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The formation of varnish is a serious issue in turbine oils. These deposits, which are built up on oil coolers, 
filters, valves, and bearings, are consisting of insoluble or sludge-type oil degradation products. This work aims 
to uncover the root causes of varnish by the means of field analysis, laboratory simulation of oil degradation 
processes and tribological experiments. It was shown that the build-up of varnish depends heavily on 
environmental conditions such as temperature and pressure/load conditions, but also on oil contaminations. The 
findings lead to new possibilities of countermeasures to diminish or completely prevent varnish formation. 
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1. Introduction 

Turbines have been an essential tool in the global energy 
market since the beginning of the 20th century and thanks 
to rising demands in energy, continue to grow in market 
share. However, their very demanding lubrication 
systems are often plagued by oxidation by-products 
causing serious damage in the tribo-related components 
such as bearings, valves, filters and cooling units. These 
very small particles form varnish and are responsible for 
power losses due to unscheduled shutdowns [1]. 

2. Methods 

To create a deeper understanding of varnish build-up 
under particular conditions, field samples were taken on 
site from lubrication systems affected by varnish. The 
samples were analyzed for elemental composition and 
organic compounds. In an effort to reproduce the 
mechanisms of turbine oil degradation and varnish build-
up, a laboratory method was developed to simulate the 
hot-cold cycle in the lubrication system (Fig. 1). Selected 
oils were subjected to tribological experiments carried 
out on a journal bearing test rig. 

 

 
Figure 1: Scheme of the laboratory method 

3. Results 

The analysis of field samples by infrared spectroscopy 
revealed organic compounds that were characterized by 
a remarkable difference between varnish taken from 
cooling units compared to varnish samples from journal 
bearings (Fig. 2). Furthermore, a specific pattern of very 
high zinc concentrations was found especially in varnish 
taken from bearings. Because of zinc-free turbine oils 
and the lubrication system being free of zinc metal, the 
origin of these contaminations is currently unclear. 

 
Figure 2: Infrared spectra of field varnish samples 

Laboratory simulations of degradation processes in 
commercial turbine oils and model oils built from base 
oil and additive package showed that sludge and varnish 
build-up is dependent on the oil formulation. Most 
important, the composition of varnish showed a high 
dependency on contaminations in the lubricant cycle. 
Specifically, the addition of ZDDP, a zinc-containing 
anti-wear additive, led to a shift from typical sludge to 
varnish-like composition as found in bearings and filters. 
Eventually, the varnish build-up potential of ZDDP was 
confirmed by experiments on a journal bearing test rig, 
while a non-contaminated oil did not build varnish. 

4. Discussion 

The experiments revealed a dependency of varnish build-
up on contaminations such as ZDDP. These findings 
allow effective countermeasures starting from the 
formulation and blending process of turbine oils. 
Contaminations, even in ppm concentration, have to be 
avoided to keep the varnish potential as low as possible.  
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