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Abstract ( The scheme of the integrated regeneration method for used oils (UO) has been developed, according to which UO were regenerated. The further applications of the obtained products were proposed. Based on the obtained results, the technological scheme and flow chart of UO integrated regeneration were developed.
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Introduction 

The need for quality lubricants is growing throughout the world every year. At the same time, with the annual growth of marketable oils consumption in the world, the number of used oils accordingly increases, leading to their accumulation that negatively affects the environment and creates a problem of their reasonable utilization. The main "producers" of used oils (UO) in Ukraine are industry (28 %), transport (38 %), agriculture (23 %) and construction (11 %) [1-4]. Today, the recycling is foremost a concern for the environment and future generations!

There are various methods and technologies of regeneration and utilization of used oils, which allow to reuse them in various industries. They may be used to produce components of diesel fuel, highly effective preservatives or corrosion inhibitors. UO can also be used as a bitumen modifier or as the reagent for coal sludge flotation.

The regeneration of UO obtained from gasoline and diesel combustion engines involves analysis of their aging products and changes in physico-chemical properties, as well as the requirements for regenerated oils to ensure the economic feasibility and obtaining high quality regenerated oil. 

Nevertheless, it can be stated that none of the studied methods makes it possible to obtain a regenerated oil, which would correspond to the base oil of the corresponding brand by all indices. Therefore, it is necessary to carry out an integrated regeneration of used oils with the right combination of previously studied methods.

In our opinion, it is possible to create a new complex process of UO regeneration on the basis of combined technologies, which will include the thermooxidative regeneration and the purification of regenerated oil with urea. The resulting regenerated oil, in terms of its operational properties, will correspond to the component of the base oil, which after the introduction of additives can be reused according to its destination.

Earlier we studied the change of operational properties and group hydrocarbon composition of M-10DM and NORMAL 15W40 used oils, confirmed the formation of oxygen-containing products of "aging" during oils long-term use in the combustion engines and determined the change in inorganic part of UO [1-4]. The obtained results can be used to select the optimal technology for used oils regeneration.

The purpose of this work was to develop the basics of UO regeneration technology, namely, substantiation and creation of the basic technological scheme, as well as development of technological recommendations for the regeneration process of used oil (15W40 for example).
Presenting main material
The process of UO integrated regeneration took place according to the following scheme (Fig. 1).
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Fig. 1. The block- scheme of UO integrated regeneration

According to the proposed scheme, the used mineral motor oil must first be directed for thermooxidative regeneration, followed by vacuum distillation. As a result of these two stages, the viscosity-temperature properties are improved, as well as light components and the majority of asphalt-resins and polycyclic aromatic hydrocarbons are separated. Then, if necessary, the oil fraction is directed for regeneration with urea in order to reduce the acidity of the oil.

To confirm the reliability of the proposed integrated method, the regeneration of 15W40 used oils was carried out in the previously determined optimal conditions [1-4]:

– thermooxidative regeneration: temperature 473 K, pressure 2 MPa, time 2 h;

– regeneration with urea: temperature 413 K, time 80 min, the amount of urea is 5 wt % raw materials.

Based on the above results, we developed a basic technological scheme, which is shown in Fig. 1. The initial UO from the vessel V1 is fed by a pump P1 to the thermal oxidation reactor R1, where it is heated to the process temperature due to the supply of heat carrier to the heating shell of the reactor. After reaching the required temperature the oxidant (air) is supplied to the reactor by a compressor C1. At the top of R1 a vapor-gas mixture is obtained, which is cooled in a water cooler and then separated in the separator S1. The resulting gases are directed to the flare system for combustion.

The thermo-oxidized oil passes from the bottom of the reactor to the vessel V2, and then it is additionally heated in a tube furnace F1. The separation of the product takes place in the vacuum column K1. The top product is a strippant (light fraction), which condenses in the air cooler AC1 and enters storage. The bottom product is the vat residue, which is removed from the plant and can serve as a raw material for the production of bitumen.

The oil fraction from K1 is cooled in a water cooler WC2, enters the vessel V3 and then fed by a pump P3 to the purification reactor with urea R2. Crystalline urea is fed to R2 from the vessel V4 through the dispenser D1. The oil fraction is fed from the bottom of the reactor R2 to the filter F1, in order to separate the unreacted urea. After filtration, the purified regenerated oil is fed into a container for storage.
The filtrate, which is a mixture of urea with oil components, is separated by physical methods; the separated urea is dried and fed back into the vessel V3. 

The advantage of this method is the obtaining of regenerated oil, which is characterized by the absence of asphalt-resins and low values of mechanical impurities and oxygen-containing aging products.
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Fig. 2. The basic technological scheme of UMMO integrated regeneration: V1, V2, V3, V4 – vessels; P1, P2, P3, P4 – pumps; HE1 – heat exchanger; R1 – thermal oxidation reactor; R2 –purification reactor with urea; K1 – vacuum column; AC1 – air cooler; WC1, WC2 – water coolers; S1 – separator; D1 – urea dispenser; F1 – tube furnace; F1 – filter.
On the basis of experimental results the flow chart of the process (Table 1) was developed. The UO regeneration plant can be used directly at refineries, which include vacuum distillation and bitumen production processes, as well as in the regions where used oils are centralized for their further regeneration. 
Therefore, based on the obtained results, we can assert that the developed integrated method of UO regeneration allows to obtain regenerated oils, which will serve as a component for the production of commercial oils. This method does not require the use of expensive reagents and is characterized by high yield of the resulting product – regenerated oil and low yield of by-products. The advantage of the integrated method of UO regeneration is the relative simplicity in the hardware design, which allows the process implementation both at mini-plants and at large refineries.

The by-products which are produced in the process are:

– strippant (light fraction of vacuum distillation, initial boiling point–653 K) is characterized by relatively low viscosity and low ash value; it contains no water and mechanical impurities. This allows it to use the by-product as a quantitative additive for diesel or fuel oil production;

– vacuum distillation residue is a mixture of high-boiling oil hydrocarbons and asphalt-resins. It is characterized by high values of viscosity, density, coking ability and content of mechanical impurities. The main part of the inorganic components contained in UO is transferred to the residue. The residue of vacuum distillation can serve as a component of raw materials for the production of bitumen.

– precipitate after filtration is a mixture of urea and a small amount of oil components, acidic compounds, inorganic components of UO and mechanical impurities. It is advisable to direct this by-product for separation by physical methods, after which it can serve as a raw material for the bitumen production.
Table 1
Flow chart of the UO integrated regeneration process

	Parameter
	Units
	Values

	Temperature in the reactor R1
	К
	473

	Pressure in the reactor R1
	MPa
	2.0

	Thermal oxidation time
	h
	2.0

	Temperature at the inlet to the column K1
	К
	638

	Pressure in the column K1
	kPa
	5.6

	Temperature in the reactor R2
	К
	413

	Urea consumption
	wt % relative to oil
	5.0

	Purification time
	h
	1.33


Conclusion

The principal possibility of application of the UO integrated regeneration method, which includes the process of thermooxidative regeneration, vacuum distillation and purification of regenerated oil with urea, has been established. Regeneration of 15W40 used oils was carried out according to the developed scheme under previously established optimal conditions. It was established that regenerated oils can be used as base oils, and by-products of the process – strippant and residue – for the production of fuel or bitumen, respectively. The technological basics of the complex method of UO regeneration were developed, in particular the technological scheme and the flow chart of the process were proposed.
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