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KEYWORDS Abstract In this study, a new composite electrode of palladium (Pd) nanoparticles dispersed on
Pd/PPy-rGO/foam-Ni polypyrrole-reduced graphene oxide (PPy-rGO) loaded on foam-nickel was achieved by galvanos-
electrode; tatic method. Characterization of structures, morphology and crystallinity of the synthesized mate-
Triclosan; rials were investigated by scanning electron microscopes (SEM), transmission electron microscope
Electrocatalytic (TEM), X-ray photoelectron spectroscopy (XPS), X-ray diffraction (XRD), Raman spectroscopy
hydrodechlorination; and electrochemical impedance spectroscopy (EIS). The results of XPS and XRD demonstrated
Potentiostatic Pd showed primarily as Pd0. From SEM and TEM results, we had seen that Pd nanoparticles were
electropolymerization; dispersible well on the composite electrode. Raman spectroscopy was used to show the state of gra-

Applied potential phene oxide and further demonstrated that PPy and rGO had existed of on the foam Ni matrix. The

data of EIS also suggested the charge transfer of the new composite electrode decreased compared
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to Pd/PPy/foam-Ni and PPy/foam-Ni composite electrodes. The effect of the electropolymerization
potential on Pd/PPy-rGO/foam-Ni electrode for removing triclosan (TCS) was examined. It was
found that the removal efficiency of TCS on the composite electrode could reach 100% at elec-
tropolymerization potential of 0.7 V and reaction time of 100 min.

© 2019 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Pharmaceuticals and personal care products (PPCPs) have
caused great concern in last several years, because they are
harmful for ecosystems and human health, which include
antibiotics, hormones, antimicrobial agents, sunscreen prod-
ucts etc. (Wang et al., 2018; Zhu et al., 2018) Triclosan
(TCS) is a largely used antimicrobial compound and a typical
PPCP pollutant in natural aquatic systems (Murugesan et al.,
2011; Buth et al., 2010). The Chemical structure of TCS is sim-
ilar to brominated diphenyl ethers. It was firstly used in a sur-
gery formation as an antibacterial component in 1972. TCS
was widely used in antiseptics; toothpaste, deodorantand even
textiles (Yueh et al., 2014). After it entered human body, TCS
was primarily detoxified through glucuronidation by UDP-
glucuronyl transferases (Moss et al., 2000). Previous studies
showed that TCS could interfere with several hormones as
endocrine disrupting chemical in various species and impair
muscle contraction (Devito, 2007; Cherednichenko et al.,
2012). Recently, more and more researchers focus their atten-
tion on removing the chlorinated organic compounds of water
through electrochemical dechlorination method (Tsyganok,
2006; Laine and Cheng, 2007). The technology of electrochem-
ical reductive detoxification and dechlorination of chlorinated
organic compounds (Cheng et al., 2004) is called electrocat-
alytic hydrodehalogenation (ECH). This technology is one of
the most prospecting innovative technologies with many mer-
its, for example, high efficiency, low apparatus expense, gentle
reaction conditions, easy operations and lack of secondary pol-
lutants (Ge et al., 2005; Cheng et al., 2004). In the ECH pro-
cess, electrodes were of high importance. Pd possessed
excellent efficiency in H* maintenance via adsorption of H*
on the surface and absorbed H* into Pd crystal lattice, which
will result in a good electrocatalytic hydrodechlorination.
Depositing them on preformed substrates based on polymer
film has been considered with an attractive prospect (Qu
et al, 2010; Pandey and Lakshminarayanan, 2009;
Nagashree and Ahmed, 2009; Lee et al., 2002; Chmielewski
et al., 2010).

Morphology and dispersity of catalytic metals have a close
contact with catalytic property of the whole electrode in elec-
trode catalytic system. Nickel foam has desirable three-
dimensional network structure, large specific surface area
and good electrical conductivity. Therefore, it can be used as
support for Pd catalysts. Conductive polymers are appropriate
as carriers of catalytic metals because of their large specific sur-
face area and steady structure (Yang et al., 2009). The intro-
duction of conductive polymers can improve not only the
active area of matrix changing load situations of metals, but
also the dispersion of metal particles which can increase the
materials’ activation behaviors. Among other polymers, poly-
pyrrole (PPy) was one of the most attractive materials due to

its good conductivity and stability, high electronic conductivity
and cheap price that is easy to obtain (Turhan et al., 2011;
Wang et al., 2008; Cui et al., 2008). Many researchers discov-
ered that catalytic electrode modified by PPy could signifi-
cantly improve electrocatalytic performance of the oxidation
of organic molecules, such as methanol and methanoic acid,
and its specific surface area increased obviously (Yang et al.,
2007; Gautam and Suresh, 2006; Sun et al., 2008; Tsakova,
2008). PPy provided excellent matrixs for dispersing noble
metals and had been used in the area of sensors and catalysts.

In recent years, graphene materials have generated consid-
erable interest for their significant electrical, mechanical, and
thermal performances (Novoselov et al., 2004; Rafiee, 2011;
Lin et al., 2010; Bunch et al., 2007). In order to product
graphene-based materials, one of the most common and con-
venient methods is the reduction of graphene oxide (GO).
Due to its substantial oxygen functional groups, GO could
be easily exfoliated to provide well-distributed organic solu-
tions and aqueous as the precursor of graphene-based materi-
als (William and Offeman, 1958; Si and Samulski, 2008; Fan
et al., 2010; Stankovich et al., 2007; Li et al., 2008; Williams
et al., 2008). The polypyrrole-reduced graphene oxide (PPy-
rGO) composite could combine the electrical characteristics
of graphene and the mechanical properties of polymers. And
it could also show improved morphology characteristic and
catalytic carrier applications, as comparison with those of pure
PPy or graphene. There are many preparation methods of
polypyrrole and other copolymer, including chemical polymer-
ization, electrochemical polymerization, photochemistry poly-
merization and plasma polymerization. Electrochemical
polymerization is driven by electric potential, making pyrrole
polymerize at substrate directly and forming conductive film
of PPy. The method above has the advantages of convenient
use and simple operation, and it can adjust the morphology
and thickness of film by controlling polymeric conditions
(Yang and Huang, 2013). In this study, we adopt the potentio-
static polymerization as the preparation method of polypyr-
role. In the situ electropolymerization process of polypyrrole,
rGO was hoped to dope in the polypyrrole chain.

In this work, we developed a new Pd/PPy-rGO/foam-Ni
composite electrode to efficiently remove triclosan. Due to
reductive graphene oxide with anionic character, good electri-
cal conductivity and large amount of oxygen functional
groups, we investigated to incorporate reductive graphene
oxide into PPy on foam-Ni. The conductivity and surface area
of the composite electrode were improved by PPy-rGO film,
which could provide more deposition sites for Pd nanoparti-
cles. So far as we all know, there have been no reports about
the material of PPy-rGO as middle-tier polymerized on
foam-Ni electrode for electrochemical reduction system.
Therefore, in this paper, we investigated the specific methods
and the best conditions for preparing Pd/PPy-rGO/foam-Ni
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composite electrode. The effect of different polymerized poten-
tials of PPy-rGO on the morphology of composite electrode
and property of electrocatalysis was also studied.

2. Experimental

2.1. Chemicals and reagents

Our chemical reagents were all the analytical grade except
methanol, which was of chromatographic pure grade. Most
of our chemical reagents were purchased from Sinopharm
Chemical Reagent Co., Ltd. Platinum (Pt) foil was got from
Shanghai Nonferrous Metal Co., Ltd. Foam nickel, whose sur-
face density was 420 + 25 gm 2, was provided by Changsha
Liyuan Material Co. Nafion-117 was the model of our proton
exchange membrane used in electrocatalytic dechlorination.
(DuPont, USA).

2.2. Preparation

Foam nickel plate (30 mm x 20 mm x 1 mm) was used in
preparation by acetone and 0.5 mol L' H,SO, under ultra-
sound. Potentiostatic polymerization of pyrrole and graphene
oxide was prepared with three-electrode cell, which had a Lug-
gin capillary in it. Saturated calomel electrode (SCE) and Pt
electrode (20 mm x 10 mm x 0.2 mm) were used as the refer-
ence electrode and counter electrode, respectively. And foam
nickel was selected as working electrode. The electrochemical
polymerization was typically performed at a certain applied
potential in the solution of 1.0gL™" of GO, 0.05mol L'-
pyrrole and 0.2 mol L' p-toluenesulfonic acid (PTS). The
deposition of Pd nanoparticles on the PPy-rGO film was
achieved by galvanostatic method. PdCl, solutions containing
3mmol L' NaCl and 1 mmol L' PdCl, were prepared as
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’ @ Polymer
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Solution contained PdCI2

Galvanostatic
Deposition

Pd/PPy-rGO/foam Ni Composite
Electrode

E Graphene oxide

needed. And the optimal palladium electrodeposition condi-
tions was the constant current of 7 mA, temperature of
40 °C for 120 min. The colorless of solution implied the com-
plete electrodeposition. Based on the experimental process
above, the preparation procedure of Pd/PPy-rGO/foam-Ni
was shown in Scheme 1

2.3. Characterization

The surface morphology of composite electrodes was charac-
terized by scanning electron microscopy (SEM, Hitachi
S4800, Japan). The distribution of particle size on electrode
was carried out by the transmission electron microscopy
(TEM, Hitachi H7650, Japan). X-ray photoelectron spec-
troscopy (XPS) studies were carried out on D8 DISCOVER,
Bruker. In Raman experiments, a multichannel Horiba
XploRA plus spectrometer (AL = 532 nm) made in France
was used. X-ray diffraction (XRD, Thermo fisher K-alpha,
USA) is an effective way to analysis the crystalline structure
of the electrode, which were recorded on Al Ko X-ray radia-
tion. The binding energies (BE) were 284.6 eV, which was ref-
erenced with adventitious carbon. The electrochemical test of
electrochemical impedance spectroscopy (EIS) was performed
in Na,SO, solution of 0.05 mol L' by Potentiostat (CHI660¢)
connected to a computer, and the frequency of measurements
was between 10 mHz and 100 kHz. The ZSimpWin V3.10 was
used to further analyze impedance spectra.

2.4. Electrocatalytic hydrodechlorination

The hydrodechlorination experiment was conducted with an
H-shaped electrolyzer. The Pd/PPy-rGO/Ni composite elec-
trode and platinum foil were used as cathode and anode,
respectively. The volume of the catholyte and the anolyte were

Potentiostatic
Polymerization

—

PPy-rGO/foam Ni

@ Polymer Monomer © Negative Charge

0000008 (Conductive Polymer HEEENEN  Foam Ni ® Pd

Scheme 1

The preparation procedure of Pd/PPy-rGO/Ni.
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both 50 ml. The catholyte contained TCS of 50 mg L™ and
0.05 mol L' Na,SO, and the anolyte was 0.05 mol L™! Na,-
SO4. The conditions of dechlorination experiments were
7mA under the temperature of 40 °C. The LC-20A High-
Performance Liquid Chromatograph (Shimadzu, Japan) and
a UV detector (A = 282 nm) were used to measure the concen-
tration of TCS and dechlorinated products. An Inert Sustain
C18 column was used (4.6 mm x 250 mm x 5 um). The dis-
solved gas was removed by mobile phase by sonicating for
30 min before analysis.

3. Results and discussion

3.1. Morphology characterization of PPy-rGO film

The morphologies of PPy-rGO are imaged by SEM, as shown
in Fig. 1 at different magnifications. As shown in la, the PPy-
rGO film was uniformly dispersed on the foam Ni electrode.
Under high magnification, the clustered PPy was grown at
the surface of layered rGO, which was because of the strong
interplay including hydrogen bonding, n-n stacking physical
forces and van der Waals force between rGO and PPy.

The TEM images of PPy-rGO show common layered struc-
ture of rGO (Fig. 2). Fig. 2(a) and (b) depicted the uniformly-
dense distribution of the PPy for the rGO layers, and the PPy
almost evenly grow on the surface of rGO. The rGO is nega-
tively charged, the polypyrrole is positively charged, and there
are interactions between electrostatic attraction and n-n bond
accumulation between the two materials (Zhu et al., 2012). The
PPy, which exist between the layers of rGO, could prevent
their aggregation of rGO.

3.2. Characterization of the Pd/PPy-rGO/Ni electrode

3.2.1. SEM, TEM and XPS spectra

SEM images examined the morphologies of Pd/PPy-rGO/
foam-Ni composite electrode, as shown in Fig. 3. Under low
magnification, Pd nanoparticles and the PPy-rGO film were
clearly dispersed on foam Ni surface. When magnified, the
cluster structure of PPy and plate form of rGO can be seen
from Fig. 3(c) and (d). The concavo-convex surface morpholo-
gies of the composite electrode could provide Pd nanoparticles
more active sites. The SEM mapping of Pd/PPy-rGO/foam-Ni
electrode was shown in Fig. 4. From this Figure, it can be seen
that Pd element disperse evenly.

The TEM images of Pd/PPy-rGO electrodes were presented
to examine Pd particles deposited on PPy-rGO matrix in
Fig. 5. The SAED pattern of Pd/PPy-rGO, which was shown
in the inset of Fig. 5(a), demonstrated the presence of Pd
nanoparticles. From its corresponding diffraction patterns,
the diffraction rings of palladium (11 1), (200), (220), and
(3 11) planes can be clearly seen, indicating that Pd nanopar-
ticles have been grown mature. From larger amplifications of
micrographs in Fig. 5(b), Pd nanoparticles were seen well dis-
persed on the PPy-rGO with average diameters of 5 nm. The
PPy on rGO surface acted as anchoring sites for Pd nanopar-
ticles and they could restrict the migration of Pd nanoparticles.
The smaller the Pd particles were, the larger the contact area
with the contaminants was, which was more conducive to
the removal of contaminants.

XPS tests were examined the elemental chemical compo-
nent of the new Pd/PPy-rGO/Ni electrode. And Cls, Nils,
Pd3d and XPS survey spectra of the composite electrode were

Fig. 1

SEM images of PPy-rGO/Ni electrodes at different magnifications (a) 50x (b) 500x (c) 1000x (d) 2000x.
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Fig. 3 SEM images of Pd/PPy-rGO/Ni electrodes at different magnifications (a) 50x (b) 500x (c) 1000x (d) 2000x.

shown in Fig. 6. Fig. 6(a) showed that the peaks centered at
284.5 and 288.5 eV were result in C—C/C—H and O—C=—0
(due to the over oxidation of PPy occurred at the [ carbons
of Py rings), respectively.

Moreover, the detected N originated from PPy. Fig. 6(b)
showed the peak of nitrogen was broad, which indicated that
there was more than one structures of nitrogen in the sample.
Using peak separation software to make data fitting of nitro-
gen, we found that the peaks of 399.6 and 398.4 eV were cor-
responding to imine nitrogens (—NH—) and nitrate (—N=),
respectively, and the peak of high bonding (401.1 eV) was cor-

responding to positive nitrogen (—N ) (Dai et al., 2015). And
the existence of —N ' indicated PPy was present, that was to
say that PPy was under oxidized state. As for PPy, the polaron
of =N was crucial to show its conductivity, because direct
electrostatic interaction could facilitate conduction between
the electron and positive charge (Zhu et al., 2012).

And Pd3d XPS image of Pd/PPy-rGO/Ni was shown in
Fig. 6(c), which indicated that palladium had two states
including Pd and Pd (IT) whose Pd 3d3/2 and Pd 3d5/2 were
at approximately 337.5 and 343 eV, 335.5 and 340.8eV,
respectively. The sample was mainly on metallic Pd though
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Fig. 4 SEM mapping of Pd/PPy-rGO/Ni electrode.

existing high state of Pd in it. Furthermore, in order to inves-
tigate the reduction degree of GO, C/O atomic ratio were
showed in XPS measurement, which was one of the most direct
techniques of analyzing reduction extent of GO and the carbon
functionalities exist on graphene-based materials (Pruna et al.,
2018). The XPS survey measurement was showed in Fig. 6(d),
which displayed two peaks at about 530 and 284 eV which con-
tributed to the Ols and Cls, respectively. It was observed that
reduction extent decreased under various applied potentials:
0.7V <0.6V <08V <09V, and the C/O ratios were
0.375, 0.432, 0.446 and 0.494, respectively. The obtained result
showed that the GO was well reduced when the applied

potential was 0.7 V, indicating the electrode had better con-
ductivity and more excellent electrocatalytic activity for ECH
of contaminants. The XPS measurement on PPy-rGO/Ni
was also conducted, shown in Fig. S1.

3.2.2. X-ray diffraction

XRD measurements was studied to show the crystalline nature
of Pd/PPy-rGO/foam Ni, which was showed in Fig. 7. The
sharp peaks at 20 = 39.890°, 46.530°, 67.350°, 86.200°and
81.850° were contributed to the (111), (200), (220), (222)
and (3 1 1) diffractions of Pd, respectively. It also showed that
Pd mainly existed as (1 1 1) lattice plane and further confirm
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Fig. 5 SAED (a) and TEM images (b) of Pd/PPy-rGO /Ni electrodes.
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Fig. 6 Cls, Nls, Pd3d and XPS survey spectra of Pd/PPy-rGO/Ni composite electrodes.

that the presence of Pd nanoparticles in the prepared electrode.
The 26 = 21.3° corresponds to the (0 0 2) crystal plane of car-
bon with an interplanar spacing of 0.76 nm of the rGO sheet
due to the incorporation of oxygen functional groups between
the basal planes of graphite, proving the existence of rGO in
the material. According to the literature (Devi and Kumar,
2018) the (0 0 2) crystal plane of rGO at 20 = 10.1°, the shift
of the peak was due to the increasing intersheet caused by
the intercalation of polymer between adjacent graphene oxide
layers in the nanocomposites (Zhu et al., 2012).

3.2.3. Raman spectroscopy

Raman spectroscopy was used to further demonstrate the pres-
ence of PPy and rGO on the foam Ni surface (Fig. 8). The
Raman spectrum of the PPy-rGO sample showed the existence
of G and D bands at 1596 and 1348 cm ™', of which G band
represented the bond stretching of all pairs of sp” atoms in
both rings and chains, while D band was corresponding to
the disordered and imperfect graphite (Harpale et al., 2017).
PPy-rGO/foam-Ni electrodes also exhibited characteristic
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Fig. 8 Raman spectroscopy of Pd/PPy-rGO/Ni electrode under
different applied potentials.

peaks of PPy and rGO. The D peak was higher than the G
peak, which was caused by the growth orientation of graphene
and indicated that the graphene defect was larger. The larger
defects of graphene lead to the easier for electron conduction
and the better cycle efficiency of the electrode.

In general, Ip/Ig, which represents the intensity ratio of the
D band to G band, is studied to estimate the defect and degree
of reduction among graphene materials. The higher ratio
demonstrates the better reduction of GO and the increased
amount of defects. The ratio of Ip/Ig at applied potential of
0.6, 0.7, 0.8 and 0.9 V were 1.25, 1.33, 1.15 and 1.02, respec-
tively. So when the applied potential was 0.7 V, Pd/PPy-
rGO/Ni displayed higher Ip/Ig ratio, suggesting the stronger
reduction degree from GO, the larger surface area and active
sites and the more beneficial to improvement of the electrocat-
alytic activity and electrochemical performance. The Ip/Ig
ratio of rGO on PPy-rGO/Ni was also studied, shown in Fig
S2. The Ip/Ig ratio was 0.799. Besides, the Tuinstra-Koenig
(TK) relation (La = (2.4 x 109 x 1 * x (ID/IG)'nm) was
also studied to estimate the crystalline domain size (La) of
composite electrodes which also depended on Ip/Ig ratio
(Qiu et al., 2018). The La values of the prepared electrodes
under applied potential of 0.6 V, 0.7 V, 0.8 V and 0.9 V were

15.38 nm, 14.45 nm, 16.71 nm and 18.85 nm, respectively. This
indicated that the electrode under the applied potential of
0.7 V caused more reduction and defects of electrode materials.

3.2.4. Electrochemical impedance spectroscopy

In order to figure out the resistance data of the new electrode,
electrochemical impedance spectroscopy analysis (EIS) has
been investigated. The EIS spectra was studied to indicate
the resistivity performances such as charge transfer resistance
(Rct) and diffusion controlled process of the electrodes from
100 kHz to 10 mHz, as depicted in Fig. 9. To calculate the
impedance parameters, the ZSimpWin software was used to
simulate circuit model and diagram. The R(Q(R(Q(R(CR)))))
is used as equivalent circuit to employ the impedance behavior
of the following electrodes. Nyquist plot of impedance spec-
trum was formed form the linear portion at lower frequencies
and the semicircle part at higher frequencies, correlating to the
dispersal and the electron transfer process, respectively (Nia
et al., 2015). Thus Pd/PPy-rGO/foam-Ni electrode exhibited
the smallest semicircle at high frequencies, which indicated that
the new electrode had the lowest Rct among these electrodes.

30

—=&— PPy/foam Ni
| —=—Pd/PPy/foam Ni
25 | —&— Pd/PPy-rGO/foam Ni

Z(ohm em?)
— T T T T 1
25 30 35 40 45 50

Z'(ohm cmz)

L (b) _PPy-rGONi .

41

Z' (ohm)

Fig. 9 Nyquist plot for PPy/foam-Ni, Pd/PPy/foam-Ni, Pd/
PPy-rGO/foam-Ni electrodes (a) and Nyquist plot for PPy-rGO/
Ni (b).
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The predicted Rct values from Nyquist plot were 1.1 Q, 4.8 Q,
6.2 Q for Pd/PPy-rGO/foam-Ni, Pd/PPy/foam-Ni, PPy/foam-
Ni electrodes, respectively. Compared to the first two elec-
trodes, the Rct value for the third was lower due to surface
modification of electrodes, indicating the electrode was sup-
posed to attributable for porous structure of rGO. Moreover,
the porous structure of the new prepared electrode enabled the
easier access to electrons, causing lower resistance in
electrodes.

The calculated Nyquist plot slope value is commonly paral-
lel to the imaginary axis, which shows that the electrode had a
low ionic diffusion resistance and real capacitance behavior
within the structure (Liu et al., 2013). The slope of Nyquist
plot for different electrodes were Pd/PPy-rGO/foam-
Ni > Pd/PPy/foam-Ni > PPy/foam-Ni, indicating that the
modified electrode had lower diffusive resistance behavior of
the electrolyte and better capacitive quality.

3.3. Effect of the applied potential of PPy-rGO

The polymerized potential has significant effect on the PPy-
rGO film in the potentiostatic procedure. We examined the
impact on the polymerized potential of PPy-rGO for electro-
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Fig. 10  The removal rate and kinetics of the ECH of TCS under
different applied potential, (a) removal rate of TCS; (b) Kinetics of
the ECH of TCS.

chemical dechlorination of TCS of Pd/PPy-rGO/Ni electrode.
Fig. 10 indicated that under polymerized potentials of PPy-
rGO at 0.6, 0.7, 0.8, 0.9V, the removal rates of TCS at
100 min were 96.37%, 100%, 93.82%, 96.82%, respectively.
The result showed that when the applied potential was 0.7 V,
the composite electrode reached the best removal efficiency.
At higher applied potentials, the polymer had a faster growth
rate, however, its conductivity became weaken (Harima et al.,
2015). As the potentials descended, short polymer chains were
easily formed and high redox states got easier for the elec-
tropolymerization procedure. Previous studies found that
polymers with short chains had excellent conductivity because
the local ordering of oligomers had increased (Bufon et al.,
2010). Therefore, the optimum applied polymerization poten-
tial is 0.7 V.

Furthermore, the mathematical fitting of the remove of
TCS under various applied potentials was studied on Fig. 9.
The achieved results indicated that the electrochemical dechlo-
rination reactions all followed the pseudo-first order reaction
kinetics. The reaction kinetics constants of TCS at applied
potential of 0.6 V, 0.7V, 0.8 V and 0.9 V were 0.02836 min~",
0.04229 min~', 0.02948 min~', 0.01345 min~', which was in
accord with the result of electrocatalytic dechlorination.

3.4. Stability

In order to investigate the cyclic stability of catalysts in prac-
tice applications, we had tested the stability of Pd/PPy-rGO/
foam-Ni electrode. 5 times tests were experimentalized for
removing of TCS to explore the stability of the prepared elec-
trode. As shown in Fig. 11, the removal efficiency could still
reach 93.05% after using for 5 times. The reaction products
attached on the new electrode surface and the increase of
adsorbate along with the reducing of active sites of Pd
nanoparticles on the surface may led to the fall of the removal
rate for 5 uses. Generally speaking, our new prepared electrode
has great stability for practical applications. Thus, the recycle
utilization for treating wastewater containing TCS of the new
electrode was available and promising.
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Fig. 11  Effect of repeat use of Pd/ PPy-rGO/ Ni on the removal
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4. Conclusion

In conclusion, we had successfully prepared the new Pd/PPy-
rGO/foam-Ni electrode for electrochemical reduction of tri-
closan. PPy-rGO film was electrochemical polymerized on
foam-Ni substrate by potentiostatic method. The best prepara-
tion conditions of PPy-rGO film for the new electrode were
0 °C under 20 min and a polymerized potential of 0.7 V in
the solution with PTS. After, Pd particles were electrode-
posited on the outermost layer of the new electrode under a
constant current. Under this optimal condition, the removal
rate of TCS reached 100% at 100 min. From XRD and XPS
images, we obtained Pd mainly existed as Pd’. The SEM and
TEM investigated Pd particles were dispersed homogeneously.
And different potentials effected on the electrode properties
and electrochemical performance was studied. The prepared
electrode showed significant electrochemical activity and sta-
bility, which might be attributed to the PPy-rGO film provid-
ing more active surface area and catalytic sites for Pd
nanoparticles. All the results indicated the new prepared elec-
trode has great prospect for electrochemical dechlorination
applications.
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