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Introduction 

Moisture is generally referred to as a chemical contaminant when suspended in lubricating 
oils. Its destructive effects in bearing applications can reach or exceed that of particle 
contamination, depending on various conditions. Like particles, vigilant control must be 
exercised over entry of water to minimize its accumulation in the lubricants and its 
damage to bearing surfaces. 

This paper will discuss the influence of moisture on the chemical stability of a lubricant's 
additives and base stock. The effects of moisture on machine surfaces, particularly as 
relates to wear and corrosion, will also be discussed. Finally, a three-step, proactive 
maintenance strategy will be proposed to minimize the effects of moisture on lubricant and 
bearing life. 

States of Co-existence in the Lubricant 

Once water enters the casing of a machine where bearings are used, such as an engine, 
turbine, or gear box, it may move through several chemical and physical states. These 
changes are complex, but important to understanding how to control and analyze its 
movements. To begin with, water will enter an oil in generally one of the five following 
ways: 

(1) Absorption. Oil is hygroscopic to a certain extent, meaning it can absorb moisture 
directly from the air. The amount of moisture that can be absorbed is influenced 
by the relative humidity of the air and the saturation point of water solubility in the 
oil. Depending on temperature and pressure, this solubility limit will vary from 
about I 00 ppm for low additive oil to several thousand ppm for high additive and 
certain synthetic oils. For any given water-in-oil saturation point and relative 
humidity of ambient air, an equilibrium will eventually be attained where the 
moisture moving from the air to the oil, and also from the oil to the air, is equal 
(see Figure 1). Absorbed water is always dissolved in the oil at first, but may later, 
due to temperature/pressure changes, be condensed out to a free or emulsified 
state. 
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associated with high speed systems can create microemulsion of water in oil that inhibits 
coalescence and settling of the water. 

The Effects of Water on Additives and Base Stock Lubricants 

With few exceptions, the chemical and physical stability of lubricants are threatened by 
even the slightest amount of suspended water. Water can promote a host of chemical 
reactions (hydrolysis) with compounds and atomic species including oil additives, base 
stock and suspended contaminants. In combination with oxygen, heat, and metal 
catalysts, water is known to promote the oxidation and the formation of free radicals and 
peroxide compounds. Oxidation inhibitors are sacrificed by both neutralizing peroxides 
and breaking oxidation chain reactions to form stable compounds. Other oxidation 
inhibitors are known to form hydrogen sulfide and sulfonic acids when reacting with 
water. Experiments have shown the protection provided by zinc dialkyldithiophosphate 
(ZDDP), a common antiwear additive and antioxidant, to be destroyed by as little as one 
drop of water in a gallon of oil, with oil temperature above l 80°F. 

Water is also known to attack rust inhibitors, viscosity improvers, and the oil's base stock. 
The effects are undesirable by-products such as varnish, sludge, organic and inorganic 
acids, surface deposits and lubricant thickening (polymerization). Large amounts of 
emulsified water can lower viscosity, thereby reducing a lubricant's load carrying ability. 
When water is combined with metal catalysts such as iron or copper, accelerated stressing 
of the oil can occur. This results in base stock oxidation and the forming of free radicals 
(which continue the oxidation process), hydroperoxides, and acids (see figure 2). 

The Effects of Water on Bearing Surfaces and Bearing Life 

The deleterious effects of water on the fatigue life of rolling element bearings is widely 
documented. According to SKF, "It is well-known that free water in lubricating oil 
decreases the life of rolling element bearings by ten to more than a hundred times. . . " 
Already mentioned are the many damaging effects water causes to the lubricant itself, 
resulting in a corrosive environment and diminished boundary layer and hydrodynamic 
protection. 

The exact mechanisms by which water promotes bearing failure are not fully understood. 
There is much evidence that water is attracted to microscopic fatigue cracks by capillary 
forces in preference to the much larger hydrocarbon oil molecules. Once in contact with 
the free metal surfaces within the fissure, the water breaks down and liberates atomic 
hydrogen. This, in tum, causes further crack propagation, a process known as hydrogen 
embrittlement. The effects of this are apparent from the tapered rolling bearing test 
illustrated in Figure 3. Researchers have offered the following equation as a guide to 
estimating the reduced fatigue life caused by water contamination: 
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