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ABSTRACT

Poly (acrylic acid) (PAAc)-functionalized PAN nanofiber (PAN-COOH) mats were prepared
via electrospinning followed by atom transfer radical polymerization for the removal of cop-
per ions from aqueous solution. Attenuated total reflections Fourier transform infrared and
X-ray photoelectron spectroscopy results confirmed the presence of PAAc layer on the sur-
face of PAN nanofibers. The morphology of PAN-COOH nanofibers was studied by scan-
ning electron microscopy. Adsorption results indicated that the adsorption capacity was pH
dependent. Adsorption equilibrium reached within 30 min as the initial solution concentra-
tion increased from 108 to 268 mg/L, and the process can be described using the pseudo-
second-order model. Isotherm data fitted well to the Langmuir isotherm model. Desorption
results showed that adsorption capacity can remain up to 90% after five times usage.
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1. Introduction

Recently, the concern for heavy metal ions contam-
ination due to chemical and industrial processes has
been increased. Copper ion is one of the most com-
mon toxic heavy metal ions. Accumulation of Cu**
will be toxic [1]. The World Health Organization rec-
ommends the maximum allowable limit of copper in
the drinking water is 2.0mg/L [2]. Therefore, Cu**
should be removed from aqueous solution, in order to
avoid the deleterious impact of Cu** on human
health.

Several technologies have been developed for the
removal of Cu®** from aqueous solution, such as elec-
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trodeposition [3,4], ion exchange [5,6], membrane sep-
aration [7-11], adsorption [12-16], etc. Compared to
other methods, adsorption is simple and effective due
to its easiness to operate and simplicity to design. Sev-
eral kinds of materials were used as adsorbent for
heavy metal ions, such as active carbon, metal oxide
nanoparticles, agricultural waste, etc. However, these
kinds of absorbents suffer from a common problem
that it needs a later separation process from the solu-
tion, which will increase the operation cost. For avoid-
ing this problem, some researchers use polymer fiber
membrane as the adsorbent. For example, Deng et al.
[17] used aminated polyacrylonitrile (PAN) fibers
(diameters were in the range of about 20-50 um) for
the adsorption of Cu”* ions from aqueous solution
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and the aminated PAN fibers exhibit high adsorption
capacity.

Recently, polymer nanofibers obtained by electro-
spinning were used as adsorbent for its small diameter
and easy preparation. This kind of adsorbent has a
high surface area because of the nanoscale diameter of
the polymer nanofibers; moreover, functional groups
on the surface of nanofibers can be changed by using
different polymer or modification. Chitosan nanofiber
mat obtained by electrospinning was used for the
adsorption of Cu®* ions after chemical neutralization of
ammonium into amine group [18]. Polyethyleneimine
nanofibers, with a large amount of amino and imino
groups in its polymer chain, were obtained by electros-
pinning directly, and used for the adsorption of Cu®**
ions [19,20]. Electrospun PAN nanofiber mats were
most commonly used in the adsorption of heavy metal
ions for its easy preparation and modification. Aminat-
ed electrospun PAN nanofiber mat was used as
adsorbent for heavy metal ions [21-23]. Amino groups
are highly active in the formation of strong complexes
with metal ions because they contain nitrogen
atoms. Meanwhile, adsorbents modified by carboxylic
groups (which contain oxygen atoms) such as chitosan-
g-poly (acrylic acid) attapulgite composites, carboxylic
acid-functionalized konjac glucomannan, and chito-
san/poly (acrylic acid) (PAAc) magnetic composite
microspheres exhibit high adsorption capacity for
Cu*" ions [24-27].

Therefore, in this study, carboxylic groups were
introduced onto the surface of PAN nanofibers by the
method of atom transfer radical polymerization
(ATRP). Firstly, PAN nanofiber mat was obtained by
electrospinning. Secondly, polydopamine was depos-
ited on the surface of PAN nanofibers. Finally, PAAc
was grafted after the immobilization of ATRP initiator.
And then the functionalized PAN nanofiber mats were
used for adsorption of Cu®" ions from aqueous solu-
tions.

2. Experimental setup
2.1. Chemicals

PAN (M, =150,000), CuCl;:2H,O, copper (D
chloride (CuCl), HPLC water, and 2,2-dipyridyl (bpy)
were purchased from Sigma-Aldrich (Steinheim,
Germany) and used as received. 2-bromoisobutyryl
bromide (2-BIB 97%), dopamine hydrochloride (99%),
and tris (hydroxymethyl) aminomethane (99%) were
purchased from Alfa Aesar and used as received. N,
N-dimethylformamide (DMF), acrylic acid (AAo),
tetrahydrofuran (THF), and triethylamine were pur-
chased from Sinopharm Chemical Reagent Co., Ltd
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AAc, THF and triethylamine were distillated before
use.

2.2. Electrospinning of PAN nanofiber mat

The electrospinning process for PAN nanofiber
mat has been reported in our previously published
papers [28,29].

2.3. Immobilization of ATRP initiators on PAN nanofiber
surface

The PAN nanofiber mat was first heat treated at
140°C for 2h to improve the integration and then
washed with ethanol. After dried for a certain time in
the vacuum oven, the immobilization of ATRP
initiators onto the surface of PAN nanofiber mat was
carried out. Firstly, heat-treated PAN nanofiber mats
were immersed into dopamine solution (dopamine was
dissolved in 10 mM Tris-HCl with a concentration of
2g/L, pH 8.5) and shaken for 2 h in a thermostatic sha-
ker at 27°C to introduce hydroxyl groups. Secondly,
hydroxyl groups on the surface of PAN-OH nanofibers
reacted with 2-BIB to obtain 2-bromoisobutyryl
bromide-immobilized PAN-Br nanofiber mat. For the
reaction, 35 mL of THF and 3 mL of triethylamine were
introduced into a bottle containing PAN-OH nanofiber
mat, followed by the addition of 0.5mL of 2-BIB. The
mixed reaction solution was shaken in a thermostatic
shaker bath, operating at 25°C under argon atmosphere
for 3 h. Finally, the PAN-Br nanofiber mat was rinsed
by THF and dried in the vacuum oven.

2.4. Surface-initiated ATRP on PAN nanofibers

HPLC water, copper (I) chloride, 2,2-bipyridyl,
NaOH, NaCl, AAc, and PAN-Br nanofiber mat were
added into three-mouth flask. Before the polymeriza-
tion reaction, the flask was backfilled with nitrogen
for 15min. The reaction mixture was shaken for 30
min at 27°C, during which the flask was de-oxygen-
ated by inletting nitrogen. After polymerization, the
mats functionalized by PAAc were washed in water
for three times under stirring, the first at room tem-
perature, the second at 45°C, and the third at room
temperature too, and then PAN-COOH nanofiber mats
were dried in vacuum drying oven.

2.5. Cu’* ions adsorption experiments

Copper sulfate was used as the source of Cu®'.
100 mg dry PAN-COOH nanofiber mats were added
into 20 mL 170 mg/L Cu®" solutions with different pH
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for 12 h. The pH of the Cu®* solution was adjusted by
HCl solution. The removal percentage of Cu** can be
calculated by Eq. (1):

Co—Ce

o x 100 M

% Removal =

where C, is the initial concentration of Cu*" in solu-
tion (mg/L) and C, is the equilibrium concentration
(mg/L).

The adsorption isotherms for Cu** were estab-
lished by batch adsorption experiments. 100 mg PAN-
COOH nanofiber mats were immersed into 20mL
Cu*" solutions with different concentration. The initial
pH of the Cu®" solutions was adjusted to 5.0 by
NaOH solution. The adsorption was carried out at
25°C with constant shaking, and then kept for 12h to
establish adsorption equilibrium. The equilibrium
adsorption capacity was determined using Eq. (2):

Co—C.
go=—"2—y )
m

where C, is the initial concentration of Cu*" in solu-
tion (mg/L), C, is the equilibrium concentration (mg/
L), g. is the equilibrium adsorption capacity (mg/g),
m is the mass of adsorbents (g), and V is the volume
of solution (L).

The kinetic adsorption performance was studied
by contacting 100mg of PAN-COOH nanofiber mat
with Cu®* solutions of different initial concentration at
25°C. The initial pH of the Cu?* solution is 5.0, and
the solution was shaken during this process. Samples
were taken out of the solution at different time, each
time 0.1 mL. The adsorption capacity was calculated

by Eq. (3):

G -G
oom

1% 3)

qt

where g; (mg/g) is the adsorption capacity at time ¢,
Co is the initial concentration of Cu®* in solution (mg/
L), C, is the Cu®" concentration at time ¢ (mg/L), m is
the mass of adsorbent (g), and V is the volume of
solution (L).

2.6. Desorption experiment

For desorption studies, 100 mg PAN-COOH nanofi-
ber mats were first contacted with 20mL 170mg/L
Cu?* for 12h at 25°C. Then, the adsorbent was
immersed into 20 mL 0.2 M HCI solution for 10 min at
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25°C. The above procedure was repeated for five times
to test the reusability of the adsorbent.

2.7. Apparatus and instrumentation

The functional groups on the surface of samples
were detected by attenuated total reflections Fourier
transform infrared (ATR-FTIR) spectrometer using a
Perkin-Elmer spectrum RXI. The resolution is 4 cm™.
The surface chemical compositions of pristine PAN
nanofibers and the modified nanofibers were analyzed
by X-ray photoelectron spectroscopy (XPS) using
Thermo Electron Corporation ESCALAB250 equip-
ment with an Al Ka X-ray source (1486.6 eV).The sur-
face morphologies of the nanofiber mat were studied
by Hitachi S5-4700 scanning electron microscopy
(SEM). Cu®* concentration was measured with an
inductively coupled plasma mass spectrometry (7700
series, Agilent technologies).

3. Results and discussion

3.1. Surface chemical compositions study of the nanofiber
mat

To anchor the ATRP initiator 2-BIB onto the nano-
fiber surface, PAN nanofiber mat was first coated by
polydopamine using a procedure similar to that
described in the literature [30]. The polydopamine-
coated PAN nanofibers can offer catechol groups
which can be used to anchor the ATRP initator 2-BIB
[31]. The modification process is shown in Fig. 1.
Fig. 2 shows the ATR-FTIR results of PAN-Br, PAN-
COOH with different AAc concentration, and PAN-
COOH treated by acid solution (pH 2.0). It is observed
that after AAc polymerization on the surface of PAN
nanofibers, the absorption bands assigned to carboxyl-
ate, and hydroxyl groups appeared at 1,571 and 3,353
cm™’, respectively [26]. Fig. 2(d) shows a wide and
broad peak at about 3,353 cm ™', which may be due to
self-polymerization of AAc at high AAc concentration.
During AAc polymerization process, pH of the AAc
solution was adjusted to about 10 by adding NaOH
and NaCl. Therefore, carbonyl appeared as the style of
carboxylate. However, an obvious hypsochromic shift
can be observed (from 1,571 to 1,718cm™ 1) after
immersed into acid solution (pH 2.0) for 30 min. The
hypsochromic shift is due to the transform from car-
boxylate to carboxylic acid [32].

XPS was also used to study the chemical composite
of PAN nanofiber mat before and after modification.
Br3d and Br3p were clearly observed after 2-BIB
anchored onto the surface of PAN nanofibers as shown
in Fig. 3(a). The bromine content on the surface of
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Fig. 1. Schematic illustration of the ATRP of AAc on polydopamine-functionalized PAN nanofiber.
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Fig. 2. ATR-FTIR spectra of (a) PAN-Br, (b) PAN-COOH
9% AAc, (c) PAN-COOH 12% AAc, (d) PAN-COOH 15%
AAc, and (e) PAN-COOH 12% AAc, treated by acid solu-
tion.

PAN-Br nanofiber mat was 0.77 atom%. The oxygen
content increased from 8.77 to 25.64 atom% after AAc
polymerization onto the surface of PAN-Br nanofiber
mat. Meanwhile, the oxygen content increased with
AAc monomer concentration increased (as shown in
Table 1). The nitrogen content decreased from 10.65 to
2.46 atom% for the absence of nitrogen atom in the
PAAc chain. Since AAc was transferred to acrylate
before ATRP, 4.42-7.57 atom% of natrium was detected
after modification using different monomer concentra-
tion. It is worth mentioning that the natrium content
decreased from 6.57 to 0.36 atom% after immersed into

the acid solution (pH 2.0), another evidence for the
conversion of carboxylate to carboxylic acid groups.
The results indicate that PAAc was successfully grafted
onto the surface of the PAN nanofibers.

3.2. Morphology of the nanofiber mats

The morphology of the nanofiber mat was studied
by SEM, and the results were shown in Fig. 4. Some
of the PAN nanofibers were connected together after
polydopamine coated on the surface of PAN nano-
fibers (as shown in Fig. 4(b)). Initiator immobilization
process nearly did not affect the nanofiber morphol-
ogy (as shown in Fig. 4(c)). However, after modifica-
tion by ATRP with AAc, nanofibers were connected
together obviously for the PAAc chains grafted onto
the surface of PAN nanofibers. The spacing between
the nanofibers was almost covered by PAAc, while the
AAc concentration was 15%. However, when the AAc
concentration was below 12%, pores between nano-
fibers were retained and still in the macro-meter scale.
Therefore, PAN-COOH obtained by 12% AAc was
used in the following adsorption experiments for
enough carboxylic acid groups and high surface area.

3.3. pH effect on the adsorption

Adsorbents functionalized by weak acid are much
dependent on the pH value of solution. When the
adsorbents are non-ionized at low pH, they are poor
interaction with heavy metal ions. However, adsorp-
tion—desorption process can be easily realized by
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Fig. 3. XPS wide scan spectra of (a) PAN nanofibers, (b) PAN nanofibers coated by polydopamine, (c) PAN-Br nanofibers,
and (d) PAN-COOH of 12% AAc.

Table 1
XPS results of nanofiber mat
Cls Ols Nis Br3d Nals
(atom (atom (atom (atom (atom
%) %) %) %) %)
PAN 76.81 3.96 19.24
PAN-dopa 2h 78.4 7.83 13.77
PAN-Br 79.8 8.77 10.65 0.77
PAN-COOH 9% 7121 1459 9.57 0.21 4.42
AAc
PAN-COOH 12% 68.49 18.04 6.58 0.32 6.57
AAc
PAN-COOH 15% 64.33 25.64 2.46 7.57
AAc
PAN-COOH 12% 71.64 2215 5.85 0.36

AAc (treated by
acid solution)

adjusting the pH of the solution [33]. The adsorption
of metal ions on the surface of PAN-COOH nanofiber
mat was studied and the results are shown as a func-
tion of initial pH of the solution in Fig. 5. When the
pH of the solution was higher than 6.0, precipitation
of Cu®* ions as Cu(OH), would occur spontaneously
[34]. Therefore, the measured pH range was from 2.0
to 5.0. When the pH of the initial solution changed
from 2.0 to 5.0, the adsorption efficiency increased
from 4.77 to nearly 90%. In our previous work, we
found that when pH value was 3.6, the carboxyl
group of PAAc existed in the form of undissociated
acid, and the hydrogen bond was strong, so the chain
of PAAc shrank. With the pH value increasing,
hydrogen bond became weak, and the grafted chains
stretched [35]. Therefore, the reason for the
low adsorption efficiency at low pH is due to the
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Fig. 4. SEM images of nanofiber mat, (a) pure PAN; (b) PAN-Pdopa 2 h; (¢) PAN-Br; (d) PAN-COOH, 9% AAc; (e) PAN-

COOQOH, 12% AAc; (f) PAN-COOH, 15% AAc.

undissociated carboxyl groups and competitive inter-
action between H" ions and Cu®* ions for the same
sorption sites on adsorbent surface. However, carboxyl
groups in polymer chains dissociated and stretched at
higher pH, and the adsorption efficiency increases due
to the interaction of static electricity. The following
adsorption isotherms and kinetic properties were
performed at the condition of initial pH 5.0 of the
solution.

3.4. Effect of adsorbent dose

The dosage of adsorbent used in the adsorption
process is an important factor, which determines the
capacity of the adsorbent for a given initial concentra-
tion. To study the dosage effect on Cu®* ions removal
performance, different amount of PAN-COOH
nanofiber mats was added into 20 mL 170 ppm Cu**

90

Removal (%)
[ ] (7] = wn (=) 3 *®
=} =} =} =} =} =} =}

ot
=

=

Initial pH

Fig. 5. Effect of pH on the adsorption of Cu** ions.
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Fig. 6. Effect of PAN-COOH nanofiber mat dose on Cu**
ions removal performance.

ions solution (pH 5.0) for 12 h. The results were shown
in Fig. 6. The results indicated that the percentage
removal of Cu** ions rapidly increased (from 55.2 to
94.3%) with the increase of mat dosage (from 0.05 to
0.20 ). The increase of removal performance for Cu**
ions is due to the more available sorption sites. How-
ever, when the dosage of PAN-COOH nanofiber mats
was more than 0.1g, the percentage removal of Cu**
ions slightly increased.

3.5. Adsorption kinetics

The effect of adsorption time on adsorption capac-
ity at different initial solution concentration is shown
in Fig. 7. The results indicate that the adsorption
capacity of Cu®" ions increases with an increase in
adsorption time until equilibrium is reached between
adsorbents and Cu®* ions. The equilibrium time was
about 30 min and almost unchanged as the initial solu-
tion concentration increased from 108 to 268 mg/L.
The equilibrium capacity is 16.71, 35.07, and 48.20
mg/g for 108, 182, and 268 mg/L initial Cu®* ions
solution, respectively.

In order to better understand the adsorption
behaviors, adsorption kinetic data are often analyzed
using two commonly used kinetic models, namely the
pseudo-first-order [36] and the pseudo-second-order
[37] kinetic model. These two kinetic models are used
to describe the adsorption of solid/liquid systems,
which can be expressed in the linear forms as Eqs. (4)
and (5), respectively:

K, )

log (‘7e - qt) = 10g 4. — 2303
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Fig. 7. Effect of contact time and initial concentration on
the adsorption of Cu** ions onto PAN-COOH nanofiber
mats.
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Fig. 8. Pseudo-first-order kinetic model (a), pseudo-second-
order kinetic model (b) for adsorption of Cu®** ions on
PAN-COOH nanofiber mats.
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Table 2
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Kinetics parameters for Cu®* ions adsorption onto PAN-COOH nanofiber mat

Pseudo-first-order model

Pseudo-second-order model

Co (mg/L)  geerp (mg/g) Ky (1/min)  gocm (mg/g)  R* K, (g/mg/min)  g.ou (mg/g)  R®

108 16.71 0.043 2.32 0.85614 0.059 16.82 0.99994
182 35.07 0.044 1.11 0.76776 0.041 32.23 0.99995
268 48.20 0.015 2.48 0.50223 0.033 48.15 0.99993

Notes: g, xp: equilibrium adsorption capacity from experiments; g, .. equilibrium adsorption capacity calculated from the kinetic models.

t 1 1
o Kf + at ®)

where K; and K, are the pseudo-first-order and
second-order rate constants, respectively.

The adsorption kinetic plots for the adsorption of
Cu”* ions are shown in Fig. 8, and the obtained kinetic
parameters are summarized in Table 2. The values of
the correlation coefficients (shown in Table 2) clearly
indicated that the adsorption kinetics closely followed
the pseudo-second-order model rather than the
pseudo-first-order model. The pseudo-second-order
rate constant (K,) decreased from 0.059 to 0.033 g/
mg/min with an increase in initial concentration from
108 to 268 mg/L. Moreover, g, values obtained from
pseudo-second-order kinetic model appeared to be
very close to the experimentally observed values than
values from pseudo-first-order kinetic model.

3.6. Adsorption isotherm

Adsorption isotherms were investigated to exhibit
the adsorption capacity of PAN-COOH nanofiber mat

36
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ul .
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Fig. 9. Equilibrium isotherms of Cu®* ions adsorption onto
PAN-COOH nanofiber mat.

for Cu®* ions removal. The adsorption isotherms of
Cu”* ions removal by PAN-COOH nanofiber mat are
shown in Fig. 9. It can be observed that there is an
increase of g, with an increase of C,, and g, increases
faster at lower C, than at high C..

@) 40
35t
0k
251

2.0

Co/qe (g/L)

1.5 2
R“=0.99896
1.0 -

0.5 . 1 . 1 . 1 . 1 . 1 . 1
0 20 40 60 80 100 120

Ce (mg/L)

140

(b)

36+
3s|
34l
33l

32+

Inqe

3l
30 R2=0.90478
29

28

2.5 3.0 35 4.0 4.5 5.0
InC,

Fig. 10. Langmuir isotherm model (a) and Freundlich iso-
therm model (b) for adsorption of Cu®* ions onto PAN-
COOH nanofiber mat.
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Table 3
Langmuir and Freundlich isotherm parameters for Cr(VI)
adsorption onto PAN/PANI nanofiber mat

Freundlich model
1/n  R?
0.325 0.90478

Langmuir model
Gm (mg/g) b (L/mg) R
40.145 0.056 0.99896 7.812

K¢ (mg/g)

Two well-known models [38] of Langmuir and Fre-
undlich isotherms were used to fit the equilibrium
data, and the correlation coefficient (R*) obtained was
used to evaluate the fit of the two models. The Lang-
muir model is based on the assumption of adsorption
homogeneity, representing equally available adsorp-
tion sites, monolayer surface coverage, and no interac-
tion between adsorbed species. The linearized
Langmuir isotherm model is represented by Eq. (6):

C, 1 C,
et 4 6)
Ge  Gmb  Gm

The Freundlich isotherm describes reversible adsorp-
tion and is not restricted to the formation of the mono-
layer. This empirical equation takes the form, as
shown in Eq. (7):

InC,
n

In g, = In K¢ + )

where g,, (mg/g) is the maximum adsorption capacity,
b (L/mg) is the Langmuir constant related to the
energy of adsorption, and K and 1/n constants are
related to the adsorption capacity and intensity of
adsorption, respectively.
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The fitted plots for the two models are shown in
Fig. 10, and the obtained kinetic parameters are sum-
marized in Table 3. The higher values of correlation
coefficient indicated that Langmuir model better fitted
the isotherm data than Freundlich model. The maxi-
mum adsorption capacity calculated from Langmuir
model is up to 40.14mg/g.

Table 4 summarized the adsorption performance
for Cu®* ions of different adsorbents reported by other
literatures. It was observed that amine-functionalized
adsorbents present high adsorption capacity for Cu®*
ions. However, this kind of adsorbents needs a long
time (usually several hours) to reach the adsorption
equilibrium [17-21,23]. Although the adsorption
capacity of carboxylic acid-functionalized adsorbents
was a little lower than amine groups-functionalized
adsorbents, the adsorption rate was much fast. Com-
monly, adsorption equilibrium will be reached within
one hour [24-26]. Therefore, PAN-COOH nanofiber
adsorbents not only avoid the later separation process,
but also have a much fast adsorption rate.

3.7. Adsorption mechanism

To further study the adsorption process, PAN-
COOH nanofiber mat before and after Cu** ions was
examined by ATR-FTIR, and the results were shown
in Fig. 11. It can be observed that two strong peaks
appeared at about 1,711 and 1,449 cm™" in both PAN-
COOH nanofiber before and after Cu?* ions, which
ascribed to asymmetric and symmetric stretching of
C=0 in PAAc, respectively [39]. However, two new
peaks appeared at about 1,613 and 1,413cm™" after
Cu”* ions adsorption, which may be due to the forma-
tion of metal-ligand bond between Cu** ions and car-
boxyl oxygen [40-42]. Since the coordination number
of Cu®* ion is 4 [43], a plausible mechanism for the

Table 4
Comparison of adsorption performance of the PAN/PANI mat with other adsorbents for Cr(VI)
Type Gm (mg/g) Equilibrium time (h) Optimum pH Refs.

With amine or imine groups  Fiber mat 31.45 About 3 for 132 mg/L Cu** 4.5 [17]
With amine or imine groups = Nanofiber mat  485.44 About 4 for 400 mg/L Cu** No result [18]
With amine or imine groups = Nanofiber mat ~ 70.92 About 6 for 100 mg/L Cu** 5.0 [19]
With amine or imine groups = Nanofiber mat  161.29 About 5 5-7 [20]
With amine or imine groups = Nanofiber mat  150.60 About 10 for 200 mg/L Cu** 4.0 [21]
With amine or imine groups = Nanofiber mat  116.52 About 0.33 for 590 mg/L Cu** 5-6 [22]
With amine or imine groups = Nanofiber mat  31.30 About 5 for 200 mg/L Cu** 5 [23]
With carboxylic acid groups =~ Powder 303 About 1 for 1,220 mg/L Cu** 5.5 [24]
With carboxylic acid groups ~ Powder 64.5 About 0.33 for 1,000 mg/L Cu** 5.0 [25]
With carboxylic acid groups ~ Powder 177 About 0.58 for 385 mg/L Cu** 5.5 [26]
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Fig. 11. ATR-FTIR study of PAN-COOH nanofiber mat
before (a) and after (b) Cu®** ions adsorption.
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Fig. 13. Adsorption—desorption cycles.
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Fig. 12. A plausible mechanism for the adsorption and desorption of Cu®* ions.

adsorption and desorption of Cu®* ions was proposed
as shown in Fig. 12.

3.8. Desorption performance of the PAN-COOH nanofiber
mat

Since the adsorption of Cu®* ions onto PAN-
COOH nanofiber mat is pH dependent and lower pH
is beneficial for Cu** ions adsorption, the desorption
of Cu* ions from adsorbents can be achieved by
decreasing system pH values. Therefore, for the reuse
ability study, 0.2M HCI was used to regenerate the
PAN-COOH nanofiber mat loaded with Cu®* ions. As
shown in Fig. 13, the adsorption capacity was still
kept more than 90% of the original adsorption capac-
ity after five times usage. The results indicate the

potential application of PAN-COOH nanofiber mats in
wastewater treatment.

4. Conclusions

PAN-COOH nanofiber mats were successfully pre-
pared by electrospinning method followed by ATRP.
And then the PAN-COOH nanofiber mats were used
as adsorbent for Cu®* ions from aqueous solution.
ATR-FTIR and XPS results show that PAAc layer was
coated on the surface of PAN nanofibers. The PAAc
layer can be clearly seen from the SEM images. The
adsorption capacity was pH dependent. The removal
percentage of Cu®* ions was up to 85% at pH 5.0. The
adsorption equilibrium was reached within 30 min as
initial solution concentration increased from 108 to
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268 mg/L, and the process can be better described
using the pseudo-second-order model than pseudo-
first-order model. Isotherm data fitted well to the
Langmuir isotherm model. The maximum adsorption
capacity (g,) calculated from Langmuir isotherm
model of PAN-COOH nanofiber mats was 40.14 mg/g.
Desorption results show that the adsorption capacity
can remain up to 90% after five times usage.
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Symbol list

Co — initial concentration of Cu®* in solution
(mg/L)

C, — the equilibrium concentration of Cu**
(mg/L)

e — equilibrium adsorption capacity (mg/g)

m — mass of adsorbents (g)

14 — volume of solution (L)

qr — adsorption capacity at time ¢ (mg/g)

K; and K, — the pseudo-first-order and second-order
rate constants

Gm — maximum adsorption capacity (mg/g)

b — langmuir constant related to the energy
of adsorption (L/mg)

Krand 1/n — constants are related to the adsorption
capacity and intensity of adsorption
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