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Part One Texts

1. Lubricating Oil

This term covers a diverse range of products, specially blended to
meet the requirements of every conceivable piece of machinery, be it
large or small, and under a variety of conditions of temperature,
loading, operating speed and materials of construction. The products
thus vary from oils of very low viscosity, such as are required for
delicate instruments, to the highly viscous lubricants used on open
gears or wire ropes. Typical classifications of lubricating oils include
automotive lubricants, diesel-engine lubricants, steam-turbine oils,
gear and transmission lubricants, metal-working lubricants (i. e.
cutting oils ) , rolling oils (for metal-working) and compressor oils.
These and many other types are dealt with elsewhere in this book,
together with the so-called “synthetic lubricants” (for turbine aero-
engines) and lubricating greases.

In the present chapter, the emphasis is mainly on lubricating oils
for internal combustion engines. For such oils, the starting-point is a
series of waxy distillates obtained by distilling, under vacuum, the
residue left over from crude oil after motor spirit, kerosene and gas oil
have been removed. These basic lubricating-oil cuts are purified, in
stages, by solvent processes to remove wax, aromatics and unstable
materials which under service conditions could lead to corrosion and

deposits of sludge. Not all crude oils are suitable for lubricating oil
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production either because the quality of the appropriate cuts is
unsatisfactory or because processing difficulties make their use
uneconomic.

A lubricating oil is normally classified in terms of its viscosity at
some standard temperature, but equally important is its “ viscosity
index”. This latter is an empirical number giving a measure of the
extent to which an oil thins out, i. e., decreases in viscosity as the
temperature is raised. A crankcase oil, for example, must have a
viscosity low enough to permit ready starting on a cold morning but
must not then become so thin, when the engines gets hot, that it loses
its ability to lubricate. An oil which meets the above requirement is
said to have a high “viscosity index” (VI). This property can be
controlled to some extent by refining, but the modern trend towards
“multi-grade” oils (e. g., BP Super Visco-static ) , of extremely
high VI, relies on the assistance of certain polymer compounds, which

function as VI improvers.
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2. Gas and LPG

During the distillation of a crude oil, considerable volumes of gas
(methane, ethane, propane, butanes) may be released, and in the
various reforming and cracking processes in a refinery, further
quantities of gas are generated as a result of breakdown of heavier
fractions. Such gas has a higher calorific value than fuel oil and can
therefore be used with advantage as a fuel for refinery process units.
However, there are often other demands on refinery gas since the
lighter paraffins are readily converted to “synthesis gas” ( carbon
monoxide and hydrogen) which is a starting point for the manufacture
of many chemical products including methanol and ammonia and their
derivatives. Ethylene and propylene, if produced, are also valuable
raw materials for petroleum chemical production.

Butane is an essential constituent in imparting desirable volatility
and anti-knock characteristics to a motor spirit, and it is also a
valuable product, per se, as “bottled” gas. Butanes and butenes can
be maintained in the liquid state at ambient temperature under quite
moderate pressures, and can therefore be marketed in steel containers
which can safely be used in the home. Such liquefied petroleum gas
(LPG) provides a convenient source of high calorific value fuel for
heating and cooking in locations where electricity and town or natural
gas are not available, as for example in remote country districts, and
also in caravans and small boats. Propane may also be used as LPG,
and its lower boilingpoint makes it suitable for this purpose in cold

climate. However the main outlet for propane LPG is for industrial
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purposes, in particular for metal-cutting, using oxy-propane torches.
The C3 and C4 hydorcarbons also find uses in the refinery itself
as feedstock for certain processes manufacturing motor-gasoline
components. Propylene and the butanes, for example, may be fed to a
catalytic polymerization unit, and isobutene may be reacted in an

alkylation unit with a range of olefins.

Wil :
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3. Kerosine

Kerosine, also known as “paraffin” in the UK, is manufactured
as a straight-run fraction from crude oil generally in the boiling range
150 ~250°C. As such, it covers the same range as aviation turbine
kerosine, already mentioned, and in fact at some refineries it has
been found convenient to save tankage and make aviation kerosene
and lamp kerosene as a common grade. Although the demand for
kerosene as an illuminant is diminishing, it finds widespread use in
centralheating installations and domestic heating stoves, and is also a
convenient fuel for incubations, blow-lamps and camping stoves of the
“primus” type. Tests for evaluation of kerosene are, therefore ,
primarily concerned with burning qualities. For example, a standard
wick-fed lamp is used to measure the height of the flame which can be
attained before smoking commences. This height, in millimeters, is
known as the “ smoke-point.” An essential difference between
“premium” and “regular” grades of kerosene is that the former has a
higher smoke-point. To achieve high smoke-point, it is necessary to
remove the aromatic compounds, since these, because of their
relatively high carbon/hydrogen ratio ( compared with paraffinic
hydrocarbons) tend to burn with a smoky flame. This is done by a

solvent-extraction process, using liquid sulphur dioxide as the solvent.
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Such treatment also gives a kerosene of better (lower) “char value.’
This is a measure of the tendency of a kerosine, on burning, to form
carbonaceous deposits which could clog wicks and vaporizers. Such
deposits would reduce the efficiency of burning and cause smelly
operation, both undesirable features in any domestic or other

appliance that is required to run for long periods.

Wi :
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4. Extraction

Solvent extraction is the transfer of a solute species from its initial
location to a solvent known as the extracting solvent. The pure solute
may be a liquid or a solid at the operating temperature but this is
unimportant because initially the solute will be located either in a
solution or in association with a solid. When the solute is in solution
the extraction process is called liquid-liquid extraction, and the
extracting solvent must be substantially immiscible with the original
solvent. If, on the other hand, the solute forms part of a solid (which
need no be “dry”) the process is termed solid-liquid extraction and
will be discussed later on.

In liquid-liquid extraction, the extracting solvent must have a
suitably selective affinity for the appropriate solute which sometimes
occurs in company with materials other than the original solvent. This
selectivity is very important because the essence of liquid-liquid
extraction is the separation of a particular solute from other materials
by means of selective transfer to the extracting solvent. It must be
remembered that the solute extracted is not always the most valuable
product of the separation process; the aim might be to purify the
original solvent by removal of an unwanted solute, or perhaps to
remove one of two solutes from the original solution.

The technique of separation by solvent extraction is often



Part One Texts 9

attractive in circumstances where distillation is unsuitable. If, for
example, the solute is heat sensitive, or present in very low
concentration, then liquid-liquid extraction may be appropriate.

In solid-liquid extraction, one constituent of a solid is transferred
to an extracting solvent and is thereby separated from the rest of the
solid. The extracted material is not necessarily a solid but may be
present in the bulk solid in a liquid form. Some solids even have an
intrinsic solvent content which becomes evident during the subdivision
process. Sugar beet, for example, is extracted with water and is itself
about 30% water by weight.

Since a solid does mnot flow as do the fluids in liquid-liquid
extraction, the equipment for solid-liquid extraction is different from

that for liquid-liquid equipment.

R :
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5. Crystallization

Crystallization from liquid solution is important industrially
because of the variety of materials that are marketed in the crystalline
form. Its wide use is based on the fact that a crystal formed from an
impure solution is itself pure (unless mixed crystals occur) and that
crystallization affords a practical method of obtaining pure chemical
substances in a satisfactory condition for package and storing.

It is clear that good yield and high purity are important objectives
In operating a crystallization process, but these two factors are not the
only ones to be considered. The appearance and size range of a

crystalline products are also significant. It is especially necessary that



