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“BASE OIL PRODUCTION AND PROCESSING”

     The production and manufacturing of lubricant base oils became essential because of the development of heavy machinery and internal combustion engines.  In the early days of the petroleum industry, lubricant base oils were obtained by acid treating and wax settling of Pennsylvania crude oils.  In response to increasing demand, many processes were developed to upgrade the quality of less desirable feedstocks.  It is important to understand that today many different feedstocks are used and that their processing involves multiple consecutive steps leading to a wide variety of process combinations which are tuned for the production of a multiplicity of lubricant grades.  This paper provides background information for a non-specialist and will review few selected examples of base oils processing, characteristic of the many available options currently implemented in the industry.

     
Because manufacturing is driven by the performance and quality of the base oils used to formulate finished lubricants, a quick review of the terminology, definitions and properties of base oils is provided as background for the non-specialist.  Feedstocks vary greatly in composition and their upgrading requires the use of sequential processing steps such as deasphalting, hydrocracking, hydroprocessing, hydrogenation, extraction and dewaxing.  The sequence of processing steps generally targets the removal of aromatics and heteroatoms, such as sulfur and nitrogen, while increasing the hydrogen content and paraffins content of the base oils.  For many feedstocks, this upgrading is driven by the increase in viscosity index or VI. Once VI has been increased during the aromatic extraction or hydroprocessing, the base oil is further processed to improve its cold flow properties by removal of the wax. This may be effected by solvent dewaxing or by catalytic dewaxing.  Examples of conventional and "state of the art" lube plant configurations are provided.

     Two examples of advanced processing are further described.  The Raffinate Hydroconversion example is used to demonstrate the importance of the upgrading step in boosting VI.  In this example, we will show how the change in molecular composition, as characterized by thermal diffusion, leads to superior VI properties.  The second example illustrates the catalytic dewaxing step, which greatly improves the cold flow properties of the base oils.  In this example, we will review the concept of shape selectivity and use of zeolites leading to the development of Selective Catalytic Dewaxing.  Early catalytic dewaxing, based on the discovery of 10-R zeolites and more specifically ZSM-5 catalysts, converts linear paraffins to lighter products by selective cracking.  Further advances in zeolite synthesis and modifications of zeolites has since then allowed the conversion of linear paraffins to more valuable isoparaffins, increasing significantly the yield of high quality base oils.  Such advances will be illustrated using the "state of the art" technology developed and commercialized by ExxonMobil, i.e., MSDW.
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