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Abstract

This study aimed to synthesize Ag+*ZnO *Activated carbon (Ag*ZnO+AC ) composite from rice husk for degrada-
tion of dyes. The deposition of Ag and ZnO on AC led to decreasing the surface area and pore volume of
Ag+7Zn0O+AC composite. In addition, when Ag and ZnO were dispersed on activated carbon, the Ag*ZnO flakes be-
came denser and tighter, but the particle size of Ag became smaller from 5 to 7 nm. The photocatalytic ability of
Ag+Zn0O+AC composite was evaluated by degradation of Janus Green B (JGB) and compared with that of AC,
7m0, Ag+*Zn0, and ZnO+AC samples. The effects of catalyst dosages, pH values, and initial dye concentrations on
photocatalytic degradation were investigated in detail. The Ag+*ZnO+AC composite had a high degradation effi-
ciency of 100% in 60 min, showing the reaction rate of 0.120 min-1 and degradation capacity of 17.8 mg/g within
20 min. The photocatalytic performance of the Ag+*ZnO+AC composite was also evaluated by cyclic test and the
degradation of other persistent dyes such as Methylene Blue, Tartrazine, Congo Red, and organic compounds
(Caffeine and Bisphenol A). Based on the experimental results, the possible destruction route of JGB by the as-
synthesized Ag*ZnO*AC composite was suggested. Copyright © 2020 BCREC Group. All rights reserved
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1. Introduction heavy metals and persistent organic com-
pounds. Since they are toxic to humans and pol-
lute ecological seriously [2-4], wastewater must
be treated before being discharged into the envi-
ronment.

Zinc oxide (ZnO) has been known to oxidize
harmful organic substances in wastewater effec-
tively under the UV light irradiation. It was re-
ported that photocatalytic ability of ZnO strong-

In developing countries, large amounts of
wastewater are being discharged from various
industries, such as: productions of coffee, beer,
sugar, medicine, paper, rubber, cement, paint
and textile [1]. Wastewater from each industry
has its own characteristics, but it contains
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Zn0O synthesized by facile and fast method
showed the highly effective degradation of tar-
trazine under UV light [5]. The hierarchical
flower-like ZnO could degrade caffeine under
UV light irradiation, showing up to 97.6% deg-
radation within 120 min for caffeine solution of
5 mg/L [6]. When the nanowires ZnO, synthe-
sized by the co-precipitation at the low temper-
ature, was applied to acid red 57, the degrada-
tion efficiency was 90.03% within 200 min at
the concentration of 30 mg/L [7].

It has been reported that the formation of
heterojunction between Ag and ZnO particles
could promote the separation and transfer effi-
ciency of electron-hole on the surface of ZnO,
leading to accelerate the generation rate of oxi-
dized species (OH+ and Oz *) and degradation
rate of organic pollutants. Therefore, many
studies on doping Ag into ZnO have been re-
ported [8-11]. Moreover, when carbon based
materials like graphene oxide (GO), multi wall
carbon nanotube (MWCNT), and AC were add-
ed into Ag-ZnO to improve the dispersion of Ag
and ZnO particles, the photodegradation effi-
ciency and stability of composites increased
[12-18]. However, as seen in these reports, the
researches only focused on synthesis of nano-
particles Ag and ZnO on carbon based materi-
als. In addition, since the performance of cata-
lyst was strongly depended on the morphology
and the nano-flakes have a large junction sur-
face, the nano-flakes Ag-ZnO on activated car-
bon 1s expected as an advanced catalyst for
photodegradation of pollutant organic com-
pounds.

To treat waste water, high efficient photo-
catalysts are needed. Furthermore, since a
large amount of waste water is emitted from in-
dustries, the cost of photocatalysts is also im-
portant as much as the efficiency of photodeg-
radation. In addition, an enormous amount of
rice husk (RH), a waste in the rice production,

Table 1. Characteristics of Janus Green B.

Chemical formula Cs30H31N6Cl
Chemical class Azo
Molecular weight 511.06
(g/mole)

Color Blue

Amax (M) 611

C.I. number 11050
Nature Cationic dye

Molecular structure

|
Jeeeh

is generated in agricultural countries. It was
reported that world rice production is 489.1
million tons every year, which means approxi-
mately 122-163 million tons of rice husk bio-
mass will be generated globally [19].

In Vietnam, since the rice is one of main ag-
ricultural crops, approximately 9 million tons
of rice husk is generated into environment eve-
ry year. Furthermore, since most of rice husk is
burned or pored directly into the river and ca-
nal systems, it causes environmental damages
as secondary pollutant [20]. The bulk density of
RH is approximately 100-122 kg/m3, containing
about 15-28 wt% of silica and 72-85 wt% of lig-
nocellulose [21,22]. Therefore, to utilize RH
properly, the studies to convert RH into silica
or activated carbon have been widely per-
formed [1,23-25]. Then, the developed porous
material has been attracted for the great atten-
tion of water purification technology.

The objective of this study is synthesis of
nano-flakes Ag+ZnO-+AC composite from rice
husk for degradation of dyes under solar light.
As-synthesized samples were characterized by
XRD, FE-SEM, HR-TEM, EDS, SEAD, FT-IR,
and UV-vis diffuse reflectance, and N2 adsorp-
tion/desorption isotherms. The photocatalytic
performance of as-prepared samples was evalu-
ated for degrading Janus Green B, Methylene
Blue, Tartrazine, Congo Red, Caffeine and Bi-
sphenol A. In order to provide new insights in-
to nano-flakes Ag+ZnO fabricated activated
carbon, the performance was compared with
that of AC, ZnO, Ag+Zn0O and ZnO+AC. In this
study, activated carbon with high surface area
and pore volume was prepared from RH. And
the activated carbon was fabricated with nano-
flakes Ag*ZnO. The photocatalytic perfor-
mance of as-prepared composites was evaluat-
ed for degrading JGB solution. To provide new
insights into nano-flakes Ag+ZnO fabricated
activated carbon, the performance was com-
pared with that of AC, ZnO, Ag+ZnO, and
Zn0O+AC.

2. Materials and Methods
2.1 Chemicals

Rice husk was obtained from a farm in Thai
Binh Province of Vietnam. The characteristics
of Janus Green B (JGB: 99.0%), purchased
from Sigma-Aldrich, were presented in Table 1.
Polyvinyl alcohol (PVA) (99.5%), glucose
(99.0%), =zinc acetate (Zn(CHs.COO)z-2H20)
(99%), silver nitrate (AgNOs) (99.8%), hexa-
methylene tetramine (HMTA) (99%), sodium hy-
droxide (99.5%), liquid ammonia (28%), TiO2
(99.0%) and ZnO (99.0%) were obtained from

Copyright © 2020, BCREC, ISSN 1978-2993
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Merck. All chemicals were used without any
further purification and double distilled water
was used in all the experiments.

2.2 Preparation of Activated Carbon from Rice
Husk

The method for preparation of activated car-
bon from RH was referred from previous report
[26]. RH was washed with distilled water to re-
move soil and dust and then dried at 100 °C for
24 h. The dried RH was carbonized at 400 °C
for 2 h at a heating rate of 5 °C/min to produce
charcoal. Subsequently, charcoal was crushed
by pestle and mortar and impregnated with 4M
NaOH. The mixture was dried at 100 °C for 24
h. The obtained powder was calcined in a fur-
nace under Nz flow by two steps: (1) a ramp
from room temperature to 400 °C at 8 °C/min
and a soak at 400 °C for 1 h; (2) a ramp from
400 °C to 800 °C at 10 °C/min and a soak at 800
°C for 2 h. After cooling, the sample was
washed with distilled water until pH reached
neutral, then dried at 100 °C for 24 h. Finally,
the activated carbon was obtained, which was
denoted as AC.

2.3 Preparation of ZnO*AC Composite

ZnO+AC composite was prepared by using
the procedure presented in previous work [27].
Typically, 2.19 g of zinc acetate and 0.7 g of
HMTA were dissolved in 100 mL of distilled
water, the pH solution was adjusted to 8.0 by
liquid ammonia. 0.081 g of AC was added and
then the suspension was stirred vigorously for
5 min. The mixture was transferred into a Tef-
lon-lined autoclave and heated to 150 °C for 24
h. The product was washed several times with
distilled water, then dried at 80 °C for 24 h. Af-
ter being calcined in Nz flow at 400 °C for 2 h
with a heating rate of 5 °C/min, the black pow-
der was changed to the grey powder, which was
as ZnO+AC.

2.4 Preparation of Ag*ZnO+*AC Composite

The synthesis procedure of Ag:ZnO-+AC
composite was referred in previous report [28]
without using NaOH but with addition of PVA.
0.3564 g of ZnO*AC, 1 g of glucose and 0.2 g
PVA were added together into 40 mL of dis-
tilled water, the temperature increased to 60
°C. To prepare the Ag+ZnO+AC composite at
the Ag/ZnO molar ratio of 0.05, the optimal ra-
tio for photocatalytic activity of nano AgeZnO
under visible light irradiation that presented in
previous report [29], 0.034 g of AgNO3 was add-
ed into the mixture under vigorous stirring for

1 h. Finally, the powder was filtered and dried
at 60 °C for 24 h, which was denoted as
Ag+-ZnO-AC.

2.5 Catalyst Characterizations

The crystalline phase of sample was investi-
gated by X-ray power Diffraction (XRD: Bruker
D8 Ax XRD-diffractometer, Germany). XRD
patterns were obtained with Cu-Ka irradiation
(40kV, 40 mA) at the 20 ranging from 10 to
70°. The morphology and size of samples were
observed by a Transmission Electron Microsco-
py (TEM, JEM-JEOL 2100), a Selected Area
Electron Diffraction (SEAD, JEM-JEOL 2100),
and a Field Emission Scanning Electron Mi-
croscopy (FE-SEM, JEOL-7600F). The chemi-
cal composition of a composite was determined
by an Energy Dispersive Spectrometry (EDS:
JEOL-7600F). The textural properties were
measured via Nz adsorption/desorption iso-
therms wusing a Quantachrome instrument
(Autosorb 1Q, version 3.0 analyzer). The specif-
ic surface area, pore volume and pore diameter
were obtained by using the Brunauer-Emmett-
Teller (BET) method. UV-vis diffuse reflec-
tance spectra of the as-synthesized samples
were measured on a UV-vis-NIR spectrometer
(Cary 500). The composition of sample was
measured by atomic absorption spectroscopy
(AAS, NOVAA 350).

2.6 Catalytic Activity Studies

The experimental degradation of dye was
conducted in a batch reactor. Typically, the cer-
tain amount of catalyst was added to a beaker
with 100 mL of JGB solution at desired pH
condition under magnetic stirring. The photo-
catalytic oxidation reaction was carried out di-
rectly under solar light irradiation in summer
at 11:00 am-14:00 pm. The average intensity of
solar light measured by a Lutron LX-101A
light meter was about 82.600 LUX. pH solution
was adjusted by 0.1 M HCI and 0.1 M NaOH
solutions. At a given time interval, an aliquot
(2 mL) of dye was withdrawn from the suspen-
sion and immediately filtered through a Milli-
pore filter (0.45 um PTFE membrane) to sepa-
rate solid particles. The dye concentration was
analyzed by a UV-vis spectrophotometer
(Agilent 8453) at the maximum absorbance
wavelength dye. The degradation efficiency
and capacity of dye were calculated by the fol-
lowing equations:

c -C
Degradation efficiency (%) = OC £x100% (1)

0
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: . (C,—C)xV
Degradation capacity (mg/g) = ——— @)
m

The degradation rate of dye was determined by
fitting the degradation profile with the follow-
ing first-order kinetic model:

C
In —szka xt (3)
[Cl '

where kap (s1) is the rate constant, Co is the ini-
tial concentration of dye and C; is the concen-
tration of dye in time, V'is the volume of dye so-
lution (L), m is the mass of the adsorbent (g),
and ¢ is reaction time (min).

3. Results and Discussion
3.1 Physicochemical Characterization

Figure 1 presents the SEM images, EDS
mapping image, EDS spectrum, SEAD pattern,
and HR-TEM images of as-synthesized sam-
ples. Activated carbon showed the lumps with a
rough surface and approximately 10 um in size
(Figure 1a). ZnO was observed in the shape of a
thin sheet with the thickness of about 15 nm.
The prepared zinc oxide was assembled from

many ZnO particles with many small holes of
about 10 nm in size (Figure 1b). The Ag*ZnO
sample became tighter and denser after load-
ing the silver, in Figure lc. In the ZnO+*AC
sample, ZnO particles with 20-30 nm in size
were clearly observed, as shown in Figures 1d
and e.

The Ag:ZnO flakes became thicker and
denser when Ag*ZnO was deposited on AC
(Figures 1f and g). Ag and ZnO were not clearly
distinguished from the SEM images. On the
other hand, the EDS mapping image (Figure
1h) showed a well dispersion of Ag and ZnO to-
gether on the surface of AC. The energy disper-
sive spectrometry (EDS) in Figure 1i showed
the composition of 68.0 wt.% Zn, 15.8 wt.% O,
8.2 wt.% C and 8.2 wt.% Ag, which correspond-
ed to molar ratio of Ag/ZnO of 0.09, showing la-
ger than molar ratio from synthesis step (0.05).
It could be assigned to either overlapping the
peak of Ag with the peaks from other elements
or analysis of surface of material by EDS
method. However, the molar ratio of Ag/ZnO
determined by atomic absorption spectroscopy
(AAS) was 0.052. These results revealed that
the well dispersion of Ag nano particles on sur-
face of Ag*ZnO+AC composite. Ag nano parti-
cles with 20-30 nm in size, deposited on ZnO
flakes, could be confirmed in TEM image in

T 1 : ir;O Ag*7Zn0O sample (Figure 1j). Both Ag and ZnO
L] particles, well dispersed on AC and the dis-
4 Ag-ZnO-AC persed Ag nanoparticles was smaller (about 5-7

Intensity (a.u)

| AC

10 20 30 40 50 60 70 80
2-Theta (Degree)

Figure 2. XRD patterns of the AC, ZnO,
Ag+7Zn0O, ZnO-AC, and Ag*ZnO *AC samples.

nm) as seen in the TEM image for Ag*ZnO-AC
composite (Figure 1k). The lattice planes (100),
(101), (102), (110), (002), and (111) of hexago-
nal wurtzite structure ZnO was seen in Figure
11. In addition, the crystal inter planar spacing
was 0.23 nm (Figures 1m and n), which was at-
tributed to the (111) planar spacing of Ag nano-
particle [30].

Figure 2 shows the wide-angle XRD diffrac-
tion of as-synthesized samples. The broad and
low intensity of diffraction peak at 13.4° in the
AC, ZnO+*AC and Ag*ZnO-AC samples was
assigned to activated carbon. The diffraction
peaks at 31.8, 34.2, 36.3, 47.5, 56.6, 62.6, 67.9,

Table 2. Textural properties of the AC, ZnO, Ag+*Zn0O, ZnO+*AC and Ag*Zn0O+*AC samples.

s BJH meso . Total pore Average pore Crystallite Crystallite

BET t-plot micro- . . .

Sample (m?/g) pore volume pore (cm?/g) volume diameter size of Ag size of ZnO
(cm?¥g) (cm?/g) (nm) (nm)” (nm)”

AC 1620 1.060 0.011 1.071 7.6 -

Zn0O 25.1 0.280 0.004 0.284 26.9 - 33.1

Ag+Zn0O 24.2 0.207 0.003 0.210 21.8 15.1 36.2

Zn0O-AC 142.1 0.410 0.007 0.417 4.2 - 25.1

Ag+*ZnO-AC 128.2 0.328 0.005 0.333 3.8 8.2 13.3

Copyright © 2020, BCREC, ISSN 1978-2993
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(111) Ag
0.23 nm

Figure 1. SEM images of (a) AC, (b) ZnO, (c) Ag*ZnO0O, (d) and (e) ZnO-AC, (f) and (g) Ag*ZnO-AC
with different scale bars, (h) EDS mapping image and (i) EDS spectrum of Ag*ZnO-AC, (j) and (k)
TEM images of Ag*ZnO and Ag+ZnO*AC, respectively, () SEAD pattern, and (m) and (n) HR-TEM
images of Ag*ZnO*AC.

Copyright © 2020, BCREC, ISSN 1978-2993
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69.2 and 77.5° of ZnO, Ag*ZnO, ZnO-*AC and
Ag+ZnO-+*AC samples corresponded to (100),
(002), (101), (102), (110), (103), (112), (201), and
(202) plans, which were assigned to hexagonal
wurtzite structure of ZnO (JCPDS no. 36-1451)
[56]. The diffraction peaks at 38.2, 44.41, and
64.6° in both Ag+ZnO and Ag*ZnO°*AC sam-
ples, corresponding to (111), (220), and (311)
plans, were attributed to face-centered cubic
metallic Ag (JCPDS no. 04-0783) [10]. Howev-
er, the intensity of peaks of Ag in the
Ag+*7Zn0O-*AC composite was higher than that of
the Ag+ZnO sample. The crystallite sizes of Ag
and ZnO were calculated by Scherrer equation
[31] in Table 2, which showed a consistent re-
sults with SEM and TEM analyses in Figure 1.
The crystallite size of Ag in Ag*ZnO+AC com-

i . AgeZn0AC

Transmittance (%)

1 1
2000 1000

Wavenumber (cm™)

Figure 3. FT-IR spectra of the AC, ZnO,
Ag*7Zn0, ZnO+AC, and Ag*ZnO - AC samples.

I
3000

posite (8.2 nm) was smaller than that of
Ag+ZnO (15.1 nm). In addition, no impurity
peak was observed for all as-synthesized sam-
ples. The results confirmed the coexistence of
Zn0O and Ag in composite. When AC was added
into composite, the crystallite size of Ag could
be reduced but it did not influence to crystal
structure of ZnO and Ag in Ag*ZnO+*AC com-
posite.

Figure 3 presents the FT-IR spectra of AC,
Zn0O, Ag+Zn0O, ZnO-+AC, and Ag:ZnO-AC
samples. The bands at 1575 and 1168 cm-! of
activated carbon could be assigned to C=0
bond of carboxylic groups (-COOH) and the
stretching vibration of conjugated C-C bonds of
aromatic rings, respectively [32]. The broad
band at 2949 cm! in AC corresponded to the
contribution from C-H bond vibration in aro-
matic compounds [33]. The strong band near
3408 cm! in ZnO and Ag*ZnO samples could
be assigned to O-H stretching vibration of ab-
sorbed water (H-O-H) [23]. Whereas, this band
was not observed for AC, ZnO-AC, and
Ag+7Zn0O-*AC samples. The small band at 1633,
1381, and 877 cm-! of ZnO, Ag*Zn0O, ZnO+AC,
and Ag+*Zn0O+AC samples came from the vibra-
tion of O-H bond of Zn-O-H [6]. The intensity of
these bands became lower in the order:
AC>Zn0>Ag+*7Zn0>7Zn0-AC>Ag-Zn0O-AC.
The intense band at 567 cm'! was ascribed to
the Zn-O vibration of all ZnO, Ag°:ZnO,
Zn0O-AC, and Ag+ZnO*AC samples [34].

Figure 4 presents the Nz adsorp-
tion/desorption isotherms and pore size distri-
butions of AC, ZnO, Ag+*ZnO, ZnO-*AC, and
Ag+7Zn0O-+AC samples. BET surface area, pore
volume, and average pore size diameter of as-

——AC ]
1200 - 6 ——
—+—2Zno (a) (b) ——2Zn0
—a—AgZnO ] —— AgZnO
E: —<—Ag*ZnO-AC —+— AgZnOAC
< 8004 £ 4
= £
@ o
@ 600+ 23
: :
S 4004 T 2-
] >
= =]
200 ] /\
0 2 PP L 0- e " .
0.0 0.2 0.4 0.6 0.8 10 0 5 10 15 20 25 30 35 40 45 50

Relative pressure (P/Po)

Pore diameter (nm)

Figure 4. (a) N2z adsorption/desorption isotherms, and (b) pore size distributions of.the AC, ZnO,

Ag+7Zn0O, ZnO-AC, and Ag+*Zn0O +AC samples.

Copyright © 2020, BCREC, ISSN 1978-2993
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synthesized samples are presented in Table 2.
The isotherm of activated carbon was classified
as a type IV based on the IUPAC system. In ad-
dition, activated carbon had a sharp H3 hyste-
resis loop containing a steep region associated
with the closure of hysteresis loop at the rela-
tive pressure of ~0.5, in Figure 4a. It indicated
a mesoporous material with slit-shape pores.
The pore diameter of activated carbon was com-
paratively narrow concentrating at 5-10 nm
(Figure 4b), showing the average pore size of
7.6 nm. The BET surface area, BJH meso pore
volume, and #-plot micro pore volume were
1620 m2/g, 1.060, and 0.011 cm3/g, respectively
(Table 2).

The hysteresis loop of ZnO and Ag*ZnO
samples were extremely small in Figure 4a.
Furthermore, the surface area and pore volume
of ZnO and Ag*ZnO samples were much
smaller than those of activated carbon. In addi-
tion, ZnO showed a bimodal pore size distribu-
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tion, whereas Ag+*ZnO sample had very wide
pore size distribution due to tighter and denser
composite as showed in Figure 1. However, the
average pore diameters of ZnO and Ag*ZnO of
26.9 and 21.8 nm, respectively, were larger
than that of activated carbon. The surface are-
as of ZnO+*AC and Ag*ZnO-AC samples were
142.1 and 128.2 m?/g, respectively, even though
the content of activated carbon in both samples
was only 10 wt.%. Therefore, it was expected
that activated carbon worked as a supporter
for Ag and ZnO. They were well dispersed on
the surface of activated carbon, as presented in
HR-TEM and EDS images in Figure 1. Conse-
quently, AC-based composite led to improve
the surface area and pore volume with respect
to ZnO and Ag+<ZnO samples. On the other
hand, the pore diameter of composite was sig-
nificantly decreased due to the dispersion of
small size Ag and ZnO particles on AC (Table
2).
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Figure 5. (a) UV-vis diffuse reflectance spectra and Tauc’s plot of the ZnO, ZnO+*AC, Ag*Zn0O, and

Ag*7Zn0O-AC samples.
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Figure 6. (a) Degradation of JGB at each catalyst under solar light, (b) fitting plots of first-order kinet-
ic model in Equation (3), and (¢) comparison of degradation capacity among catalysts. The reaction con-
ditions: dosage catalyst of 0.5 g/L,, JGB concentration of 10 mg/L, pH=6.5.
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Figure 5 shows the UV-vis diffuse reflec-
tance spectra and Tauc’s plot of the ZnO,
Zn0O-AC, Ag+Zn0O, and Ag*ZnO*AC samples.
The presence of AC leaded to increase the ab-
sorption of ZnO+*AC and Ag*ZnO+*AC compo-
sites. The absorption edge shapes of the ZnO
and ZnO+*AC samples were similar, but when
Ag was doped into ZnO and ZnO-+*AC the ab-
sorption of Ag*ZnO and Ag*ZnO-+<AC compo-
sites increased. The absorptions of as-prepared
samples were in the order following:
Zn0<Zn0O-*AC<Ag*ZnO<Ag+Zn0O+AC (Figure
5a). The hv values were plotted against (ahv)?
and extended to calculate the band gap energy
of the as-prepared samples by the Tauc’s meth-
od [35], the results are presented in Figure 5b.
The band gap energies of the ZnO, ZnO-AC,
Ag*7Zn0O, and Ag*Zn0O*AC were 3.16, 3.08, 3.04
and 3.01, respectively. The reduction in band
gap energy of composite was assigned to both
the dispersion of Ag and ZnO on AC and Ag
doping into ZnO.

3.2 Degradation of Dyes

3.2.1 Degradation of JGB in the different cata-
lysts

Figure 6 shows the removal of JGB by vari-
ous catalysts at the same reaction condition
(dosage catalyst of 0.5 g/L, JGB concentration
of 10 mg/L, and pH solution of 6.5). The degra-
dation efficiency without any catalyst could be
negligible. After activated carbon highly ad-
sorbed JGB at initial 20 min (8.0 mg/g), the ad-
sorption amount was smoothly increased with
time. The adsorption capacity was saturated at
60 min, showing 9.5 mg/g in Figure 6¢c. The
degradation of JGB by the ZnO and Ag*ZnO
catalysts changed almost linearly with time,
but the reaction rate and degradation capacity
of JGB at 60 min by Ag*ZnO was higher than

those of ZnO, 0.012 min-! and 8.4 mg/g for ZnO,
and 0.028 min! and 17.4 mg/g for Ag*ZnO in
Figure 6b. The degradation shape of JGB by
Zn0O+*AC and Ag*ZnO-AC was similar with
that of AC, the degradation capacities of
Zn0+AC at 20 and 60 min were 12.4 and 14.6
mg/g, respectively, and the reaction rate was
0.042 min-t. However, the degradation efficien-
cy and reaction rate of JGB by Ag*ZnO-+*AC
composite were much higher than the others,
showing the degradation efficiency of 100% at
60 min. In addition, the degradation capacity
at 20 min was almost 90% (17.8 mg/g) and the
reaction rate (0.120 min-l) was very fast, which
was b50-100 times faster than ZnO and
Ag*7ZnO. The R2? value from fitting degradation
profile of JGB in Ag+ZnO+AC composite was
lower than that of ZnO but lower than others.
The low values of R2 (0.879-0.982) could be as-
signed to the competition of processes of ad-
sorption, penetration in pore, and photocatalyt-
ic reaction of on surface of JGB in as-
synthesized catalysts. The results suggested
that the addition of Ag into ZnO deposited acti-
vated carbon (Ag-ZnO°*AC composite) could
improve the photocatalytic activity of compo-
site resulted from the reduction of band gap en-
ergy, as presented in Figure 5b.

3.2.2 Effect of pH solution on degradation of
JGB

The pH value of wastewater is an important
factor for well designed reaction processes. It
has a great influence not only on the functional
groups and surface charges of adsorbents, but
also the structure and ionization degree of pol-
lutant molecules [36]. In this study, the effect
of initial pH solution on degradation of JGB by
the as-synthesized Ag*Zn0O *AC sample was in-
vestigated. The performance was evaluated at
a wide range of pH values from 3.0 to 10.0
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Figure 7. (a) Effect of pH solution on degradation of JGB under solar light, (b) fitting plots of first-
order kinetic model in Equation (3), and (c) degradation capacity at different pH values. The reaction
conditions: dosage catalyst of 0.5 g/L, JGB concentration of 10 mg/L.
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under the fixed other conditions (dosage cata-
lyst of 0.5 g/LL and JGB concentration of 10
mg/L).

Figure 7 presents the degradation of JGB
with time at different pH values. The pH gave
a critical impact on the degradation perfor-
mance of JGB. When the pH value increased
from 3.0 to 5.0, the degradation of JGB in com-
posite slightly increased, showing the improved
reaction rate from 0.009 to 0.013 min-! and the
enhanced reaction capacity from 8.4 and 11.1
mg/g at 60 min (Figure 7b-c). At the pH value
of 6.5, the degradation of JGB by the as-
synthesized Ag*Zn0O + AC composite significant-
ly increased, degradation capacity at 60 min of
20 mg/g and reaction rate of 0.120 min-l. On
the other hand, at higher than the pH value of
6.5, the reaction performance decreased signifi-
cantly. At pH=8.0 and 10.0, the degradation ca-
pacities at 60 min were 14.1 and 11.9 mg/g and
the reaction rates were 0.018 and 0.017 min-l,
respectively, while the R2 values were in range
of 0.914-0.973.

It was reported that the pH of zero point
charge for ZnO is approximately 9.0 (denoted
as pHupe) [37]. At lower pH than the pHzpe of
Zn0O, the stable suspension is formed because
their net positive charge prevents agglomera-
tion. Similar phenomena were observed when
the pH values were higher than the pHu. of
Zn0O, where the surface of ZnO particles could
be negatively charged by absorbing OH- ions.
In addition, the pHz. of activated carbon was
approximately 7.0 [38]. Therefore, the degrada-
tion rate of JGB was significantly enhanced
with increasing the pH value from 3.0 to 6.5 in
dye solution, because the electrostatic attrac-
tion between cationic JGB and negative charge
surface of ZnO or AC could be enhanced. How-
ever, at the condition of higher than the pH
value of 6.5, the significant decrease in the deg-

radation of JGB resulted from the dissolution
of ZnO and precipitation of Ag* ion in alkaline
medium by the following equations:

ZnO(s) + 20H'(aq) g ZnOZz'(aq) + HZO (4)
Ag*ag + OH ey — AgOHyy (5)

The results indicated the important contri-
bution of activated carbon to the degradation of
JGB. Since JGB molecules are adsorbed on ac-
tivated carbon at the pH value of 6.5 more than
the other pH values, more concentrated JGB
molecules can contact with Ag+ZnO. Therefore,
the degradation performance at the pH value
of 8.0, which is the value between the pHap.
values of activated carbon and ZnO. Such con-
tribution of activated carbon to the degradation
of JGB could be also observed in Figure 6,
showing higher degradation of JGB in ZnO+*AC
than in Ag+ZnO.

3.2.3 Effect of catalyst dosage on degradation
of JGB

To investigate the influence of catalyst
amount on the degradation performance, the
experiments were carried out by employing dif-
ferent catalyst dosage (0.25, 0.5, 0.75, and 1.0
g/L)) under constant reaction conditions: JGB
concentration of 10 mg/L and pH=6.5. The deg-
radation efficiency of JGB increased with an
increase in dosage catalyst as shown in Figure
8. The degradation efficiencies of JGB in the
Ag+7Zn0O-AC composite at 0.25 g/LL were 52.1
and 69.8%, in 20 and 60 min, respectively. The
degradation efficiency in 20 min increased to
89.3, 93.2 and 99.7% at dosage catalysts of 0.5,
0.75 and 1.0 g/L, respectively. Furthermore,
the degradation performance was approached
100% before 60 min except the case of 0.25 g/LL
in Figure 8a. In addition, the appreciable in-
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Figure 8. (a) Effect of catalyst dosage on degradation of JGB, (b) fitting plots of first-order kinetic
model in Equation (3), and (c) degradation capacity versus dosage catalyst. The reaction conditions:

JGB concentration of 10 mg/L, and pH=6.5.
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crease in reaction rate of JGB was observed
with increasing the catalyst dosage, the R2 val-
ues were in range of 0.922-0.993 (Figure 8b).
Since the increase of catalyst dosage leads
to an increase in the number of active sites on
surface of catalysts, the density of catalyst par-
ticles in the area of illumination is improved
[39]. However, the degradation capacity of JGB
per gram of catalyst was decreased with an in-
crease in catalyst dosage, as shown in Figure
8(c), due to increasing the suspended catalysts
in a solution. The short wave tail photons are
not able to enter the reaction mixture and a de-
crease in sunlight light penetration resulting
an increase in scattering effect [40,41]. In addi-
tion, as more catalyst was added, each catalyst
has less chance to contact with JGB molecules
because of fast reaction as shown in Figure 8a.
As a result, the reaction performance and rate
can be improved with increasing catalyst dos-
age, but degradation capacity became smaller.

3.2.4 Effect of dye concentration on degrada-
tion of JGB

The impact of various dye concentration on
the photocatalytic degradation was studied by
varying the concentration of JGB from 5 to 20
mg/L. The dosage of the Ag*ZnO+*AC compo-
site and pH value were fixed at 0.5 g/L and 6.5,
respectively. In Figure 9, the degradation effi-
ciency and reaction rate were decreased signifi-
cantly with an increase in initial dye concen-
tration. At the concentration of 5 mg/L, the
degradation efficiency at 20 min and reaction
rate were 99.8% and 0.515 min-l, respectively.
Whereas, the degradation efficiency and reac-
tion rate at 20 mg/L were only 43.1% and 0.030
min-!. The R2 values were in range of 0.920-
0.973 in Figure 9b.

The negative effect of increased mount JGB
on reaction can be interpreted by the following
reasons: (1) The number of JGB molecules, ad-
sorbed on the active sites of the catalyst sur-
face, increase with the initial concentration of
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Figure 9. (a) Effect of initial dye concentration on degradation of JGB, (b) fitting plots of first-order
kinetic model in Equation (3), and (c) degradation capacity. The reaction conditions: Dosage catalyst of

0.5 g/L; pH=6.5.
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Figure 10. (a) Removal efficiency of Ag+ZnO+AC composite in five successive cycles, (b) the degrada-
tion of other organic dyes on as-synthesized Ag+ZnO+AC composite and (c) fitting plots of first-order
kinetic model in Equation (3). The reaction conditions: dosage catalyst of 0.5 g/L; dye concentration of

10 mg/L; pH =6.5.
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JGB dye. Therefore, the generation rate of Oz ¢,
and OH- radicals on the same active sites be-
came decreased; (2) Alternatively, increasing
the dye concentration lead to generating a
large number of intermediates form dye mole-
cules along with the reaction, and may compete
with JGB molecules in the constant total active
sites; (3) Otherwise, with an increase in the ini-
tial dye concentration, the solution becomes
more intensely colored and the path length of
photons by the catalyst decreases, and conse-
quently the degradation rate is reduced. De-
spite lowering in degradation efficiency and re-
action rate of JGB with increasing the initial
concentration of dye, the degradation capacity
at 10 mg/L during 20 min (17.8 mg/g) was high-
er than that of other concentrations, but the
degradation capacity at 60 min increased with
the initial concentration of JGB (Figure 9c).
Furthermore, it was expected that the degrada-
tion efficiency can be achieved to 100% regard-
less of initial concentrations if the reaction
time is elongated as shown in Figure 9a.

3.2.5 Photocatalytic stability of catalyst

The photostability of a catalyst is one of im-
portant factors from industrial perspectives.

Five repeated experiments were performed on
the fresh JGB solution in every run with the
same dosage of the as-synthesized Ag+*ZnO*AC
composite under solar light irradiation. In each
experimental run, the catalyst was reused af-
ter being centrifuged, washed with distilled
water and dried at 60 °C. The stability of as-
synthesized composite is displayed in Figure
10a. The photocatalytic activity of the
Ag+7Zn0O-+AC composite was slightly decreased,
but it still remained at 92% for the fifth experi-
ment.

3.2.6 The degradation of other dyes and organ-
ic compounds and comparison with other cata-
lysts

The degradation efficiency of organic com-
pounds by photocatalysts depends not only cat-
alyst properties, such as: surface area, pore
volume and pore size distribution, and compo-
sition, but also the characteristics of organic
compounds. Therefore, the optimum condition
for degradation of certain organic compound
depends on the characteristics of catalyst and
solution conditions.

In this study, the photocatalytic perfor-
mance of the as-synthesized Ag+ZnO+AC com-

Table 3. Comparison of degradation of JGB by various materials.

Catalyst Reaction conditions Observation Reference
Feo03+S102/H202 [Cat.] = 0.5 g/L, [JGB] = 50 mg/L, [H202] 71.2% of dye was removed in 80 [23]
=12 mM, pH=3.0 min, degradation capacity in 80
min of 98.5 mg/g.
Hierarchical flower- [Cat.] = 3 g/L, [JGB] = 10 mg/L, 95.7% of dye was removed in 40 [6]
like ZnO pH = 7.0, under UV light irradiation min
Fe203/Cuz0 composite [Cat.] =0.75 g/L, [JGB] = 9 mM, Approximately 95% of dye was re- [42]
pH = 5.0, under visible light irradiation = moved in 120 min
LaMnO; [Cat.] =1 g/L, [JGB] = 20 mg/L, Approximately 32 and 45% under [43]
pH=2.7 dark and visible light, respective-
ly
LaFeMno.503 [Cat.] =1 g/L, [JGB] = 20 mg/L, Approximately 15 and 15% under [43]
pH=2.7 dark and visible light, respective-
ly
Commercial ZnO [Cat.] = 0.5 g/L,, [JGB] = 10 mg/L, 38.1% of dye was removed in 60 This work
pH = 6.5, under solar light irradiation min
Commercial TiO2 [Cat.] = 0.5 g/L,, [JGB] = 10 mg/L, 32.2% of dye was removed in 60 This work
pH = 6.5, under solar light irradiation min
Ag+Zn0O-AC compo- [Cat.] =0.5 g/L,, [JGB] = 10 mg/L, 100% of dye was removed in 60 This work

site

pH = 6.5, under solar light irradiation

min, degradation capacity in 20
min of 17.8 mg/g.
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posite was evaluated by other dyes, such as:
Congo red (CR), Methylene blue (MB), and Tar-
trazine (TA), and organic compounds, such as:
Caffeine (CAF) and Bisphenol A (BPA), at the
optimal conditions for JGB (dosage catalyst of
0.5 g/L, dyes concentration of 50 mg/L, pH solu-
tion of 6.5). As shown in Figures 10b and c, the
reaction efficiency and rate were
TA<BPA~CAF<MB<JGB<CR and the R2? val-
ues were lager than 0.908. The reaction rate
and efficiency of TA dye at 60 min (0.007 min-!
and 31.8%, respectively) were much lower than
those of CR (1.023 min-! and 100%, respective-

ly).

The catalytic performance for degradation
of JGB in the as-synthesized Ag*ZnO*AC com-
posite was compared with different catalysts
from recent literatures [6,23,42,43]. sThe reac-
tion condition and degradation efficiency of
these catalysts are listed in Table 3. The degra-
dation efficiency of the Ag*ZnO+*AC composite
was higher than those of commercial TiO2 and
ZnO with the same reaction conditions. The di-
rected comparison of the Ag*ZnO-+AC compo-
site with other catalysts is challenging since
each study evaluated the removal capacity un-
der different conditions. But, the relative per-

Table 4. Comparison of degradation of organic compounds by Ag-ZnO/carbon based catalyst.

BET surface

Catalyst Morphology Reaction conditions Observation Reference
area (m?/g)

Ag-ZnO/CNS Ag-Zn0O nano- [Cat.] =0.08 g/L, Degradation efficiency in 15 [12]
particles on [Methylene blue] =50 min of 95%, it was slightly
nanospheres mg/L, under UV light, decreased after fifth cyclic
(100-300 nm) the intensity of light test (approximately 90%)

source of 713.37
mW/cm?

Ag-ZnO/MWCNT Ag-ZnO nano- 23 [Cat.] =1 g/L, [Acid Degradation efficiency in [13]
particles (<100 orange 7] = 20 mg/L, 120 min of 98%, it was
nm) on pH = 5.0, under visible slightly decreased after 4th
MWCNT light (Halogen- cyclic test (95%)

Tungsten lamp 400 W)

Ag-Zn0/GO Ag-ZnO nano- [Cat.] =1 g/L, Degradation efficiencies in [14]
particles on [Methylene blue] =15 180 min of 58 and 99% un-
surface of GO mg/L, pH = 8.5-9.0 der visible light and UV

light, respectively, it was
remarkably decreased after
8th cyclic test (52%)

Ag-Zn0O/GO Ag and ZnO [Cat.] =0.25 g/1,, Degradation efficiency in 30 [15]
nanoparticles [Naphthalene] = 50 min of 92%, it was relatively
on surface of mg/L, under visible decreased after 5t cyclic test
GO light Xe lamp 250 W)  (85%)

Ag-N-ZnO/CHAC ZnO nanoparti- 472 [Cat.] = 0.2 g/L, [methyl Degradation efficiency in [16]
cles co-dope orange] = 30 mg/L, un- 120 min of 98.8%, it was
with Ag and N der visible light (Xe slightly decreased after fifth
on coconut lamp 500 W) cyclic test (approximately
husk AC 94.3%)

Ag-ZnO/AC Ag-ZnO nano- [Cat.] = 0.4 g/L, [Methyl Degradation efficiency in [17]
particles on orange] = 10 mg/L, pH 150 min of 96%
commercial AC =.0, UV light (Hg lamp

500 W)

Ag-ZnO/AC Ag nanoparti- 29.1 [Cat.] =2 g/L,, Degradation efficiency in [18]
cles on surface [Bisphenol-A] = 5 mg/L,, 100 min approximately 99%,
of ZnO/AC [H202] = 20 ml/L, under it was remarkably decreased

visible light (Xe Lamp after 5tk cyclic test (85%)
51 W)

Ag+Zn0O-AC Ag-Zn0 nano- 128 [Cat.] = 0.5 g/L,, [JGB] = Degradation efficiency in 60 This work

composite flakes on AC 10 mg/L,, pH = 6.5, un- min of 100%, it was slightly

der solar light decreased after 5th cyclic test
(92%), the catalyst capacity

in 20 min of 17.8 mg/g
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formance of the Ag+*ZnO+AC composite can be
evaluated indirectly. The degradation efficiency
of JGB on Ag*ZnO-+AC composite was higher
than those of other catalysts. The degradation
efficiency of the Ag+ZnO+AC composite in 20
min was lower than that of Fe20s°*Si102/H202,
but it takes basic solution to neutralize the
wastewater (pH=3.0) after treatment and
spends H202 solution to generate OH+ with
Fenton-like catalyst Fe20s3°SiO2/H202. There-
fore, the Ag+ZnO*AC composite prepared from
rice husk is expected as a cheap and eco-
friendly catalyst for large scale application.

The comparative results of degradation of
pollutant organic compounds by Ag-ZnO on car-
bon based materials are presented in Table 4.
The degradation efficiency and stability of cata-
lysts depended on morphology, carbon based
material, reaction condition. The Ag-ZnO on
carbon nanospheres (Ag-ZnO/CNS) showed a
fast reaction rate, the degradation efficiency of
95% in 15 min, it was slightly decreased after
fifth cyclic test (approximately 90%). The Ag-
Zn0O nanoparticles on graphene oxide (Ag-
Zn0/GO) showed a high degradation efficiency,
but the stability was lower than those of Ag-
ZnO nanoparticles on MWCNT (Ag-
ZnO/MWCNT) and Ag-ZnO nanoparticles on
AC (Ag-ZnO/AC). Although the surface area of
the nano-flakes Ag-ZnO on AC (Ag*ZnO-AC)
was significantly lower than that of ZnO nano-
particles co-dope with Ag and N on coconut
husk AC (Ag-N-ZnO/CHAC), the degradation
efficiency and stability were similar to each
other.

Absorbance [a.u.]

T v T v T M V
400 600 800 1000
Wavelength (nm)

3.3 Reaction Mechanism

The UV-vis spectral change of JGB and the
colour of dye solution were measured at the
time interval of 10 min during degradation in
Figure 11a. Before oxidation (¢ = 0), the absorp-
tion spectra of JGB was characterized by the
bands in the ultraviolet region at 288 and 393
nm and by another band in visible region at
611 nm. The peak at 288 nm is due to benzene-
like structure in the molecules while the bands
in the visible region were associated with the
chromophore containing azo linkage [27]. The
disappearance of the absorbance peak at 611
nm with the reaction time could stem from the
fragmentation of the azo links by oxidation
[44]. The decrease in intensity of band at 393
nm could be attributed to breaking the -N-C-
bond [23]. In addition to this rapid degrada-
tion, the decay of the absorbance at 288 nm
was considered as the evidence of degradation
of aromatic fragments in the dye molecule and
its intermediates. Moreover, the different base
line in UV-vis spectra was observed, but the
maximum absorption had no displacement, it
was assigned to formation of intermediate
products. According to the UV-vis absorption
spectra, the possible route of the destruction of
JGB by as-synthesized Ag+*ZnO+*AC composite
was suggested in Figure 11b.

4. Conclusion

AC with the high surface area (1620 m2/g)
and pore volume (1.071 cm3/g) was prepared
from RH, then it was fabricated with nano-

symmetrical

0 NH, N/
] ) ¢
2 S @: @\_ﬂsvmmcmcal
5| Z D '
H | <_as
Q C ~ V(n,,’
% 01- \(H, 0""“6/ i
g Destruction by OHe
£
&
£ NH,
/J\ NNH, N
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Final desired products: NO,, CO,, €O, H,0, N,

Figure 11. (a) UV-vis spectral change of JGB during degradation along reaction time and (b) possible
route to the destruction of JGB by as-synthesized Ag*ZnO-*AC catalyst. Reaction conditions: dosage
catalyst of 0.05 g/L, dye concentration of 10 mg/L, and pH = 6.5.
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flakes Ag+ZnO (Ag+ZnO-+AC) as a photocata-
lyst. The physical properties and performance
of Ag+*Zn0O+AC was compared to those of ZnO,
Ag+7Zn0O, and ZnO-+AC. The as-prepared ZnO
sample with 15 nm in thickness contained and
many holes with the diameter of 10 nm. Ag
nano particles with 20-30 nm in size were de-
posited on ZnO flakes. And, both Ag and ZnO
particles, well dispersed on AC and the dis-
persed Ag nanoparticles was smaller (about 5-7
nm), leading to a decrease in band gap energy
but the photocatalytic activity of composite in-
creased.

The degradation efficiency in 60 min, reac-
tion rate, and degradation capacity in 20 min of
the Ag+*ZnO+AC of 100%, 0.120 min-l, and 17.8
mg/g, respectively, were higher than those of
other samples (ZnO, ZnO-AC, and Ag-+ZnO).
The catalytic activity of Ag+ZnO +*AC composite
at pH solution of 6.5 were higher than those of
other pH values. The degradation efficiencies of
JGB in the Ag+*Zn0O+*AC composite at 0.25 g/L
were 52.1 and 69.8%, in 20 and 60 min, respec-
tively. When dosage catalyst increased the deg-
radation efficiency and reaction rate increased
due to increasing the number of active sites of
surface of catalyst. The degradation efficiency
in 20 min increased to 89.3, 93.2 and 99.7% at
dosage catalysts of 0.5, 0.75 and 1.0 g/L, respec-
tively. Whereas the degradation capacity in 20
and 60 min were decreased due to increasing
the suspended catalysts in a solution. The deg-
radation efficiency and reaction rate were de-
creased, but the degradation capacity in 60 min
increased when the JGB concentration in-
creased from 5 to 20 mg/L. The degradation ca-
pacity in 20 min at 10 mg/Ln were higher than
that at other concentrations.

The Ag+*ZnO-AC composite showed a high
stability in cyclic experiment, the degradation
efficiency was still remained at 92% for the
fifth cyclic experiment. The Ag*ZnO-*AC com-
posite also exhibited a high effectivity of photo-
catalyst for other dyes (MB, CR, and TA) and
persistent organic compounds (CAF and BPA).
In addition, the degradation route of JGB in
Ag+7Zn0O+*AC composite was proposed.
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