
OXIDATION STABILITY 

An extremely important criterion concerning the quality of hydraulic 
fluids, particularly in high temperature applications, is the ability of 
the fluid to resist chemical degradation by reaction with atmospheric 
oxygen. The oxidation stability of a hydraulic fluid thus determines 
the resistance to ageing, i.e. the useful 'life' of the fluid. 

Oxidation is a notably exothermic process, and in the case of 
mineral oils, extremely complex in nature due to the prolific variety 
of molecular structures involved. The degradation of hydraulic fluids 
by oxidation can result in significant viscosity increases, development 
of corrosive organic acids, and lacquering of critical valve surfaces, 
etc., by resinous oxidation products. 

Oxidation of mineral oils is a progressive chemical process in which 
hydrocarbon molecules are attacked by oxygen and broken down to a 
multitude of various oxygenated compounds, including hydroperox- 
ides, alcohols and organic acids. The oxidation process is principally 
influenced by fluid composition, temperature, oxygen (air) availability 
and catalyst metals such as copper and iron. 

Oxidative degradation is not normally a major problem with the 
better-quality hydraulic fluids of today. Hydraulic oils are usually 
based on highly refined base oils, and even though the oxidation 
rate is an exponential function of temperature (the velocity doubles 
for every %9"C rise in temperature), the operational temperature of 
most systems will seldom exceed 65°C. At this temperature, the oxida- 
tion-limited life of an inhibited hydraulic oil of good quality would be 
of the order of several thousand hours (Fig. 9.1). 

Hydraulic media designed for high operating temperatures require 
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Fig. 9.1 Temperature limits for mineral oils. 

careful selection of both base fluid and additives. High quality 
mineral base oils, suitably inhibited, yield satisfactory performance 
at operating temperatures up to =90°C, although in the upper tem- 
perature range it becomes increasingly important not to prolong 
replacement of the fluid unduly, especially in systems incorporating 
sensitive valve assemblies. For extended operation at temperatures 
above 9O"C, use of selected synthetic base fluids, e.g. polyalphaolefins, 
confers distinct advantages with respect to oxidation stability and 
volatility. Oxidation inhibitors such as sterically hindered phenols, 
alkylated diphenylamines, metal passivating sulphur/phosphorus 
compounds, etc., can extend the induction time (Fig. 9.2) considerably 
and thereby delay the formation of injurious oxidation products. 

Oxidation of mineral oils is an unusually complex process, not 
least because a typical mineral base oil is composed of several 
thousand isomeric hydrocarbon homologues. Chemically, thermal 
oxidation of hydrocarbons is an  autocatalytic reaction, initiated by 
peroxide or  hydroperoxide formation, proceeding as a chain reaction 
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Fig. 9.2 Oxidation curves for oils withiwithout oxidation inhibitor. 

Fig. 9.3 Oxidation of mineral oil. @ = Energy-rich radical or molecule. 
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and developing an increasing complexity of branches as intermediate 
oxidation products react together. 

Figure 9.3 illustrates how the peroxide compound, formed at an 
early stage of the process from a dissociated hydrocarbon molecule, 
attacks at random another hydrocarbon molecule, simultaneously 
liberating a new energy-rich free radical which rapidly oxidizes to 
produce a fresh, reactive peroxide. 

Intermediate reaction products of hydrocarbon oxidation, such as 
alcohols and ketones, are subject to further degradation, forming 
carboxylic acids, keto- and hydroxy-carboxylic acids. Other intermedi- 
ates, e.g. aldehydes, eventually form resinous deposits by complex 
condensation reactions. 

The intricate oxidation process is further complicated by the accel- 
erating effect of catalyst metals. Particularly dangerous catalyst mate- 
rials are soluble metal soaps, which may gradually be produced from 
copper, lead, zinc and ferrous metals in the system by corrosive 
oxidation products. Many hydraulic fluids incorporate special addi- 
tives to counteract the catalytic effect of metals (metal passivators) 
and soluble soaps (chelating additives) (see Chapter 4). 

From the above remarks it will be readily appreciated that the 
oxidation reaction sequence and associated kinetics can only be 
summarized in very broad terms. Mineral base oils of high viscosity 
index, i.e. composed predominantly of paraffinic hydrocarbons, tend 
to produce a higher proportion of acids than insoluble resinous 
materials. Conversely, oxidation of naphthenic base oils with a higher 
aromatic content results in proportionately larger amounts of insolu- 
ble ‘asphaltenes’. Of direct significance for hydraulic systems is the 
fact that agressive organic acids and insoluble resinous compounds 
are the final products, and also the accelerating effect of higher 
temperatures and catalyst materials. Figure 9.4 illustrates the varia- 
tion of oxidation product distribution with time for a synthetic base 
oil, oxidized at 110°C. 

Various laboratory test procedures are used to evaluate the oxida- 
tion stability of hydraulic fluids, and predict their oxidation-limited 
useful life (see Chapter 16). Selection of suitable methods and correct 
interpretation of test results, in relation to product formulations and 
applications, require a certain degree of expertise. Examples of this 
are the greatly misleading results obtained when applying the well- 
known TOST test (ASTM D943) to certain biodegradable hydraulic 
fluids, and indiscriminate use of IR-spectroscopy to assess additive 
depletion. In the first instance, fatty oils hydrolyse, producing unrea- 
listically high acidities under the conditions of the TOST procedure, 
whilst in the latter example certain additives continue to exert their 
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Fig. 9.4 Variation of oxidation products with time (polyisobutene). 

inhibitive action via intermediate reaction products, despite a signifi- 
cantly reduced concentration of the initial additive. 

The type of refining process has a pronounced influence on the 
subsequent behaviour of a base oil during oxidation. This is illu- 
strated in Fig. 9.5, which compares the oxidative deterioration of (a) 
a severely hydroprocessed mineral oil, and (b) a solvent-extracted 
base oil from the same crude oil, containing the same oxidation 
inhibitor. The severe hydroprocessing of oil results in almost total 
removal of all sulphur compounds, including natural oxidation inhi- 
bitors. This secondary effect is unfortunate as many sulphur com- 
pounds, e.g. thiophenes and organic sulphides, are extremely 
beneficial, imparting valuable oxidation-inhibiting properties to the 
refined base oil. Conversely, solvent extraction effects a far more 
selective removal of undesirable components in oil, a suitable concen- 
tration of natural inhibitors remaining in the refined oil. 

As the figure shows, hydroprocessed oil responds satisfactorily to 
the added oxidation inhibitor, but oxidative deterioration progresses 
rapidly as soon as the induction period is past. Although the solvent- 
extracted grade does not display quite as good an initial resistance to 
oxidation, the content of natural sulphur compounds continues to 
inhibit the oxidation rate even though the added oxidation inhibitor 
is no longer functional. Thus the oxidation rate increases more 
gradually than is the case with the hydroprocessed product, and 
provides more time to detect the final stages of the fluid’s useful 
service life. 
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Fig. 9.5 Influence of refining process on oxidation characteristics of mineral 
base oils. 
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Fig. 9.6 Oxidation acidity curves for different types of oxidation inhibitor. 

During routine condition monitoring of used hydraulic oils, it is 
usual to determine the degree of oxidation by measuring increases in 
viscosity, acid value and content of high molecular weight resins. The 
initial acidity of a fluid, and its subsequent development with time as 
the oil ages, is greatly dependent upon the additives present. Oils 
formulated with the two most familiar oxidation inhibitor types, i.e. 
hindered phenols and metal dithiophosphates, display greatly differ- 
ing acidity-time relationships (Fig. 9.6). 
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When utilizing phenolic oxidation inhibitors, the initial acidity is 
principally derived from other components, e.g. rust inhibitors. The 
neutralization number of the fluid remains fairly constant at a rela- 
tively low value until the induction period is passed, whereupon the 
acidity rises at an increasing rate. 

Dithiophosphate inhibitors, however, impart a natural high initial 
acidity to the fluid, normally between 0.6 and 1.5mg KOH/g in hydrau- 
lic fluid formulations. This initial high acidity stems from the ampho- 
teric nature of metal dithiophosphates and decreases to a minimum 
value during the initial period of operation as the additive decom- 
poses and removes active peroxide radicals from the fluid. Concurrent 
with this function, thermal degradation of the multi-functional dithio- 
phosphates at rubbing surfaces results in the formation of surface 
films with effective anti-wear and metal passivating properties. 
When the content of oxidation inhibitor and active decomposition 
products in the fluid are finally depleted, the oxidation reactions 
gain momentum, resulting in rising acidity as illustrated in Fig. 9.6. 


