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HIGHLIGHTS

« Au-NPs were immobilized on natural

tubular Kappa fiber for catalytic
applications.

« The preparation process is simple,
mild, efficient and eco-friendly.

« The eco-friendly nanocomposite can

rapidly catalyze the reduction of
Congo Red dye.

« Hydrogen was simultaneously
produced along with the catalytic
reduction of dye.

« The nanocomposite can be used to
treat dye wastewater and produce
hydrogen.

ARTICLE INFO

Article history:

Received 7 June 2013

Received in revised form 9 October 2013
Accepted 15 October 2013

Available online 24 October 2013

Keywords:

Kapok fiber

Gold nanoparticles
Nanocomposite
Catalytic reduction
Hydrogen production

GRAPHICAL ABSTRACT

AuNPs were immobilized on natural tubular Kappa fiber by a facile and green approach to derive new
eco-friendly catalyst for efficient decoloration of CR dye and hydrogen production.
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ABSTRACT

A facile and eco-friendly noncovalent self-assembly approach was employed to immobilize Au nanopar-
ticles (AuNPs) onto a natural tubular Kapok fiber (KF) and used for the catalytic reducing decoloration of
Congo Red (CR) dye and simultaneous hydrogen production. AuNPs fail to be directly attached on KF or
carboxylated KF (CKF), but the introduction of chitosan (CTS) as a “bridge” led to the stable immobiliza-
tion of AuNPs on KF or CKF with a well-dispersed distribution, as shown by UV-vis, XRD, SEM and TEM
analyses. The resultant KF (or CKF)/CTS/AuNPs nanocomposites show excellent catalytic activity and sta-
bility for the catalytic reducing decoloration of CR dye, and the color of CR solution can be rapidly faded
within 3 min at the low catalyst dosage of 0.3 g/L. The catalytic activity of the nanocomposite can be
maintained after being treated with sonication or 1 mol/L acid for 20 min. Along with the catalytic decol-
oration of CR, hydrogen was simultaneously produced and can be collected as a clean green fuel, and the
maximum yield of hydrogen reaches 430 mL/L (CR solution, 20 mg/L). Thus, the nanocomposite can be
used as a catalyst to decolor dye wastewater and produce hydrogen by one-step process. Moreover,
the reported strategy follows the sustainable development idea of “from nature, for nature, into the nat-
ure” and promotes the use of naturally renewable resources to produce promising and eco-friendly func-
tional materials for various applications.

© 2013 Elsevier B.V. All rights reserved.

* Corresponding author. Tel.: +86 931 4968118; fax: +86 931 8277088.
E-mail address: aqwang@licp.cas.cn (A. Wang).

1. Introduction

Gold nanoparticles (AuNPs) have attracted considerable atten-
tions in many frontier fields such as biomedicine [1,2], electronics
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[3,4], sensing [5,6], smart materials [7,8], solar cell [9] and catalysis
[10,11]. As the catalysts, AuNPs show excellent activity superior to
the bulk metals due to their large surface area-to-volume ratio.
However, AuNPs are prone to aggregate in solution due to their
higher surface energy, which greatly decrease and even minimize
their catalytic activity. To overcome this, AuNPs were immobilized
on various nano-carriers, such as carbon nanotubes [12,13], graph-
ene [14-16], nanofiber [17], cellulose [18,19], clay [20], nano-
spheres [21], mesostructure material [22], and TiO, nanotube
arrays [23], to form nanocomposites with well dispersion of AuNPs,
stable structure and desirable hybrid properties.

Of these, natural polymers have focused much attention due to
their renewable, low cost, reactive and eco-friendly advantages
[24,25]. Thus far, two main approaches were employed to fabricate
natural polymer/AuNPs composites: one is the in situ entrapment
of AuNPs in the solid matrix formed by soluble natural polymers
[26,27]; another is the direct immobilization of AuNPs on the sur-
face of insoluble natural polymers (i.e., plant fibers) [28,29]. Com-
paratively, the latter is preferred and promising because the
resultant materials exhibit relatively higher activity, because the
loaded AuNPs can contact with the reactants more easily, and
the complex mass-transfer process needed for the entrapment
structure can be avoided [29]. Thus, the development of the eco-
friendly catalytic materials derived from natural plant fibers and
AuNPs through a facile and mild approach is highly desirable.

Kapok fiber (KF) is a kind of natural, renewable, abundant and
low-cost tubular plant fiber with the outer diameter of 15-
25 pm and wall thickness of 0.5-2 um. KF has the advantages
including low density, good buoyancy, huge hollowness and better
surface activity [30]. The KF fiber is insoluble, and can be easily
separated or recovered from liquid system [31,32]. These unique
advantages of KF render it potential to be used as the supporter
of active nanoparticles. However, the existence of waxy coating
on KF makes it hydrophobic and difficult to be dispersed in aque-
ous solution, and so the active nanoparticles are difficult to be
attached on the KF. For improve this, KF was usually coated with
polyacrylonitrile through a chemical polymerization reaction
[33]. The introduced polyacrylonitrile may enhance the bonding
capability of KF to metal ions and is favorable to the attachment
of nanoparticles, but the usage of toxic chemicals, modifiers as well
as complex chemical reaction is required. Therefore, the design of
KF-based catalytic materials through a physical, mild and green ap-
proach becomes the hot subject of great interests in the current
world that the greening of materials and their preparation meth-
ods are highly concerned.

The surface of pretreated KF is negatively charged, and so it is
difficult to attract the negatively charged matters. Chitosan (CTS),
derived from the second most naturally abundant polysaccharide
chitin, is a natural basic polysaccharide with plentiful -NH; groups
[34]. It is renewable, biocompatible, not-toxic and low-cost, and is
the fine matrix to produce eco-friendly materials. The positively
charged CTS may be easily coated on the surface of KF by a very
simple soaking process, and the surface properties of KF can be
improved. The CTS-coated KF can combine with the negatively
charged nanoparticles with no need of any other chemicals to form
a stable nanocomposite.

Based on above description and our previous work [35,36], we
employed a facile and efficient non-covalent self-assembly
approach to immobilize AuNPs onto KF and carboxylated KF
(CKF) to prepare KF-based catalytic materials. The structure and
morphologies of the nanocomposite were characterized by UV-vis-
ible spectroscopy (UV-vis), X-ray diffraction (XRD), scanning elec-
tron microscope (SEM) and transmission electron microscope
(TEKM), and the catalytic activity was systematically evaluated.
In addition, the hydrogen production capability along with the cat-
alytic decoloration of CR dye was evaluated.

2. Experimental
2.1. Materials

Kapok fiber (KF) was purchased from Shanghai Pan-Da Co., Ltd.,
China. NaClO, (chemically pure) was provided by Beijing Hua-Wei
Chemical Reagent Co., China. Acetic acid (HOAc, Analytical grade)
was received from Shanghai Chemical Reagent Factory, Shanghai,
China. Chitosan (CTS) with the deacetylation degree (DD) of 90%
and molecular weight of 600 kDa was from Yuhuan Ocean Biology
Company (Zhejiang, China). Chloroauric acid (HAuCls-4H50),
sodium borohydride (NaBH,4) and chloroacetic acid (CICH,COOH)
were purchased from Sinopharm Chemical Reagent Co., Ltd.
(Shanghai, China), and used as received. Congo Red (CR) was
purchased from Alfa Aesar and used without further purification.
All other reagents are of analytical grade and all solutions were
prepared with ultrapure water.

2.2. Immobilization of AuNPs onto KF and CKF

AuNPs were prepared according to the following procedure:
10 mL of the aqueous solution of HAuCl,-4H,0 (1%, m/v) was added
to 900 mL of ultrapure water in a beaker. Then, 20 mL of the aque-
ous solution of sodium citrate (1 wt%) was added. After stirred for
5 min, 10 mL of the freshly prepared NaBH, solution (0.075 wt%)
was rapidly added, and the purple-red solution was obtained and
cured for 2 h. The concentration of AuNPs in the solution is
0.3129 mmol/L.

Kapok fiber (KF) was pretreated with NaClO, solution to remove
the waxy coating and create a hydrophilic surface as described pre-
viously [35,36]. In order to introduce carboxyl groups, the pre-
treated KF was modified with CICH,COOH. Typically, 1.0 g of the
pretreated KF was dispersed in ultrapure water, and then 0.5 g of
CICH,COOH was added. Then, the pH values of the reaction system
was adjusted to 10 using 1 mol/L of NaOH solution, and the mod-
ification reaction was conducted at 60 °C for 2 h. The carboxylated
KF (CKF) was separated by suction filtration, and washed with
ultrapure water for 5 times to remove the undesired impurities.

The AuNPs can be immobilized on the pretreated KF and CKF in
the presence of CTS. Typically, 1.0 g of pretreated KF or CKF was
soaked in 200 mL of 0.1 wt% CTS solution (using 1 wt% HOAc solu-
tion as the solvents), and the mixture was continuously stirred for
24 h to achieve a saturated and homogeneous adsorption of CTS on
the surface of KF. The mixture was separated by suction filtration,
and successively washed with 50 mL of 1 wt% aqueous solution of
HOACc and ultrapure water for 3 times, respectively. Then, the solu-
tion containing AuNPs was gradually added to CTS-coated KF or
CKF under continuous stirring, and the addition was stopped when
the color of the mixture solution does not fade further (the adsorp-
tion was saturated). The added volume of AuNPs solution is 350 mL
for KF and 430 mL for CKF, and the calculated loading amount of
AuNPs is 2.16 wt% for KF (denoted as KF/CTS/AuNPs) and
2.65 wt% for CKF (denoted as CKF/CTS/AuNPs).

For a comparison, the solution of AuNPs was directly mixed
with the KF or CKF without adding CTS, and it was found that
the KF or CKF do not adsorb AuNPs. This provides direct evidence
that CTS is a key to achieve the immobilization of AuNPs onto KF
or CKF. The resultant sample was denoted as KF/AuNPs.

2.3. Evaluation of catalytic activity and recovery capability

0.03g Of the KF/AuNPs, KF/CTS/AuNPs and CKF/CTS/AuNPs
nanocomposites were added into 100 mL of the CR solution
(20 mg/L) with and without 0.0568 g of NaBH,. After set time
intervals, the nanocomposites were instantly separated from the
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solution by suction filtering through a filter (0.45 pum), and the UV-
vis spectra of the solution were scanned at 25 °C in a range of 300-
800 nm and the absorbance was determined at 504 nm using a
quartz cell (1 cm path length). The change of absorbance was used
as a criterion to evaluate the reduction efficiency. For evaluating
the attachment stability of AuNPs, the KF/CTS/AuNPs and CKF/
CTS/AuNPs nanocomposites were treated by ultrasonication and
1 mol/L HCI solution for 20 min, respectively. The catalytic proper-
ties of the treated nanocomposites were evaluated according to the
above similar procedure.

The used CKF/CTS/AuNPs nanocomposites were recycled by
suction filtration, washed with distilled water for three times,
and then reuse to catalytic reduction of CR dye as the similar pro-
cedure described above. The recovery process was repeated for 10
cycles, and the change of decoloration efficiency for CR solution
(20 mg/L) within 3 min was used to indicate the recovery capabil-
ity of the nanocomposite.

2.4. Calculation of reduction rate constants

The reduction rate of dyes, catalyzed by the nanocomposites,
was calculated using the following equation.

—1In(C/Co) = Kopst (1)

where C (mg/L) is the concentration of dye at time t, Co (mg/L) is the
initial concentration of dye, and K,s is the first order rate constant
[37].

2.5. Capacity of hydrogen production

Along with the catalytic decoloration of CR solution with
NaBH,4, hydrogen was simultaneously produced and can be col-
lected as a fuel. The volume of hydrogen was used as a criterion
to evaluate the production capability of hydrogen during the
reduction process of CR. Typically, 0.3 g of the KF/CTS/AuNPs and
CKF/CTS/AuNPs nanocomposites were added into 1000 mL of the
CR solution (20 mg/L) with 15 mmol/L of NaBH4. The generated
hydrogen in this process was collected by drainage method at set
time intervals, and the volume was measured.

2.6. Characterizations

UV-vis spectra were determined using a UV-vis spectropho-
tometer (SPECORD 200, Analytik Jera AG). XRD patterns were col-
lected on a X'pert PRO X-ray power diffractometer (PAN analytical
Co., Netherlands) using Cu Kot radiation of 1.5406 A (40 kV, 30 mA).
The surface elemental analysis was conducted using an Energy Dis-
persive Analysis System of X-ray (EDS) (GENESIS, EDAX). The sur-
face morphology was observed using a field emission scanning
electron microscope (FESEM, JSM-6701F, JEOL) after coating the
samples with gold film. The TEM images were taken using a JEM-
2010 high-resolution transmission electron microscope (JEOL, To-
kyo, Japan) at an acceleration voltage of 200 kV, and the sample
was ultrasonically dispersed in anhydrous ethanol and dropped
onto a microgrid before observation.

3. Results and discussion
3.1. Preparation of KF/CTS/AuNPs nanocomposites

The sodium citrate-stabilized AuNPs were successfully pre-
pared using HAuCl,-4H,0 as the precursor and NaBH, as the reduc-
tant. The formation of AuNPs can be confirmed by the surface
plasmon resonance peak at 520 nm observed in UV-vis spectra
(Fig. 1) [38]. The Zeta potential of the solution of AuNPs is

-23.4+0.8mV, and the Zeta potentials of KF, CKF, KF/CTS and
CKF/CTS are -284+18, -415%+2.1, +11.8+14mV and
+12.6 £ 1.2 mV, respectively. Thus, the negatively charged AuNPs
are difficult to be attached onto KF or CKF due to the electrostatic
repulsion resulting from the same charges. Whereas, the CTS-
coated KF or CKF may rapidly attract AuNPs and immoblize them
on the surface due to the electrostatic interaction, which acts as
the main driving force for the immobilization of AuNPs onto KF
or CKF (Fig. 2). From the UV-vis spectra of KF/CTS/AuNPs and
CKF/CTS/AuNPs, the absorbance peak at 533 nm was clearly
observed, which confirmed that the AuNPs were successfully
attached on the surface of CTS-coated KF and CKF as expected
(Fig. 1). This result can also be intuitively demonstrated in the
experiment process that the purple-red solution of AuNPs become
colorless when adding the solution into CTS-coated KF or CKF.

3.2. XRD analysis

The attachment of AuNPs on the surface of CTS-coated KF or
CKF can also be confirmed by XRD analysis (Fig. 3). As can be seen,
the characteristic diffraction peaks of KF appeared at 20 = 15.78°,
22.62° and 34.96°, which correspond to the (110), (200) and
(004) crystallographic planes, respectively [39,40]. The XRD curve
of KF have no obvious change after directly mixed it with AuNPs
(KF/AuNPs), and no the diffraction peaks of AuNPs can be observed.
This indicates that AuNPs fail to be directly attached on KF. How-
ever, the characteristic diffraction peaks of AuNPs at 20 = 38.56°
(111) and 44.67° (200) [41] (JCPDF No. 04-0784) appeared in
the XRD curves of KF/CTS/AuNPs and CKF/CTS/AuNPs. This indi-
cates that AuNPs was attached on KF and CKF when using CTS as
a “bridge”, and CTS is essential to the self-assembly process. It
can also be observed that the intensity of diffraction peaks of AuN-
Ps for CKF/CTS/AuNPs is stronger than that of KF/CTS/AuNPs, indi-
cating that the carboxylation of KF is more favorable to the
attachment of AuNPs in contrast to KF. The XRD result is consistent
with the UV-vis analysis (Fig. 1). According to the EDS results (fig-
ure is not shown), it can be found that the loading amounts of AuN-
Ps on KF and CKF are about 2.07+0.07wt% (n=6) and
2.52 +0.08 wt% (n = 6), respectively, which is close to the values
calculated by the volume of used AuNPs solutions.

3.3. SEM and TEM analyses

The surface appearances of KF, KF/AuNPs, KF/CTS/AuNPs, CKF/
CTS/AuNPs were observed using FESEM, and the AuNPs on the
surface of KF was observed using TEM (Fig. 4). It can be clearly
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Fig. 1. The UV-vis spectra of AuNPs, KF/CTS/AuNPs and CKF/CTS/AuNPs.
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Fig. 2. Scheme for the non-covalent self-assembly mechanism of KF/CTS/AuNPs and CKF/CTS/AuNPs.
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Fig. 3. XRD diffraction patterns of (a) pretreated KF, (b) CKF, KF/CTS/AuNPs and (c)
CKF/CTS/AuNPs.

observed that KF shows a smooth surface (Fig. 4a). After carboxyl-
ation, the surface of KF becomes relatively rough with subtle
textures (Fig. 4b), indicating that chloroacetic acid was reacted
with KF, which is consistent with the change of Zeta potential
(from —28.4 + 1.8 to —41.5 £ 2.1 mV). The negatively charged sur-
face can be easily coated with CTS, and the negatively charged
AuNPs can be adsorbed onto the CTS-coated KF or CKF. Corre-
spondingly, the surface of the KF/CTS/AuNPs and CKF/CTS/AuNPs
becomes rough and many wrinkles were observed (Fig. 4c and
d), which implies that the CTS coating was formed on the surface
of KF. The AuNPs can be observed from the TEM images of KF/
CTS/AuNPs and CKF/CTS/AuNPs (Fig. 4e and f), and the existence
of AuNPs can be confirmed by the appearance of characteristic
peak of Au in the energy-dispersive X-ray spectroscopy (EDX) of
CKF/CTS/AuNPs (Supporting Information, Fig. S1). It was observed
that the AuNPs exhibit a very well dispersion and uniform distribu-
tion on the surface of KF without obvious aggregations among
particles. The AuNPs with the size distribution of 3-5 nm were
tightly anchored on the KF surface to form a better nanocomposite
structure. By contrast, the distribution of nanoparticles is relatively
denser on the surface of CKF/CTS/AuNPs than that of KF/CTS/AuN-
Ps, indicating that the carboxylation of KF is favorable to the
attachment of AuNPs.

3.4. Catalytic activity

As shown in Fig. 5, the addition of NaBH4 to the solutions of CR
dye does not cause any appreciable change in the absorbance of
solution and no hydrogen generated in the absence of the catalyst,
indicating that BH, ions cannot reduce the CR dyes. After adding
KF or KF/AuNPs into the solution, the absorbance was slightly
decreased, but no obvious decoloration of CR dye was observed.
This indicates that the KF or KF/AuNPs have no additional catalytic
action to the reducing decoloration of CR dye, and only weaker
adsorption action of KF or KF/AuNPs for CR dye was occurred. How-
ever, when the KF/CTS/AuNPs and CKF/CTS/AuNPs nanocomposites
were added to the CR solution containing BH, ions, the absorbance
was rapidly decreased until it is close to zero, and the color of solu-
tion almost becomes colorless within 3 min (Fig. 6). Fig. 5b shows
the fitting curves of In(C/Cy) versus t, and the rate constant Kyps can
be calculated. The catalytic reduction rate constants are 0.0171 s™!
(for KF/CTS/AuNPs), 0.0229 s~! (CKF/CTS/AuNPs), 0.0223 s~ ! (CKF/
CTS/AuNPs after sonication) and 0.0225 s~! (CKF/CTS/AuNPs after
acid treatment). The reduction rate of CR solution catalyzed by
CKF/CTS/AuNPs is faster than that of KF/CTS/AuNPs, indicating that
the increase of loading amount of Au® in the nanocomposite is
favorable to improve its catalytic rate. Moreover, the nanocompos-
ite still has excellent catalytic activity after treated with ultrason-
nication and 1 mol/L HCl solution for 20 min (Figs. 5 and 6), and
the catalytic reduction rate constants of CKF/CTS/AuNPs are
slightly decreased from 0.0229 s~! to 0.0223 s~ ! (after sonication)
and 0.0225s~! (after acid treatment). This also proved that the
nanocomposite has satisfactory stability besides excellent activity.
Table 1 listed the catalytic decoloration efficiency of different cat-
alysts for CR dye. By contrast, the catalytic reduction using CKF/
CTS/AuNPs as the catalyst can decolor CR solution within shorter
3 min, which reflects the relatively higher decoloration efficiency.

It can be noticed from Fig. 5 that the absorbance of the CR at
350 nm was shifted to 360 nm along with the disappearance of
the absorbance peak at 540 nm, which implies that the azo CR mol-
ecules were reduced to form a new product. Fig. 7 illustrates the
proposed catalytic reduction mechanism, it can be seen that the
AuNPs trigger the catalytic reduction by relaying electron from
the BH, donor to the acceptor molecules of CR dye, and the KF/
CTS/AuNPs or CKF/CTS/AuNPs can receive and convey electrons
to the dyes more effectively [48,49]. As a result, the azo double
—N=N— bonds were reduced as the —N—N— bonds, and the red
CR dye was faded (Figs. 6 and 7).
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Fig. 4. SEM micrographs of (a) KF, (b) CKF, (c) KF/CTS/AuNPs and (d) CKF/CTS/AuNPs, and the inset is the corresponding magnification images; TEM image of (e) KF/CTS/

AuNPs and (f) CKF/CTS/AuNPs.
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Fig. 5. (a) Catalytic kinetic curves of KF/AuNPs, KF/CTS/AuNPs and CKF/CTS/AuNPs
before and after sonication and acid treatment (1 mol/L HCl solution, 20 min) for
the reduction of CR solution (initial CR concentration, 20 mg/L; initial NaBH4
concentration, 15 mmol/L; catalyst dosage, 0.3 g/L); (b) linear relationship of —In(C/
Co) as a function of time t.

Besides the catalytic activity, the reusability of the nanocom-
posite as a catalyst is also important to its practical application.
Fig. 8 shows the decoloration percentage (%) of CR solution within
3 min after repeated for 10 cycles. It can be observed that the
decoloration percentage has no obvious decrease, and 92.6% of
the initial decoloration percentage was achieved after recovered
for 9 times. This indicates that the nanocomposite can be used as
recyclable catalysis materials for decoloraiton applications.

3.5. Capacity of hydrogen production

As shown in Fig. 9, the reduction of CR molecules and the oxida-
tion of BH, ions generated hydrogen. The production of hydrogen
from NaBH,4 by a catalytic oxidation-reduction reaction was re-
ported and the corresponding mechanism was explored [50,51].
In order to improve the hydrogen production efficiency, the addi-
tion of additional chemical agents such as NaOH, methanol, etha-
nol is required [50,51]. In our work, the dye molecules were
acted as the acceptor of electrons, and so the NaBH4 was rapidly
transformed as hydrogen gas and simultaneously the dye mole-
cules were decolored (Fig. 7). The advantages of this process is that,
(i) the overflow of hydrogen gas from the surface of the nanocom-
posite to the solution causes the convection of the solution and
keeps the effective transfer of dye solution to the nanocomposite;
(ii) the generated hydrogen gas can be collected and reused as the
clean fuel. As shown in Fig. 9, the output amount of hydrogen gas
rapidly increased with prolonging the reaction time, until a con-
stant value was reached. The maximum hydrogen gas production
amount is about 430 mL for each liter of CR dye wastewater
(20 mg/L). From this point of view, using the eco-friendly KF/CTS/
AuNPs and CKF/CTS/AuNPs as catalysts, we can produce hydrogen
energy by consuming CR dye waste water, and this idea will be
promising and contributory to alleviate environmental and energy
problems.

4. Conclusions

The AuNPs-decorated KF nanocomposites were successfully
prepared by a simple, green and mild non-covalent approach using
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Table 1

Comparison of decoloration efficiency for CR dye using various catalysts.
Catalysts Dosage (g/L) Initial conc. (mg/L) Decoloration time Refs.
Chitosan/nano-CdS 1.5 20 180 min [42]
TiO, 1.0 55 480 min [43]
UV/H,0, 1.7 50 60 min [44]
Fe modified Y zeolite 1.5 - 10-45 min [45]
WO5-TiO,/activated carbon 10 10 120 [46]
Ba—Cd—Sr—Ti Doped Fe304 1 25 2h [47]
CKF/CTS/AuNPs 0.3 20 3 min This work

oF
NN NH,

H

N 308/5 \\0 —_

Fig. 7. Proposed mechanisms for the catalytic reduction of CR dye by NaBH, using KF/CTS/AuNPs or CKF/CTS/AuNPs as the catalysts.



342 W. Wang et al./ Chemical Engineering Journal 237 (2014) 336-343

100 |

60 -

Percentage (%)

o 1 2 3 4 5 6 7 8 9
Recovery times

Fig. 8. The catalytic efficiency of the CKF/CTS/AuNPs nanocomposite after repeated
10 times.

500
z
400 | x £ : !
g i
. 300f % s
E K |
o 200f ,*
g * = CR+NaBH,
= * KF/CTS/AuNPs+CR+NaBH,
> 100 4 CKF/CTS/AuNPs+CR+NaBH,
0 ~ L) L] - - - -
0 100 200 300 400 500 600 700 80

time (s)

Fig. 9. The variation of hydrogen production volume against time (initial CR dye
concentration, 20 mg/L; initial volume of CR solution, 1 L; initial NaBH,4 concentra-
tion, 15 mmol/L; initial dosage of catalyst, 0.3 g/L).

natural KF as the matrix and CTS as the “bridge”. In this process,
the negatively charged AuNPs can be easily immobilized on KF or
CKF through electrostatic interaction in the presence of CTS as a
“double side tape”, and the AuNPs exhibited a well-dispersed dis-
tribution on the KF or CKF matrix. The as-prepared nanocompos-
ites exhibited excellent catalytic performance for the reducing
decoloration of CR dye by NaBH, in aqueous solution, and the solu-
tion of CR dye (20 mg/L) can be rapidly decolored with 3 min at a
low dosage of 0.3 g/L. Along with the decoloration of CR dye, the
hydrogen gas was generated and collected as a clean fuel, and
the maximum yield reached 430 mL/L CR solution (20 mg/L). More
importantly, the nanocomposite based on plant fiber can be easily
separated from the liquid system, which is favorable for the recycle
of the materials. After being sonicated and acid treated, the nano-
composite still retain better catalytic activities, and the activity
only decreased a little after reuse for 10 cycles. This indicates that
the nanocomposite has better stability and reusability. As a whole,
the development of the nanocomposites based on natural plant fi-
ber KF by a facile and green method, and their applications for
decoloration of dye wastewater and the simultaneous H;, produc-
tion opened a new avenue to utilize natural resources and alleviate
the experimental problems.
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