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Abstract

The ways of environmental technologic innovation and its international transfer
are elaborated in this paper, taking wastewater treatment as its object. Meanwhile,
some empirical analysis on the current situation and the foreground of the co-
operation between China and Japan are made. As the beginning part of this re-
search, it puts emphasis on the progress in international environmental protection
technology transfer.

According to different oxidative conditions and distinctive catalytic mechanism,
advanced oxidation processes (AOPs) can be classified into different categories.
The peculiarities, the current situation and the foreground of all types of advanced
oxidative technology is shown. As for further explanation, some concrete exam-
ples of the projects processing toxic pollutants in China are introduced, which
points out that as a new advanced sewage processing technology, AOPs have the
merits of efficiency, general utilization and thoroughness. Also, AOPs has become

the hotspot of research on the field of oxidation of anti-biodegradable pollutants.
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Therefore, it is necessary to enhance the technical co-operation, accelerate the
speed of technology transfer and drive ahead the application of AOPs on a much

larger scale.

Keywords : Wastewater treatment, Environmental technologic innovation,

Advanced oxidation processes, Technology transfer

0 Introduction

With the development of industry and economy throughout the world in the
past several decades, both the amounts and types of organic pollutants released
into water have increased rapidly. Therefore, the removal of this substance from
aqueous solutions is utterly important. The classical biological treatment processes
are non-efficiency in the presence of these non-biodegradable and toxic pollutants.
Therefore, more powerful treatment methods differentiated from the classical bio-
logical treatment methods are required. Among a variety of treatment processes,
the advanced oxidation processes (AOPs) have attracted great attention throughout
the last two decades due to their ability that allows reaching the total
mineralization of these biorefractory and toxic pollutants. Water pollution has be-
come a cosmopolitan issue. In order to develop water treatment technique and to
improve its quality, many researchers of different countries have being working
diligently.

Advanced oxidation processes (AOPs) can be broadly defined as the water
treatment techniques based on in situ generation of hydroxyl radicals (*OH). The
*OH radicals are very powerful oxidizing agents whose standard potential (E’
=2.80 V) is only less than that of fluorine (E'=2.87 V), so that they can react
unselectively with organic pollutants until their total conversion into CO., water

and inorganic ions. Over the past three decades, the research and development
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concerning AOPs has been extended mainly for two reasons, namely: (1) the di-
versity of technologies involved and (2) the areas of potential application. Because
the production of *OH radical does not involve the use of harmful chemical rea-
gents which may be hazardous for the environment, AOPs can be seen as the en-
vironment-friendly techniques. Depending on the characteristics of the wastewater
to be treated and the treatment objective itself, AOPs can be employed either
alone or coupled with other physicochemical and biological processes. According
to the mechanisms responsible for organic matter oxidation and the catalytic con-
ditions, the main AOPs can be approximately divided as follows:

(1) methods based on Fenton reaction;

(2) methods based on photoelectrocatalysis;

(3) methods based on ozonation;

(4) methods based on ultrasonic sound;

(5) wet air oxidation.

1 Methods Based on Fenton Reaction
1.1 Fenton Oxidation

The catalytic decomposition of hydrogen peroxide (H.O.) by ferrous ion (Fe™)
was first reported by Fenton'"’. Fenton found that tartaric acid could be oxidized
in hydrogen peroxide aqueous solution of low pH (pH = 2-5) in the presence of
ferrous ion. Thereafter, an acidic aqueous solution containing hydrogen peroxide
and ferrous ion is called as Fenton's reagent and the reaction between hydrogen
peroxide and ferrous ion is named as Fenton reaction. Huang et al‘” discussed
the advantages and disadvantages of AOPs and suggested that the processes like
Fenton methods are the most promising technologies for the treatment of
biorefractory and toxic organic pollutants in waste stream. The Fenton oxidation

is based on the electron transfer between hydrogen peroxide and ferrous ion,
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which acts as a homogenous catalyst, producing *OH radicals that can non-
selectively degrade organic pollutants in waste stream. Fenton reaction can be de-
scribed by the following equation:
Fe* + H,0,—Fe" + «OH+ OH~ @)
Kim et al® reported that the BOD/COD value of landfill leachate oxidized by
Fenton's reagent increased from 0.1 to 0.4 and its biodegradation characteristic

was improved. Xiao et al'*’

investigated the degradation of nitrobenzene wastewa-
ter with Fenton's reagent and found the BOD/COD value of the treated wastewa-
ter rising from 0.068 to 0.86. Li et al'” studied the degradation of dye model
wastewater containing 9 kinds of different reactive dyes and found that under se-
lective experimental conditions the color removal efficiency of the treated waste-
water was by 95%, the COD removal efficiency was 65%~85% and the TOC

1’ did research on the effect of vari-

removal efficiency was by 70%. Zhang et a
ous factors on the degradation of PAP wastewater in a Fenton system and found
that under the optimal operating condition the removal efficiency of PAP was
96%~98%, the removal efficiency of chroma was nearly 100%. The advantages of
Fenton method are easy to handle and operate, using simpler apparatus and mild
reaction conditions. Fenton reaction can be conveniently employed to treat a wide
variety of organic compounds in surface waters as well as industrial effluents. The
combination of Fenton process, which is used as either a pretreatment step or a
final purifying step in an integrated process for the treatment of biorefractory and
toxic organic pollutants, with biological treatment process can increase removal ef-
ficiency and decrease total operation coat of the integrated treatment process. The
combination of Fenton process with other physicochemical treatment process, such

as electrolysis, ultrasound and UV radiation, could increase oxidizing power and

extend application area of Fenton method.



1.2 Fenton-Like Oxidation

Though its high COD removal efficiency and environmental friendliness, Fenton
process is restricted by its long reaction time and more dosage of reagent needed
for the treatment of wastewater polluted by organic compounds. In order to de-
crease the amount of metal ions needed for the catalytic decomposition of hydro-

gen peroxide, researchers”"”

investigated the usage of other metal ions, such as
Co™, Mn™, Cu”and Ag" instead of Fe* in reaction (1), constituting so-called
Fenton-like process according to reaction (2):
M + H,O,—M"" + + OH+ OH 2)

Where, M in the equation (2) stands for metal. The results in the area have
shown that Co™, Mn™, Cu” and Ag" can all catalyze the decomposition of hydro-
gen peroxide. Using Co™ instead of Fe*’, the amount of matal ions needed in the
catalytic reaction (2) is far more less and the reaction rate higher, but the price
of cobaltic salts is higher than that of ferrous salts. While using Mn™, Cu* or
Ag" instead of Fe™, the rate of reaction (2) can also be enhanced at some degree,
but the effect is not as good as using Co”. In addition, the immobilization of
Fe™ on a heterogeneous matrix has also attracted researcher's attention. Fe** was
immobilized on bentonite used as substrate by ions exchange or other techniques
to fabricate solid catalyst for heterogeneous Fenton reaction, which could avoid
the secondary pollution resulted from excess Fe’ in the treated effluent"" '”. The
immobilization of iron ions and / or other transition metal ions on a heterogene-

ous substrate has become one of the directions of the Fenton process.

1.3 Electro-Fenton Oxidation
It has been illuminated that the conventional Fenton process can also be modi-

fied by the combination with electrolysis process, namely electro-Fenton. In an
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electro-Fenton reactor, an electrode usually made of carbonaceous materials, which
mainly include graphite, reticulated vitreous carbon, carbon felt, activated carbon
and activated carbon fiber, is used as cathode, and either a dissolvable stainless
steel (iron) electrode or an inert platinum electrode is used as anode. H.O, can be
electro-generated continuously on the surface of the cathode made of carbonaceous
materials from a two-electron reduction of dissolved oxygen through the reaction
3):

0, + 2H" + 2¢ —H,0, 3)
Fe™ is either electro-generated through the electrochemical reaction (4) when a
dissolvable iron anode is used or externally added when an inert platinum anode
is used.

Fe —2e —Fe” 4)
H.0: electro-generated and Fe™ either electro-generated or externally added into
the electro-Fenton system react rapidly with each other to generate *OH radicals
and Fe'* through the reaction (1). It is obvious that Fenton's reagent is formed in
the electro-Fenton system by H,O. electro-generated from the reaction (3) and
Fe™ electro-generated from the reactions (4) or externally added, jointly.

The standard potential of the couple Fe'/ Fe** (E'=0.77V) is slightly higher
than that of the couple O/H.O. (E’= 0.69 V), so, when dissolved oxygen is re-
duced to H,O, on cathode surface, Fe’' can also is reduced to Fe’ on same cath-
ode surface, namely Fe* is regenerated according to the electrochemical reaction
(5). Due to the rate constant of the reaction (5) usually tends to be much little,
the amount of the Fe™ regenerated is usually negligible compared with Fe™
electro-generated from reaction (4).

Fe* +e —Fe” 5)
Because both H;O, and Fe’* can be electro-generated continuously, electro-Fenton

reaction can also occur continuously in an electro-Fenton system.
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The efficiency of generation of H.O. on a cathodic surface depends mainly on
the material from which the cathode is made and the preparing technique with
which the cathode is prepared, so the preparing techniques of cathodes could be
one of the most critical problems in an electro-Fenton process. Sheng et al®”
summarized some of the main electrodes used as cathodes in the electro-Fenton
processes, proposed a method for the preparation of electrode made from graphite
power modified with HNO; and H,PO., and they also investigated main factors in-
fluencing the activity and life time of the electrode.

Due to the reaction (1) between Fe* and HO. yielding Fe** and the rate con-
stant of the reaction (5) being usually much little, the amount of Fe* will con-
tinuously increase, inducing the excess of Fe'" in an electro-Fenton system. The
excessive ferric ions will combined with hydroxide ions in aqueous solution to
form hydroxyl complexes. These hydroxyl complexes have very strong absorption
and flocculation function and thus can absorb dissolved and colloidal pollutants in
waste stream to form bigger floccules. Pollutants are removed by their homogene-
ous degradation with *OH radicals generated from reaction (1) and their parallel
coagulation with the hydroxyl complexes precipitate. This process is known as
peroxi-coagulation method. Enric Brillas"’ studied the degradation of
chlorophenoxy and chlorobenzoic herbicides in an acidic aqueous medium by the
peroxi-coagulation method. The results showed that pollutants were efficiently re-
moved by mineralization and coagulation, and both degradative paths compete at
a low current but coagulation predominates at higher currents. Daneshvar" re-
searched the decolorization of orange II by an electrocoagulation process and
found that under the experimental conditions decolorization efficiency of orange II
was by 98%, COD removal efficiency was by 84%.

Compared with Fenton process the main advantages of electro-Fenton process

are: (1) the fresh H,O. aqueous solution produced from electrochemical reactions
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has higher reaction activity, and the hazards in the transportation and the store of
concentrated H.O: can be avoided; (2) Fe*' can partly be regenerated on cathode
surface, inducing a less amount of sludge; (3) the treatment process is easier to

operate.

2 Methods Based on Photoelectrocatalysis
2.1 Electrochemical Oxidation

Electrochemical oxidation over a reactive anode in the presence of suitable
electrolytes has been employed for the decontamination of various organic-

containing effluents"® '”

. The mechanisms responsible for organic matter electro-
chemical degradation are: (1) direct anodic oxidation on an anode surface where
the pollutants are adsorbed on the anode and destroyed by an anodic electron
transfer reaction; (2) indirect anodic oxidation on an anode surface where the pol-
lutants adsorbed on the anode are destroyed by *OHu.; (3) indirect oxidation in
the bulk solution, which is mediated by the oxidants such as *OH that are formed
electrochemically. On anode surface with high-oxygen overpotential H,O is oxi-
dized and *OH.. is generated from the reaction (6)
H.0—e —*OHut+ H' (6)

The key operating parameters dictating the performances of an electrochemical
system are the characteristics of working electrode, the types of supporting elec-
trolytes and the applied currents. However, for a long time, due to lack of appro-
priate materials needed for preparation of highly reactive anode, the removal
efficiency of electrochemical method was not cheering and the energy need was
high, therefore the application of electrocatalytic oxidation subjected to restricted.
At the present time, the researches are mainly focused on the development of the
materials needed for preparation anode with high reactive activity and long life.

The anodes made of Ti-based alloys overcome shortcomings of conventional

— 8 —



anodes made of graphite, platinum, TiO,, IrO,, PbO,, etc, and thus have been
widely applied in water purification. Polcaro"® fabricated Ti-SnO, and Ti-PbO,
anode with thermal deposition and electro-deposition methods, respectively, and
investigated the electrochemical degradation of 2-chlorophenol on both the anodes.
The results showed that the toxic compound could be more effectively degraded
on Ti-SnO, anode, with treated effluent only containing a little biodegradable ox-

alic acid. Fockedey et al®

prepared the three-dimensional Sb-doped SnO,-coated
titanium foam anodes and treated phenol wastewater with the electrode, inducing
that the charge consumption necessary is only 6.3 kA h/kg phenol and the energy
consumption is about 5 kWh/kg COD. In recent years, boron-doped diamond
(BDD) anodes have received growing attention for pollutants oxidation since they
exhibit significant chemical and electrochemical stability, good conductivity as
well as they achieve increased rates of mineralization with very high current

(20, 21)

efficiencies . The study results have demonstrated that many biorefractory

compounds such as phenol, naphthol, etc can be completely mineralized with high

current efficiency, even close to 100%, using BDD anodes. Sires et al®”

reported
that although clofibric acid electro-oxidation over Pt was three times faster than
over BDD, the latter was far more effective for complete mineralization to carbon
dioxide and water. This is due to that some carboxylic acid with less molecular

weight generated during oxidation can not completely mineralized on Pt, but can

be completely oxidized to CO, , H,O and inorganic salts on BDD.

2.2 Photochemical Oxidation

1972, Fujishima et al® reported photocatalytic decomposition of water carried
out with a system in which a TiO. semiconductor electrode was exposed to near-
UV light (<415 nm). 1977, Frank et al® showed heterogeneous photocatalytic

oxidation of cyanide ion in aqueous solution with TiO, powder catalyst. Ever
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since, there has been increasing interest in the environmental applications of
photocatalysis. At present, photocatalytic oxidation of organism-polluted water
with TiO, catalyst has been one of most energetic fields in environmental science.
The main photocatalysts used in photocatalytic oxidation are TiO,, ZnO, WO;,
CdS, ZnS, SnO, and Fe;O0,, etc semiconductor materials. From a mechanistic point
of view, the mechanism responsible for photocatalytic oxidation can be explained
as follows: (1) the semiconductor photocatalysts exposed to light with appropriate
wavelengths can generate the couples of electron-hole; (2) these holes and elec-
trons may either undesirably recombine liberating heat or migrate to the surface
of the photocatalysts, where they can react with species adsorbed on the catalysts
surface. (3) the holes with strongly oxidizing power can directly mineralize or-
ganic pollutants to CO,, H;O and inorganic salt, or react with HO to generate
*OHu, while electrons can react with adsorbed molecular oxygen reducing it to
superoxide radical anion which, in turn, reacts with H" to form peroxide radicals.

When TiO; is irradiated by UV light with wavelengths <385nm, the reaction
for photogeneration of couples of electron-hole is as follows:

TiO, +UV —TiOx(e + h") @)

The use of TiO, powder catalyst requires an additional treatment step to remove
it from the treated effluents. Alternatively, the powder catalyst may be immobi-
lized on suitable support matrices, thus eliminating the need for post-treatment re-

moval. Jianwen et al®

prepared TiO,/ACF samples by immobilizing TiO. film on
ACF and investigated photocatalytic degradations of methyl orange and acid
fuchsine solution, respectively. The results showed that the dye compounds could
be removed rapidly from water with the TiO./ACF samples because of the dual
functions: absorption of ACF and photocatalytic degradation of TiO, film on ACF.

Generally, TiO, exposed to UV light with wavelengths of <385nm brings

photocatalytic activity. The modification of TiO. by doping of metal and/or



nonmetal elements and the sensitization of TiO, with photosensitive materials can
either enhance the photocatalytic activity or extend spectrum response range. Cui

et al®

prepared Fe-doped TiO. mesoporous layers on hollow glass microbeads
and investigated its photodegradation of the methyl dye wastewater, suggesting
that the doping of Fe ions makes the absorption edge of the TiO, red-shifted into
the visible region, and the effective photodegradation of the methyl orange aque-
ous solution was achieved under visible light irradiation. Wang et al®” fabricated
N-doped TiO. and researched its photocatalytic degradation of phenol in aqueous
N-doped TiO, suspensions with various light sources, proposing that photocatalytic
activity of N-doped TiO, was markedly higher that of pure TiO..

UV light, simulated solar light and visible light all can act as light sources for
photocatalytic oxidation. From an economic point of view, photocatalysis is likely
to benefit from the use of renewable energy sources to obtain power. In this di-
rection, solar photocatalysis has gained considerable attention. However, nowadays,
the main obstacle for application on a large scale of the technology is lower utili-
zation efficiency of solar light. With overcoming these problems, photocatalytic

oxidation will consequentially face a bright prospect.

2.3 Interactive Oxidation of Photoelectrocatalysis and Electro-Fenton

More recently, interactive oxidation which is a combination between photo-
electrocatalysis and electro-Fenton has emerged®*”. TiO, semiconductor electrode
is used as photoanode, and carbonaceous material electrode is used as cathode in
an interactive reactor. The main advantages of interactive oxidation are:
photoelectrocatalytic process and electro-Fenton process can occur simultaneously
under force of UV light and direct current; organic pollutants are destroyed by the
*OH.s on photoanode surface and by the *OH in bulk solution. The mechanisms

responsible for interactive oxidation are as follows®":



(1) the potential difference between photoanode and cathode can force electrons
photo-generated in photoanode flowing to cathode, decreasing the recombination
between electrons photo-generated and holes photo-generated and thus increasing
quantum efficiency of incidence light;

(2) H,0: electro-generated on cathode surface can directly decompose through
reaction (8) to *OH under irradiation of UV light, increasing the concentration of

*OH in solution;
H.0,+UV—2+0H ®)
(3) Fe(OH)" generated in Fenton reaction can directly decompose through reaction
(9) to Fe*" and *OH under irradiation of UV light, increasing both the regenera-
tion of Fe** and the concentration of *OH in wastewaters.
Fe(OH)2++UV—Fe*+-OH ©)

Generally, a TiO, semiconductor photoanode consists of conducting substrate

such as titanium mesh, titanium sheet and conducting glass and TiO, film sup-

ported on the conducting substrate® *¥

. Duo to very strong oxidizing power and
short life, *OH generated on the photoanode can not diffuse into bulk solution
and thus can only oxidize the pollutants adsorbed on and close to the anode sur-
face.

Because of the limited adsorbability of TiO. film supported titanium mesh, tita-
nium sheet and conducting glass, pollutants in wastewater can not be enriched
close to electrode surface, resulting in longer reaction period. Immobilization of
TiO, film on actived carbon or actived carbon fiber to obtain TiO.-coaded actived
carbon or TiO:-coaded actived carbon fiber, which, in turn, are used to fabricate
photoanode, the reaction period can be shorten and oxidation efficiency can be in-

creased ** *7,

3 Methods Based on Ozonation



Ozone is a sort of gas with special odor and lilac color. The density of ozone
is 1.5 times higher than that of oxygen. The solubility in water is 10 times higher
than that of oxygen. Ozone also is a strong oxidizing agent (E'=2.07V) whose
oxidizing power is stronger than oxygen, chlorine and permanganate, etc familiar
oxidants. Ozone either decomposes in water to form hydroxyl radicals which are
stronger oxidizing agents than ozone itself, thus inducing the so-called indirect
oxidation or attacks directly certain functional groups of organic molecules.
Ozonation has been traditionally employed in drinking water treatment for odor
and taste control and disinfection, as well as for wastewater disinfection. Many
authors reported that ozonation was useful for achieving total decolorization with

partial degradation of some dyes in waters®"”

. However, it is not quite effective
for COD and BOD reduction. Lidia et al® reported a comparative study on oxi-
dation of dispersed dyes by electrochemical process, ozone, hypochlorite and
Fenton reagent. Their study showed: ozonation gave excellent results of the re-
moval of apparent color leading to complete decolorization in 1 min at the ozone
dose of 50 mg/L, but the removal of COD was insufficient to reach the discharge
standards; hypochlorite gave the worst results in terms of color and COD re-
moval; electrochemical oxidation remove 90% of color and 39% of COD; the best
treatment results were obtained with the Fenton process under the pH 3 and the
hydrogen peroxide and ferrous sulphide doses of 600 and 550mg/L, respectively,
with the final effluent fulfiling the requirements of discharge wastewater.

The main drawback of ozonation is the low solubility of ozone in water leading
to its low utilization ratio during the treatment of wastewater. So the cost of
ozonation needs to be further ascertained to enhance the competition of this
method. In order to increase the treatment efficiency of ozonation, some combined
treatment techniques based on ozonation, such as UV/O;, H,0,/0;, UV/ H,0, /O;

have been proposed in the literature. These combined treatment techniques have



proved effectual for the treatment of biorefractory organic pollutants®*. UV/H,
0,/O; can enhance the removal efficiency of volatile organic chloride, reaching the
complete mineralization of the aromatic intermediates formed during the UV/H.

39

0,/O; process™. In addition, the development of ozone generator with the charac-
teristics which are higher production efficiency and lower energy consumption

also is one of key problems for the large-scale application of ozonation.

4 Methods based on ultrasonic sound

Ultrasonic wave is sound wave whose frequencies are higher than 20 kHz.
Ultrasound irradiation or sonolysis is a relatively new technique in water treatment
and, therefore, has unsurprisingly received less attention than other AOPs.
Sonochemical reactions are induced upon high-intensity acoustic irradiation of lig-
uids with ultrasonic wave at frequencies ranging from 20 to 1000 kHz. Ultrasonic
irradiation can yield cavitations (microbubbles) in liquids. After taking in the dif-
fused ultrasonic energy, these microbubbles will collapse instantaneously. At sites
where microbubbles collapse, there will are above 2000 K temperature and over
50 kPa pressure with strong microjet and microstrike. Therefore, each microbubble
acts as a small microreactor which produces different reactive species such as hy-
droxyl radicals, and heat. Three regions for the occurrence of ultrasonic degrada-
tion of organic pollutants are postulated: a hot gaseous nucleus where volatile
organism would be oxidized into CO,, H,O and inorganics; an interfacial region
with radial gradient in temperature and local radical density; and the bulk solution
at ambient temperature where hydrophilic compounds such as azo dyes might be
effectively destroyed by oxidative degradation, provided that sufficient quantities
of hydroxyl radicals are ejected into the bulk solution during microbubble col-
lapse. Although many studies reported the effective use of ultrasonic irradiation

processes for the decolorization of various dye wastewaters, the overall



mineralization of these complex compounds is difficult to reach with ultrasound

alone (40-43)

. In addition, the cost of ultrasonic degradation is comparable to incin-
eration based on economic analysis. Therefore, the combination of ultrasonic deg-
radation with other AOPs has been considered as an effective method for
treatment of biorefractory organic compounds in wastewater. Zhang's study“’
showed that the combination between ultrasound and advanced Fenton process
could decolorize C.I. Acid Orange 7 more effectively. Miao et al“’ studied the
degradation of phenol in water solution by an ultrasound-electrocatalysis system,
suggesting that the total removal efficiency of phenol was higher than the sum of
the removal efficiency in ultrasonic oxidation alone and the removal efficiency in
electrocatalysis alone, with obvious synergetic effect.

Though ultrasonic degradation has been a brightly prospective technique for the
treatment of wastewater, the technique is still at phase of experiment. Prior to the
application of the technique to treatment of industrial wastewater, much works

have to be conducted, such as the optimal design of ultrasound reactor and the

quantitative characterization of reaction mechanism, etc.

5 Wet Air Oxidation (WAQ)

WAO belongs to the family of AOPs and is a thermochemical process where
hydroxyl radicals and other active oxygen species are formed. WAO can be di-
vided into Sub-critical wet air oxidation (BCWAO) and supercritical water oxida-
tion (SCWO0)“’. BCWAO is conducted at elevated temperatures (i.e. 200~320°C)
and pressures (i.e. 2~20 MPa). At temperatures and pressures above the critical
point of water (374°C, 22 MPa), the process is referred to as supercritical water
oxidation (SCWO) with its main feature being that gas and liquid phases form a
homogeneous single phase. In this respect, organics and oxygen become com-

pletely miscible, thus eliminating mass transfer limitations which, in conjunction



with increased reaction temperatures, lead to very high reaction rates“*”. The ca-
pacity of WAO to transform recalcitrant compounds in a high strength of con-
taminated wastewater is the major reason for its development. Typically, WAO
process has shown promising results (80~99% of COD removal) for a complete
mineralization of organic compounds or for their degradation into a less complex

structure, which is more biodegradable. Erdal ect“

studied and compared the
degradation of reactive black 5 azo dye in aqueous solution with UV/TiO,,
electro-Fenton and wet air oxidation, etc AOPs processes, found that wet air oxi-
dation process was most effective method for decolorization and mineralization of
the azo dye. In this process 77% of TOC removal was achieved at 250°C for 180
min treatment. Whenas, treatment of micro-pollutants by WAO is not an economi-
cally viable option as it would result in excessive specific energy consumption
(i.e. energy per unit mass of pollutant destroyed). In addition, the rigorous reac-
tion conditions (high temperature and pressure) of WAO which result in the com-

plication of treatment device and high operating cost also restrict application of

WAO.

6 Several Examples about Treatment of Biorefractory and Toxic
Wastewater

One chemical plant in Yangzhou of Jiangsu province is a manufactory which
produces professionally the intermediates used for pharmaceuticals. There are a
large amount of organic pollutants such as nitrobenzene in production wastewater
whose COD and chroma are 11240mg/L and 2000, respectively and pH is equal
to 3. Through the pretreatment with Fenton's reagent-microelectrolysis technique
and the final treatment with anaerobic filter cell-SBR process, the final effluent
reaches the requirement of Chinese discharge wastewater (GB 8978-1996)“.

One electron-hardware manufacturer of Guangdong province produces mainly



hardware. There are cyanide-loaded wastewater (150m'/d), oil-loaded wastewater
(250m'/d), chromate-loaded wastewater (250m’/d) and acid-alkali-loaded wastewa-
ter (450m’/d) in production wastewater. The wastewater treatment plant of this
factory can treat 1000m’ of the production wastewater per day. After the treatment
with a combined technology between oxidation-reduction and coagulation-
precipitation, the final effluent reaches the requirement of discharge wastewater of
Guangdong province (DB 4426-2001)"".

One electroplating workshop in Chaohu of Anhui province fabricates profession-
ally electroplated layer on surfaces of good-sized mechanical component. There
are Cr’’, Zn**, Ni*", Cd’", CN", PO/~ etc ions in production wastewater. Total
amount of the wastewater is 50m’/d; total concentration of the ions is about 300
mg/L. Through the treatment with chemical oxidation followed by coagulation and
precipitation, the final effluent fulfils the requirement of Chinese discharge waste-

water (GB 8978-1996)“.

7 The Conclusion

Along with the development of human society during late centuries, especially
those advances by leaps and bounds in industry and scientific technology, environ-
ment has been affected severely. The satisfaction of people's material and spiritual
demand also brings out some serious threaten to our living environment.
Nowadays, environmental problem has become the discussion people all over the
world need to join. As a new advanced wastewater treatment Process, AOPs has
the merits of efficiency, general utilization and thoroughness. That is why AOPs
has become the hotspot of research on the field of global wastewater treatment.
Many scholars from all over the world have made outstanding contributions to
this technical and have achieved remarkable development. Although the interna-

tional co-operation has speed the progress of this research, AOPs still has its



disadvantage of high operation cost. To be applied on a large scale it still needs
improvement. Therefore, the combination of advanced oxidation processes with
traditional ways of wastewater treatment might become the tendency of this re-
search in future. Besides that, it is significant to deepen the research on the reac-
tion mechanism responsible for oxidizing toxic pollutants by AOPs. In order to
obtain the best reactive condition of oxidizing organic pollutants and to find out
the most persuading theory backing up the process of reaction, clearly, the elabo-
ration of the reaction process and outcome in reactor would be essential. Also, re-
search workers of each countries should reinforce the collaboration of technology

transfer.
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