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Abstract−Activated carbon(AC) was prepared using brewing yeast as a precursor by chemical activation; meanwhile,
cobalt, copper, ferrum and manganese supported on activated carbon(Co/AC, Cu/AC, Fe/AC, Mn/AC) were prepared
by adsorption-activation method. The characterizations of prepared AC, Co/AC, Cu/AC, Fe/AC, Mn/AC and their
performance as ozonation catalysts were tested. The total BET surface areas of prepared AC, Co/AC, Cu/AC, Fe/AC,
Mn/AC were found to be 957.7, 789.7, 485.3, 486.1 and 529.8 m2/g. Absorption capacities of methylene blue (MB) were
determined to 407.77, 206.52, 121.25, 123.01, 170.94 mg/g, respectively. The presence of AC was advantageous for TOC
reduction of MB compared with UV/O3 system, and metal Co, Cu, Fe, Mn play an important role in the degradation
process. The greatest TOC removal efficiency was obtained in the presence of Co/AC.
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INTRODUCTION

Dyes are widely used in the textile industry, which is one of the
main sources of industrial waste water, with large amounts, com-
plex components, high content of organic pollutants, strong alkali,
poor biodegradability, etc. This kind of wastewater is very difficult
to decompose. Since the organic dyestuffs are harmful to people
and poisonous to microorganisms without any prior treatment,
the removal of dyestuffs from wastewater has received consider-
able attention [1,2]. A number of ways, such as physical, chemical
and biological, have been used for the removal of dyestuffs waste-
water [3-6]. The common water treatment methods (adsorption,
sedimentation, coagulation, etc.) are now being supplemented by
advanced oxidation processes (AOPs). The widely used AOPs in-
clude photolysis, Fenton method, photofenton, ozonolysis, sonoly-
sis, and photocatalysis [7,8]. All these treatment methods are versatile
and have their own pros and cons. However, in homogeneous/het-
erogeneous photocatalytic ozonation, one can use the available source
of UV radiation from a UV lamp, and in the presence of a suit-
able catalyst (such as activated carbon catalyst) conduct a chemi-
cal reaction to degrade the organic pollutant present in wastewater.
Loading the transition metals activated carbon are amongst the most
frequently studied ozonation catalysts [9,10]. In a slurry reactor,
the mass-transfer-limited reaction can be significantly improved
either by increasing gas-liquid mass transfer coefficient or specific
surface area [11]. Activated carbon catalyst is inexpensive, envi-
ronmentally friendly with wonderful adsorption capabilities, and

can be easily dispersed in water.
In this work, the AC was prepared using brewing yeast as a pre-

cursor by chemical activation with Na2CO3 activating agent, and
cobalt, copper, ferrum and manganese, supported on activated car-
bon (Co/AC, Cu/AC, Fe/AC, Mn/AC) was prepared by the adsorp-
tion-activation method. The prepared AC and Co/AC, Cu/AC, Fe/
AC, Mn/AC were characterized by FTIR spectra, X-ray photoelec-
tron spectroscopy (XPS) and adsorption experiments. The model
dye selected for this study was methylene blue (MB). The effect of
activated carbon catalysts on the decoloration rate and total organic
carbon (TOC) was investigated, and the whole ozonation process
was calculated by UV-vis spectroscopy and TOC analyzer. A hypo-
thetical mechanism of MB degradation was also discussed.

EXPERIMENTAL

1. Chemicals and Materials
Brewing yeast used as a precursor was obtained from a brew-

ery in Hubei Province of China. To remove impurities, brewing
yeast was washed several times by distilled water, dried at 60 oC for
24 h, ground to a size less than 0.15 mm, then stored in a desicca-
tor. MB (methylene blue, chemical formula C16H18ClN3S and λmax=
665 nm) and other chemicals were purchased from Sinopharm
Chemical Agent co., Ltd. (Wuhan China). All the chemicals and
materials were of analytical grade and used without further purifi-
cation, except brewing yeast.

The AC was prepared using brewing yeast as a precursor by chem-
ical activation with Na2CO3 activating agent. Before its chemical
activation, brewing yeast was mixed with Na2CO3 at a ratio of 4 : 1
(w/w, brewing yeast: Na2CO3), and then the mixture was placed in
a sealed ceramic crucible and kept in a muffle furnace at 700 oC
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for 4 h. After the activating treatment, the carbon was cooled and
washed with 10% of dilute hydrochloric acid solution and distilled
water until neutral pH was observed. The washed samples were
dried at 120 oC for 2 h to obtain activated carbon products. This
product was designated as AC.

The cobalt, copper , ferrum and manganese supported on acti-
vated carbon (Co/AC, Cu/AC, Fe/AC, Mn/AC) were prepared by
the adsorption-activation method. Eighty grams of brewing yeast
was immersed in 400 mL of cobalt nitrate, manganese chloride,
copper nitrate and ferrum nitrate solution with Co2+, Cu2+, Fe3+,
Mn2+ concentration of 2,000 mg/L for shaking overnight, then fil-
trated and dried at 60 oC. After that, it was treated by the same way
of prepared AC to obtain the required Co/AC, Cu/AC, Fe/AC, Mn/
AC.
2. Structural Study of Catalysts

To prove the presence of the transition metals was supported
on the surface of the activated carbon, FTIR spectra were recorded
by dispersing the glass powders in KBr with a NEXUS-470 FTIR
spectrometer (Thermo Nicolet, US) where the spectra were recorded
from 400 to 4,000 cm−1. X-ray photoelectron spectroscopy (XPS)
measurements were performed using a VG Multilab 2000 electron
spectrometer with monochromated Mg Kα radiation (hν=1,253.6
eV). All XPS spectra were corrected using the main C1s peak at
284.6 eV. Curve fitting and background subtraction were accom-
plished using Elemental Analyzer (PE24002II, USA). The specific
surface area and pore structure parameters of activated carbon were
determined from the adsorption-desorption isotherm of nitrogen
at 77K using an automated volumetric system (Autosorb-1-C-TCD-
MS-Quantachrome Instruments).
3. Adsorption of Methylene Blue

A stock solution of MB was prepared (1,000 mg/l). The stock
solution was diluted with distilled water to obtain the desired con-
centration ranging from 100 to 1,000 mg/l. Batch adsorption exper-
iments were performed by contacting 0.1 g of the activated carbon
catalysts with 100 ml of the MB aqueous solution of different ini-
tial concentrations (50, 100, 200, 300, 400, 500, 800, 1,000 mg/l).
The pH of the solution was adjusted to be 7 using either 0.1 mol/L
HCl or NaOH during the adsorption tests. The mixture was shaken
at 160 rpm at 25 oC for 4 h. Then samples were taken out and sep-
arated by centrifugation at 4,000 rpm for 10 min. The remaining
concentration of MB in each sample after adsorption at different
time intervals was determined by UV-visible spectrophotometer
(UV-2450; Shimadzu, Kyoto, Japan) at a maximum wavelength of
665 nm. MB adsorption mass (qe) was evaluated according to

qe=(Ci−Ce)V/W (1)

where Ci and Ce are the initial and equilibrium concentrations (mg/l)
of MB solution, respectively; V is the volume (L); and W is the weight
(g) of the adsorbent.
4. Catalytic Oxidation Experiments

Similarly, catalytic activity of AC and XX/AC (XX represent Co,
Mn, Cu, Fe) was evaluated by comparing the degradation efficien-
cies of MB solution with three different systems: UV/O3, UV/O3/
AC and UV/O3/XX/AC. The catalytic ozonation system (Fig. 1)
consisted of a tubular glass ozonation reactor (h=450 mm, Φm=70
mm) equipped with gas inlet and outlet and UV lamp (h=350

mm, Φm=15 mm) that was used as a radiation source. Ozone was
produced from O2 by an ozone generator (SK-CFG-20P). Ozonized
air (1.5L/min) was continuously bubbled into the solution and flowed
upward in the tubular reactor. The excess ozone in the outlet gas
was removed by KI solution. A total of 1.6 g of the catalyst (AC or
XX/AC) was added into 1,000 mL of MB aqueous solution (initial
concentration 1,400 mg/L). Samples were taken at given intervals
to analyze the variation of total organic carbon (TOC) concentra-
tions by a TOC analyzer (Multi N/C 3100, Germany).

RESULTS AND DISCUSSION

1. Characterization of Prepared Catalysts
Fig. 2 displays the FTIR spectra of prepared AC, Co/AC, Cu/

AC, Fe/AC, Mn/AC. According to the literature [12,13], evidently,
the spectrum of the hydroxyl stretching region showed a broad band

Fig. 1. Diagram of the experimental setup.
1. Ozone generator 06. Inlet of circulation water
2. Flowmeter 07. Sampling
3. Ozonation reactor 08. Inlet of solution
4. Outlet of circulation 09. UV lamp
5. Outlet of solution 10. Ozone destructor

Fig. 2. The FTIR spectra of Co/AC (a), Mn/AC (b), Cu/AC (c), Fe/
AC (d), AC (e).



270 F. Huang et al.

February, 2015

in the region of 3,200-3,600 cm−1; 1,648-1,580 cm−1 absorption peak
confirmed the presence of amine; 2,363-2,371 cm−1 is caused by
vibration of carbonyl; the vibration of -C-O is reflected at 1,038-
1,084 cm−1 at room temperature. Moreover the IR absorbance of
Co/AC(a) due to the spinal Co-O bond was observed at 612 cm−1

which corresponds to Co3O4 crystallite formed within support [14].
With the addition of MnO2 content, the band which wave num-
ber was 471 cm−1 was also noticed in sample of Mn/AC(b) and the
band was observed wave number (615 cm−1) side in the sample of
Cu/AC(c) with an increase in the percentage of Cu-O [15,16]. Finally,
with the addition of Fe-O content, the band which wave number
was 537 cm−1 was also noticed in the sample of Fe/AC(d) [17]. In
total, the transition metals were successfully loaded onto the acti-
vated carbon by comparing FTIR spectra of the five catalysts.

X-ray photoelectron spectroscopy (XPS) over a large energy range
at low resolution was used to study the elements present in Co/
AC, Cu/AC, Fe/AC, Mn/AC and AC, and the binding energy was
calibrated using the C1s signal (284.6 eV) and O1s for oxygen
(531.6 eV) from the coating surface of each activated carbon cata-
lysts. It was unambiguously observed that O, C and the transition
metals elements exist in the samples, as shown in Fig. 3. The exist-
ing form of Co2p3/2 and Co2p1/2 is Co3O4 since their binding ener-
gies are close to 781.2 and 796.5eV (Fig. 3(a)), with a binding energy
difference of 15.3 eV, which is similar to the reference [18]. The
Mn2p XPS spectra show two major peaks with binding energies at
643.7 and 654.3 eV, corresponding to Mn2p3/2 and Mn2p1/2, respec-
tively, with a spin-energy separation of 25 eV (Fig. 3(b)), which is
the characteristic of a Mn3O4 phase and in good agreement with
the reported data [19]. The existing form of Cu2p is CuO since its
binding energy is close to 933.7 eV (Fig. 3(c)), which is the charac-
teristic of a CuO phase and in good agreement with the reported
data [20]. It can be seen clearly that two separated 2p electron orbital
energy states of Fe2p3/2 and Fe2p1/2 peaks are centered at 712.6 and
724.2 eV (Fig. 3(d)), which is similar to the reference. This result
was consistent with the FTIR analysis as mentioned above. 

It was found that the BET surface areas of prepared AC, Co/AC,
Cu/AC Fe/AC and Mn/AC were 957.7, 789.7, 485.3, 486.1 and 529.8
m2/g with total pore volumes of 0.81, 0.67, 0.45, 0.75 and 0.47 ml/

g, average pore diameters of 4.9, 3.4, 3.7, 3.8 and 3.5 nm, respec-
tively. Compared to AC, the metal-AC showed significantly lower
BET surface area and pore volume as well as slightly smaller aver-
age pore size. One possible reason is that part of the metal atoms
entered into the pore of the support and blocked pores, or the metal
atoms stayed at the surface of AC and reduced the surface area.
2. Adsorption Isotherms

Fig. 4 shows the adsorption isotherms of MB by AC, Co/AC,
Cu/AC, Fe/AC and Mn/AC, respectively. As can be seen, the amount
of MB adsorbed onto AC increased with equilibrium concentra-
tion (Ce) at first and then reached to the maximum value. In this
study, the Langmuir (Eq. (2)) and Freundlich (Eq. (3)) [21] were
used to fit the experimental data. The Langmuir and Freundlich
parameters, along with correlation coefficients (R2), were estimated
using nonlinear regression method (Fig. 4) and summarized in Table
1. It can be seen that the maximum (qm) uptake of MB by AC, Co/
AC, Cu/AC, Fe/ACand Mn/AC was estimated to be 407.77, 206.52,
121.25, 123.01 and 170.94 mg/g, respectively. Compared with AC,
there is an obvious decrease in adsorption capability of metal/AC.
This was also proved by the results of BET surface area. The rea-
son was likely to be the presence of metal effect on the activating
process of AC.

Table 2 lists the comparison of maximum adsorption capacity
of some dyes on various adsorbents. Compared with the data in
the literature, the activated carbon studied in this work has very
large adsorption capacity.

Langmuir equation: (2)

where Ce represents the equilibrium concentration of MB (mg/
L), qe and qm are the equilibrium and maximum adsorption capac-
ity (mg/g), Ka is the Langmuir constants.

qe = 
qmKaCe

1+ KaCe
-------------------

Fig. 3. XPS Spectrums of Co/AC (a), Mn/AC (b), Cu/AC (c), Fe/
AC (d), AC (e).

Fig. 4. Adsorption isotherms of MB on AC, Co/AC, Mn/AC, Cu/
AC and Fe/AC. Solid and dotted lines represent Langmuir
equation and Freundlich equation, respectively. Circles rep-
resent Co/AC (black) and Mn/AC (white), respectively. Tri-
angles represent Cu/AC (black) and Fe/AC (white). Squares
represent AC (black). Solution volume and adsorbent dos-
age are 100 mL and 0.1 g. Solid line is predicted from Lang-
muir parameters given in Table1.
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Freundlich equation: (3)

where KF and 1/n are empirical constants, Ce represents the equi-
librium concentration of MB (mg/L), qe is the equilibrium adsorp-
tion capacity (mg/g).
3. Catalytic Ozonation of MB

The prepared AC, Co/AC, Cu/AC, Fe/AC and Mn/AC were used
as catalysts in UV assisted catalytic ozonation systems. To evaluate
the catalytic activities of these five catalysts, the variations of MB
removal efficiencies and TOC removal efficiencies were compared
under six systems: UV/O3, AC/UV/O3, Co/AC/UV/O3, Cu/AC/
UV/O3, Fe/AC/UV/O3 and Mn/AC/UV/O3. To take the effect of
adsorption into consideration, the mixture of catalyst and MB aque-
ous solution was first stirred for 24 h without ozone and UV. Then
3.0 ml of mixture was drawn out as the sample of 0 min.

In this work, the MB removal efficiency was checked by mea-
suring the MB concentration of the solution by UV-visible spec-
trophotometer. It can be seen from Fig. 5(a) that there is no sig-
nificant different for MB removal efficiencies of UV/O3, AC/UV/
O3, Co/AC/UV/O3, Cu/AC/UV/O3, Fe/AC/UV/O3 and Mn/AC/
UV/O3 systems. The removal efficiencies of MB reached about 100%

within 20 min, and the color of the solution completely faded too.
However, the color fading of the solution did not mean the com-

plete degradation of MB. The mineralization was checked by mea-
suring the TOC of the solution. The removal efficiencies of TOC
along with reaction time under six systems are shown in Fig. 5(b).
It can be seen from Fig. 5(b) that the presence of catalysts acceler-
ated the removal of TOC. After reaction of 120 min, TOC removal
rate reached 35.93%, 41.86%, 80.39% 52.80%, 43.94%, 62.25% in
the system of UV/O3, AC/UV/O3, Co/AC/UV/O3, Cu/AC/UV/O3,
Fe/AC/UV/O3 and Mn/AC/UV/O3, respectively. The results in Fig.
5(b) show that the greatest TOC removal rate was obtained in pres-
ence of Co/AC, then Mn/AC, Cu/AC, Fe/AC and AC.

The results indicate that the presence of AC improved the TOC
removal efficiency. The contribution of AC can be partly ascribed
to the following two possible reasons: (1) AC can provide a high
specific surface area, so both organic compounds and ozone can
be adsorbed and reacted on it; (2) it can accelerate the transforma-
tion of ozone with large amount of .OH radicals generated under
the irradiation of ultraviolet light [33].

The higher TOC removal efficiency was obtained in the case of
metal/AC/UV/O3. This demonstrates that the catalytic activity of

qe = KFCe
1/n

Table 1. Parameters for adsorption isotherms of MB on AC, Co/AC, Mn/AC, Cu/AC and Fe/AC

Material
Langmuir model Freundlich model

qm/(mg/g) Ka R2 KF n R2

AC 407.77 (28.235) 0.571 (0.251) 0.909 177.46 (22.572)0 6.146 (0.983) 0.946
Co/AC 206.52 (5.7698) 0.076 (0.010) 0.961 218.24 (3.3952)0 00.001 (0.0001) 0.991
Mn/AC 170.94 (11.565) 3.906 (1.158) 0.923 094.25 (10.2043) 8.018 (1.531) 0.906
Cu/AC 121.25 (4.078)0 0.112 (0.055) 0.984 087.76 (16.7796) 021.11 (14.340) 0.975
Fe/AC 123.01 (5.472)0 21.77 (15.17) 0.944 109.47 (11.1140) 57.583 (58.35)0 0.928

Table 2. Comparison of the maximum monolayer adsorption of some dyes on various adsorbent
Dyes Adsorbent Maximum monolayer adsorption capacity (mg/g) References
Methylene blue Brewing yeast AC 407.77 This work
Methylene blue Posidonia oceanic AC 285.70 [22]
Methylene blue Coconut husk AC 434.78 [23]
Methylene blue Oil palm fibre AC 277.78 [24]
Methylene blue Durian shell AC 289.26 [25]
Methylene blue Date stones AC 316.11 [26]
Methylene blue Date palm pits AC 455.00 [27]
Methylene blue Orange peel AC 382.75 [28]
Methylene blue Jute fiber AC 225.64 [29]
Methylene blue Bamboo-based AC 454.20 [30]
Basic red 46 Sludge-based AC 188.00 [31]
Acid brown 283 Sludge-based AC 020.50 [31]
Direct red 89 Sludge-based AC 049.20 [31]
Direct black 168 Sludge-based AC 028.90 [31]
Basic red 46 Chemviron GW AC 106.00 [31]
Acid brown 283 Chemviron GW AC 022.00 [31]
Direct red 89 Chemviron GW AC 008.40 [31]
Direct black 168 Chemviron GW AC 018.70 [31]
Congo red Coir pith-based AC 006.72 [32]
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metal/AC is higher than that of AC. As mentioned in the previ-
ous sections, the BET surface area and adsorption capacity of metal/
AC exhibited lower compared with AC. Therefore, the presence of
metal in AC plays an important role in the degradation process.
The surface of metal/AC potentially has more active sites, which
enhances the transformation of ozone with large amount of .OH
radical generation. It is well known that .OH radical is a very pow-
erful and nonselective oxidizing agent that can deal with organic
compounds until mineralized.

Comparing the TOC removal efficiencies of the system of Co/
AC/UV/O3, Cu/AC/UV/O3, Fe/AC/UV/O3 and Mn/AC/UV/O3,
the effect of Co/AC catalytic activity was optimal in this process.
4. Mechanism Analysis

In the aqueous solution, MB was catalyzing ozonation by cata-
lyst, and it was first decomposed into aromatic hydrocarbons and
heterocyclic compounds, eventually degraded into small molecule
esters and acids under the action of ozone and UV, catalyst gener-
ated hydroxyl radicals. Wherein the hydroxyl radicals play an im-
portant role in the degradation of organic matter, during the reac-
tion process, it produced some inert materials to inhibit ozone and

hydroxyl radicals, and the inert materials were not easy to be fur-
ther degraded. Furthermore these substances can hinder further
hydroxyl radical chain reactions on catalytic ozonation process
inhibiting degradation of organic matter. The degradation process
contains four possible degradation mechanisms [34,35].

(1) Direct oxidation by the ozone molecule; ozone reacts selec-
tively directly with the organic matter in water.

(2) Ozone is decomposed into hydroxyl radicals under UV irra-
diation, oxidized non-selectively organic matter.

(3) Radical oxidation by highly oxidative free radicals such as
hydroxyl free radicals, which are formed by decomposition of ozone
under the catalyst in the aqueous solution.

(4) Interface effect mechanism: MB, reaction intermediates, and
hydroxyl radicals and ozone adsorbed on the catalyst surface, inter-
acting, oxidative degradation of organic materials is to produce
degradation products and fall off.

CONCLUSIONS

This study focused on the preparation of transition metal acti-
vated carbon catalysts to be used in the removal of dyestuffs water
by ozonation. In summary, AC was prepared using brewing yeast
as a precursor by chemical activation with Na2CO3 activating agent,
and transition metal supported on activated carbon was prepared
by the adsorption-activation method. The FTIR and XPS results
showed that the transition metals were successfully loaded onto
the activated carbon.

The BET surface areas of prepared AC, Co/AC, Cu/AC, Fe/AC,
Mn/AC were found to be 957.7, 789.7, 485.3, 486.1 and 529.8 m2/
g. The maximum uptake (qm) of MB by AC, Co/AC, Cu/AC, Fe/
AC, Mn/AC was estimated to be 407.77, 206.52, 121.25, 123.01,
170.94 mg/g, respectively. The catalytic photolytic ozonation pro-
cess was much more efficient than the individual photolytic ozo-
nation process for decolorizing this dye. Examination of the effects
of various transition metal AC showed that the TOC reduction
ultimately reached 80.39%, 62.25%, 52.80% and 43.94% for Co/
AC, Cu/AC, Fe/AC and Mn/AC, respectively. The effect of Co/AC
catalytic is optimal.
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