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Abstract

In the present study, Ag nanoparticles loaded on polydopamine coated magnetic
biochar (MC-PDA-Ag) catalyst was prepared by in-situ reduction approach. The
morphology, composition, and structure of MC-PDA-Ag were characterized by the
transmission electron microscopy (TEM), the scanning electron microscope (SEM),
X-ray diffractometer (XRD), X-ray photoelectron spectroscopy (XPS), and vibrating
sample magnetometer (VSM). Catalytic reduction tests confirmed that MC-PDA-Ag

catalyst showed excellent catalytic performance on the mode{d MB, RhB, and

MO) in the presence of NaBHs. The reduction efficienc exceeded 90% by
MC-PDA-Ag even under different initial p -11) and different NaNO3
concentrations (0-0.5 M) within 5 min, indic the MC-PDA-Ag catalyst has

potential strong universal adaptabilit stewater treatment. Furthermore, no

observed after 5 recycles, and the catalyst

significant decrease in catalytic@
could be separated by an xtergal magnet, indicating that this as-prepared catalyst

exhibited high saMlityy and easy separability. These results suggest that

MC-PDA-Ag comp®ite catalyst can be used as an efficient catalyst for the reduction
of organic dyes, and shows great potential application in wastewater treatment.
Keywords:
Magnetic carbon; Silver nanoparticles; Catalytic performance; Catalytic stability;
Water treatment
1. Introduction

With the rapid development of modern industry, environmental problems have
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begun to deteriorate gradually [1-3]. Especially, various organic pollutants are
unavoidably released into the water bodies, causing a series of serious hazards to our
water resource [4]. Among these organic pollutants, organic dyes have received great
concerns, owing to their extensive production and application in many manufactures,
such as leather, textile, cosmetics, and printing industry, etc [5-7]. Excessive
emissions of organic dyes caused abnormal coloration of surface water, hinder

sunlight penetration and reduction of oxygen dissolution, thus breaking the balance of

aquatic ecosystems [8-12]. Meanwhile, these aromatic , dgniggapants pose an
immediate and potential toxicity to aquatic plantS\ ic animals, and
microorganisms [13,14]. Furthermore, some ar ic pollutants can also cause

carcinogenic and teratogenic effects in essent@ to now, a variety of treatment

technologies have been applied to disggse dyes, including physical adsorption

[15-17], catalytic reduction [18- rane filtration [22], biodegradation [23,24],
etc. Among these approa@atalysis has been considered as one of the most
efficient method \ luent, showing benign practical and potential values in
water treatment [X§,26]. Therefore, it is worthwhile to further explore the
development of effective catalysis for the treatment of dyes wastewater.

It is well known that catalysts are essential in catalytic reaction process, so the
application of catalysts plays a crucial role in water purification [21,27]. With the
development of modern nanoscience, nanoscale precious metal particles such as silver

(Ag) and gold have been widely used as nanocatalysts, which has attracted great

interest in scientific research. Ag nanoparticles (AgNPs) have been widely applied to
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the reduction and degradation of organic compounds due to their high catalytic
activity [28,29]. However, bare AgNPs are easily aggregated during the catalytic
process, thereby inhibiting their catalytic performance and practical application
[30-32]. In order to overcome this drawback, the immobilization of silver
nanoparticles on a desired support material has been regarded as an efficient method
to increase the stability of AgNPs, which is conducive to the maintenance of the
catalytic capacity of AgNPs [33,34]. Recently, biochar materials, converted from
waste lignocellulosic biomass, have been used as nanoparti iers because of
their advantages of low cost and easy availability co ith other matrix
supporters (including graphene and carbon ubes) [35-40]. In addition,

biologically derived carbon materials posses tstanding properties, namely,

high specific surface area, rich porosj functional groups, excellent thermal

stability, and chemical durabili : hese vital properties make it an important

nano-catalytic support ma@(or instance, Inyang et al. [43] reported a hybrid
multi-walled car n@e (CNT)-biochar nanocomposite material, Zhang et al.
[44] reported a biodgar-supported Zerovalent iron nanocomposite, and Zhang et al.
[45] reported a biochar/AIOOH nanocomposite. However, it is not easy to recover
these nanocomposites from solution. To achieve solid-liquid separation effectively,
magnetic biochar has been developed for application due to the easy separation and
recycling using external magnetic fields [45-47], which creates a broader prospect for
the development and application of biochar materials [48,49].

In order to fabricate AgNPs on the support material, chemical reduction, one of
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the most effective methods, is often used for preparing the Ag-based composite
material with the participation of a reducing agent [11,14,29]. In addition, in order to
supersede the traditional toxic or hazardous chemical reducing agents such as
hydrazinehydrate (N2H4 H20), sodium borohydride (NaBH4), etc. Polydopamine, a
green non-toxic polymer, has been selected as reducing agent for the synthesis of
Ag-based materials [32,50]. It has been verified that the PDA monomers can
self-polymerize under weak alkaline conditions at ambient temperature, and so the
surface of the substrate material is covered with abundant ami s and hydroxyl
groups from the formed PDA, thereby promoting the redu e metal ions [51].
However, PDA as an adhesive and reductant for reparation of AgNPs catalyst

based on magnetic biochar has not been repor@

In this work, a novel cost-effectjye, ighmentally friendly AgNPs loaded on

polydopamine coated magnetic aNGMC-PDA-AQ) catalyst material was prepared,
in which PDA not only ac@%der medium to connect the matrix of magnetic
biochar and Ag b served as a reducing agent to reduce Ag* to Ag®. We
systematically studiy its properties and its reduction capability by characterizing this
as-prepared catalyst and performing the catalytic experiments. It was found that this
catalytic material can enhance the reduction rate during the process of dyes
decoloration by NaBHj4 solution, exhibiting excellent catalytic capacity, stability, and
cyclicity. Therefore, this facile MC-PDA-Ag catalyst is capable of becoming a
potential candidate for environmental remediation and the green synthesis process
may contribute to its application in water purification.
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2. Materials and methods
2.1. Materials

All reagents were used in this work without any further purification. Silver
nitrate (AgNOz), sodium borohydride (NaBH4), ammonia solution (NHz H20), iron
(11) nitrate nonahydrate (Fe(NOsz)z 9H20) were purchased from Sinopharm Chemical
Reagent Co., Ltd. Dopamine hydrochloride and Tris (hydroxymethyl) aminomethane
(Tris) were obtained from HeFei BoMei Biotechnology Co., Ltd and Solarbin, Beijing,
China, respectively. Methylene blue (MB), Rhodamine B (R methyl orange

(MO) were purchased from Sigma-Aldrich. Besides, pine (PSD), used as the

raw material for producing biochar, was a naturall ndant biomass waste obtained

from a local timber treatment plant in Heng a. The PSD was rinsed three

times with ultrapure water, then drie n at 85 <C, then pulverized with a

high-speed universal crusher, a ieved through a 100 meshes screen (0.15

mm) for further use. Q
2.2. Synthesis of @
2.2.1. Synthesis of materials
Magnetic biochar material (MC) was prepared by pyrolysis of Fe loaded pine
sawdust (Fe-PSD), which was synthesized through a biosorption process [37]. Firstly,
4 g of PSD and 400 mL of Fe(NOsz)3 9H-0 solution (2 mM) were added into a beaker,
and stirred evenly at ambient temperature for 5 h. After completing the adsorption, the
mixture was dried in an oven at 105 <C overnight, and sieved again with 100 meshes
sieve (0.15 mm) to obtain the Fe-PSD powder. Then, Fe-PSD was transferred to a
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tube furnace for further calcining under a high purity nitrogen protection at a heating
rate of 5 T mint. After continuous pyrolysis for 2 h at 500 <C, the MC was obtained
from the tube furnace.
2.2.2. Synthesis of MC-PDA materials

Magnetic biochar-polydopamine (MC-PDA) composites were performed
according to the report of Liu et al. [4]. Briefly, 400 mg of dopamine hydrochloride
was dissolved into 200 mL of Tris-HCI (10 mM, pH=8.5) aqueous solution under
stirring for 10 min, and 400 mg of MC material was dispersed igtogggformer solution
under room temperature for 24 h. After then, the suspensi jltered out, and the
remaining residue was washed with ultrapure wate ethanol for several times, and
dried at 50 <C in a vacuum oven. FinaIIy,@ ned samples were MC-PDA
composites.
2.2.3. Synthesis of MC-PDA-Ag

The experimental pro&epositing AgNPs on MC-PDA composites were
prepared accordifto vious report [27]. 300 mg of the as-prepared MC-PDA
was dispersed into 30 mL of the Tollens’ reagent (silver ammonia solution, 10 mg
mL™Y) under stirring for 24 h at ambient temperature. After separation of the
suspension solution, the residue was washed with ultrapure water and ethanol several
times, and dried under vacuum overnight. After that, the MC-PDA-Ag composites
were obtained.
2.3. Characterization

The surface morphology of composites and microstructure of the coatings were
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confirmed by the high-resolution transmission electron microscopy (HRTEM,
JEOL-2100F, Japan) and the scanning electron microscope (SEM, Sirion 200, FEI,
USA) with an energy dispersive X-ray (EDX). The XRD pattern for MC-PDA-Ag
was carried out by using a 18 kW rotating anode X-ray diffractometer (XRD, Rigaku
Ultima 1V, Japan) with a Cu Ka radiation source (30 kV/160 mA, 1=1.54056 A).
X-ray photoelectron spectroscopy (XPS, ESCALAB250, Thermo-VG Scientific, UK)
served for the chemical binding information of the composites. The magnetic
properties of composites were determined by using a vibrati g%magnetometer
(VSM) at room temperature.

2.4. Catalytic reduction experiments

The agueous reduction of MB dye with lution was adopted as a main

model reaction to investigate the ca

ta:t&ies of MC-PDA-Ag composites. In a

containing 20 mL of MB@)US solution (40 mg/L). Then, 20 mL of freshly
prepared NaBH.Qati mM) was added into the solution with stirring at room
temperature. When §e mixed solution gradually faded from colored to colorless, the

catalytic reaction was completed. The process of reaction could be monitored by the

typical reaction procedure, 10 C-PDA-Ag was placed into a reaction tube

color weaken of dyes solution as indicated by the decrease in the maximum
absorbance values (665 nm) of the MB solution UV-vis spectra. The catalytic
reduction rate was calculated according to (Co-Ct)/Co, where Co is the initial
concentration of dye solution, and C; is the concentration of dye solution reaction at

time t.
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For comparison, different as-prepared catalysts (catalyst-free, MC, and MC-PDA)
and different model dyes [MO and RhB] were employed for the catalytic reduction
tests under the same procedure as MC-PDA-Ag and MB.

Meanwhile, MB was also used as a target pollutant to study the adsorption
capacity of MC-PDA-Ag composites without the participation of NaBHa4. The main
process is as follows: 10 mg of the MC-PDA-Ag, MC-PDA, MC was added to a
reaction tube containing 40 mL of MB aqueous solution (20 mg/L), respectively. Then,
after a certain period of adsorption, the quantitative mixtuye en for further
solid-liquid separation, and finally the clarified solution ified by an UV-vis
spectrophotometer (UV-2550, SHIMADZU, Japan

In addition, the effects of initial soluti d ionic strength on catalytic

rt &d. In the end, the cycle performance
a

reduction experiments were also fu

of MC-PDA-Ag was analyzed g the catalyst from solution and reusing for

another test after washing tRgee t

3. Results and d sc)

S
3.1. Synthesis and c¥gracteristics of composites

€s.

A schematic illustration of the synthesis route for MC-PDA-Ag composites were
shown in Fig. 1. The Fe-loaded biomass waste was first converted into magnetic
biochar material by high-temperature pyrolysis at 500 <C after drying. Then, the
MC-PDA composites were achieved by mixing the MC particle into dopamine
solution (pH = 8.5) under stirring, and the PDA coatings could be realized on the
surface of MC due to the self-polymerization of dopamine. Afterword, MC-PDA-Ag
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composites were formed by depositing AgNPs on the surface of MC-PDA with silver
ammonia solution, owing to the reducing capacity of PDA. The successful synthesis
of MC-PDA-Ag composites were further verified using the characteristic analysis and
the catalytic reduction experiment.
Please insert Figure 1

The morphology changes and elemental compositions of MC, MC-PDA, and
MC-PDA-Ag samples were analyzed SEM-EDX. As shown in Fig. 2A and E, the MC
matrix was a carbon skeleton, whose surface morphology was &¢ orous structure
and a smooth surface, which was consistent with the rep jan et al [37]. The
SEM images of MC-PDA (showed in Fig. 2B C) displayed the successful
implementation of the PDA spheres depositi@ , resulting in a rough surface

and abundant closely connected micrgs MC. The size of PDA spheres was

about 200 nm [52]. Meanwhile, ce of N in the EDX image (showed in Fig.

2F) also manifested the PD@essfully wrapped the MC. In addition, PDA spheres

I@/rapped the surface of MC-PDA, which might provide

coating almost

more in situ reductiWg sites owing to a larger surface area [50]. Fig. 2D demonstrated
that irregular AgNPs were uniformly tight fixed on the MC-PDA surfaces, which
might stem from the reducing ability of the catechols in PDA [50]. Additionally, after
comparing three EDX spectra (Fig. 2E-G), it was found that the nitrogen element only
appeared in the EDX spectra of MC-PDA and MC-PDA-Ag, and the relative higher
content of silver element only appeared in the EDX spectra of MC-PDA-Ag. The

presence of the Au element in all EDX spectra, combined with the results obtained by

10



210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

XPS analysis, shows that Au wasn’t an element contained in the composites, and it
was an element introduced by a gold plating process during using SEM. These results
clearly demonstrate the successful PDA coating and the formation of AgNPs on the
surface of MC-PDA-Ag composites.
Please insert Figure 2

In order to observe MC-PDA-Ag microstructures more clearly, HRTEM images
were obtained (Fig. 3A and B). Fig. 3A revealed that the formed AgNPs were
monodispersed on the MC-PDA support. Fig. 3B (inset) digpl the crystallite
structure of Ag NPs by measuring the distances between th crystal fringes. It
was found that the observed spacing of 0.24 nm w, lated to the (111) crystal plane
of metal Ag [27]. The crystal structures of M@ -PDA-Ag were confirmed by

XRD analysis (Fig. 3C). As shown iggihe RD patterns, a broad and relatively

weak characteristic peak was o 20 = 23.0< which owes to the amorphous

carbon of biochar, consiste@?matic carbon sheets oriented in a relatively random
manner. The a og’uon is obtained by pyrolysis of lignocellulose in pine
chips. [38]. Diffrad§jon peaks marked with blue circles in XRD patterns were
attributed to the formation of spinel cubic phase y-Fe.Oz (JCPDF card No. 39-1346)
and Fes3Os crystallites (JCPDF card No. 26-1136) [27,28]. In addition, strong
diffraction peaks of four Ag crystal planes were found at 20 =38.8< 44.5< 64.6and
77.6°in the XRD pattern of MC-PDA-Ag, which corresponded to metallic silver
(JCPDF card No. 65-2871) with a face-centered cubic crystal structure, indicating that
large amounts of Ag* ions were successfully reduced to elemental Ag(0).
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Please insert Figure 3
Please insert Figure 4

XPS was employed to analyze the composition elements and chemical binding
information of material. Fig. 4A visualized the full scan spectrum of MC-PDA-Ag
and indicated that the main elemental compositions of MC-PDA-Ag are C, N, O, Fe
and Ag, which was in line with the EDX result (Fig. 2G). Fig. 4B showed that two
distinct peak signals were observed at 368.23 and 374.23 eV, which were assigned to
Ag 3d5/2 and Ag 3d3/2 of the representative binding ergr metallic Ag,
respectively, indicating that AgNPs existed in the form on the surface of
MC-PDA-Ag. The C 1s region was comprised of=gur different peaks in Fig. 4C,
among which the obvious peaks at 288.2 a could be ascribed to C=0
(quinone) and C-N/C-O-H [27,36], a & sites located at 285.1 and 284.5 eV
could be assigned to C-H/C= [35,52], respectively. Moreover, Fig. 4D
showed that the N 1s spedgum gvas composed of three peaks. The first peak place
situated at 401.7§ \A@d with R-NH: (amine groups) of PDA, which might be
due to the small quaNtity of noncovalently self-assembled dopamine co-existing with
the covalently polymerized dopamine [51]. The other two peaks mapped at 400.5 and
399.58 eV could be attributed to R-NH-R/indole groups (substituted amines) and
=N-R (imino groups) of PDA, respectively [53]. Meanwhile, The Fe 2p spectrum of
MC-PDA-Ag was comprised of five peaks in Fig. 4E, among which the peak
positions located at 711.4 and 724.5 eV were attributed to the Fe3* [54], and the peak
centered at 719.93 eV was characteristic of y-Fe>Oz [38]. In addition, the peak

12



254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

positions located at 716.93 and 722.45 eV were assigned to the satellite peak and Fe?*
[54]. The results were consistent with the XRD results. The XPS turns out that the
successful realization of magnetism in biochar, the formation of PDA coating, and the
deposition of Ag nanoparticle on the MC-PDA-Ag.
Please insert Figure 5

Fig. 5 presented the magnetization hysteresis curve of MC, MC-PDA, and
MC-PDA-Ag that obtained by using VSM at indoor temperature. Specific pertinent
data revealed that the ferromagnetic properties of MC-P ith a saturation
magnetization (Ms) value of 2.76 emu g%, which was lo those of MC (5.4
emu g 1) and MC-PDA (4.9 emu g%). It indic that the main reason for the
decrease of Ms value of MC-PDA-Ag ma@ ed to the deposited AgNPs,
decrease of the proportion of magnetjg pr #s and the formation of PDA coating
also has a certain influence on@
materials can be separated @queous solution by an external magnetic field [55].

Furthermore, theqy etQag. 5 displayed that MC-PDA-Ag composites could be

ile, the Ms value also suggest that these

efficiently separated§from the solution by a permanent magnet, which demonstrated
the magnetization process made the solid-liquid separation process easy.
3.2 Catalytic activity of MC-PDA-Ag towards MB dye

To investigate the catalytic reduction activity of MC-PDA-Ag on organic
pollutants, MB was selected as a model pollutant during the reduction reaction
process in the presence of NaBH4. The process of catalytic reduction could be
monitored by the time-dependent UV-vis spectra, due to the gradual disappearance of

13



276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

2901

292

293

294

295

296

297

the dye color after the addition of the catalyst and NaBH4 solution [21]. As shown in
Fig. 6A, when MC-PDA-Ag and NaBH; were added to the MB solution, the
absorption intensity of MB at 665 nm decreased quickly with the reaction time. The
absorption peak of MB disappeared completely within 5 min, indicating that the MB
aqueous solution could be entirely converted by NaBHs4 with the MC-PDA-Ag
catalyst within 5 min. Meanwhile, the inset of Fig. 6A also displayed that the solution

color also weakened from blue before the reaction to colorless. For comparison, the

catalytic reduction process was also be monitored of MB soluongithe presence of
NaBHs using three different catalysts: MC-PDA, MC lyst-free. Fig. 6B
showed that the absorption intensity of the MC-P d a significant decrease in the

first minute and then a slight decrease in the@ In. The absorbance spectra of

MC and catalyst-free exhibited only aglig ase and almost no decrease within 5

min (Fig. 6C and D). The a

MC-PDA-Ag in the redu@i MB by NaBHs is mainly concerned with the

excellent perfor e Ps deposited on the surface of MC-PDA.

reveal that the catalytic activity of the

Please insert Figure 6
Fig. 7A displayed the catalytic reduction rates of MB using different catalysts in
the presence of NaBH4 after 5 min of reaction. The catalytic reduction rates of MB
were 99.09%, 26.90%, 17.03%, and 2.38% for MC-PDA-Ag, M-PDA, MC catalysts,
and catalyst-free, respectively, demonstrating that successful loading of AgNPs on
MC-PDA remarkably enhanced the catalytic reduction rate to MB solution. This was
consistent with the conclusion obtained in Fig. 6. And the residual MB concentration
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in the solution was calculated by the calibration curve of absorbance vs. MB
concentration (the inset of Fig. 7A). Meanwhile, in order to further evaluate the
catalytic activity of MC-PDA-Ag for MB dye solution, the catalytic rate constant of
MB was calculated to be 0.873 min™ based on the fitting of catalysis data using
pseudo first-order reaction kinetics in Fig 7B. The kinetic equation was described as
In(Ci/Co) = -kt, where Co is the initial concentration of MB, and C; is the concentration
of MB reaction at time t, and k is the rate constant. It was obvious that the catalytic
rate constant of MC-PDA-Ag was the fastest among four rego gigilar catalysts in
Table 1. In addition, Table 1 also displayed that MC- had the shortest
catalytic time for catalytic reduction of MB am these catalysts. These results
manifest that MC-PDA-Ag has a significanl@ e during reducing MB in the

presence of NaBHa.

% rt Figure 7

Olease insert Table 1
In order to eg’the effect of the MC-PDA-Ag composites on the dye
solution without theYparticipation of NaBH4, adsorption experiment was carried out.
Fig. 8 showed the adsorption efficiencies of three different composites for MB dye
molecules without NaBH4. The result indicated the removal efficiency of MB by
MC-PDA-Ag was 15.54% at the 5 min, while the catalysis degraded 99% MB in the
presence of NaBHs within 5 min. This difference may be attributed to the MB
molecule can fall off from the metal surface after the catalytic reaction, and then it can
provide a contact site for the next MB molecule. The adsorption efficiency of
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MC-PDA was higher than that of MC because its PDA layer had a large number of
functional groups, which could enhance n-m stacking interactions and the electrostatic
interaction between the PDA coating and the MB molecule [56]. The adsorption
capacity of MC-PDA-Ag is mainly related to the introduced AgNPs. Since electron
interaction can occur between the AgNPs embedded in the surface of the MC-PDA
and the MB molecules, the Ag nanoparticle plays a dominant role in the adsorption
process, which is in accordance with the result reported by Cui et al. [27]. The above
results further indicate the catalytic reduction of MB dyes in ®e ence of NaBH4

using MC-PDA-Ag composites can improve the catalytic eNI and accelerate the

Please insert @

Previous studies have collectivelyde ated that the reduction nature of MB

reaction process.

molecules by NaBH4 with AgN st is an electrochemical mechanism [27,57].

Because of AgNPs act as gectr@nic relays, the catalytic reduction reaction between
NaBH4 and MBiie@an occur on the surface of AgNPs, indicating that the
primary condition the catalytic reduction reaction is that the MB and BH4 are
adsorbed on the catalyst. In addition, BHs is a nucleophile with a high electron
injecting ability, which can promote the electron transfer from the donor NaBHs to the
accepted dye molecules via metal nanoparticles. Similar mechanisms for other metal
nanoparticles catalysts have also been presented in previous studies [57,58]. Therefore,
it can be assumed that the catalytic reduction process in this work has also undergone
a similar mechanism, which can be carried out in three steps: (1) the diffusion and
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competitive adsorption of the MB molecules and BH4™ onto the surface of the AgNPs
of MC-PDA-Ag; (2) the electrons donated by BH4 is injected to the electronic relay
of AgNPs; and (3) MB dye molecules capture electrons from Ag NPs. Once a certain
MB molecule acquires electron from the surface of MC-PDA-Ag catalyst, it would be
immediately reduced and desorbed, and released a new reduction site for the next MB
molecule or BH4™ to ensure the continuity of the reduction reaction.
3.3. Effects of initial solution pH and ionic strength on the catalytic activity of
MC-PDA-Ag

To evaluate the catalytic performance of MC-PD ards MB dye at

different initial pH value, five different solution p 0, 5.0, 7.0, 9.0, and 11.0) were

selected for the tests. Fig. 9 displayed the - ndent reduction rate of MB
aqueous solution with different initial in 5 min. The reduction effect of MB
was better under acidic (i.e., 3. alkaline (i.e., 9.0, 11.0) solution conditions

than under neutral conditi@ min. However, the difference gradually decreased
with time. Final e@was completely reduced at 5 min even under different
solution pH. The relt indicates that the initial pH of solution has no obvious effects
on the catalytic activity of the MC-PDA-Ag composites for catalytic reduction of MB,
showing an excellent stability and universal adaptability. Thus, it can be applied to
wastewater treatment under various pH conditions.
Please insert Figure 9

In addition, the effect of solution ionic strength on the catalytic performance of

MC-PDA-Ag for reducing MB in the presence of NaBH4 was also investigated. In our
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work, the effect of ionic strength was conducted with NaNOsz concentrations of 0,
0.001, 0.005, 0.01, 0.05, 0.1, and 0.5 M in the catalytic reduction system containing
40 mg/L of MB and 10 mg of the catalyst. Fig. 10 revealed that the reduction rate of
MB reached 97% or more after 5 minutes of catalytic reaction in the presence of
NaNOz concentration (0, 0.001, 0.005, 0.01, 0.05, and 0.1 M). However, when the
NaNOz concentration reached 0.5 M, the MB removal efficiency decreased slightly
and reached 93%. The result shows that solution ionic strength has negligible effect
on the catalytic performance of MC-PDA-Ag towards MB d e.%
Please insert Figure 10

3.4. Catalytic activity of MC-PDA-Ag towards othe solutions

Numerous studies have shown that it @ ly urgent to remove various

organic dye contaminants from water ,59]. Therefore, other dyes including

RhB and MO were selected% evaluate the catalytic performance of

y@uction process was also monitored by UV-Vis

at the reduction of RhB and MO were completed within

MC-PDA-Ag. The catal
spectroscopy. It e
7 and 20 min, re}ectively (Fig. 11A and B). These reduction results further
confirmed that MC-PDA-Ag composites could be used as an efficient catalyst for the
catalytic reduction of dyes in the presence of NaBH4. However, there was a difference
in the reduction tendency among various dyes, which might be related to the charge
properties of different dyes and the hydrophobicity of different dyes [21,60].
Therefore, studies on the catalytic reduction of other single dyes or multiple dyes by
MC-PDA-Ag should be further explored.
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Please insert Figure 11

3.5. The recyclability of catalyst

The reusability of catalyst is a vital factor to assess the application performance
of catalyst in wastewater treatment [41,61]. As shown in Fig. 12, the reduction rate of
the MB in the presence of NaBH4 by the regenerated MC-PDA-Ag composites as
catalyst was determined with reaction for 5 min. After 5 cycles of reuse, the
conversion rate of MB decreased slightly, indicating that the prepared MC-PDA-Ag
composite has excellent cycle stability and high catal i%[y, which has
tremendous application potential in practical wastewater tr

Please insert Figur

ysz! successfully fabricated by in-situ

reduction with AgNPs loaded on t ce of the PDA-wrapped magnetic biochar

material that originated from E@e -prepared MC-PDA-Ag catalyst displayed

4. Conclusions

In this study, a novel MC-PDA-Ag I

an excellent catalytic e for the catalytic reduction of MB dye in the
presence of NaB gile, the catalyst can maintain good catalytic performance
over a wide initial sylution pH range and ionic strength. Besides, MC-PDA-Ag also
showed prominent catalytic property towards MO and RhB organic dyes. Importantly,
the inherent magnetic property of MC-PDA-Ag endowed it prominent recyclability in
dye wastewater. Therefore, MC-PDA-Ag is a promising cost-effective catalyst for dye

reduction and has great potential applications in wastewater treatment.
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