
MINERAL BASE OILS 

The largest class of hydraulic fluids today is composed of refined 
hydrocarbon base oils, i.e. petroleum oils, containing suitable addi- 
tives to improve and supplement the base oils’ inherent properties. 

Petroleum base oils are manufactured by a variety of refining pro- 
cesses from carefully selected crude oils, in many different viscosity 
grades. The purpose of these refining processes is to remove undesir- 
able components from the original petroleum fractions, thereby opti- 
malizing the chemical and physical properties of the raffinate. Crude 
oils from different geographic regions may vary substantially in che- 
mical composition. The constitution of the refinery feedstock will 
strongly influence base oil performance, even though the effect can 
be moderated but not necessarily eliminated during processing. 

3.1 Composition of mineral oils 
Crude (petroleum) oil is an extremely complex mixture of numerous 
hydrocarbon compounds, i.e. substances composed of the chemical 
elements hydrogen, with chemical symbol H, and carbon, character- 
ized by chemical symbol C. The crude oil also contains small quan- 
tities of sulphur, nitrogen, oxygen, vanadium, iron, nickel and other 
trace elements. The atoms are joined together in various sequences 
forming the individual molecular structures and classes of compound, 
On account of the many possible alternative structures as the number 
of atoms in a molecule increases, there are an enormous number of 
different hydrocarbon compounds present in a petroleum crude oil 
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and most mineral base oils utilized for the production of hydraulic 
fluids. The general chemical and physical properties of the individual 
hydrocarbons are dependent upon the number of carbon and hydrogen 
atoms in the molecule and their geometric positioning, i.e. the steric 
structure. 

3.2 Chemical nature 
Due to their dissimilar atomic structure, carbon and hydrogen atoms 
display very different abilities to combine with other atoms. This 
property is termed valency. 

Valency is a result of the electrostatic nature of the atom, princi- 
pally derived from the electrons situated in  the outer electron shell of 
the atom concerned. Carbon has a valency of 4 as opposed to 1 for 

Fig. 3.1 (a) C5 normal-paraffinic hydrocarbon. (b) Cs iso-paraffinic hydrocar- 
bon. (c) C5 cycloparaffinic ('naphthenic') hydrocarbon. 

Fig 3.2 (a) Cg olefinic hydrocarbon, (b) C6 aromatic hydrocarbon. 
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hydrogen, and has therefore proportionately greater ability to com- 
bine with other atoms. On account of this multiple valency, the carbon 
atom is also able to link up with other carbon atoms, in the form of 
either linear or cyclic structures. 

As shown in Fig. 3.1, the paraffinic hydrocarbons display a straight 
chain or branched configuration, unlike the cyclic form of the 
naphthenic compound, resulting in a considerable variation in proper- 
ties. The iso-paraffins are characterized by side chains linked to the 
main linear hydrocarbon chain, and their properties also differ some- 
what (considerably in certain respects) from the corresponding 
straight chain normal-homologues. (N.B. For simplification the con- 
stituent hydrogen atoms are only included in Fig. 3.1(a).) 

When the carbon-carbon valency bonds are single bonds, the result- 
ing molecule is termed saturated. Many hydrocarbons, however, 
include two or more carbon atoms joined by double or even triple 
carbon-carbon bonds. These unsaturated compounds display inferior 
chemical stabilty compared to the corresponding saturated com- 
pounds (Fig. 3.2). 

Highly refined petroleum base oils are processed to remove all 
traces of olefinic compounds, these components being far  too unstable 
for use in demanding applications such as hydraulic fluids due to their 
susceptibility to oxidation and subsequent deposition of lacquer-like 
deposits in the system. Olefins can nevertheless be formed during use 
in the event of the oil being subjected to temperatures above 320°C, for 
example in the near vicinity of over-dimensioned heating elements. 

Although aromatic hydrocarbons appear to be highly unsaturated 
compounds, the alternating configuration of the double bonds (reso- 
nance) in the basic cyclic C6 molecule of the simple mono- and di- 
aromatics results in surprisingly good chemical stability. During the 
refining of petroleum base oils by solvent extraction it is also apparent 
that a certain residual concentration of these aromatics is required to 
achieve optimal oxidation stability. 

Mineral base oils contain molecules in many different sizes in each 
of the principal classes of hydrocarbon mentioned above, varying from 
simple, relatively small molecules to large, complex compounds. 
Mineral base oils for hydraulic fluids are normally composed of 
hydrocarbon molecules containing 20-50 carbon atoms, and have an 
average molecular weight (MMW) in the region of 350-550. All three 
of the principal hydrocarbon types are usually represented in the 
structure of the larger molecules and various methods are utilized 
to characterize the hydrocarbon type distribution of the complex 
base oil. Among the techniques employed are gas chromatography 
(GC), infrared absorption spectroscopy (IR), mass spectroscopy (MS), 
and in addition, various empirical methods based on physical test 
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Table 3.1 Favourable properties of naphthenic and paraffinic base oils 

Type of base oil 

Paraffinic mineral oil (HVI) 

Advantageous properties 

Viscosity index 
Vapour pressure/volatility 
Viscosity: pressure coefficient 
Elastomer compatibility 
Thermal stability 
Additive solubility 
Low temperature fluidity 

Naphthenic mineral oil (MVIN) 

Table 3.2 Typical test data for refined mineral base oils 

Property Test method Naphthenic Paraffinic 

Viscosity (mm2/s) at 

100°C (mm2/s) ASTM D445 2.2 4.8 
Kinematic viscosity index ASTM D2270 49 97 

Pour point (“C) ASTM D97 <-45 - 18 
Flash point (“C) ASTM D93 143 210 

40°C (mm2/s) ASTM D445 8.3 27 

Density at 15°C (kg/l) ASTM D1298 0.87 0.87 

Initial boiling point (“C) ASTM D447 278 370 
Aniline point (“C) ASTM D611 101 
Carbon distribution analysis ASTM D3238 
(Xm) 

CIA 2 6 
C/N 48 26 
c/p 50 68 

Vapour pressure (bar at 100°C) ASTM D2879 2 X lop3 3 X 

data. Despite the advanced physical-chemical analytical techniques 
available, supported by modern data processing, petroleum base oils 
nevertheless contain far too many isomeric compounds to be comple- 
tely analysed down to the individual molecules. 

Environmental considerations and technological advances have 
resulted in a trend away from the old, established refining processes, 
these being replaced or supplemented by catalytic hydrogen treatment 
under various conditions of time, temperature and pressure. The 
chemical stability of a base oil is just one of the important properties 
closely related to the refining processes and the essential requirement 
for a good hydraulic fluid is a base stock of high quality. 

The major international oil companies possess considerable experi- 
ence and expertise with respect to controlling the various operational 
parameters of these processes in order to achieve satisfactory yields 
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and optimal quality from selected crude oil types. The companies are 
also engaged in extensive research programmes to develop new cata- 
lyst systems with increased efficiency for new processes. 

Mineral hydraulic oils are usually based on highly refined paraffinic 
(HVI) oils, highly refined naphthenic (MVIN) oils or blends of both 
types. Each of these types of base oil possesses certain advantageous 
properties, mentioned in Table 1.3. 

Provided feedstock and refining processes are carefully exploited, 
both of the above-mentioned base oil types will normally be charac- 
terized by good inherent oxidation stability, and their properties may 
be further enhanced by appopriate additive treatment. 

A comparison of typical physical characteristics for highly refined 
naphthenic and paraffinic mineral base oils is illustrated in Table 3.2. 


