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Abstract

The microwave radiation oxidation process, Fenton as catalytic agent, was used to remove the thiocyanate from the industrial
wastewater. The effects of microwave power, radiation time, pH and the feeding in ways of catalyst on the degradation rate of synthetic
wastewater were investigated using the microwave radiation oxidation process by orthogonal experiment. The results show Fenton
catalyst ratio was 1:20, the microwave radiation power was 900 W, the microwave radiation time was 7 min and the value of pH was
3. Under the optimum conditions, the removal of KSCN can reach over 90%. The apparent kinetics of removal was studied, which
conformed to kinetics first-class reaction. In short, for the thiocyanate from the industrial wastewater, microwave-Fenton oxidation

method is feasible and effective.
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Introduction

Thiocyanate (SCN™) is a linear, electronegative polyatomic
ion (Hughes, 1975). Due to some of its rather unique
properties, thiocyanate is used in a variety of industri-
al processes such as industrial and mineral wastewater,
especially in coking wastewater, in which thiocyanate is
the highest concentrations (ranged between 100 and 1500
mg/L) of inorganic pollutant concentrations (Sharma et
al., 2002). Thiocyanate is one of the important substances
cause struma (Ermans et al., 1979; Astwood, 1943).
Thiocyanate also has some toxic effects, which include
respiration problems or can even provoke human death
while the formation of toxic gases from contact with acids
(Vicente and Diaz, 2003). It is very difficult to remove thio-
cyanate using traditional high-pressure hydrolysis method.
Hung and Pavlostathis (1997) investigated biological den-
itrification ammonia nitrogen wastewater in the presence
of thiocyanate, partial inhibition of nitrification was ob-
served and attributed to thiocyanate. Therefore, it is very
important and necessary to develop new methods for the
pretreatment desulfurization waste solution to reduce the
content of cyanide-containing pollutants and then carry out
biological denitrification.

In recent years, microwave (MW) radiation has attracted
a great deal of attention due to superior performance in
wastewater treatment (Li et al., 2010; Lin et al., 2009a,
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2009b). Fenton method has been universally studied and
applied in the field of wastewater treatment because the
method’s merits are fast reaction, easy control and auto-
generation flocculation (Lin and Lo, 1997; Ruppert and
Bauer, 1993). Using MW-Fenton reagent to oxidative
thiocyanate and transforming it into HCN. Then using the
high-pressure hydrolysis method for further treatment after
absorbed by lye, which can ensure the safety of operation
process. In short, this method could solve over high
cyanide-containing in industrial wastewater once and for
all, and remission the pressure of biological denitrification,
is of great theoretical significance and potential of the
application.

As a result of high colourity, complicated composition
and more interference factors in industrial wastewater,
KSCN has been simulated to experimental treatments ref-
erence to the thiocyanate contents in industrial wastewater.
In order to explore the optimum condition of the removal
of thiocyanate from wastewater by MW-Fenton oxidation,
MW radiation power, MW radiation time, the value of
pH and the feeding in ways of catalyst were investigated,
the effect law of various factors on KSCN removal was
found. Conditions were also optimized through orthog-
onal experiments, which provide a theoretical basis and
operational guidance in the actual industrial wastewater
treatment process.



S202 Journal of Environmental Sciences 2013, 25(Suppl.) S201-S204 / Bai Xi et al.

Vol. 25

1 Materials and methods

1.1 Materials

MW reactor (900 W, 2450 MHz, University of Science
and Technology Liaoning) with different power setting was
used as MW source. pH meter (pHSJ-5, INESA Scientific
Instrument Co., Ltd.) was used as the measure of pH.
Potassium thiocyanate (99.5%, analytical reagent, Tianjin
Kermel Chemical Reagent Development Center, China)
was used as the source of thiocyanate. Deionized water was
used for the preparation of solutions. All other reagents
were above analytical grade.

1.2 Methods

During the MW treatment process, the devices have atmo-
spheric condensation cooler, but the volume of wastewater
slightly decreased due to evaporation of water. At the end
of the experiment, cooled the wastewater to room temper-
ature, deionized water was added into the reactor in order
to maintain the same initial volume of the wastewater. The
measurement method of thiocyanate was used by indirect
iodometry.

2 Results and discussion

2.1 Effect of microwave radiation power on KSCN
removal

Taking 100 mL KSCN standard samples, the adding
amount of Fe?* was 1.6 mmol, H,O, was 32 mmol,
under the MW radiation time of 7 min, change MW
radiation power and determine the KSCN removal. The
effect of MW radiation power on the KSCN removal was
investigated. Figure 1 illustrates the removal of KSCN
at different MW radiation power. It can be seen that
the removal was increased with the increasing of MW
radiation power. That is mainly because of more energy

100

80

40

Removal rate (%)

135 270 450 630 900
Microwave radiation power (W)

Fig.1 Effect of MW radiation power on the KSCN removal ratio.

in unit area was absorbed with the increasing of MW
radiation time, made more heat generated, induced more
impetuous and rapid molecular motion. This benefited the
degradation of KSCN. Meanwhile, the increase of -OH
from reaction between Fe?* and H,O, with increased with
radiation power, which have strong oxidation capability
and is able to increase the removal of KSCN. Therefore,
900 W was considered to be the optimal radiation power.

2.2 Effect of MW radiation time on KSCN removal

Taking 100 mL. KSCN standard samples, the adding
amount of Fe?* was 1.6 mmol, H,O, was 32 mmol, under
the MW power of 900 W, change MW radiation time
and determine the KSCN removal. The effect of MW
radiation time on the KSCN removal was investigated.
Figure 2 illustrates the removal of KSCN at different
MW radiation time. The removal of KSCN increased with
radiation time and attained to the optimum of 91.3% after
7 min. In addition, longer MW radiation time have few
contribute to the removal of KSCN. That might due to the
increase of -OH from reaction between Fe?* and H,O, with
increased with radiation time, which have strong oxidation
capability and is able to increase the removal of KSCN.
However, -OH gradually decreased with consumption of
H,0,, which makes the removal of KSCN increase few
even unchanged. Considering the removal efficiency and
the economic factor, 7 min was considered to be the
optimal radiation time.

2.3 Effect of pH on KSCN removal

Taking 100 mL. KSCN standard samples, the adding
amount of Fe?* was 1.6 mmol, H,O, was 32 mmol, under
the MW power of 900 W and radiation time 7 min, change
the value of pH and determine the KSCN removal. Taking
into account the Fenton reagent has a relatively good
treatment effect under acidic conditions, so the experiment
pH was changed from 1 to 5.

The effect of the value of pH on the KSCN removal
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Fig. 2 Effect of MW radiation time on the KSCN removal ratio.
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