
INTRODUCTION

The heterogeneous Fenton-like catalyst was ties in catalytic
activity and stability. All kinds of catalysts was divided into
two parts: the iron powder and iron oxide1,2; and the iron-coated
solid catalyst, such as Al2O3

3, zeolite4, ion-exchange resin5,
silica sand6, clay7, etc. The main iron oxide minerals were
goethite (α-FeOOH), akaganeite (β-FeOOH) , lepidocrokite
(γ-FeOOH), hematite (α-Fe2O3) and the modifiers8-10.

The types of carriers of synthesis supported iron oxide
catalyst (SCS) mainly include natural solid inorganic material,
macromolecule organic materials and membranes. The common
supports of the natural solid inorganic material were zeolite,
resin11, activated carbon12,13, silica14,15, carbon fiber16, etc. The
natural solid inorganic material had large specific surface area
and good anti-oxidation ability. Otherwise, the cation resin of
macromolecule organic materials often serves to organic
supporters. In 1998, the iron-coated Nafion membrane was
studied on printing and dyeing wastewater treatment. The
results indicated that the iron-coated Nafion membrane was
easily recycled and high oxidative ability. But the much higher
cost had restricted its industrialization applications17,18.

The physical and chemical influence factors in iron-coated
catalysts, which determined the types of synthesis supported
iron oxide catalyst, were called supported parameters, such as
pH, temperature, concentration of ferric salts and time in supp-
orted periods. Otherwise, the removal of cationic and anti-
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acid alkali performance of SCS was effected by supported
parameters. Lo et al.19 proposed that the pH and temperature
were the most important to effect the types of SCS and the
removal rate. Along with the increase of pH, the anti-acid alkali
performance was worse and worse, the dissolution decreased
to 25 %; when temperature increase, the anti-acid alkali
performance increased and so did removal rate. At low oxygen
or hypoxia of aquatic and terrestrial environment, the surface
activity of SCS showed better20 and the specific surface area
and surface charge was higher. Therefore, SCS was available
for water treatment21.

EXPERIMENTAL

The method for the synthesis of iron coated sand (SCS) is
to add the sand into ferric salt solution, evaporating with oil
bath.

Carrier selection: Granular carrier was the most impor-
tant way of making SCS in various kinds of iron oxide carriers.
Because the Fenton system has strong oxidation, the carriers
with stable performance and powerful antioxidants must be
chosen. Silica, activated carbon, biological ceramic and zeolite
were chosen as catalyst supports. Using the COD value of
reaction process as the detection target, the treatment effect of
four catalyzers were observed and compared.

Coated method: Three different coated methods of SCS,
directed evaporation, alkaline deposition and oil bath evapo-
ration were compared.
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Characterization of SCS: The physicochemical charac-
teristics of the SCS were evaluated by SEM and ASAP.

RESULTS AND DISCUSSION

Carrier selection: The zeolite was pulverized easily during
preparation. Therefore, the catalytic activity of three other
catalysts was detected and analyzed.
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Fig.1. Effect of different carriers on catalytic activity of catalyst

The effects of carriers of sand and activated carbon on
catalytic activity of catalyst were better than biological ceramist
as shown in Fig. 1. However, the activated carbon catalyst easily
dissolved. The iron-coated sand was chosen.

Coated method: Table-1 showed the degradation proper-
ties of SCS, the SCS coated using Fe(NO3)3 solution had better
degradation than FeCl3 solution; the coating by alkaline evapo-
ration method with lower iron value, due to the bad adhesion
of iron oxide; while coated by directed evaporation was
moisture and caking, the degradation effect was poor.

TABLE-1 
COMPARISON OF DEGRADATION PROPERTIES OF SCS 

Sample No. 1 2 3 4 5 6 7 8 

COD (mg/L) 473 191 170 265 126 168 212 96 
1-raw water; 2-Fenton reagent; 3-SCS using Fe(NO3)3 solution by 
directed evaporation; 4-SCS using Fe(NO3)3 solution by alkaline 
evaporation method; 5-SCS using Fe(NO3)3 solution by oil bath 
evaporation; 6-SCS using FeCl3 solution by directed evaporation; 7-
SCS using FeCl3 solution by alkaline evaporation method; 8-SCS 
using FeCl3 solution by oil bath evaporation 
 

Characterization of SCS: The physicochemical charac-
teristics of the SCS were evaluated by SEM and ASAP.

SEM: SEM images of the sand and SCS showed in Fig. 2.
The components and the skeletal structure determined the
surface configuration of SCS. The surface configuration of
sand and SCS were investigated with SEM, which used to
determine the type and particle size of iron oxide of the surface
of SCS. Fig. 2 (1) showed the surface of sand by pickling was
smooth, without any impurities. The most common surface
configuration of sand was subangular, followed by sharp edges
and shape, sub-rounded. It was identical with recorded in
literatures22. Meantime, the concave and convex groove of sand

not merely offered more load surface, but also increased the
adhesive strength between iron oxide and sand. Fig. 2 (2)
showed that the surface of SCS was rough. Because of the
uniform iron oxide film was packed the sand. Hence, more
active sites of SCS had the better degradation effect in Fenton
system.

The surface of SCS magnified to 10 000 times its ordinary
size by SEM was showed in Fig. 2 (3). Iron oxide grain, with
particle size 102 nm, evenly coated the surface of SCS. SCS
become more reactive, because of mass of particles with larger
porosity, which obtained large surface area and much more
atoms exposed. On the one side, the adsorptivity of heavy
metal, nitrogen and phosphorus could be increased. On the other
hand, more unpaired electrons with high reactivity exposed,
which reacted with other atoms and molecules easily23.

(1) Silica sand (× 60)   (2) SCS (× 60)

(3) Silica sand (× 10000)   (4) SCS (× 10000)

Fig. 2. SEM images of the sand and SCS

ASAP: The main functions of SCS as a heterogeneous
Fenton-like catalyst were absorption and oxidative degra-
dation. Research showed that larger surface more adsorption
sites and better absorption efficiency. The pore diameter and
the pore-size distribution also had obviously effect on absor-
ption efficiency. The macromolecule organic matters were
difficult to degradation which was usually caused by the reason
of too small pore diameter. On the contrary, too big pore
diameter caused surface areas decline and the adsorption effect
reduced. The ASAP method was used to determine the specific
surface area, surface pore size and pore volume.

As the BET method described, Fig. 3 showed the curve

fitting with 
)P–P(V

P

o

 vs. 
oP

P
 The slope and intercept of this

linear fitting equation were 0.6228 m2/g, 3.1347 m2/g,
respectively. In conclusion, the surface area of SCS was about
five times bigger than silica sand. The surface area of SCS
increased significantly would enhance the adsorption. Com-
pared with Fenton reagent, the solid-liquid separation of SCS
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Fig. 3. BET of silica sand and SCS

was much easier and the shortages of iron mud, such as large
amount and refractory, had been solved.

Conclusion

Synthetic iron oxide coated sand catalyst was synthesized
by evaporating ferric salt solution with oil bath and was charac-
terized by SEM and ASAP. It showed that the particle size and
the surface area were about 100 nm and 3.1347 m2/g, respec-

tively. Synthetic iron oxide coated sand catalyst was much
stronger adsorption and more reactive. Compared with Fenton
reagent, the solid-liquid separation of SCS was much easier
and the amount of iron mud was depleted.
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