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The purpose of this study is to improve the kitchen odour. To this end, the comparative experiments were
conducted in the methods such as mechanical purification, electrostatic purification, adsorption cleansing, fil-
tration purification, washing purification, composite purification, and catalytic combustion etc. The experi-
mental results show that there is a clear correlation between the purification effect and cost, that is, the meth-
od with better purification effect has higher purification cost. Through the comprehensive comparison, it's
found that the catalytic combustion method has the best cost performance. Thus, it's suitable for large-scale
promotion.

1. Introduction

There are fewer frying treatments in foreign diets, so the oil fume concentration emitted in the kitchen is rela-
tively low. In large-scale restaurants, thermal oxidation incineration is mainly used, that is, thermal oxidation,
to convert the oil fume into CO2 and H;O; small and medium-sized hotels mainly use catalyst purification
method, which converts oil droplets into CO; and H,O by catalytic oxidation combustion, thus eliminating the
pollution and odour (Zhang et al., 2010). At present, for the range hood widely used in domestic kitchens, its
operating principle is to firstly use the mechanical filtration method to remove large particles of water droplets
and oil droplets, and then through the rotation of the impeller, to generate inertial separation for centrifugal
force and purify the oil fume by filtration (Yao et al., 2015). However, the purification effect of this method is
limited, since the obvious smoke can still be seen in the discharge outlet of the range hood, polluting the at-
mospheric environment (Mcdonald et al., 2003). Nowadays, the main purification technologies for the cooking
fume include: mechanical purification, electrostatic purification, adsorption purification, filtration purification,
washing purification, composite purification and catalytic combustion method (Xia and Yuan, 2008).

2. Oil fume purification technology
2.1 Formation of cooking oil fume

Cooking oil starts to break down when cooking temperature reaches 170 C, began to form small oil droplets,
the diameter of over 10 ~ 3 cm; Cook begins when the temperature reaches above 270 ‘C evaporation, form-
ing small oil droplets, the diameter of the 10-7-10-3 cm. When food is added to oil, water in food first expands
to form fog, which is mixed with oil mist formed by oil fume and smoke formed by fuel thermal decomposition,
forming oil smoke visible to the naked eye. When food materials are added to hot oil, milad reaction occurs
between cooking oil and carbohydrate, protein, fat and amino acids in the food materials, and secondary reac-
tion occurs between the reaction products and intermediates of the above substances (Chang et al., 1978).
The water in the food material quickly vaporizes and expands and mixes with the soot and the smoke pro-
duced by the fuel to form the oil smoke, which spreads from the cooker to the air, collides with the air mole-
cules and forms an aerosol containing the condensate. Finally, the oil produced in each stage forms the cook-
ing fume together with the thermophilic decomposition of the food material, the oil smoke, the water gas, the
aerosol containing the condensate, and the smoke from the fuel decomposition. Therefore, in general, the
soot we refer to is mainly composed of tiny oil droplets with diameters of 10-3cm or more (Buonanno et al.,
2009).
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2.2 The main components of cooking oil fume

From the formation process of lampblack, it can be seen that lampblack is a kind of aerosol with three phases
of gas, liquid and solid. Its composition is very complex, and it changes with different cooking conditions and
food materials. Due to the differences in dietary habits, there are few reports on the composition of lampblack
abroad. In recent years, domestic research on this aspect has attracted great attention. Knowing the ingredi-
ents of cooking oil fume can help to develop targeted oil fume purification technology and equipment. In addi-
tion, understanding the main components of cooking fume also has important guiding significance for the de-
sign of smoke simulation and detection device in the experimental research scheme.

Liu et al. (2002) performed gc-ms analysis on organic components in repeatedly heated cooking oil smoke,
and detected a total of 196 components, including aldehyde, ketone, hydrocarbon, ester, acid, alcohol, aro-
matic and heterocyclic compounds. As can be seen from Table 1, the main components are alkanes and ole-
fin, followed by organic acids, aldehydes and polycyclic aromatic hydrocarbons.

Table 1: Organics in cooking oil smoke are classified and distributed

Classification Smoke particles Volatile organic compound
Aliphatic hydrocarbon 54 24
Mononuclear aromatics 2 5
Polyaromatic hydrocarbon 10 4
Aldehyde 10 15
Phenol 5 2
Alcohol 5 3
Acid 15 8
ester 12 6
Ketone 8 1
heterocycle 5 2

Li et al. (1992) used gas chromatography-mass spectrometer to analyze the total chemical composition of the
condensate in kitchen oil-absorbing tobacco machine cup. The study showed that there were 74 compounds
in total, and after removing 15 isomers, the remaining 59 organic compounds were divided into 8 categories,
including hydrocarbons, alcohol phenols, aldosterone, carboxylic acids, thick-ring heterocyclic rings, and poly-
ols.

According to the components of lampblack, the main components of lampblack contain alkanes and olefin,
followed by organic acids, aldehydes, ketones and polycyclic aromatic hydrocarbons. Ingredients are very
complex and include many toxic and harmful ingredients. Zhu (1985) pointed out that although aliphatic hy-
drocarbons, the main component of oil fume, are not carcinogens, but eleven alkanes, dodecane, octadecane
and eicosane are important carcinogenic substances. The detection of formaldehyde, acetaldehyde, propanal,
glutaraldehyde and heptanal, as well as dimethyl acrolein, dimethyl octenaldehyde, 9,17-octadecanoaldehyde
and so on, has been proved to be mutagenic and closely related to the occurrence of lung cancer. The phe-
nolic compounds detected, such as phenol and methylphenol, are important oncogenic compounds. Detect
many kinds of polycyclic aromatic hydrocarbons (such as naphthalene, fluorene, fluoranthene, pyrene, ben-
zopyrene, etc.) is recognized as an important strong carcinogen, it can raise the risk of damage to the repro-
ductive system, lead to skin cancer, lung cancer, upper gastrointestinal tumor, hardening of the arteries, infer-
tility, polycyclic aromatic hydrocarbons as the impact of environmental contaminants in food cannot be under-
estimated (Zhou, 1997; Chen et al., 1999), in the process of smoked and roasted food often produce a large
number of polycyclic aromatic hydrocarbons, is very dangerous to the health of human body.

2.3 Mechanical purification

Mechanical purification method mainly includes inertial separation, cyclone separation and filtration etc. Its
main advantages are simple equipment, low operating cost and low pressure drop; however, the removal rate
of small particles is very low (Xia and Yuan, 2008). It is generally suitable for cleaning in the case of pre-
treatment or in combination with other methods. Figure 1 shows the basic process flow of this method.
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Figure 1: Process flow of mechanical purification method
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2.4 Electrostatic purification

The electrostatic purification device utilizes the collision of electrons and smoke particles under the action of
high-voltage electric field to charge the smoke particles, so that the charged particles are captured in the dust-
removing area by the electric field force, so as to achieve the purpose of purifying and separating. It has the
advantages of small occupied area and high purification efficiency, but its application is subject to certain re-
strictions due to secondary pollution caused by daily maintenance and cleaning. Figure.2 shows the basic
process flow of this method.
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Figure 2: Process flow of electrostatic purification method

Tang (2015) designed a new cooking fume separation device using the principle of high voltage static electrici-
ty. The device consists of three parts: the insulating shell, and first and second electrostatic devices; the first
electrostatic device is disposed below the second electrostatic device. It's characterized by easy assembly
and good insulation performance since all the live parts are enclosed in the insulating shell. The device is ap-
plied to a range hood, and the high-voltage electrostatic fume separation device can be easily disassembled,
greatly expanding the application range.

2.5 Adsorption purification

The adsorption purification method mainly utilizes the adsorption characteristics of the porous material to ad-
sorb and remove most of the particulate matter and VOCS. The main advantage is that the removal rate of the
aerosol is high, and the purification effect on the odor is obvious; however, the adsorption capacity of the ad-
sorption material is gradually reduced with the adhesion of the smoke, so the adsorption material must be fre-
quently replaced, so the maintenance cost is higher, and the replaced adsorbent material will also be subject-
ed to secondary pollution due to the proliferation of bacteria and mould (Zheng et al., 2015). Therefore, this
method has not been widely used.

2.6 Filtration purification

The main principle of the filtration purification is that the fume particles are filtered through the filtering layer
made of the lipophilic polymer filter fabric (fibre, filter cloth, etc.), and the contaminants are trapped so as to
achieve the purpose of filtration. It has the advantages such as high purification efficiency, up to 90%, and the
stable operation process, but also has the disadvantages of large pressure drop, high cost and noise pollution
(Chen et al., 2006). These all limit the promotion of filter purification.

2.7 Washing purification

The principle of the washing purification is to change the washing liquid (water, chemical agent) into the liquid
mist or liquid film by specific devices, so that the pollutants can be transferred from the gas phase to the liquid
phase, thereby achieving the purpose of washing and absorbing harmful gases and particulate matter. Liquid
washing purification can achieve the absorption of harmful gases and the removal of particulate contaminants
in fumes, but the washing waste liquid must be treated before being discharged into the sewer, otherwise it
will easily cause secondary pollution (Liang et al., 2011). Therefore, in future, the research should focus on the
optimization of washing liquid modification and processing technology so as to reduce pollution (Zeng and Qiu,
2014).

2.8 Composite purification method

Since the composition of the cooking fumes is very complicated, the advantages and disadvantages of various
purification methods are quite different, so a combination of various purification technologies are adopted in
the purification equipment, that is, the composite purification method. Commonly, inertial separation combined
with electrostatic methods has been widely used because of its high efficiency in line with the domestic sus-
tainable development concept.

Mi Junfeng et al. Junfeng Mi et al. (2015) developed a new composite fume treatment device, and its principle
is the combination of centrifugal technology, filtration technology, photolysis technology and corona discharge
technology. Studies have shown that as working hours continue to increase, the purification efficiency can be
maintained at around 95%.

In addition, the high-gravity method integrated with inertial collision, filtration separation, interception effect
centrifugal separation, diffusion effect, and liquid washing etc. is used to realize the separation of gas phase,
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liquid phase and solid phase in the fumes, and then achieve the efficient, economical and environmentally
friendly purification (Atik Winarti et al., 2018). However, this method hasn’t been widely used because it is still
in the small gas test phase (Zhang, 2009).

2.9 Catalytic combustion method

Catalytic combustion is a process in which organic matter is subjected to flameless combustion under the ac-
tion of the catalyst to generate carbon dioxide and water. Since the entire process can be carried out at lower
temperatures, energy consumption is greatly reduced. Compared with the ordinary thermal oxidation method,
the catalytic combustion method has higher pollutant removal efficiency to avoid the generation of secondary
pollutants. It's an environmentally friendly catalytic purification technology (Lv, 2010).

Catalyst plays a very important role in the catalytic combustion process. It can effectively reduce the activation
energy of the reaction, thereby increasing the reaction rate and lowering the reaction temperature. The cata-
lyst performance determines the efficiency of the catalytic combustion reaction. Precious metal catalysts have
been widely recognized by many scholars for their high activity, long service life and good heat resistance.
However, precious metals are quite expensive and difficult to recycle and recycle, making the cost of precious
metal catalysts greatly improved.

3. Experiments for purification technology to improve the kitchen odour
3.1 Experimental design

In this technical experiment, several types of fume purification equipment above were used to verify and com-
pare the air quality purification effect in the kitchen. A 15 square meter enclosed space was used as the kitch-
en.

3.1.1 Experimental equipment and materials

The common fume purification equipment in line with the standards was selected in the market, one equip-
ment for each purification technology was selected. The specific equipment model corresponding to the puirifi-
cation technology is: Jing Zhicong mechanical catering industry fume purification integrated machine adopts
mechanical purification method; Hunzio electrostatic hood adopts electrostatic purification method; Macro
range hood adopts adsorption purification method; Robam air purification range hood adopts the filtration type
purification method; the Uger SX100 washing machine adopts the washing type purification method; the Oer-
likon commercial range hood adopts the composite purification method; the JTWD catalytic combustion envi-
ronmental protection equipment adopts the catalytic combustion method.

According to the sales of edible oil in shopping malls and supermarkets, this experiment selected the blend oil
commonly used in food cooking as the research material. The specific material was: Gold Arowana blend oil.

3.1.2 Purification verification design

(1) Before each experiment, continuously exhaust the experimental kitchen for more than 12 hours, and then
stand still for not less than 1 hour;

(2) Close all doors and windows of the experimental kitchen, and only keep the ventilation interface between
the purification equipment and the outside;

(3) Heat 200ml of cooking oil (new oil) at the cooking temperature of 200°C in the centre of the experimental
kitchen, continue heating for ten minutes, and then make subjective odour evaluation;

(4) Start the fume purification equipment (one device per experiment), and make purification treatment for
0.25h, 0.5h, 1h, 2h, respectively, and carry out the odour evaluation separately.

After each experiment, the residual fumes and oil stains in the experimental kitchen were completely removed
to avoid interference with the results of the next experiment.

3.2 Analysis of experimental results

Table 2 lists the purification technology verification results. During the seven experiments, the odour level in
the experimental kitchen was 1.5 before the purification treatment. The electrostatic purification, adsorption
purification, combined purification and catalytic combustion methods have a better purification effect, and the
kitchen odour level can be significantly improved. Among them, the catalytic combustion method has the high-
est purification efficiency, and the kitchen odour level can be raised to level 4 within 0.5 hours. Filtration purifi-
cation and washing purification are generally effective, and after 2 hours of treatment, the kitchen odour level
can only be raised to 3.5. The worst purification effect is the mechanical purification method, which increases
the odour level of the kitchen to 3 after 2 hours of treatment.
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Table 2: Kitchen odour evaluation results before and after the treatment of fume purification

Purification technology Pre-fume  Treating for Treating for Treating for ~ Treating for
treatment  0.25h 0.5h 1h 2h

Mechanical purification 1.5 2 25 3 3

Electrostatic purification 15 3 3.5 4 4

Adsorption purification 1.5 3 3.5 4 4

Filtering purification 1.5 25 3 3.5 3.5

Washing purification 1.5 2.5 3 3.5 3.5

Composite purification 15 3 3.5 4 4

Catalytic combustion 15 3.5 4 4 4

3.3 Comprehensive comparative analysis of fume purification technology

This paper makes a comprehensive comparative analysis of the fume purification technology in terms of tech-
nicality and economy. The results are shown in Table 3. The catalytic combustion methods have the best puri-
fication effect and the least secondary pollution. The electrostatic purification method, adsorption purification
method and composite purification method take second place in terms of purification effect, but with the disad-
vantage of high cost. The filtration purification method and the washing purification method have a common
purification effect and low cost, but with the disadvantage of higher secondary pollution. The mechanical puri-
fication method has the worst purification effect and the lowest cost; it's suitable for pre-treatment of the large-
scale fume purification.

Through comprehensive analysis, among these purification technologies studied in this paper, the catalytic
combustion method is a more economical and direct method for purifying the cooking fumes. From the devel-
opment trend of the fume pollution control technology in the catering industry, on the one hand, it is necessary
to formulate more stringent standards and control the emission of PME and VOCs in the fume as soon as
possible; on the other hand, the study on the catalytic purification mechanism of macromolecular oxygen-
containing organic compounds should be also carried out urgently according to the characteristics and laws of
cooking fumes.

Table 3: Comparison of various types of fume purification technology

Purification

Type efficiency Secondary pollution Cost Operation
Make cleanliness every half
Mechanical Purification  Lower Less Lower year for pre-treatment and
primary treatment
The absorbed and pre- Clean the plate (with much
Electrostatic purification  High cipitated waste oil High grease stain, difficult to be
needs to be treated cleaned) every half year
. e s . . Adsorption materials must
Adsorption purification High More High be replaced frequently
Filtration purification Common replaced waste should Common Filter medium requires fre-
be properly treated quent replacement
The ‘absorbent needs Make cleanliness every half
Washing purification Common to be treated before Lower ry
. . year
being emitted
Catalytic combustion Higher Less Higher :Ir;r;;;al replacement of cat-
Automatic cleaning, month-
Composite purification High Common Higher ly replacement of cleaning
agent

4. Conclusions

In this paper, kitchen purification experiments were performed on seven types of fume purification technolo-
gies such as mechanical purification, electrostatic purification, adsorption purification, filtration purification,
washing purification, composite purification, and catalytic combustion. It's found that all these seven purifica-
tion technologies have good kitchen odour purification effect. Among them, the catalytic combustion method
has the best odour enhancement effect and less secondary pollution, which is suitable for wide-scale promo-
tion.
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