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Review of Degradation Mechanisms Leading to Sludge and 
Varnish in Modern Turbine Oil Formulations 

ABSTRACT: In recent years, there has been an unusually large number of reported cases associated with 
varnish and sludge formation in turbine-generator and compressor applications using Group II turbine oil 
formulations. Explanations for these problems have varied but typically include Group I/Group II incompat­
ibility, additive instability, bulk oil oxidation, adiabatic compressive heating, electrostatic discharge, among 
others. This paper reviews these failure pathways and discusses actual case history including root cause 
analysis. Analytical methods for the sludge/varnish and the degraded oll are also reviewed. 

Introduction 

A wide range of fluid degradation and contamination-related issues can affect turbine lube oil systems. One 
serious and growing concern is the presence of sludge and varnish. This condition can occur in even the 
most well-maintained machines. Surprisingly, it can also happen when oils are not particularly old or 
contaminated. And it can occur with even the most thermally robust synthetic lubricants and hydraulic 
fluids. 

In turbine systems, there are few failure conditions that can disrupt operation as quickly and com­
pletely as a varnished and seized-up control valve operation. This can be the cause of a tripped turbine 
forced outage or other production losses. So too, sludge in many circulating lube oil systems can gum up 
flow controls, strainers, and critical oil ways. In recent years, there has been a large number of reported 
cases associated with varnish and sludge formation in turbine-generator applications. Explanations for 
these problems have varied but typically include Group II mineral oil solubility issues, additive instability, 
bulk oil oxidation, adiabatic compressive heating, and electrostatic discharge, among others. This paper 
will review precursor conditions that lead to sludge formation, some of the common lubricant degradation 
methods, and the role of oil analysis in recognizing the potential risk well ahead of failure. 

Brief History 

Since the mid-1990s, turbine systems have been increasingly experiencing electro-hydraulic valve stiction: 
Sticking or erratic action of hydraulic valve components due to the combination of reduced spool clear­
ances and increased friction caused by varnish. This condition can produce a unit trip, leading to an 
unscheduled shutdown. Stiction of inlet guide vane (IGV) valve positioners is a common cause of unit 
trips. An example of varnish on an IGV valve positioner from a large-frame turbine is shown in Fig. 1 [1]. 

Why are varnish problems more commonly occurring today? ArQund 1990, oil suppliers started 
switching to more highly refined API Group II mineral oils in the turbine oil formulations. Some of the 
advantages of Group II oils include superior oxidation stability and viscosity/temperature properties com­
pared to Group I mineral oils. These enhanced performance properties were attractive in meeting the 
higher temperature requirements of today's advanced technology turbines. 

When impurities form in the oil, regardless of the root cause, the ability of the base oil to keep these 
compounds in soluble suspension will directly affect the likelihood and rate of varnish formation. Because 
of the highly pure nature of the Group II base oils, they present greater risk of varnish formation once 
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