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The effect of reaction temperature, reaction time, initial chemical oxygen demand (COD),
excess O2 (EO), and catalyst concentration on the efficiency of catalytic wet air oxidation (CWAO)
treatment of refinery wastewaters consisting of various oily wastes, water, heavy metals, toxic
compounds, etc. was studied.   In general, COD decreases substantially with temperature, EO, and
oxidation time.  Addition of homogeneous Co2+-based catalysts reduces COD by as much as 98.7%.
Keywords: catalytic wet air oxidation, oily wastes, chemical oxygen demand, wastewater treatment,
cobalt catalyst.

The main sources of oily wastewater include oil refineries, petrochemical plants, metallurgical
industries, and accidental oil spills to the water surface. Before being discharged into natural water bodies,
oily wastewater must be treated [1]. Purified water must comply with the wastewater discharge standards
(federal or local). According to the standards of China, oil content in the discharged purified wastewater
cannot exceed 10 mg/L [2]. Hydrocarbons, even in small concentrations, are toxic to the microorganisms
used for biological purification of wastewater.

One of the most efficient technologies for the treatment of high-concentration highly toxic
and hazardous organic compounds into CO2,  H2O, and other  innocuous end products  is  wet  air

DOI 10.1007/s10553-016-0676-3



86

oxidation (WAO) at high temperatures and pressures using oxygen as the oxidant. This prevents the formation
of NOx, SO2, HCl, dioxins, furans, and fly ash, etc. [3]. WAO is associated with high investment costs, since
operation under high pressure requires equipment made of reinforced materials – special alloys resistant to
corrosion, which is characteristic under WAO conditions. Research for the creation of catalysts that reduce
the pressure and temperature necessary for the process has been conducted [4]. Catalytic WAO is performed
under milder conditions, is characterized by faster reaction rates, and thus shortens process duration [5]. For
these reasons, the development of WAO catalysts has been the subject of many studies in the past three
decades [6-13].

The present study reports on the effects of temperature, initial chemical oxygen demand (COD),
excess O2 (EO), reaction time, and the presence of a catalyst (Co2+) on the effectiveness of reducing COD of
oil-contaminated wastewater.

WAO of oil-contaminated wastewater was performed in a 0.6 L batch autoclave. A schematic of the
laboratory setup is shown in Fig. 1. Water and oil-contaminated effluents were loaded into the autoclave, and

Fig. 1. Schematic diagram of the WAO experimental setup:  1 – container with the
oxidizing agent; 2 – heater; 3 – high-pressure autoclave; 4 – high-pressure pump;
5 – separator; 6 – nitrogen gas cylinder.

Fig. 2. Effects of temperature (see curve labels, °C) and oxidation reaction time on
COD removal.
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the system was purged with nitrogen gas to displace oxygen. A weighed out amount of catalyst (Co2+) was
added to the autoclave. The reactor was filled with pure oxygen to a certain pressure. The temperature was
raised to a predetermined value, and the reaction timer was set to start. Liquid samples (15 ml) were removed
from the reactor periodically for analysis.

The COD of the collected samples was determined by the potassium dichromate method according to
the Chinese Standard 11914-89. Excess oxygen EO was calculated using the equation
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where (O2) in is the amount of O2 supplied to the reactor, mg/L; (O2) st is the stoichiometric amount
of O2 required for complete oxidation of the feed (oil-contaminated wastewater) and equal to the
initial COD of the oil-contaminated wastewater, mg/L.

Fig. 3. Effects of reaction time (see curve labels, hr) and the initial COD of water
on COD removal.

Fig. 4. Effects of excess oxygen (see curve labels) and oxidation reaction time on
COD removal.
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Non-catalytic WAO
Fig. 2 displays the effect of temperature and reaction time on COD removal (excess oxygen equals

0.8). In all the experiments, COD removal increases rapidly during the first hour, after which the curves reach
a plateau. In the course of the oxidation reaction, the concentration of organic substances in the water decreases
leading to a decrease in the rate of oxidation.

Fig. 2 shows that an increase in temperature promotes further COD removal. At a temperature
of 350 °C COD removal reaches 79.05% after 1 h and 88.37% within 4 hours from the start of the oxidation
process. It is evident that the higher the temperature the greater the rate of oxidation reactions.

Effects of the initial COD of oil-contaminated wastewater and the oxidation reaction time
on COD removal are demonstrated in Fig. 3 (temperature of 350 °C). As can be seen, with the increase of the
initial COD from 10 to 40 g/L COD removal increases smoothly.

The results of studies of the effect of EO and Reaction time on the efficiency of COD reduction are
shown in Fig. 4 (temperature of 350 °C). As can be seen, with increasing EO levels COD removal increases,
reaching 88.37% for EO value of 0.8.

Catalytic WAO
Fig. 5 presents a comparison of the results of WAO in the presence of Co2+ catalyst at a concentration

of 250 mg/L, and in its absence. The maximum COD removal under CWAO is 98.7%, and in the non-catalytic
process it is only 77.35%. Cobalt ions effectively promote the oxidation of organic compounds found in
oil-contaminated wastewater. The catalyst increases the rate of formation of hydroxyl radicals and their
interaction with the intermediate compounds that form during the oxidation of oil-contaminated wastewater
components.

Thus, the process of catalytic wet air oxidation is a more promising and effective oil-contaminated
wastewater treatment technology in comparison with the non-catalytic process.

This work was supported by the National Natural Science Foundation of China (11102233), a project
of the General Staff Department of Military Training of People’s Liberation Army “Investigation of integrated

Fig. 5. COD removal under catalytic (1) and non-catalytic (2) WAO.
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technology for the protection of water drainage systems,” and the National High Technology Research and
Development Program of China (2012AA062601-1).
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