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ABSTRACT The microwave irradiation technologies applied to environmental protec-
tion is surveyed. The mechanism and features of microwave irradiation and the micro-
wave technologies applied to wastewater are emphasized especially. Waste gas and waste
solid treatment, environmental protection materials production and environmental
monitor and the problems of the technologies are discussed the applicable prospect of

the microwave technology in the environmental protection.
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1. Introduction

Since 1970 the use of microwave devices successfully pro-
cessed nuclear waste since, microwave technology quickly
spread to the chemical field. The past ten years have been
noted in microwave potential field of environmental pro-
tection. Microwave heating mechanism and characteristics
of wastewater, waste gas, solid waste treatment, research,
environmental monitoring and other environmentally
friendly materials have carried out extensive research on
the development direction of our microwave technology is
prospected, we believe Microwave Technology which will
have broad application prospects, once industrialization
can bring enormous economic and social benefits.

2. The mechanism and characteristics of microwave
heating

Microwaves are a form of electromagnetic energy. You can
change the ion mobility and rotation of dipoles, but does
not cause changes in the molecular structure of non-ion-
izing radiation. Microwave usually refers to wavelengths
of between 1 mm to 1 m (frequency 300-300000 MHz)
electromagnetic waves, interposed between the infrared
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and the radio waves, and the most commonly used heating
frequency is 2450 MHz. In general, the medium is heated
in the microwave field. There are two mechanisms, namely
ion conduction and dipole rotation. In the practical appli-
cation of microwave heating, the microwave energy dissi-
pation of two mechanisms exists.

2.1. Mechanism of ion transferring

Ion conductive electromagnetic field can move away from
the conductive solution of ions, ion movement to form a
current, due to the obstruction of the media and ion ther-
mal effects [1-3]. All ions in solution from the conduc-
tive effect, but the effect size and media concentration and
mobility of ions related. Therefore, the loss of ion trans-
port microwave energy generated depends on the ion size,
charge amount and conductivity, and is affected by the in-
teraction of ions and molecules in solution.

2.2. Dipole rotation mechanism

Media is composed of many positively charged at one end,
one end with a negatively charged molecule (or dipole)
component. If the medium is placed between two metal
plates, dipoles within the media as messy motion, when
the DC voltage is applied to a metal plate, there is a DC
electric field, dielectric dipole internal rearrangement be-
tween two poles formed. There are certain polarization ori-
ented molecules regularly arranged. If a certain frequency
of the alternating current into direct current, the electric
field between the two poles will be alternately changed in
the same frequency, medium fast swing corresponding di-
poles in the 2450 MHz electric field and the dipoles to 4.9
x 109 times/s. fast swing speed. Due to thermal motion
of molecules and interactions of adjacent molecules, so
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that the dipole change with the applied electric field direc-
tion and made subject to interference and obstruction rule
when swinging, producing a similar effect of friction, so
that chaotic motion of molecules gain energy to heat The
forms, also will increase the temperature of the medium.

Relaxation time, temperature and viscosity dipole heat-
ing efficiency and related media. The mobility medium
temperature and ion concentration and relaxation time of
the medium determines the contribution of the two energy
conversion mechanism of heat.

3. Waste gas treatment

With the development of modern industry, sulfur dioxide,
nitrogen oxide emissions more and more. Sulfur dioxide
in the atmosphere is the main source of acid rain, nitrogen
oxides will destroy the ozone layer and can form photo-
chemical smog, heavy metals and carbon particles are all
humans and the whole ecological environment great harm.
The use of microwave technology can handle nitrogen ox-
ide and sulfur dioxide, while also effectively collect carbon
particulates in the exhaust gas.

SO, and NO; in the exhaust gas, in addition, there are a
lot of N,, H,O, CO2 and O,, these substances can be be-
tween 5-20 eV ionization and excitation of electrons can
form an active group [4]. This high energy microwave fre-
quency electromagnetic waves, can excitation and ioniza-
tion N,, H,0, CO,, O,, forming HO, HO,, N, H radicals
and free electrons. HO, HO,,O and reacted with SO, and
SO, and NO, generated NO,. Therefore, you can use mi-
crowave energy is directly processed SO, and NO,. Such
as: D. Martin 2.45 GHz microwave use direct coal-fired
flue gas SO, and NO,, active group in the form of micro-
wave radiation in combination with SO, and NO,, SO, and
generates NO,, in water to form H,SO, and HNO,, achieve
treatment purposes [5].

In addition, under microwave irradiation can be easily
absorbed microwave radiation of a substance as a reduc-
ing agent in the exhaust gas treatment SO, and NO,. Daxin
Zhang, who simulated conditions in a laboratory experi-
ment, a study without a catalyst by microwave. A new
method processing carbon dioxide reduction technology,
the research results show that: the removal microwave
power and the type of reactor and the heating rate of sulfur
dioxide large [6]. When the microwave is continuously ap-
plied, the sulfur dioxide removal efficiency up to 95%, in
addition to sulfur dioxide and activated carbon products
were characterized. Cha US company and the University
of Wyoming joint use of easy absorption of microwave
radio frequency energy activated carbon reductant in the
role of RF energy field, the removal of coal-fired boiler flue
gas SO, reduction not only makes success to elemental S,
NO, reduction to protect the air N,, carbon is converted
to CO,, and the desulfurization rate of more than 95% [7].
Chang Yuicha and others to collect and destroy chlorine
and nitrogen containing a wide range of volatile organic
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compounds [8] using a microwave. Volatile organic mat-
ter mineralization to H,O and non-chlorinated CO,, HCI
chlorinated organics produced there. In the apparatus of
adding equipment to absorb HCl. Meanwhile, the device
can also be removed after the combustion gases SO, and
NO,. To purify the air, improve the quality of the atmo-
sphere. This method and plasma method for flue gas des-
ulfurization and denitration equipment compared with
the simple, small one-time investment, simple operation,
long life and other advantages, because they do not use
catalysts, catalyst deactivation and poisoning and other
problems do not exist. Therefore, the microwave process-
ing technology will win broad market in natural gas, pet-
rochemical, and other fields.

Because of carbon fine particles in the flue gas particle
diameter is extremely small, about 0.01-0.2 pum, suspended
in the air long-term, easy-deposited through the respira-
tory system in the human lung, highly carcinogenic. For-
eign working on a microwave heating collect carbon par-
ticulate collector, when the carbon particles accumulate to
a certain extent, it can automatically burn off, the collector
filtering effect of carbon particles reach 60% to 90%, due to
the carbon particles can be automatically combustion can
be removed from the trouble of manual collection [9].

4. For solid waste disposal
Annual global industry generates a variety of oil-rich mud
up to several billion t, if the traditional separation methods
and landfill, the costly and occupy a considerable amount
of landfill space. Therefore, the oil-rich sludge treatment
and waste oil recycling research new technologies become
a pressing global issue. To solve this problem, DA Purta
Carnegie Mellon Institute of Pittsburgh and other envi-
ronmental research center have developed oil sludge oft
the oil technology. The results showed that: microwave de-
oil treatment system 30 times faster than the conventional
method, the system volume than conventional emulsion
separation system 90% less. Imperial Petroleum Recovery
Company R. Edward Peterson et al Purta technology base
on the further development of the crude oil sludge remov-
al technology [10]. The procedure is as follows: First, the
original emulsion with microwave radiation, and then cen-
trifuged in a continuous flow mode. The device process-
ing capabilities of 283.5 L/min. Isolated high-quality oil,
containing low amounts of water and solid pasty solid. Oil
recovery was 98%, the residual solids can be landfilled.

Microwave technology also enables the construction
waste recycling. According to reports, the United States
CYCLEAN company uses microwave technology can be
100% recycled construction waste, recycled old asphalt
road fabric, same quality with the new asphalt road fab-
ric, and the cost can be reduced 1/3, while saving trash
and handling and other costs, greatly reducing urban pol-
lution [11].

Microwave radiation of certain solid waste drying and
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sterilization. Yingwei Ding such as the use of microwave
radiation drying animal excrement can improve the effi-
ciency of agricultural animal manure as fertilizer, can kill
pathogens, both to increase the income of aquaculture, and
reduce agricultural pollution [12]. Alschuler and others to
sewer feces into the microwave oven, microwave drying af-
ter combustion 45min, a bunch of pasty contaminants into
a pile of clean, powdery ash [13]. Ikawa, who put a piece of
contaminated cotton into the microwave oven, microwave
sterilization can only 1 min up to 99% [14]. Therefore, the
microwave technology for drying and sterilizing treatment
of solid waste, not only to facilitate saving, and pollution,
high efficiency.

Since the medical waste is toxic, it is difficult to be treat-
ed by a conventional method. Studies have shown that:
microwave technology can be used on-site medical waste
disposal, but also for waste transfer process [15,16]. Wer-
ner Curt et al found that many hospitals prior to the toxic
waste disposal, the use of microwaves to sterilize them
[17]. Under certain conditions, the medical waste after wet
grinding, using microwaves to sterilize waste, toxins will
be completely eliminated; the waste volume is reduced by
60% to 90%.

5. For sewage treatment

The microwave radiation technology to replace the tra-
ditional heating methods used to eliminate organic pol-
lutants late 1980s, the rise of a new technology, which is
characterized by fast, efficient, do not pollute the environ-
ment. The use of microwave heating characteristics, the
microwave technology can be effective sludge processing
and preparation of organic pollutants in environmentally
friendly materials applied.

Organic pollutants in sewage treatment method is com-
monly used activated carbon adsorption, but the surface of
activated carbon adsorption of organic matter, but difficult
to handle. Microwave radiations effective desorption of
organic carbon surface, activated carbon regeneration and
facilitate digestion of organic matter and recycled. Studies
have shown that: the use of microwave heating desorp-
tion degradability organic matter in sewage. As Zouzong
Bo, who use microwave radiation to remove pollutants
in wastewater Sulfosalicyl [18]. When waste water treat-
ment, activated carbon adsorption of contaminants first,
then charcoal filtered with microwave radiation, regener-
ated, can effectively eliminate the contaminated water of
organic matter. Experimental results show that: Waste-
water Sulfosalicyl removal 97.4%. Jin-Cheng Wang et al,,
In the presence of activated carbon under microwave ir-
radiation enables Reactive Brilliant Blue KN-R solution
rapidly bleaching, per g of activated carbon concentration
of 300 mg/L of Reactive Brilliant Blue KN-R solution 50
mL, microwave 4 min, decolorization rate 97.1% [19]. The
study also showed that due to the activated carbon under
microwave irradiation treatment capacity Reactive Bril-
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liant Blue KN-R was significantly higher than the saturated
adsorption of reactive brilliant blue KN-R under the acti-
vated carbon at room temperature, indicating the presence
of activated carbon under microwave irradiation enables
reactive brilliant blue KN -R bleaching, in addition to the
activated carbon adsorption, and can still lead to some
chemical changes. G. Chih, who used the low energy of
microwave radiation, and can absorb the sewage organic
toxicants in granular activated carbon surface trichloreth-
ylene, xylene, naphthalene and the like desorbed hydrocar-
bons and digestion, the final decomposition rate of 100%.
The treated water is in long-term stability [20]. Also dem-
onstrated microwave having the ability to degrade organic
contaminants adsorbed on the surface of activated carbon.
Satoshi Horikoshi, who at the same time by using micro-
wave technology degradation TiO2 suspension after photo
degradation rhodamine dye-B [21]. Because microwave
irradiation greatly accelerate the hydroxyl radicals formed
during the reaction and improve the surface activity of
TiO,, thus contributing to the degradation efficiency of
rhodamine dye-B. Lixin Xia et al degradation when using
microwave radiation technology polyvinyl alcohol (PVA),
microwave power 800 W, irradiation time of 1 min, pH of 3,
H,0, dosage units of PVA is 0.22 g/g, 5 mL polyvinyl alco-
hol content of 7 % of the average degree of polymerization
can be reduced to 67 [22] within 1 min. This will undoubt-
edly broaden the application fields of microwave radiation.

In the sewage treatment process, it can be used to replace
conventional microwave heating the sludge dewatering and
drying. Studies have shown that: microwave heating can be
used to mechanically dewatered sewage sludge treatment,
and the effect is particularly significant. Fu et al reported
a large place, the undigested sludge wastewater treatment
plant into the microwave oven heating 45 min, immediate
effect is to reduce water content of sludge increased from
75% to 50% or less, low processing costs, and time is short,
simple equipment [23].

Microwave in preparation of environmentally friendly
materials mainly relates to the preparation of polyacryl-
amide flocculant (PAM), activated carbon sorbents and
composite oil-absorbing body. Liwan Jie, who use micro-
wave radiation preparation of polyacrylamide (PAM) [24].
They acrylamide solution using microwave heating, can
be synthesized only 5 min PAM, PAM and for coal wash-
ing wastewater treatment effect compared to conventional
heating method, flocculation strong adsorption capacity of
pulverized coal particles, floc settlement rate, high water
recoveries. Ning equality of people with microwave irra-
diation - the method of zinc chloride (ZCMR) take saw-
dust activated carbon, chromium-containing wastewater
treatment research results show that: the sawdust activated
carbon adsorption capacity, filtering speed, easy operation
control, etc., activated carbon chromium The adsorption
capacity is 1.72 times the level of commercially available
powdered activated carbon adsorption capacity limit 21.5
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mg/L, filtration rate of 1.64 times the commercially avail-
able activated carbon [25]. Jinhui Peng, who studied the
microwave radiation through straw manufacture of acti-
vated carbon impregnated with zinc chloride, the results
showed that: by microwave radiation 8 min, the resulting
force of Methylene Blue decolorizing charcoal was 170
mL/g, a product of the national standard (LY216 -1979) of
1.42 times, the time compared to traditional methods of
1/45 [26]. Road Jianmei, who used the microwave synthe-
sis of butyl methacrylate and acrylic acid -hydroxyethyl
acrylate copolymer complex oil-absorbing body and acry-
late, 2-ethylhexyl acrylate and acrylic acid p-hydroxyethyl
acrylate copolymer complex oil-absorbing body [27]. The
effects of monomer ratio, initiator amount, crosslinking
agent, various factors influence microwave radiation pow-
er high performance oil-absorbing composite body, which
prepared the excellent performance of oil-absorbing com-
plex.

6. For environmental monitoring

At present, the application of microwave technology in en-
vironmental monitoring is mainly microwave extraction
and microwave disinfection. Microwave sample digestion,
extraction aspect has been widely used in foreign coun-
tries.

The basic principle is to use microwave technology me-
dium absorbs microwave energy level difference, by se-
lecting different parameters of the solvent and adjusting
the microwave heating of materials in the selective extrac-
tion of the target component, so that some of the organic
constituents in the sample (such as an organic pollutant
) aim to achieve with the matrix material isolated the ac-
tive ingredient, microwave extraction has been used in the
extraction and separation of soil and organic pollutants in
sediment samples were extracted organic pollutants, in-
cluding organochlorine pesticides, PCBs, phthalic esters.
1986, K. Ganzler et al reported the first use of microwave
extraction of organic compounds from contaminated soil
studies [28]. Microwave-assisted extraction of soil, sedi-
ments and other studies of organic contaminants is very
active. Many papers published in recent years.

Results V. Lopez-Avila et al showed that: standard soil
and sediment samples in a microwave extraction device
(with pressure and temperature control systems, CEM pro-
duction) of using n (n-hexane) tn (acetone) = 1t1, at 80 °c,
115 °c, extraction at 145 °c 5min, 10min and 20min. PAHs,
OCPs and average recoveries of phenolic compounds is
65% to 85%, the same conditions, the extraction rate of
50% at room temperature [29]. V.Lopez-Avila, who believe
MAE compared with the traditional Soxhlet or sonica-
tion extraction, significantly saving extraction time and
solvent consumption. RCLao, who studied microwave as-
sisted extraction of PAHs in environmental samples, and
with the traditional Soxhlet extraction, mechanical shak-
ing extraction results were compared in the commercial
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domestic microwave oven (Sanyo EM804T) in, 250 mL of
cyclohexane mixed with PUF sample, the maximum power
heated under 25 s, continuous operation five times, the re-
covery study aging 1 d, 6 d, 21 d of PUF in PAHs showed
that in addition to the large molecular weight PAHs, the
extraction rate greater than mechanical oscillations MAP
extraction, aging 6d of PUF , MAP and Soxhlet extraction
efficiency considerably.

H. Budzinski and others with focused microwave-assist-
ed extraction system at atmospheric pressure to extract
PAHs from the standard sample sediment and biological
tissue research [31]. Under optimum conditions, the pow-
er is 30W, time was 10min, the extraction agent (dichlo-
romethane 10-20 mL), water mass fraction of 20% to 30%,
the extraction rate of 85% (compared with the standard
value), with the traditional The Soxhlet extraction com-
pared to substantial savings in extraction time and solvent
consumption.

Fionuska et al conducted a sample study of microwave-
assisted extraction of PCBs [32]. After 500 mL water
sample +10 g NaCl +50 mL of isooctane was added after
mixing tetrafluoroethylene sealed container, (70 + 5) °c
microwave treatment 2 min at full power, water cooled
to ambient temperature, the above steps are repeated at
least 5 times. With the traditional liquid-liquid extraction
results (500 mL water sample was extracted with dichlo-
romethane and 50 mL in 1 L separating funnel 2 min)
quite. PCBs series material recovery of 68% to 85%, if the
increase the extraction temperature reaches 100 °c, the re-
covery rate can reach 95%. The results showed that with
Na,Cl amount increases, the recovery rate has improved
significantly. NaCl is added after the one hand, salting out
effect plays an important role, while increasing the NaCl
concentration, the water absorption capacity of the sample
of the microwave in favor of increasing the extraction.

The use of microwave-assisted techniques to extract
samples were analyzed for PCBs [33], [34] phenols, pesti-
cides [35,36] the same herbicide has a high recovery rate,
high selectivity, fast heating, easy temperature control and
low solvent consumption, small equipment size, reduce
pollution and waste products, such as a series of advantag-
es. Visible, microwave assisted extraction will have a good
prospect in analytical chemistry and get more people’s at-
tention.

7. Research prospect

Although the microwave technology application in the
field of environmental protection is encouraging, but as-
sociated with fundamental research in general, or back-
ward. To solve the problem of basic research, the key is
based on the characteristics of electromagnetic waves, the
impact of chemical reactions to be studied. Different dif-
ference frequency of the microwave to the same effect of
the compound; Reaction results in the same type of chemi-
cal reactions at different microwave frequencies, to further
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identify the relationship (on molecular structure) and the
compound of microwave frequency between; molecular
structure in a microwave changes in radiation, find micro-
wave conditions affect molecular structure; the relation-
ship between research and bond vibration frequency of the
microwave, as well as the load of a certain frequency of the
electromagnetic field of the microwave phase (modulation
scheme) on the chemical bond. But also to investigate envi-
ronmental conditions (such as the shape microwave cavity,
the reaction vessel shape, temperature, etc.) relations with
microwave chemical reaction effect. Thus revealing the
existence of some in the microwave non-thermal effects,
which can have a purpose in future studies. There is a di-
rection to the microwave, microwave conditions starting to
adapt to the design of the chemical reaction from the theo-
ry, and the reaction targets prediction. Reaction to achieve
objectives such as the desire to predict that contaminants
from water in the microwave process which, it is possible
to recycle useful materials to offset part of the cost of sew-
age treatment, thereby reducing processing costs, its early
industrialization. In addition, the application of micro-
wave technology in the field of environmental protection
is mainly based on its thermal effects. Therefore, accurate
distribution of measured or calculated temperature field of
the microwave field is particularly important, the accuracy
of the temperature field measurements to improve the pro-
cessing efficiency, control of microwave leakage and reduce
the energy consumption of great significance. There is no
one ideal method can accurately calculate the microwave
field distribution of temperature field, the United States
developed the H500 and H2900 design type and other lab-
oratory dedicated microwave processor and it has greatly
improved in terms of precise temperature control.

With the increasingly widespread application of micro-
wave technology, whether the impact on human health
problem it urgently clear. But the key is designed to pre-
vent leakage of microwave reaction chamber. Sun Pingdeng
people being studied using computer simulation to design
microwave reaction chamber to reduce microwave leakage
purposes. Even microwave leakage, the microwave absorb-
ing material can also absorb microwaves and maximally
converted into other forms of energy (mainly in the form
of heat), and others such as Hu Kuo-kuang test confirmed
that the fine iron ore processed electromagnetic wave 7-12
GHz band has greater absorption, could be a cheap ab-
sorbing material [38].

In summary, the microwave applications in the field of
environmental protection with fast and eflicient, simplify
procedures, environmental resource recycling utilization,
energy saving, low cost saving. Microwave technology in
processing and there is great potential of the preparation of
air, water, solid waste environmentally friendly materials,
but it is also a good monitoring techniques. As we can pay
attention to microwave leakage to harm people and their
surroundings, and to control, while avoiding disadvantag-
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es. With the continuous development of people’s attention
to environmental protection and environmental technolo-
gy microwave, we believe microwave technology will bring
great industrial and social benefits.
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