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Abstract Polypyrrole/bacterial cellulose (PPy/BC)
composites with nanofiber structure were prepared by
a facile in situ oxidative polymerization for the
efficient removal of hexavalent chromium (Cr(VI))
from aqueous solution. The characteristics of the
adsorbent were analysed by SEM, TEM, BET, EDX,
FT-IR, and XPS and PPy found to be evenly wrapped
on cellulose surfaces to form a core—shell structure and
the specific surface area calculated at 95.9 m* g~
Benefiting from high surface area, PPy/BC efficiently
removed Cr(VI) and possessed a maximum adsorption
capacity of 555.6mgg~' at 298 K and pH 2.
Adsorption data was determined to conform to the
Langmuir isotherm model and pseudo-second-order
model. Cr(VI) adsorption on PPy/BC was involved in
ion exchange and electrostatic attractions. Meanwhile,
a portion of Cr(VI) was reduced to trivalent chromium
(Cr(II)) by pyrrolic nitrogen and then retained on
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PPy/BC surfaces by chelation. In addition, PPy/BC
maintained 70.5% of its initial adsorption capacity
after five adsorption and desorption cycles. This study
demonstrated that PPy/BC can be a cost-effective,
reusable, and highly efficient adsorbent for Cr(VI)
removal.

Keywords Polypyrrole - Bacterial cellulose -
Nanofiber - Adsorption - Cr(vi)

Introduction

Due to rapid industrialization and population pressure,
large amounts of wastewater containing heavy metal
ions have entered into the ecological water environ-
ment. As one of the most toxic contaminants in water,
chromium(VI) (Cr(VI)) is carcinogenic and terato-
genic for human beings (Zhang et al. 2010; Huang
et al. 2019). In aqueous solution, chromium ions are
usually in two valence states, Cr(VI) and Cr(IIl), but
Cr(VD) is much more toxic and mobile in the
environment than Cr(IIl) (Guan et al. 2019) The
World Health Organization (WHO) recommends that
the concentration of total Cr in industrial wastewater
should be < 0.1 mg/L and the maximum allowable
total chromium concentration in drinking water should
be < 0.05 mg/L (H. Demiral et al. 2008). Therefore,
exploring ways to effectively remove Cr(VI) from
water has become an urgent issue.
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Various methods, including precipitation (Gheju
and Balcu 2011), electrochemical treatment (Jin et al.
2016), photocatalytic reduction (Xu et al. 2019),and
adsorption (Zhang et al. 2019), have been applied to
reduce Cr(VI) presence in water. In general, an
adsorption method is more promising because it can
involve many inexpensive, green, and renewable
materials as adsorbents (Jin et al. 2017).

In the past few years, conducting polymers such as
polypyrrole (PPy), polythiophene (PTH) and polyani-
line (PANi) have attached much attention to removing
heavy metals from water due to their advantages of
high adsorption capacity and easy synthesis (Molaei
et al. 2017). PPy is very suitable for the removal of
Cr(VI) from water, which is attributed to the inherent
properties like high chemical stability and good ion
exchange performance (Mahmud et al. 2016). How-
ever, in the polymerization process, pyrrole easily
agglomerates into particles, with a specific surface
area of PPy usually of only 12.21 m*g~' and the
adsorption capacity of Cr(VI) at only 21.87 mg-g~"
(Roy et al. 2012). Therefore, scientists have been
trying to use templates to expand PPy specific surface
area, thus improving its adsorption performance. Fang
et al. have synthesized graphene/SiO,@PPy
nanocomposites with a specific surface area of
37.6 m*/g and these adsorbents exhibit good adsorp-
tion performance (429.2 mg g~ '; Fang et al. 2018).
Ko et al. have prepared PPy/carbon black composite
particles with a specific surface area of 64.47 m*.g~"
and adsorption capacity that reaches 174.8 mg g~
(Ko et al. 2018). Although the PPy specific surface
area is improved to a certain extent when spherical or
sheet materials are used as templates, agglomeration is
still difficult to avoid, and difficult to separate from
solution after adsorption. This not only reduces the
adsorption performance of PPy particles, but also
limits its application in the removal of Cr(VI). To
further improve the accessibility of adsorption sites,
nanofibers have been used as templates; for instance,
PPy-wrapped oxidized MWCNTs nanocomposites
and bamboo-like PPy nanotubes exhibit adsorption
capacities at 294.1 and 482.6 mg g™, respectively
(Bhaumik et al. 2016; Li et al. 2012). However, the
cost of the above-mentioned fiber templates has been
relatively high and local pyrrole agglomeration still
difficult to avoid. So, it is essential to develop high-
efficiency and low-cost PPy adsorbents.
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Bacterial cellulose (BC), which has a 3D nanofiber-
network structure, is one of the most abundant,
renewable, natural celluloses (Wu et al. 2015). It has
higher purity, crystallinity, Young’s modulus value
and aspect ratio. After compounding with other
materials, it can increase the strength and stability of
the composite material and is a good chemical reaction
template (Wang et al. 2019). BC is rich in hydroxyl
groups and can form hydrogen bonds with —NH-
groups in pyrroles, which can serve to limit irregular
agglomeration of PPy and might improve its adsorp-
tion properties. To our knowledge, there has been no
study to date regarding the removal of Cr(VI) using
PPy/BC nanofiber composites.

In this study, PPy/BC nanofiber composites were
prepared by an in situ oxidation polymerization and its
properties examined using various characterization
methods. The adsorption performance and mechanism
of PPy/BC for Cr(VI) were then analysed and
discussed.

Experimental section
Materials

The foodstuff Nata de coco was purchased from
Yeshen Food Co., Ltd. (Shanghai, China). Pyrrole
monomer (Py, 99%), potassium dichromate
(K5Cr05), 1,5-diphenylcarbazide, ammonium per-
sulfate (APS), and anhydrous ferric chloride (FeCl;)
were purchased from Aladdin Reagent Co., Ltd.
(Shanghai, China). All other reagents were used as
received, unless stated otherwise.

Preparation of PPy/BC

According to the method reported by Sai et al. (2015),
BC hydrogel was prepared using Nata de coco as
precursor. The preparation process of PPy/BC
nanocomposites is shown in Fig. 1. First, the BC
hydrogel was broken by juicer processing and the
obtained BC slurry diluted with deionized water to
form a 400 mL solution with 0.25 wt% solid content.
Next, 4 mL of concentrated HC] was added and stirred
for 30 min. Second, 0.6 mL of Py was added into the
above solution and continuously stirred for 3 h. Then,
aqueous FeCl; (1 M) as oxidant was added to the
pyrrole-containing solution, with the molar ratio of



Cellulose (2021) 28:2229-2240

2231

BC

OH OH
?H o —
N (4} § >&,0
H OH H OH H OH
n

Fig. 1 Preparation process of PPy/BC nanocomposite

FeCls/pyrrole molar ratio set at 2.4/1. All the above
step were performed at room temperature. After that,
the mixture was placed in a 4 °C refrigerator for 24 h
and the resulting composites suction-filtered in air and
washed with distilled water and ethanol until neutral
filtrate. Finally the material was subjected to solvent
exchange with z-butanol and freeze-dried at —50 °C
and 20 Pa. In some procedures, the oxidant was
replaced with ammonium persulfate or hydrogen
peroxide, with the rest of the procedure the same.
Unless otherwise specified, PPy/BC in this paper
represents the material obtained using FeCl; as
oxidant.

Characterization of adsorbents

The morphology and size of BC and PPy/BC were
characterized using scanning electron microscopy
(SEM; Nova NanoSEM 430, FEI Co., Hillsboro,
OR, USA) and transmission electron microscopy
(TEM; JEM-2100F, JEOL Ltd., Tokyo, Japan).
Energy dispersive X-ray spectroscopy (EDX) elemen-
tal maps were obtained during SEM testing. The
specific surface area of PPy/BC was measured through
N, adsorption/desorption isotherms obtained at 77 K
with an ASAP 2460 gas adsorption apparatus (Mi-
cromeritics Instrument Corp., Norcross, GA, USA).
To analyze the functional groups of the samples,

Pyrrole/3h
HCl

L \\\ )

N
H —Pyrrole

FeCl; 4°C/24h '

In-situ polymerization

infrared (IR) spectra were identified using an attenu-
ated total reflectance-Fourier transform-infrared spec-
trometer (ATR-FT-IR; Nicolet iS50, Nicolet
Instrument Corp., Madison, WI, USA) with a resolu-
tion of 4 cm ™. Zeta (z)-potential measurements were
performed using a zetasizer (Nano ZS90, Malvern
Instruments Ltd., Worcestershire, UK). Surface chem-
ical compositions of PPy/BC before and after water
treatment were determined based on X-ray photoelec-
tron spectroscopy (XPS; Axis Ultra DLD, Kratos
Analytical Ltd., Manchester, UK).

Adsorption experiments

All adsorption experiments were conducted in plastic
bottles, which were agitated in a thermostatic shaker at
200 rpm. Except for special instructions, adsorption
experiments were executed by adding 15 mg of
adsorbent to 60 mL of Cr(VI) aqueous solution. After
the defined adsorption time, samples were retrieved
using a 0.45 pm membrane filter. Absorbance was
measured using a UV-spectrophotometer at A, of
540 nm after the filtrate was reacted with 1,5-
diphenylcarbazide to form a Cr(VI) complex, from
which the Cr(VI) concentration was calculated from a
standard curve.

The 100 mg L™" Cr(VI) solutions with initial pH
from 2 to 8 were prepared to clarify the impact of
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solution pH on Cr(VI) adsorption. In order to further
study the practical application effect of PPy/BC and
the competitive strength of adsorption sites in the
presence of different ions, the effect of Cd2+, Cu2+,
Zn**, SO,°~ and NO;~ with the same concentration
on the adsorption of Cr (VI) by PPy/BC were studied.
For adsorption kinetics, 75 mg composites were added
to 300 mL of Cr(VI) solution (pH 2) with initial
concentrations of 100, 150, and 200 mg L™ In
addition, adsorption isotherm experiments were car-
ried out at different temperatures (298, 308, and
318 K) and samples dispersed into Cr(VI) solutions
(pH 2) of different initial concentrations (50, 100, 150,
200, 250, and 300 mg L™"). According to the resulting
equilibrium adsorption data, thermodynamic parame-
ters, such as AG®, AHC, and AS°, were determined.

Five cycles of Cr(VI) adsorption and desorption
were carried out to evaluate the reusability of PPy/BC
nanofiber composites. In each cycle, 15 mg PPy/BC
was added to 60 mL Cr(VI) solution (100 ppm and pH
2) and agitated for 24 h. Next, the Cr(VI)-loaded PPy/
BC was stirred in 0.5 M NaOH solution for 1 h to
accomplish desorption. Adsorption sites of the PPy/
BC were regenerated by adding 1 M HCI solution and
stirred for 1 h. After that, the adsorbent was washed
with deionized water until neutral and then reused for
the next adsorption test.

All adsorption experiments were performed in
triplicate and expressed as averages, with all
errors < 3%.

Results and discussion
Characterization

The surface morphology of BC and PPy/BC nanofiber
composites were observed by SEM and TEM. BC was
observed to have a nanoscale fiber structure, which
provided a large number of adsorption sites for pyrrole
monomers (Fig. 2a). After in situ oxidative polymer-
ization, the PPy/BC diameters were significantly
higher than that of BC (Fig. 2b). In addition, after
the polymerization process, PPy maintained a perfect
fiber structure without agglomeration. From TEM
images, surface of PPy/BC was observed to be rough
and PPy evenly wrapped on BC surfaces, forming a
core—shell structure with a diameter of ~ 90 nm
(Fig. 2¢). According to the N, adsorption/desorption
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curves, the BET specific surface area (Sggr) of PPy/
BC was calculated to be 95.9 m* g~'. The SEM and
TEM images of PPy/BC prepared with ammonium
persulfate and hydrogen peroxide as oxidants are
shown in Fig. S1 and S2, respectively. The PPy/BC
prepared by ammonium persulfate is partially agglom-
erated, and the adsorbent forms a beadlike structure
(Fig. S1), and the caking was more severe when
hydrogen peroxide was used as an oxidant (Fig. S2).
Compared with the Sggr of PPy composites listed in
Table 1, PPy/BC with higher specific surface area had
better adsorption properties. In addition, the zeta
potential of PPy/BC was measured. The point of zero
charge (isoelectric point) was found to occur at
pH ~ 6, below which the nitrogen atoms were
protonated, which would have facilitated electrostatic
attractions between anions and cations (Fig. 2d).

The chemical structures of the BC, PPy, and PPy/
BC were characterized by FT-IR and it was observed
that pure BC exhibited typical IR absorption peaks of
cellulose, such as —OH stretching (3345 cm_l), -
CH,- stretching (2895 cmfl), and C-O-C stretching
(1057 cm™ ) (Fig. 2e; Cai et al. 2018). However, PPy/
BC mainly showed characteristic peaks of PPy, with
peaks at 1554 and 1456 cm ™" attributed to conjugated
C—C and C—N stretching vibrations. Bands at 1305 and
1165 cm ™" are assigned to C-N in-plane deformation
and pyrrole ring breathing. Bands at 1034, 965, and
849 cm™! derived from C—H out-plane and in-plane
bending and N-H wagging of PPy in the PPy/BC,
respectively (Wang et al. 2012; Yuan et al. 2019). In
addition, it was noteworthy that the above peaks
possessed a clear blue shift compared with pure PPy.
This shift was due to —OH groups of BC and —-NH
groups in the pyrrole ring forming hydrogen bonds,
which affected skeletal vibrations of the PPy chain
(Xu et al. 2013).

Effects of initial pH

The solution pH is a crucial factor during the Cr(VI)
adsorption process (Niu et al. 2017) and, here, the
removal efficiency was found to reach 97.5% at pH 2
(Fig. 3). With increased pH, PPy/BC adsorption
performance gradually deteriorated and the removal
efficiency only 31.9% at pH 8. This change was related
to the situation of Cr(VI) in different pH solutions. At
pH 1, Cr(V]) in the solution mainly exists as H,CrOy4
and cannot be adsorbed (Nezhad A A et al. 2018). At
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Fig.2 SEM images of BC (a); PPy/BC (b); TEM image of PPy/BC (c); zeta-potential of PPy/BC with various pH in deionized water
(d); and FTIR spectra of BC, PPy, and PPy/BC (e)

Table 1 Comparison of Cr(VI) adsorption performance of adsorbents at 298 K

Adsorbents qm (mg Specific surface area (m*>  References
gh gh

PPy/carbon black composites 174.81 64.47 (Ko et al.2018)
PPy/OMWCNTs 294.1 34.1 (Bhaumik

et al.2016)
Bamboo-like PPy nanotubes 482.6 - (Li et al.2012)
Graphene/Fe;0,@PPy nanocomposites 348.4 60.85 (Yao et al.2014)
PPy-Fe;04/rGO composites 293.3 80.53 (Wang et al.2015)
Graphene/SiO, @PPy nanocomposites 429.2 37.6 (Fang et al.2018)
Sulfuric acid modified leaves 107.53 - (Zhang et al.2019)
Biochar modified with Mg/Al-layered double hydroxide intercalated 38 - (Huang

with EDTA et al.2019)

Polyaniline-coated electrospun adsorbent membrane 15.08 - (Dognani

et al.2019)
PPy/BC (APS) 372.8 72.1 This work
PPy/BC (FeCls) 555.6 95.9 This work
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Fig. 3 Effects of pH on Cr(VI) removal efficiency by PPy/BC

pH 2-6, Cr(VI) mainly exists as HCrO,~ and Cr2072_.
Once the pH is > 6, the dominant species is CrO,*~
(Dognani et al. 2019). From the Zeta potential results,
we can know that the high adsorption efficiency at low
pH condition is due to the strong electrostatic attrac-
tion among positively charged nitrogen (N*) with
chromium anion groups, as Eq. (1). In addition, C1™
doped into PPy during polymerization can be ion
exchanged with HCrO4 ™~ or Cr2072_, as Eq. (2). When
the pH value is greater than 6, the chromium anion will
compete with OH™ for the adsorption position on the
adsorbent surface, which makes the Cr(VI) adsorption
capacity of PPy/BC decrease rapidly (Zhan et al.
2018).

PPy/BC +H' + HCrO, /Cr,03~
— PPy"/BC---HCrO, /Cr,03~ (1)

PPy"/BC---Cl~ + HCrO; /Cr,03"
— PPy /BC---HCrO; /Cr,05~ +ClI™ (2)

The solution pH after adsorption equilibrium (pHeq)
was compared with that before adsorption (pHj,
Fig. S3). When the pH; was < 6, pH.q was clearly
larger than pH;, which might be attributed to partial
H" consumption during PPy protonation. However,
when pH; was > 6, pH.q and pH; were similar.

Influence of interfering ions
It can be seen from the Fig. 4 that when the solution

contained Cd**, Cu®’*, or Zn®*, the effects of
interfering ions on Cr(VI) removal from solution were
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Fig. 4 Effects of coexisting ions on Cr(VI) adsorption on PPy/
BC composite

small, which was mainly because that the surface
protonation of in acidic environment makes PPy/BC
produce electrostatic repulsion to cations. Thus, the
effect of cations was negligible. When SO4> ~ and
NOj;™ are present in the solution, their low affinity
with the surface active sites of PPy makes them at a
disadvantage in the competition with Cr (VI) (Chauke
et al. 2015). Therefore, in general, the coexisting ions
were observed to have little effect on the adsorption
performance of PPy/BC.

Adsorption kinetics

The effects of reaction time on Cr(VI) adsorption
capacity at different initial concentrations were inves-
tigated (Fig. 5a). The adsorption capacity of PPy/BC
was seen to increase rapidly in the first 3 h and the
growth rate gradually slowed down with time until
adsorption equilibrium was reached. The pseudo-first-
order and pseudo-second-order kinetic models were
used to describe the kinetic adsorption process (Jung
et al. 2018). The Cr(VI) adsorption kinetic data were
fitted using linearized forms of the two kinetic models
(Fig. S5); the corresponding parameters are listed in
Table S1. By comparing the correlation coefficients
(Rz), the pseudo-second-order kinetic model was
observed to be more suitable for describing Cr(VI)
adsorption kinetic data. The equilibrium adsorption
capacity calculated according to this model [g.(cal)]
was closer to the experimental values [q.(exp)], which
indicated that PPy/BC adsorption Cr(VI) was con-
trolled by the chemical reaction rate (Yao et al. 2014).
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Fig. 5 Effects of contact time on Cr(VI) adsorption capacity
with different initial concentrations and fit of kinetic date with
nonlinear pseudo-second-order kinetic model (a) and

Adsorption isotherms

The equilibrium adsorption isotherm is an important
means for studying the interaction behaviour between
PPy/BC and Cr(VI). The equilibrium adsorption data
at three temperatures (298, 308, and 318 K) was
studied using the Langmuir and Freundlich adsorption
isotherm models (Fig. 5b, Barnie et al. 2018) The
linear plots and relevant parameters are shown in
Figure S4 and Table S2. According to the correlation
coefficients (R?), the adsorption data was judged to be
better described by the Langmuir model, which
indicated that the adsorption process of PPy/BC was
primarily a monolayer adsorption. In addition, the
maximum adsorption capacity of PPy/BC increased
from 555.6 (298 K) to 666.7 mg g_1 (318 K) with
increased temperature. Compared with the adsorbents
reported in the literature listed in Table 1, it was clear
that PPy/BC had the better adsorption performance.

Adsorption thermodynamics

The thermodynamic parameters related to adsorption
of Cr(VI) on PPy/BC, such as enthalpy change (AH",
kJ-mol "), standard Gibbs free energy change (AG°,
kJ-mol™"), and entropy change (AS°, J-mol~ 'K
can be calculated by the following Eqgs. (3-5) (Zhang
et al. 2018):

AG" = —RTInKq (3)
0 0
R RT

50

2235
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equilibrium isotherms of Cr(VI) adsorption onto PPy/BC and
nonlinear plots of Langmuir model (b)

_ %

K4 C.

(5)
where R is the ideal gas constant (8.314 J mol™' -
K™, T (K) the absolute temperature, and Ky
(L-mol™") the thermodynamic equilibrium constant.
Here, AH” and AS° were calculated from the slope and
intercept of the plot of In K, versus 1/T (Fig. S6), with
AG®, AH®, and AS° results shown in Table S3. The
decrease in AG® values with increasing temperatures
showed that higher temperature promoted Cr(VI)
adsorption by PPy/BC due to a larger adsorption
driving force. The positive value of AH® was in accord
with the endothermic nature of the adsorption process.
The positive value of AS® was due to Cl1™ ion release
on PPy/BC surfaces during the adsorption process,
thereby increasing disorder of the PPy/BC-liquid
interface (Bhaumik et al. 2012).

Recycle and desorption

The reusability and stability of an adsorbent are very
important in practical applications. The results of PPy/
BC regeneration and reusability testing showed that,
after the fifth recycle, the adsorbent\retained 70.5% of
its initial adsorption capacity, showing that PPy/BC
possessed great regeneration stability (Fig. 6a). Com-
paring SEM images of PPy/BC before adsorption and
after the fifth recycle showed that there was no
significant difference, which indicated that PPy was
firmly wrapped on BC surfaces during the adsorption
process and prevented secondary pollution (Figs. 2b
and 6b). This indicates that the recoverability of the
occupied adsorption sites is effective and the PPy/BC
is stable in the adsorption process.
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Fig. 6 Adsorption/desorption cycles of PPy/BC in Cr(VI) adsorption (a) and SEM image of PPy/BC after fifth recycle (b)

Adsorption mechanism of Cr(VI) by PPy/BC

Figure S7a shows the digital photographs for removal
of Cr(VI) by PPy/BC. After adsorption, the PPy/BC
was determined by SEM-EDX. Two strong peaks at
0.6 keV and 5.4 keV in EDX spectrum (Fig. S7b)
correspond to Cr(VI). Meanwhile, the content can
reach 27.2 wt% through quantitatively analyzed of
X-ray elemental mapping, which indicates that the
PPy/BC could effectively remove Cr(VI).

FT-IR spectra of PPy/BC after Cr(VI) adsorption
showed that most peaks shifted to higher wavenum-
bers, compared to those of PPy/BC before adsorption
(Figs. 7a and 2e, respectively). The peaks at
1456 cm™* (C-N stretching vibrations) and
849 cm~' (N-H bending vibrations) disappeared,
and the pyrrole ring breathing band shifted signifi-
cantly (from 1165 to 1207 cm ™). These results could
have been due to the existence of Cr(VI) on PPy/BC,
which agitated the PPy conjugate structure and limited
the extent of polymer chain charge delocalization(Set-
shedi et al. 2013).

XPS was used to characterize the change in
chemical composition of PPy/BC surface before and
after adsorption (Fig. 7b). It can be seen that three
strong peaks at binding energies of 532.2, 399.8 and

284.8 eV which corresponding to O 1 s, N 1 s and C
1 s, respectively (Wan et al. 2017). After adsorption of
Cr(VI), the peak corresponding to Cr 2p appears. The
high resolution of Cr 2p spectrum can be split into two
peaks at 586.7 eV and 576.9 eV, corresponding to Cr
2p1» and Cr 2p;,, (Ballav et al. 2012; Zhang et al.
2016). In addition, the Ols peak is significantly
enhanced, and the C/O ratio is significantly lower than
before adsorption. This may be due to the adsorption
of chromium anion groups containing oxygen atoms.
The adsorption mechanism was further explored by
examining high-resolution Cr-2p spectra, after decon-
volution of the Cr-2p peak, both Cr(VI) and Cr(III)
existed on PPy/BC surfaces with their molar ratios at
40.4 and 59.6%, respectively (Fig. 7¢). This indicates
that part of Cr (VI) is reduced to Cr (III) by electron-
rich PPy (Zhao J et al. 2015; Fang W et al. 2018).

Furthermore, the N—1 s spectra of PPy/BC before
and after adsorption was divided into three peaks,
as = N-, -NH-, and N* (Fig. 7d). After Cr(VI)
adsorption, the molar ratio of -NH- units decreased
from 57.6 to 45.1%, while the molar ratio of = N—
units increased from 14.1 to 30.7%. This may be due to
the strong oxidation of Cr(VI) (Wang et al. 2015). The
following reactions might have occurred:

/\ NH
\_/

Cr(VI)

Cr(IIN)
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Fig. 7 FTIR spectrum of PPy/BC after adsorption of Cr(VI) (a), and XPS spectra of PPy/BC with survey scan (b), Cr-2p high-
resolution spectra (c), and N-1 s high-resolution spectra (d)

Ion exchange

H

Fig. 8 The mechanism of PPy/BC nanocomposite to remove Cr (VI)

This was similar to the behavior of many reported chelation with hard acid Cr(Ill) (Deng et al. 2004).
adsorbents (Zhao et al. 2015; Guo et al. 2018). Cr(IIT) can be adsorbed on the deprotonated pyrrole
According to the theory of hard and soft acids and amine groups by chelation.
bases, amine groups are hard base, which has a strong
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In general, the removal mechanism of Cr(VI) by
PPy/BC is shown in Fig. 8, which mainly including:
(1) the Cr(VI) anion group and the proton nitrogen
(N generate electrostatic attraction and are adsorbed
to the surface of PPy/BC; (2) the ion exchange occurs
between Cr(VI) and PPy doped Cl™ during polymer-
ization; (3) Cr(VI) was partially reduced to Cr(III) -
while the -NH- functional group in the ppyrrole was
converted to = N—, and the Cr (IIT) was immobilized
on the surface of adsorbent by chelation with the
deprotic PPy amino group.

Conclusions

In this study, a cost-effective and high-performance
adsorbent of PPy/BC nanofiber composites for
wastewater Cr(VI) removal was successfully prepared
by simple in situ oxidative polymerization. Using the
Langmuir isotherm model, the calculated adsorption
capacity of PPy/BC reached 555.6 mg g~ at 298 K.
The adsorption capacity was strongly dependent on pH
and the optimal pH 2. The removal process of Cr(VI)
by PPy/BC included ion exchange between Cl~ and
Cr(VI), electrostatic attraction between Cr(VI) and
protonated PPy, and a reduction process from high-
toxicity Cr(VI) to low-toxicity Cr(III). Moreover,
compared with many artificial nanoparticle adsor-
bents, PPy/BC showed great advantages in operability
of preparation and separation processes. Although the
diameter of BC is about 90 nm, its length reaches the
micron scale, so compared with other artificial
nanoparticles, it has better separation performance.
In fact, we can better achieve water and adsorbent
separation through the negative pressure screen, using
filter paper. And the adsorption capacity of PPy/BC is
several times that of other sheet or block PPy
composites. In addition, recycling results demon-
strated that PPy/BC well retained its abilities. In
general, this study provided a solution for the effective
treatment of Cr(VI) polluted water using a green
adsorbent.
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