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Moisture ... the Second Most Destructive Lubricant Contaminant, 
and its Effects on Bearing Life 
By J. C. Fitch, Simeon Jaggernauth, Dlagnetics, Inc. 

This paper will discuss the 
irifluence of moisture on the 
chemical stability of a 
lubricant's additives and 
base stock, and the effects 
of moisture on machine 
swfaces (particularly wear 
and corrosion). Finally, a 
three-step, proactive 
maintenance strategy will 
be proposed to minimize the 
effects of moisture on 
lubricant and bearing life. 

Figure I -
For any given water-in-oil 
saturation poitlt and relative 
humidity, an equilibrium will be 
reached where the moisture 
moving from the air to the oil, and 
also from the oil to the air, is 
equal. 
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Moisture is generally referred to as a chemical 
contaminant when suspended in lubricating oils. Its 
destructive effects in bearings can reach or exceed that 
of particle contamination, depending on conditions. 
Like particles, control must be exercised to miniinize 
water accumulation and damage to bearing surfaces. 

Once water enters a machine with bearings (i.e., an 
engine, turbine, or gear box) it rn..ay move !:brough 
several chemical and physical states. \Vater will often 
enter an oil in one of the five follow-'.i.ng ways: 

Abso,ptWn - Oil is hygroscopic, meaning it can 
absorb moisture directly from the air. The amou11t of 
moisture that can be absorbed is influenc.ed by the 
relative humidity of the air and the saturation point of 
water in the oil. Depending on temperature and 
pressure, this solubility will vary from about 100 ppm 
for a low additive oil to several thousand ppm for a 
high additive oil and certain synthetic oils. For any 
given water-in-oil saturation point and relative 
humidity, an equilibrium will be reached where the 
moisture moving from the air to the oil, and al.so from 
the oil to the air, is equal (Figure 1 ). Absorbed water 
is always dissolved in the oil at firs~ but later, due to 
temperature/pressure changes, may condense to a free 
or emulsified state. 

Condensation - Humid air entering oil compart­
ments will often cause moisture condensation on the 
walls and ceilings above the oil level. Frequent 
temperature change cycles may greatly increase the 
rate of condensation. Eventually the condensati?n 
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will COal.esce, flow down the walls, and form a layer 
of free water at the bottom of the tank. 

Heat Exchangers - Corroded or leaky beat 
exchangers are common sources of water contami­
nation in lubricating fluids. In extreme cases, a 
rupture of the heat exchanger can cause massive 
amounts of water to enter the machine compartment 

Combustion/Oxidation/Neutralization - Fuel 
combustion in engines forms water in the exhaust 
ga.,;;es as a by-product, which combines with water 
from induction air. Worn rings, liners and improper 
scavenging can al.low water to enter the lube oil. Low 
jacket-water temperature and intemrittent operation 
may prevent the water from vaporizing from the oil 
sump. Water can also be created in oil as a chemical 
by-product from certain types of corrosion and 
oxidation processes. In engine oils, water is also 
formed when alkalinity improvers neutralize acids 
formed dwing combustion. 

Free Water Entry - Dwing oil changes or the 
addition of makeup fluid, water can be introduced to 
oil sump. Condensation in storage containers is the 
most common origin of this water. 

Water, once in an oil, is in constant search of a 
stable existence. _Unlike oil, the water molecule is 
polar, which greatly limits its ability to dissolve; and 
many additives have polar extremities which can 
markedly increase water solubility. Water may cling 
to hydrophilic metal surfaces or form a thin film 
around polar solid contaminants such as silica 
particles. If a dry air boundary exists, water molecules 
may simply choose to migrate out of the oil to the far 
more absorbent air interface. This migration can be 
acclerated if air and oil mix, Such as in splash 
lubricated and oil mist systems or any system where a 
stable fluid foam may exist. 

If water molecules are unable to find polar 
compounds on which to attach, the oil is said to be 
saturated. Any additional water will create a 
supersaturated condition causing free water to be 
suspended or settle at the bottom of the sump. This 
supersaturation can also occur as a result of lower oil 
temperature. 

When free water is suspended, a colloidal suspen­
sion or emulsion is said to exist, causing a visible 
cloud or haz.e in the oil. ·By lowering interfacial 
tension (below 25 dynes/cm), certain dispersant 
additives ( engine oils) and emulsifying agents . can 
permit water in oil emulsions in excess of 10% water. 
Typical low-additive industrial lubricants will hold no 
more than 05% water in an emulsified state. Toe 
higher shear rates associated with high speed systems 
can create microem.ulsions that inhibit coalescence 
and water settling. 

Additives and Base Stocks 
With few exceptions, the chemical and physical 

stability of lubricants are threatened by small amounts 
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