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DEMULSIBI LlTY 

Apart from special applications using water-based fluids, it is nor- 
mally desirable to exclude water as far as possible from hydraulic 
systems. In practice this is not an easy task, particularly where 
open-vented systems are concerned, i.e. in the majority of industrial 
installations. Water may gain access to the hydraulic fluid by a num- 
ber of routes, including condensation from humid air drawn in via 
breather vents, leakage from oil-coolers, and inadvertant filling of 
moisture-contaminated hydraulic fluid from drums or containers 
stored incorrectly. Significant accumulations of condensation water 
have been registered in hydraulic fluid reservoirs where the upper 
surfaces have been exposed to cooling air from nearby ventilation 
fans, and also in systems where cooling coils were partly exposed to 
the free air volume above the fluid level. The ability of a typical 
mineral hydraulic oil to absorb moisture is illustrated in Fig. 10.1. 

There are several possible effects of moisture contamination, the 
most obvious being the formation of rust and subsequent mechanical 
problems. In addition to the destructive effect of surface wear, rust 
particles can promote the formation of oxidation sludge and deposits 
which cause serious malfunctioning of servo-valves, pumps, motors 
and other critical components. Rust particles circulating with the 
hydraulic fluid may cause abrasive wear and accentuate any tendency 
towards cavitation erosion at valves, pipe elbows and other locations 
where high fluid velocities and directional changes are experienced. 
Formation or accumulation of rust against dynamic seals results in 
accelerated wear of the seals and increasing leakage of the hydraulic 
fluid. On accbunt of the tendency of dispersed water to encourage 
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Fig. 10.1 Equilibrum water content of a typical IS0 VG32 mineral oil at 40°C 
as a function of humidity. 

circulation of mechanical impurities within the system, and initiate 
hydrolysis reactions with additives, poor demulsibility may indirectly 
promote filter blocking. 

The deleterious effect of both free and dissolved water on the 
fatigue strength of ball bearings and similarly stressed alloy steel 
components is well documented, proceeding by a hydrogen embrittle- 
ment mechanism. The effect may be quite significant, tests confirming 
that as little as 0.01% (100ppm) of dissolved water can reduce the 
fatigue life by 3248%. The vast majority of industrial hydraulic 
systems operate at higher water contents, some free water is normally 
present and the concentration of dissolved water in the fluid is at 
saturation level. Thus the potential danger of decreased fatigue life 
may be very relevant with respect to hydraulic pumps and motors 
incorporating heavily stressed ball and roller bearings or gears. 

In order to alleviate the deleterious effects of water contamination, 
all possible means should be exploited to minimize the moisture con- 
tent of the system. An invaluable design feature is the positioning of a 
drain cock at the lowest point of the fluid reservoir, whereby undis- 
solved water (a certain amount will be precipitated out of solution as 
the temperature falls after shut-down), and sludge and extraneous 
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material may be periodically drained from the system. Unfortunately, 
the floor of fluid reservoirs rarely slopes evenly towards the drain cock; 
small deformations, inadequate levelling during installation and the 
presence of solid baffle plates within the reservoir can all reduce the 
efficiency of removing water and bottom sediment by drainage. 

For systems subject only to incidental water contamination, e.g. by 
condensation, it is generally accepted that a hydraulic fluid should 
display good demulsibility, separating rapidly from entrained water 
during stationary periods in the fluid reservoir. In general, best 
demulsibility is achieved by the most highly refined mineral base 
oils and certain synthetic oils, e.g. polysiloxanes and fluorocarbons, 
with negligible affinity towards water. Most additives detract from the 
hydrophobic character of the pure base fluids to some degree, and 
display an adverse effect on demulsibility. As many of the more 
effective rust inhibitors are polar compounds of a somewhat hydro- 
philic nature, the desirable requirements for good demulsibility 
together with excellent protection against rust formation are often 
difficult to harmonize. The initial ability of a fluid to separate from 
dispersed moisture gradually deteriorates in use as the concentration 
of polar oxidation products increases. 

The most troublesome hindrance to good demulsibility is neverthe- 
less the- presence of contaminants in the form of soluble emulsifiers 
and finely divided particulate impurities. Emulsifiers are essentially 
chemical substances possessing an affinity for both the fluid and the 
aqueous phase. With respect to the hydrophobic fluids mentioned 
above, the molecular structure of an effective emulsifier is charac- 
terized by a non-polar, hydrocarbon concentration of atoms in one 
part of the molecule, and hydrophilic groups (e.g. -carboxyl, -amine, 
or -hydroxyl) groups in a different part of the emulsifier molecule. 
These substances therefore have a simultaneous affinity to both water 
and hydrocarbon fluid phases, the efficiency of the emulsifier depend- 
ing largely upon its ability to reduce the interfacial tension between 
the two phases, thereby increasing their mutual adhesion. Stability of 
such a water-in-oil emulsion increases as the adsorbed layer of emul- 
sifier molecules around the dispersed water droplets becomes more 
tightly packed, and thus less prone to displacement from the inter- 
face. Regrettably, little can be done to remedy poor demulsibility 
caused by soluble emulsifiers. Addition of ‘emulsion breakers’ is a 
theoretical possibility, though practical experience indicates that 
the chances of selecting a suitable dosage of a suitable additive, and 
achieving long-term improvement, are slender. 

Practical experience with hydraulic systems indicates that in many 
instances deteriorating demulsibility is caused by the formation of 
metal soaps during use, predominantly calcium and zinc compounds. 
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Zinc is, of course, used extensively as an anti-wear agent and oxidation 
inhibitor in hydraulic fluids. Injudicious topping-up with alternative 
products containing, for example, acidic rust inhibitors, can in the 
presence of moisture result in the formation of zinc soaps, with 
adverse effect on demulsibility. Mixing fluids of dissimilar composi- 
tion' should therefore be avoided unless approved by the supplier. Use 
of galvanized plating, pipes and components is not recommended, due 
to the risk of soap formation by reaction with organic acids. Serious 
emulsification (and air entrainment) problems may also be experi- 
enced if dispersant type engine oils are inadvertently added to a 
hydraulic system. 

The presence of small amounts of colloidal particles, e.g. chalk or 
rust, may also significantly reduce demulsification due to stabilization 
of the interface between the aqueous and fluid phases. A typical 
example of this phenomenon occurred in a plastics factory, where 
the hydraulic oil was found to be contaminated with microscopic 
particles of the plastic moulding powders, drawn into the fluid reser- 
voir via a breather vent. The demulsibility of a fluid contaminated by 
particles can often be significantly improved by filtration. 

Some systems are also subject to a relatively significant contamina- 
tion by water, e.g. those operating in extremely humid atmospheres, in 
paper mills and where leakages of cooling water continually occur. In 
such cases a hydraulic fluid formulated to provide a limited degree of 
detergency may be preferable. Hydraulic fluids of this nature are, for 
example, classified as type HLP-D in the German specifications. These 
detergent hydraulic fluids effectively prevent harmful accumulations 
of water in the hydraulic circuits and components, yet by virtue of the 
controlled detergency permit sedimentation of dispersed water in the 
fluid reservoir from where it may be drained off at frequent intervals. 

The major filter manufacturers also supply special filter elements 
capable of removing limited amounts of free water from hydraulic 
fluids. Typical designs consist of a water-absorbing polymer envel- 
oped by a porous membrane of polypropylene. The polymer combines 
chemically with free water without softening or leaching into the 
hydraulic fluid. Such filters can be an effective means of controlling 
the moisture content of an average system, but are hardly an economic 
solution for systems subject to continuous contamination by signifi- 
cant quantities of water. 

10.1 Protection against corrosion 
Modern hydraulic systems bear little resemblance to the relatively 
simple units of some 50 years ago, incorporating complicated valves 
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and other components which may often be particularly sensitive to 
malfunctioning induced by corrosion or fine particulate contaminants 
derived from corrosion. Consequently, it is necessary to supplement 
the hydraulic fluid’s inherent corrosion protective properties by addi- 
tion of an effective corrosion inhibitor. In mineral oil products, the 
inhibitors are often polar compounds, for instance, long chain dicar- 
boxylic acids and their salts, forming strongly adsorbed multi- 
molecular films on all oil-wetted surfaces. Assuming an adequate 
concentration, the combination of steric configuration, molecular 
dimensions and polarity of the inhibitor presents an impermeable 
barrier to corrosive substances, moisture, etc. The protective mechan- 
ism may be compared to a host of tadpoles swimming to the sides of a 
bucket, resting their heads against the confining surface and waving 
their tails, thus preventing further access to the surface. Many polar 
additives display a pronounced deleterious effect on the demulsifying 
properties of hydraulic fluids, and certain acidic corrosion inhibitors 
attack galvanized surfaces forming zinc soaps. As in the case of other 
additives, it is therefore prudent to select corrosion inhibitors with 
care. 

Corrosion inhibitors utilized in water-based media are often oxidiz- 
ing salts which reduce the electronegative character of anodic sur- 
faces, pH-regulators (buffers) and various polar additives forming 
adsorbed surface films. 


