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consumers of naval stores, the demand for rosgetisng higher and higher and surpasses its praducate.
All this leads to the necessity of invention of irosubstitutes in different branches of industratddt and
technical documents, home and foreign technolagitisate that polymeric petroleum resins can helpetiuce
rosin consumption.

Prodction of tires and industrial rubber goods, tingeall modern demands, is impossible without
effective ingredients in rubber mixes, plastifiefolymer plastifiers or softeners - are substaticasincrease
plasticity and elasticity of polymers during theirocessing and use. Coumarone-indene resins, vetnelso-
called active softeners, contribute to even distidn of ingredients, in particular, they improve tdispersion in
the mixture of fillers and that, in its turn, inases the elasticity of rubber mix and improves oghemical
properties of vulcanizers [3].

These softeners are also used in the process bérubgeneration. Spent rubber and vulcanized rubbe
are usually subjected to regeneration in ordeetyehse production costs of manufactured goodsoaumse

In search of extra feedstock sources for the matwfa of resins-softeners, attention was paid toeso
wastes of coke-chemical technology, containingnriike substances, similar in their composition anojperties
to indene-coumarone resins. Among these produsiduals of raw benzene processing and polymersjradut
by regeneration of washing oil are of some pratiitgerest. For the production of the styrene-ireleasins
residuals of hydrocarbon pyrolysis products dadidin (heavy pyrolysis resins) are among the mastessfully
used [3].

Liquid products of pyrolysis, obtained as by-praguduring ethylene production are widely used as
cheap feedstock for the manufacture of polymeritrgleum resins. Nowadays two factors determine the
economics of ethylene production — feedstock codtapst of obtained by-products. While feedstocst ¢® an
external factor for ethylene production, cost offsgducts is directly connected with the methodtladir
processing — they can be sold like fuel or they barfurther processed in order to separate somelvial
components.

Phenolformaldehyde, rosin-maleic and alkyd resiesewvidely used as synthetic film-forming materials
for the production of printing paints. Such expeasiand deficit products as rosin, vegetable oits a@hkylphenol
were used as feedstock for their obtaining. Nowadpglymeric petroleum resins are finding increasing
application for the production of print paintsit]

Both production of polymeric petroleum resins aheéirt use in national economy is economically
effective. In the first case economical effectdaghed by afficient use of liquid by-products ofglysis and by
gaining extra-profit from realization of polymerpetroleum resins. In the second case — by apjolicaif
polymeric petroleum resins instead of such expengieducts as vegetable oil, rosin, etc.
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At present, more and more attention is paid to edste use of all possible products. Re-use of
waste oil will allow to make the most efficient uskeoil resources, and to eliminate damage to the
environment.

Introduction. Engine oils — are petroleum base lubricating oit&l &ynthetic oils used in piston
(carburetor and diesel), as well as in gas-turkimgines. Diesel engine oils applied to lubricatsigutotractor,
transport, stationary, diesel locomotive and shigimes are most widespread. Carburettor engineacéisused
only in automobile engines. The oils intended fothbtypes of engines, refer to universal. Speciaug of
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engine oils - aviation oils. On seasonal prevaleat@pplication they distinguish winter, summer aalt
weather oils.

Functions of engine oils:

1. Antifrictional and anti-wear action within aja#ing temperature range.

2. Heat removal from frictional areas and songirendetails.

3. Hermetic sealing of the space above piston.

Formulation of research tasks:

- To study the process of engine oil ageing, to @efactors most strongly affecting the process of
ageing and to define the mechanism and kinetiengine oil ageing.

- To analyse the most successful technologies ohengjl recycling and perspectives of recycling.

The term “ageing” of oil stands for a set of vadgporocesses leading to changes of oil physical and
chemical properties while in service or while stgri If we consider by convention that modern engile
consists of base oil plus an additive complex, th#inthe phenomena happening during the processil of
“ageing” can be divided into the following partéiemnical and physico-chemical processes of oil bag&ng,
oil contamination, wearability of additives and obas in their chemical composition and structuigufe.1).

The composition of the pollution and the scheme of its formation

-Metals and their oxides

" Atmospheric . -Nonmetals and their oxided
Inorganic Contact -Water

_I_ -Air

Organic

-Resins and asphaltenes
| -Salts of carboxylic acids
-Hydrocarbons

Operative

Acid products
Carboxylic acids -> Alcohol acids ->
Estolides -> Asphaltogenic acids

Hydrocarbons=———Peroxides Neutral products

Resins -> Asphaltenes -> Carbenes
-> Carboides

Fig. 1. Structure of contaminants and diagram eirtformation

Ageing of engine oils is caused by oxidation preessoccuring during intensive and long-term work of
an engine. Coke, which is formed and also resinasphaltene substances, organic acids settle ¢onpis
cylinder walls and lead to increased wear of engind decrease its capacity. Products of deep awidat
polymerization, which are different in zones ofeat) return to crankcase, as well as other sedgneantinue
negatively affect the oil.

All mentioned products of engine oils oxidationdén increase viscosity and acid number, leadudgs
and soot deposite formation. The consequencesarfeltowing:

1. Increase of oil consumption.

2. Engine power loss.

3. Overheating of details, increased wear antfinguof details.

If the above mentioned processes progress, engimesto emergency condition.

The factors influencing engine oil ageing:

1. During decomposition (cracking) of hydrocarbowkich are present in oils temperature is a
determining factor. The greatest temperature leaggne oils resist upon contact with pistons, vatae details
and because of high heated gases breaking frormesrggimbustion chamber through ring belt and into a
crankcase. As a result of paraffins decompositinsaturated compounds are formed which polymerizé wi
formation of glazes and soot deposits on enginéswal

2. Oxidation occurs owing to oil contact with oxpgef air. Intensity of oxidation depends on temperof
oil, surface contacting with air, partial pressofexygen, speed and character of air movemensépre of stirring
mation), catalytic action of metals and peculiastof hydrocarbons which are present in oil.
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Three basic reasons intensifying oxidation of niengines: washing by high-temperature gas strdam o
thin oil films on engine surfaces, roughness daftional areas (contact oxidation) and great amotintankcase
0il mist.

Mechanism and kinetics of ageing process:

Under ageing of oil we shall consider oxidationhydrocarbons. Liquid-phase oxidation proceeds by
radical-chain mechanism and includes the follovétages:

1. Initiation.

2. Progress of chain process.

3. Completion (chain interruption).

Consequences of oil ageing — such products of tigid@®f hydrocarbons as gums, organic acids, which
are present in oil in dissolved state, tend todase viscosity and acid number, and asphaltene auordp,
which cause glaze formation, lead to piston rintgking. Fine stable mechanical mixture of oxidatjgroducts
leads to soot deposit and sludge formation. Thubetomes unfit for service but before pouring ut i is
necessary to a question: « is it possible to reciyel»

Consumption of engine oils in the world makes ak@tmillion tons. It is reported that only about a
fourth part of this quantity is re-used or burnhisTpoints to the fact that the branch of oil rditygcan be very
potential and effective not only from economicat blso from ecological point of view. In fact llitef engine
oil can turn 1 000 000 liters of potable water iteohnical water.

Under industrial conditions the most perspectivections are:

1) Regeneration: involves processing of spent oiltamimants removal and further use as a basis of
new lubricating oil. Regeneration makes oil reseurorking life unlimited. This technology of oilgeessing is
preferential as the processing cycle is completedebusing of oil for manufacture of the same picidihis
spent oil used to be. This can save energy andalatil The diagram of the regeneration processhiswn in
figure 2.

Waste oil Injection of Recovered oil
alloying additive

| r

Removal of Removal of changed
solid particles hydrocarbons

¢ N
Removal of light
Water removal boiling component

Fig. 2. Stage-by-stage regeneration of spent oil

2) Processing and burning for energy extractiovolves water and particles removal so that thensp
oil could be burnt, as fuel for heat productionpmwer supply of industrial operations. Valuable rggeis
generated (the same result is obtained by usimglatd fuel oil). Spent oil processing is carried loyy means of
highly effective separation. This technology of yeling has a number of advantages in comparisom wit
regeneration of oils:

1) Economic mode of operation, even at rathedldoeads

2) Fast recoupment of processing unit.

3) Practically non-waste technology (since theaimder could be used for road pavement)

Results and perspectivesAt the moment Belarus is in the initial phase oé tstate system of oil
recycling development. And if recycling of productiwastes is successfully carried out and reacBe308%,
only 10 % of consumption wastes are recycled. Maason of this low level of spent oil recyclindagjistics.
There is no well-run logistics system of spent getig and delivery to enterprises for further pssieg. Also a
vital issue is the desire of many consumers to peddently utilize spent oils by burning them in lepi
installations without any pretreatment which is abtely forbidden from the point of view of ecolagyo
overcome all these difficulties, regulatory andalef§ramework is being developed, imposing penalfis
crippling economy by unauthorized utilisation ofeap oils. The system of consumer products gatheaimd)
delivery to enterprises for further recycling isabeing developed.
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Soaring oil prices and challenging emission regiglas in the near future demand significant effants
the part of engine builders to bring down emisdievels. Both developments have attracted the natiche
Sulzer Metco cylinder bore coatings specialistgdrious markets.

More than 15 years ago, Sulzer Metco started dpirejomaterials and application processes to caat th
cylinder walls of combustion engines. The goal wasecrease friction, increase fuel economy, addae oil
consumption. However, with the low oil prices dgrithe nineties and at beginning of the new centtirg,
interest in the market to adopt the technology leas Only one car manufacturer began applying an-ibased
cylinder coating.

Diesel engines have long been popular in bigges @ad this popularity is now spreading to smalesc
The diesel engine has undergone a technical réenlotver the last twenty years. With the benefihuddern
technology, today's diesel engine with a rating.®® horsepower (hp) delivers basically the samépeance,
in terms of acceleration and actual top speed, aglmcharged gasoline engine of up to 200 hp, vidth
significantly lower fuel consumptionand carbon diex emissions. Diesel engines have a high thermal
efficiency,which leads to low carbon dioxide emigs. The main problem of diesel engines is the somisof
nitrogen oxides (N¢) and particulate matter (PM). These two pollutaares traded against each other in many
aspects of engine design. Very high temperaturésercombustion chamber reduce PM emissions buth@n
other hand, produce higher levels of nitric oxitO]. By lowering the peak temperatures in the costibn
chamber, the amount of NO produced is reducedthieuikelihood of PM formation increases[1].

An additional challenge facing the diesel car is tluality of diesel fuel. Sulfur in the fuel caughs
exhaust to smell, is incompatible with the necgssahaust aftertreatment technology, and can ceaisesion
on the cylinder liner and the piston. The use af-trade fuels can lead to serious maintenance @nubl
because of their high sulfur content. The challeisgaore pronounced in marine diesel engines, asaltbwed
sulfur content in the fuel is much higher thanuelffor on-highway applications.

Legislation forces the paceln recent years, legislation concerning the emissiof diesel passenger cars
has become increasingly restrictive, especially N@, and PM. This trend is predicted to continue in all
different engine sectors as shown in [fig. 1]. Qveey the car industry is reacting to these requirgmeés by
pushing the use of lightweight components, reptpadteel or cast iron. The substitution of cast-iesmgine
blocks is an important part of this developmenteivliesel engines— which continue to gain a subatan
increase in market share in Europe—are now beisginaluminum, although diesel engines run ataughtee
times the pressure of gasoline engines. Progreasimninum alloy development and new casting teanesdead
to improved material properties that enable alummirto meet the requirements. The ability to prodhiggh-
quality aluminum engine blocks opens a large winddwpossibilities, especially bearing in mind thegarly
50% of all new cars in Europe have diesel engiApart from reduced emissions, this growth is accamigd
by requirements such as lower fuel consumptiomelapower output and torque, and, especially irsgrager
cars, more compact engines due to space limitations

Weight reduction.The highest weight reduction on a crank case adissgnger car can be achieved by
completely replacing the cast iron through aluminaieo omitting any cast-in cast-iron liners. Ttaisk can be
solved by applying a hypereutectic high- silicom&@ining aluminum alloy, which is expensive, isfidiilt to
cast, and requires special honing techniques oudtyg a cheaper aluminum alloy with good castabdihd
putting a thermally sprayed, protective coatingdily on the aluminum cylinder wall. This will mmize the
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