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Preparation of carbon fiber cloth supported porous CdS
nanorods with excellent photocatalytic activity for Cr(VI)

reduction
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(1 Guangdong University of Technology, a. School of Materials and Energy; b. School of Chemical Engineering and Light
Industry, Guangzhou 510006, China; 2 Advanced Energy Science and Technology Guangdong Laboratory, Huizhou
516000, Guangdong China)

Abstract The use of visible-light responsive photocatalysts for removing heavy metal ions in wastewater has received
great attention. However, the development of photocatalysts with high activity and recyclability remains a huge challenge.
Herein, a recyclable carbon fiber cloth-supported porous CdS nanorod photocatalyst was fabricated by a two-step
hydrothermal treatment using AgVO, nanowires as templates. The results indicated that under visible-light illumination,
the carbon cloth-supported porous CdS nanorods showed improved photocatalytic activity for the reduction of Cr( V), with
an apparent rate constant exceeding that of carbon cloth-supported CdS nanospheres by a factor of 1.65 times. Moreover,
the carbon cloth-supported porous CdS nanorods can be easily separated and be reused. This brings a new perspective for
developing photocatalysts with high efficiency and recyclability for wastewater treatment.
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HESES TB34 XEIREB A XERS 1672-4321(2025)01-0009-13

doi: 10.20056/j.cnki.ZNMDZK.20250744

fix b B % L. CdS KBS 7 1Y il 85 K
HERC(V)iRE S im s
FEA",EX] L, REW,ERRE" AR, HIER"

(1 J7ARIRY a PR SRR bR LT EE, I 51000652 SetaBIRR 2 SHART RELR=E, |
AR =M 516000)

B OE AT WG AR 25 B B K R T R BOR B2 BT ORTE AR, T A HA w1
055 DM B AL A R IR 0= — A PR A LA AgV O, AR E LR, SR T 28 K B 48 1 5 [l Wiy e A £ 288
ZAL CAS YR BCAEAH . 45 R AL T WG IR, B5RAG 51 202 AL CdS AR ERAS Cr (VD) R B H 3 38 1L fiE AL g
JEEIE P, G ROV 38 5 RO AR AT 5 A CAS 9K ER B 1.65 4% . ILAh , Bk Al 571 B2 AL CAS AR S T A
A, X A TE R RSO Al R A A CAE AL I E I T4k BB K SR AL T 4 R B

R WA BLALHR s I BB s ZALAOKREE s R B T I

Industrial wastewater discharged from electroplating, will cause damage to human kidneys and liver, leading
chemical, printing and dyeing, and tanning industries to emesis, diarrhea and other symptoms even cancer
usually contains a large amount of hexavalent chromium risk". In comparison to Cr(VI) , trivalent chromium
(Cr(VI)). Long-term exposure to hexavalent chromium (Cr (I)) is generally non-toxic and can be safely
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absorbed by humans and animals as a trace element.
Therefore, the reduction of Cr(VI) to Cr( 1l ) is one of
the effective ways to deal with the pollution of Cr (V)
as heavy metal ion. The traditional ways for removing
Cr (VI) contain chemical reduction method and
electrolytic reduction method followed by chemical

2-3]
23] However,

precipitation process these treating
processes are always complicated with high cost
accompanied by adjusting pH all the time. Since Jeon
attempted to probe into the impact of Nb,O; in TiO,
on the reduction of K,Cr,0, under Xenon lamp
illumination , photocatalytic technology has been
preferably applied as a hopeful route for the reduction
of Cr (VI) to harmfulless Cr (I ) in wastewater
treatment 7

In recent years, a variety of photocatalysts have
been explored for removing Cr(VI) , such as TiO,"™,
ZnO!** | Cdste Agz():m s SnSZ[m , metal-organic

', etc. Among them, cadmium

framework materials”"*
sulfide (CdS) with a narrow band gap has sparked
much attention due to its excellent properties including

15-16 .
fis-16] good carrier

broad-spectrum visible-light absorption
transportation capacity and higher conduction band
potential than the H'/H, redox potential, which is
widely used in the field of photocatalytic hydrogen
production ™", Currently, CdS with various morphologies
such as nanoparticles, spheres, nanowires and nanorods

22-25

have been prepared ', However, most of the CdS
nanorods that had been reported are solid with small
specific surface area™’. The preparation of porous CdS
nanorods with large specific surface area is still a
challenge. Meanwhile, the powdered photocatalysts
exhibit some disadvantages such as difficult recycling
and secondary pollution in the practical application.
Therefore, extensive research work has been undertaken
to develop photocatalysts with large area, high
photocatalytic activity and easy recycling”".

Carbon fiber cloth has broad prospects due to its
special properties such as excellent pliability, excellent
electrical conductivity, high mechanical intensity
and good resistant to corrosion, which has been
broadly applied to be a substrate for in situ growth of
nanomaterials that are applicable to photocatalysts,

fuel cells, supercapacitors and lithium batteries ™",

Our group had prepared MoS,/Ag,S/Ag,PO, composite
cloth  which

activity  and

on carbon fiber exhibited  good

recyclability  for

32]

photocatalytic
photodegradation of rhodamine B'*'. Template-based
method is a simple and controllable means to

[33] In

synthesize unique structures of nanomaterials
this work, we successfully synthesized carbon cloth-
supported porous CdS nanorods using AgVO, nanowires
as templates by a two-step hydrothermal method****.
As for all we know, there were no studies reporting the
preparation of porous CdS nanorods loaded on carbon
fiber cloth. The carbon cloth-supported porous CdS
nanorods exhibited an excellent photocatalytic
reducibility to Cr (VI) when irradiated with visible
light. And the CdS-loaded carbon cloth can be readily
extracted from the solution system and be reused
without loss in weight. The work may provide a way to
design various kinds of recyclable photocatalysts that
can be produced in large amounts and be used to

purify wastewater containing heavy metal ions.

1 Materials and methods

1.1 Pretreatment of carbon cloth

A piece of square carbon cloth with size of 2 cm X
2 em (WOS: 1009-17070602, average thickness:
0.33 mm, nominal basic weight: 115.0 g-m~) was
ultrasonic rinsed sequentially with acetone, ethanol,
and deionized water to wipe off surface stains.
Whereafter, the clean carbon cloth was dipped in
nitric acid (65%) solution for 24 h to obtain good
hydrophilic surface. After three times of rinse with
deionized water, it was put into an oven keeping at
70 °C for drying.
1.2 Preparation of carbon cloth-supported AgVO,

nanowires

AgVO, nanowires were created on the periphery
of carbon fiber cloth via the hydrothermal method.
Firstly, 12.36 mmol of AgNO,was added into 15 mL
of deionized water to make it fully dissolved and form
a colorless and transparent solution A. Meanwhile,
5.98 mmol of silver metavanadate (NH,VO,) and
24.98 mmol of urea (CO (NH,),) were dissolved in



551

A, 55 BRAT T AR L CAS GURBLAEALT A ] 45 SR R Cr (V) S ORI IR 11

25 mL of nitric acid (HNO,, 2 mol:L™") to form a
homo-transparent solution B. Secondly, the pretreated
carbon cloth was immersed in solution A for 6 h and
then transferred to solution B soaking for 1 min. After
that, the carbon cloth was transferred to solution A
again for 1 min and soaked in solution B for 1 min once
more. The to-and-fro soaking process was repeated for
20 times to ensure full adsorption of the precursors.
Thirdly, the solution B was incorporated into the
solution A and the obtained mixed solution was
magnetic stirred for 10 min, followed by being poured
into a hydrothermal reactor. Afterwards, the carbon
cloth was placed vertically into the reactor, which
was then removed into a drying oven and heated to
180 °C for 18 h. After the reactor dropped to the same
temperature as the surroundings, the carbon cloth-
supported AgVO, (denoted as CC/AgVO,) was moved
away from the reactor and cleaned with deionized water
as well as ethanol for three times, and finally dried at
70 °C for 5 h.
1.3 Preparation of carbon cloth-supported porous

CdS nanorods

The carbon cloth-supported porous CdS nanorods
were prepared by combining template method with
hydrothermal reaction. Specifically, 4.99 mmol of cadmium
chloride (CdCl,-2.5H,0) , 29.9 mmol of thiourea
(CHN,S) and 049 g of polyethylene glycol were
dissolved into 40 mL of deionized water and a milk-white
solution was taking form, which was then poured into a
Teflon container with stainless-steel as outer lining.
Subsequently, the CC/AgVO, was placed vertically
into the reactor and heated up to 140 °C for 15 h. After
the reactor cooled down to ambient temperature, the
obtained carbon cloth-supported porous CdS nanorods
(denoted as CC/P-CdS) was taken out and washed
with deionized water and ethanol for several times,
and finally heated up to 70 °C for 5 h in the drying
oven. For comparison, the carbon cloth-supported CdS
(denoted as CC/CdS) was also prepared by the same
method using pretreated pure carbon cloth instead of
CC/AgVO,.
1.4 Characterization

The phase constitution and crystalline structure of

the samples were studied by a X-ray diffractometer

(XRD, D/MAX-Ultima IV, Rigaku, Japan) using Cu
Ka radiation and the scanning rate was 8°-min™". The
microstructure observation of the carbon cloth-supported
photocatalysts was carried out on a field emission
scanning electron microscope (FESEM, SU8010,
Hitachi, Japan) and a transmission electron microscope
(TEM, JEM2010F, JEOL, Japan). X-ray photoelectron
spectroscopy (XPS) was measured on an X-ray
photoelectron spectrometer (Thermo Fisher, Thermo
Scientific K-Alpha, Waltham, USA) excited by Al Ka
radiation. UV-Vis diffuse reflectance spectra (DRS) of
the samples were tested on an UV-Vis spectrophotometer
(Metash, UV9000, Shanghai, China) using BaSO, as
a standard reflectance sample.
1.5 Photocatalytic activity test

The photocatalytic activity of the carbon cloth-
supported photocatalysts was appraised by reducing
the Cr (VI) ions in K,Cr,0, solution at ambient
temperature. An LED lamp was used as the optical
source and the wavelength was fixed to be 420 nm.
Concretely speaking, a slice of carbon cloth loaded
with the photocatalyst was placed vertically in a beaker
holding 60 mL of K,Cr,0, solution. The entire mixture
was put in the dark and magnetic stirred for 1 h to
achieve an adsorption-desorption equilibrium before
turning on the light. The amount of Cr (VI) was
measured using the diphenylcarbazide colorimetric
method and the absorption of light by solution was
estimated using the UV-Vis spectrophotometer. The
wavelength of the characteristic absorption peak is
540 nm. The photocatalytic performances of the
catalysts were estimated by comparing the apparent
reaction rate constant k& (k=In(C/C,)/), where C, and
C, are the concentrations of K,Cr,0, at adsorption
equilibrium (before turning on the light) and at
irradiation time ¢, respectively.
1.6 Computational-DFT calculation

The first-principle calculations were accomplished
using the density-functional theory (DFT) method on
the Materials  Studio with  Cambridge
Sequential Total Energy Package (CASTEP) code “*.

The calculation

software

of geometric
performed using the Perdew-Burke-Ernzerhof (PBE)

approximation in generalized gradient approximation

optimization was
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(GGA). The electrical characteristics including states
density and band structure were generated by hybrid
functions of Heyd-Scuseria-Ernzerhof (HSE06). The
geometry optimization of all the models was conducted
the  Broyden-Fletcher-Goldfarb-Shannon
(BFGS) algorithm. The selected cutoff energy was 350

based  on

eV, and the k-point of the Brillouin zone was 4 X 4 X

4, as shown in Fig. 1. The ion nucleus was described
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configurations of the cadmium (Cd) and sulfur (S)
atoms were 4d" 5s* and 3s® 3p*, respectively. The
convergence criteria for the total energy, the SCF
energy, the maximum force, stress and displacement
were set as 2X107° eV-atom™, 2x10° eV-atom™', 0.05
eV-A"', 0.05 GPaand 1x107° A, respectively.
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(a) Calculation model for standard structure of CdS; (b) Calculation model for geometry optimized structure CdS;

(¢) Selected cutoff energy; (d) K-point test

Fig. 1
1

2 Results and discussion
2.1 Phase structures

The phase constitution and crystalline form of the
sample were measured by XRD, and the related
diffraction peaks are given in Fig. 2. The pure carbon
cloth (CC) shows a broad peak at 26° relevant to the
(002) crystal plane of the carbon fiber™. For CC/
AgVO,, only the diffraction peaks of AgVO, (JCPDS
card No. 29-1154) can be observed and the peak
relating to carbon cloth is unobservable, indicating

that the carbon cloth was completely covered by

Schematic illustration for the calculation model of CdS and calculation parameters

CdS By HE R R R 25

AgVO0,*". The diffraction peaks of CC/CdS at 24.97,
26.66°, 28.33", 36.82°, 43.90°, 48.12° and 52.11°
correspond to (100), (002), (101), (102), (110),
(103), and (112) lattice planes of CdS (JCPDS card
No. 80-0006) , respectivelymj. Meanwhile, a weak
diffraction peak at 26° corresponding to carbon cloth is
detected due to the partial exposure of the carbon
fibers uncovered by the CdS. The CC/P-CdS exhibits
similar diffraction peaks as that of CC/CdS without the
detection of AgVO,, illustrating the dissolution of
AgVO, template during the hydrothermal process.
Moreover, the peak intensity of CdS in CC/P-CdS is
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stronger than that of CC/CdS, reflecting a higher
crystallization of CdS in CC/P-CdS.
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Fig. 2 XRD patterns of CC, CC/AgVO,, CC/CdS and CC/P-CdS
2 CC. CC/AgVO,, CC/CASFICC/P-CAS Y XRD

2.2 Morphology

The morphologies of pure carbon cloth (CC), CC/
AgVO,, CC/CdS and CC/P-CdS are shown in Fig. 3.
The CC is composed of many carbon fibers with an
average diameter of 10 um (Fig. 3 (a)). The high
magnification image displays relatively smooth outward
appearance of the carbon fiber (Fig. 3(b)). In the case
of CC/AgVO,, the carbon fibers are completely covered
by large amounts of crisscrossed AgVO, nanowires with
diameter of about 250-500 nm (Fig. 3(¢) and 3(d)).
The CC/CdS also shows the fiber structure of the
carbon cloth (Fig. 3 (e)). However, the surface of
carbon fibers becomes coarse, which has been
interspersed with many agglomerated CdS nanospheres
self-assembled by hexagonal nanosheets (Fig. 3 (f)).
As for CC/P-CdS, the AgVO, nanowires originally

covering the surface of the carbon cloth have

disappeared and been replaced by a dense membrane
(Fig. 3 (g)). Further observation from the higher
magnification SEM image reveals that the membrane
consists of densely packed nanorods with diameter of
350-500 nm (Fig. 3 (h)) , which are assembled by
many polygonal CdS nanoparticles according to the
XRD analysis.

The microstructure of the CdS nanorods on carbon
cloth was further surveyed by transmission electron
microscopy (TEM). As can be seen from Fig. 4 (a) ,
the CdS nanorod has a porous structure which is made
up of many polygonal nanoparticles. Furthermore, a
long crevice can be faintly seen along the axial
direction of the CdS nanorod deriving from the
AgVoO,
hydrothermal reaction. The high-resolution transmission
electron microscopy (HRTEM) image (Fig. 4 (b)) of

the edge area of nanorod shows clear lattice fringes

dissolution of the nanowire during the

with interplanar crystal spacing of 0.32 nm belonging
to the (101) crystallographic plane of CdS™”. The
elemental component of the nanorod was further
determined by energy dispersive spectrometer (EDS) ,
as shown in Fig. 4 (¢). The EDS spectrum shows that
the nanorod mainly comprises Cd and S elements along
with tiny amounts of Ag, V and O elements. The
atomic ratio of Cd to S is close to 1: 1, indicating that
the Cd species in the nanorod exist mainly in the form
of CdS. The elemental mapping reveals evenly
distribution of both Cd and S elements on the nanorod.
All the results indicate the successful preparation of
CdS nanorods, which is well consistent with the XRD

analysis.

25 um 5 um

a3

(a),(b) carbon cloth; (c¢),(d) CC/AgVO,; (e),(f) CC/P-CdS
Fig. 3 SEM images of the as-prepared samples
B3 il ) SEM EIR
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Fig. 4 TEM images and corresponding elemental mappings of CC/P-CdS
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2.3 XPS analysis locating at 410.25 and 403.53 eV, deriving from the

The constitution and states of chemical elements typical Cd* of CdS in CC/P-CdS, respectively . By

on the surface of CC/P-CdS were further confirmed by curve fitting, the S 2p spectrum (Fig. 5 (¢)) can be

XPS analysis and the obtained ttre

analysis an ¢ oplamed chetgy. spectia are parted into two peaks at 159.78 and 161.01 eV, which
shown in Fig. 5. The XPS survey spectrum of the sample
correspond to the characteristic peaks of S* in CdS™*'.

The XPS spectrum of Ag 3d (Fig. 5 (d)) can be

shows the presence of Cd, S, Ag and O elements
(Fig. 5(a)) , which agrees with the EDS analysis as
described above. The peak of C 1s mainly originates deconvoluted into four peaks at 366.36, 367.6,
from the uncovered carbon fibers. The high-resolution 372.35 and 373.56 eV. The two relatively strong peaks
spectrum of Cd 3d (Fig. 5 (b)) exhibits two peaks at 366.36 and 372.35 eV can be designated to the
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formation of Ag—C bonds'**. The two relatively weak
peaks at 367.6 and 373.56 eV indicate the presence of
Ag,0* It is clear from the V 2p spectrum that no
peaks can be found for vanadium-related species due

to the decomposition of AgVO, (Fig. 5(e)). In Fig. 5

(f) , the fitted XPS spectrum of O 1s shows a
characteristic peak at 531.29 eV corresponding to the
hydroxyl oxygen ( —OH) " | while a noticeable
shoulder peak at 529.93 eV suggests the presence of
Ag—O0 bond in Ag,0"*".

() (b) Cd3ds, cd3d (o)
Cd 3d,
Cd 3ds,
Ag3d] Ols
S2pC1s
0 200 400 600 800 1000 1200 402 404 406 408 410 412 414 158 160 162 164 166
E/eV E/JeV
366.36
(d) . Ag3d (o) V 2p
| Ag3ds,

372.35
Ag3d,,

|
A

364 366 368 370 372 374
E eV

376 514 516 518 520

522 524 526 526 528 530 532 534 536
E/eV

(a) Survey spectra; (b) Cd 3d; (¢) S2p; (d) Ag3d; (e) V2p; (f) O 1s
Fig.5 XPS spectra of CC/P-CdS and relating elements
5 CC/P-CdS K HAHKEILER 1) XPS 1[4

2.4 Optical properties and theoretical calculations

The light absorption behaviors of the samples
were tested by UV-vis diffuse reflectance spectroscopy
(UV-DRS). As depicted in Fig. 6(a) , all the samples
exhibit absorption from ultraviolet light to visible light
region. The dark grey carbon cloth shows a high
absorption in the whole UV-visible light zone. For the
CC/AgVO,,
approximately 550 nm was attributed to the intrinsic
absorption of AgVO,. The CC/CdS exhibits a relatively
higher light absorption in the whole region being

a strong absorption at wavelength of

ascribed to the low loading of CdS on the carbon fibers
(see inserted digital photos in Fig. 6(a)). As a result,
many carbon fibers uncovered by the CdS contribute to
the higher optical absorption. The CC/P-CdS exerts a
sharp intrinsic absorption wavelength of about 600 nm.

The band gap of P-CdS on carbon fibers was computed

to be 2.18 eV according to the Tauc plots method, as
shown in Fig. 6 (b). The valence band potential (E.,)
of a semiconductor can be determined by £\, =X - E_+
0.5 E, while the conduction band potential E, = E, -
E'g.[461 Herein, X denotes the absolute electronegativity
of the semiconductor, which has a value of 5.19 eV for
CdS"". E_is a constant (about 4.5 eV) with respect to
the standard hydrogen electrode™’. Thus, the E,, and
E., potentials of P-CdS are 1.78 and -0.40 eV,
respectively.

The electronic properties of CdS were further
elucidated by calculating with DFT using materials
studio, and the calculated band structure and
electronic density of states (DOS) of CdS were shown
in Fig. 7. Fig. 7 (a) shows that the direct band gap
energy of CdS calculated using HSE06 functions is

2.38 eV. Both valence-band maximum (VBM) and
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Fig. 6 The absorption spectra of the samples and the calculated bandgap
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Fig. 7 Calculated band structure and state density information of CdS
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conduction-band minimum (CBM) are situated in the energy but also reproduce the band edge position and
G point. In this calculation, the band structure that electronic localization of d states well ). The DOS was
represents the possible electrons propagating in crystal calculated to confirm the nature of the CdS
structures was distributed within the Brillouin zone of semiconductor. It can be seen from Fig. 7 (¢) and d

G-X-W-K-G-R-U-W-R-K-U-X space for the CdS that the calculated valence band of CdS mainly
structures (Fig. 7 (b))."". The hybrid functions not originates from the occupation of S 3p rather than from
only give precise calculation results for the band gap Cd 4d states, and the conduction band largely
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originates from Cd 3p states.
2.5 Photocatalytic activity

The performances of the CC/P-CdS were appraised
by photocatalytic reduction of the potassium dichromate

The

photocatalyst fines were suspended in the solution and

in aqueous solution exposure to visible light.

magnetically stirred in the dark for 60 min to reach
adsorption saturation of potassium dichromate prior
to light illumination. The concentration of Cr(VI) in
the solution was determined by diphenylcarbazide
spectrophotometry method. The Cr('VI) ions can react
with diphenylcarbonic dihydrazine to form a purplish
red complex with a characteristic absorption peak at
about 540 nm. Fig. 8 shows the concentration change
of Cr (VI) when reduced by CC/P-CdS. It can be
clearly seen that CC/P-CdS showed a strong adsorption
of Cr(VI) after being kept in the dark environment
for 60 min. The content of Cr(VI) in the solution was
41%
equilibrium was reached. The peak intensity at 540 nm

(@)

reduced by when an adsorption-desorption
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gradually decreased with increasing illumination time,
indicating that the concentration of Cr (VI) in the
solution gradually reduced. After 40 min of illumination,
the concentration of Cr (VI) is only 1.9% of the
concentration at the beginning of the illumination.

The photocatalytic activities of the samples were

compared in Fig. 9(a) and 9(b). It can be seen from
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Fig. 8 Absorption changes of Cr( VI) by diphenylcarbazide

spectrophotometry method in the presence of CC/P-CdS
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Fig. 9 Comparison of the photocatalytic activity of the samples and high-resolution XPS spectra of Cr 2p
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Fig. 9 (a) that the concentration of Cr (VI) in the
blank sample (pure solution without the addition of
photocatalysts) shows no obvious change in the
adsorption process. Cr (VI) in the presence of pure
carbon cloth (CC) is no exception. About 13% and
26% of Cr('VI) ions were respectively adsorbed by CC/
AgVO, and CC/CdS after reaching adsorption-desorption
equilibrium. The adsorption ratio of Cr( VI) ions on the
CC/P-CdS in the dark reached as high as 41%, mainly
because of the larger specific surface area of porous
CdS nanorods. After 40 mins of visible-light exposure,
25 % of Cr(VI) were reduced by CC/AgVO,, while the
reduction ratios of Cr(VI) to Cr(Ill) by CC/CdS and
CC/P-CdS were 91.8 % and 98.1 %, respectively. The
reaction rate constant of CC/P-CdS (68.93 x 10™ min™")
exceeded that of CC/AgVO, (7.22 x 107 min™) and
CC/CdS (41.81 x 107 min™) by a factor of 9.55 and
1.65 times, as shown in Fig. 9(h).

In consideration of the high adsorption capacity
of CC/P-CdS for Cr (VI) ions, the high-resolution
XPS spectra of Cr ions adsorbed on the CC/P-CdS
before light illumination and after light irradiation for
40 min were carried out respectively to fully illustrate
the reduction of Cr(VI) to Cr(Ill) by CC/P-CdS. As
can be seen from Fig. 9(c¢) , the XPS spectrum of Cr 2p
can be deconvoluted into two peaks locating at 578.5
and 587.8 eV, which correspond to the Cr(VI) that
originated from the potassium dichromate adsorbed
by the CC/P-CdS “. After light irradiation for 40 min,
the XPS peak intensity of Cr 2p,, and Cr 2p,,
significantly decreased, as shown in Fig. 9 (d). This
can be ascribed to the truth that the Cr (VI) ions
absorbed on the surface of CC/P-CdS had been
largely reduced to Cr(Ill ), which desorbed from the
CC/P-CdS and transferred to the solution system in
quick succession. It also explains why no XPS peaks
corresponding to Cr( Il ) can be found on the surface
of CC/P-CdS after light irradiation. Moreover, the
reduction ratio of Cr(VI) to Cr(Ill ) in the presence of
CC/P-CdS still reached 92% after the fourth cycle
(F ig. 10)
photocatalytic stability.

exhibiting  good  recyclability —and

The schematic of mechanism for reduction of

potassium dichromate by CC/P-CdS is shown in Fig. 11.
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Fig. 10  Photocatalytic recyclability of the CC/P-CdS for Cr( VI)

reduction under visible light irradiation
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Fig. 11 Proposed mechanism for the carbon cloth-supported porous

CdS nanorods as photocatalyst in Cr( VI) reduction
BT AT 5 AL CASPUARRTE Cr(VD) ISR (¥ e AL P TP L
CdS has an isoelectric point of 5.5 , which is
positively charged in acidic potassium dichromate
solution. Thus, more Cr,0," ions can be adsorbed by
the porous CdS nanorods. When irradiated with visible
light, the CdS was excited and electrons generated in
the valence band (VB) leaped to the conduction band
(CB) , resulting in the generation of holes in the
valence band (VB). The E, of CdS is -0.305 eV
(relative to NHE) , while the potential of Cr( VI)/Cr*
is 0.121 eV (relative to NHE) """, Hence, the Cr(VI)
ions adsorbed on the surface of porous CdS nanorods
can be reduced to Cr () by photogenerated
electrons in the conduction band. In addition, carbon
fiber cloth has excellent electrical conductivity and can
quickly receive the photogenerated electrons from
CdS, which promotes the separation of electron-hole
pairs. Furthermore, CC/P-CdS cloth possesses good
reusability in the practical application for reducing

various heavy metal ions.
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3 Conclusions

In summary, porous CdS nanorods were successfully
synthesized on carbon fiber cloth substrate by a simple
two-step hydrothermal method using AgVO, nanowires
as templates. The porous CdS nanorods not only
provided larger specific surface area for Cr (VI) ions
absorption, but also exposed more active sites for
photocatalytic reduction of Cr ( VI) ions. The adsorption
ratio of Cr (V) ions onto the carbon cloth-supported
porous CdS nanorods in the dark reached as high as
41%, and 98.1% of Cr(VI) ions had been reduced to
Cr(II') within 40 min of visible light irradiation. XPS
analysis also confirmed the fully reduction of Cr ('VI)
ions adsorbed on the carbon cloth-supported porous
CdS nanorods. The excellent conductivity of carbon

fibers

electrons and holes, which was also responsible for the

facilitated effectively separation between
high photocatalytic reduction activity of porous CdS

nanorods. Meanwhile, the carbon cloth-supported
porous CdS nanorods can be easily removed from the
contaminant solution and be reutilized. This study
provides an environmentally friendly method for
fabrication of immobilized photocatalysts with high
activity in the practical application of reducing heavy

metal ions from wastewater.
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