
air by electrospun PIM-1 fibers and compare the results with pow-
der and film form of it. 1H NMR and TGA were used effectively to
quantify the amount of aniline trapped in the PIM-1 matrix.
Fig. 3 exhibits the 1H NMR spectra of PIM-1 in CDCl3 before and
after aniline adsorption. It can be clearly seen that aniline adsorbed
PIM-1 shows distinct aromatic protons between 6 and 8 ppm along
with amine protons (–NH2) at 3.7 ppm. Thus, the integration of
amine signal of aniline and the aromatic proton of PIM-1(Ar-H4)
may assist to calculate the amount of aniline which is trapped in
PIM-1. The aniline adsorption capacity of PIM-1s was found from
1H NMR based on Eq. S6 in Supplementary information. The high-
est uptakes were found 558, 774 and 871 mg g�1 for powder, film
and fiber PIM-1 respectively.

The adsorption of aniline by PIM-1 was also observed by TGA
which indicates a great adsorption performance. Fig. 4 shows the
TGA curves of film, powder and fiber form of PIM-1 before and
after the adsorption. While powder and film form do not show
any weight loss before 450 �C, electrospun fiber PIM-1 shows a
slight weight loss (2%) between 120 and 190 �C due to the trace
solvent content. Hence, solvent correction is applied for fiber
PIM-1. The aniline adsorbed samples showing significant weight



Fig. 3. 1H NMR spectra of PIM-1 (solid line) and aniline adsorbed PIM-1 (dashed
line) fibers in CDCl3.

Fig. 4. TGA curves of powder, film, and fiber, form of PIM-1 before and after aniline
adsorption. Solid lines indicate samples before in contact with aniline and dashed
lines indicate samples after in contact with aniline within 24 h.
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loss up to 200 �C which was assigned as aniline content of PIM-1.
Thus, the aniline adsorption capacity of PIM-1s was calculated
from TGA based on Eq. S9 in Supplementary information. The high-
est uptakes were found 634, 779 and 818 mg g�1 aniline for pow-
der, film and fiber PIM-1 respectively. In addition, further
characterization, the comparison of calculated% removal of aniline
from NMR and TGA data and digital image of PIM-1 fiber before
and after aniline adsorption are provided in Supplementary infor-
mation in Figs. S6–S8. It has also been noted that the fluorescence
behavior of PIM-1 is quenched after aniline adsorption (Fig. S8).
3.4. Aniline adsorption from aqueous system

Following the aniline adsorption data obtained by PIM-1 from
air, the adsorption of aniline from water has also been studied.
The PIM-1 samples are also able to adsorb aniline from water.
The aniline adsorption maximums of PIM-1s were found 69 ± 2.0,
78 ± 5.4, 85 ± 2.5 mg g�1 for film, fiber and powder samples respec-
tively from 50 mg L�1 aniline solutions (Fig. 5a). Even though pow-
der PIM-1 can adsorb slightly higher amount of aniline, the
separation of adsorbent from solution requires additional filtration
step which makes difficult to continue and examine time profile of
adsorption precisely. Thus, the adsorption was studied over the
time for fiber and film PIM-1s. Fig. 5(b) exhibits that fiber PIM-1
can reach equilibrium within 5 h, although film PIM-1 requires
much longer contact time (72 h) to reach the equilibrium. This
was first considered by sample‘s hydrophobicity, and contact angle
measurement has showed 84 ± 2� for film and 134 ± 8� for fiber
PIM-1. The results are in good agreement with previous studies.
[42,48] Digital images of water drops on PIM-1 film and fiber are
provided in Supplementary information in Fig. S9. Then, the reason
for such a slow kinetic was thought to be related to density of the
PIM-1 samples. Film form is denser than fiber and powder form,
thus, it may follow slower kinetic. The kinetic data were aimed
to analyzed by pseudo-first-order and pseudo-second-order rate
models. However, the data is not sufficient enough to distinguish
the precise model. The results confirm the more rapid adsorption
by fiber PIM-1. The kinetic data are supported in Supplementary
information (Tables S6–7 and Figs. S10–11).

The adsorption capacity of adsorbents can be examined by the
adsorption isotherms [49]. In order to examine the adsorption
capacity of electrospun fiber PIM-1 with other materials, the iso-
therm experiments were conducted and experimental maximum
adsorption capacity was found 138 mg g�1 for PIM-1 fiber
(Fig. 5c and Table S8). Data was analyzed using Langmuir and Fre-
undlich models as it displayed in Fig. S12. It was found that the
Langmuir model is the best model for describing the adsorption
of aniline on PIM-1 fiber as the adj. R2 of aniline is greater than that
of Freundlich model, implying the adsorption follows monolayer
coverage, and the surface is relatively homogeneous. Similar obser-
vation has been reported for orange II adsorption by PIM-1 powder
from an aqueous system [50].

The constants of isotherm models are given in Supplementary
information in Table S9 and theoretical maximum adsorption
capacity was found as 161.2 mg g�1 which is slightly higher than
experimental maximum adsorption capacity. In addition to fast
kinetic, electrospun PIM-1 fibers are stable in water and the fiber
morphology is kept after the adsorption. Moreover, regeneration
of adsorbent has also been achieved by using acidic methanol
treatment for a short period of time. SEM images of PIM-1 after 3
cycle of adsorption/desorption is provided in Supplementary infor-
mation (Fig. S13). However, using acidic methanol solution to des-
orb the aniline that was adsorbed on PIM-1 surface was not found
reliable in terms of quantification. As aniline protonated in acidic
medium creating a decent calibration curve does not seem possi-
ble. Fig. S14 in Supplementary information displays the UV spectra
of aniline obtained from acidic methanol solution for 370 ppm and
185 ppm concentration that limit to obtain specific absorption
coefficient, a, by simple calibration. For that reason, ethanol solu-
tion is used for desorption experiment as PIM-1 can swell reversi-
bly in the presence of alcohol. The alcohol treatment method is
widely used to remove residuals from PIM-1 structure in gas sep-
aration [51–53]. Thus, adsorbed aniline was desorbed into ethanol
solution within 1 h. Note that, Value of kmax for aniline in ethanol
was found as 286 nm (Fig. S14), due to slight shift in kmax value
specific absorption coefficient was also recalculated for ethanol
solution. Water and ethanol calibration curves are also provided
in Supplementary information in Fig. S15. Regeneration of PIM-1
fiber and adsorption/desorption efficiency can be seen in Fig. 5d
that shows PIM-1 fiber maintains 85% of its adsorption capacity
after 4 cycles. Note that, PIM-1 is soluble in chloroform, thus, in
the case of any significant reduction in adsorption capacity it can
be dissolved in chloroform and re-precipitate from methanol. Fol-
lowing regeneration of polymer, fresh PIM-1 fiber can be obtained
by electrospinning repeatedly until polymer plasticize. The value of
qm is compared with other adsorbents and it was higher than that



Table 1
Comparison of the experimental conditions, BET surface areas, pore parameters and adsorption capacities of promising adsorbents towards aniline.

Adsorbent Experimental
conditions

BET surface
area (m2 g�1)

Pore diameter of
adsorbent (nm)

Total pore
volume (cm3/g)

qm (mg g�1) Ref

T (�C) pH

Activated carbon/chitosan composite 20 7 n.a n.a n.a 22.9 [54]
PAM/SiO2 20 8 n.a n.a n.a 52 [13]
Sawdust-b-CD 15 7 0.11 n.a 1.18 � 10�4 84 [55]
Fe3O4-activated carbon 20 6 671.2 1.2 4.87 90.9 [56]
Modified jute fiber 25 7 0.58 2.7 3.58 � 10�4 125 [57]
Electrospun PIM-1 fiber (this work) 20 6 767 2.9 0.565 161.2 This work
Phenol-modified hyper-cross-linked resins 25 n.a 1219 n.a 0.919 169.2 [58]

Fig. 5. (a) The amount of aniline adsorbed by different forms of PIM-1 in 50 mg L�1 aniline solution. (b) kinetic curves of aniline adsorption by fiber and film PIM-1. (c)
Adsorption isotherm of aniline on PIM-1 fiber. (d) Adsorption/desorption efficiency of fiber PIM-1 from water and ethanol solutions.
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of many other adsorbents reported in the literature. Table 1 shows
the comparison of the maximum adsorption capacities, surface
areas and pore parameters of different adsorbents towards aniline
under the applied conditions.

Note that, adsorption capacity of PIM-1 fiber from air is greater
than that of from water. Since in air adsorption experiment, the
environment is mainly including aniline molecules so minimal
interruption occurs for the interaction between PIM-1 and aniline
molecules in the gas form. On the other hand, water inhibits the
interaction between PIM-1 and aniline molecules in liquid form.
As PIM-1 knows as hydrophobic polymer. Water contact angle of
PIM-1 fiber is found 134 ± 8� (Fig. S9) that is possibly inhibits the
proper interaction with aniline molecules in water. Moreover, the
interaction between water-aniline molecules are possibly higher
than the interaction between PIM-1-aniline molecules causing less
adsorption from water but the material is still promising for an
adsorption from mainstream not only as an air filter.
4. Conclusion

In this study we have prepared electrospun PIM-1 fibers in
order to investigate the aniline adsorption ability and data was
compared with powder and film form of PIM-1. All forms of PIM-
1 show great adsorption performances for aniline adsorption. Max-
imum aniline adsorption capacities from air were found 558, 774
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and 871 mg g�1 for powder, film and fiber form of PIM-1. The ani-
line adsorption from aqueous solutions were also investigated.
Electrospun PIM-1 fibrous mat shows fairly fast adsorption within
5 h compare to PIM-1 film. The experimental maximum adsorption
capacity (qe) of electrospun PIM-1 fibrous mat was found as 138
mg g�1, while theoretical maximum adsorption capacity (qm) was
calculated as 161.2 mg g�1 that surpasses most of the adsorbents
reported in literature. Langmuir and Freundlich isotherm models
have also been studied and Langmuir model found more appropri-
ate for aniline adsorption on electrospun PIM-1 fibers. The study
demonstrated that electrospun PIM-1 fibers can be a potential can-
didate for adsorptive removal of aniline both in air and aqueous
media.
Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.jcis.2018.01.069.
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