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TRANSFORMER OIL 
SEAL COMPATIBILITY
Reliable seal compatibility of gas to liquids (GTL) based 
transformer oils assured by independent third-party study
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TRANSFORMER OILS AND GTL TECHNOLOGY
Transformer oils based on GTL technology were first introduced in 2013 and have experienced many years of 
successful use in a wide variety of electrical equipment, from distribution transformers to high-voltage, direct-
current transformers supplied by leading equipment manufacturers, and are trusted by many electrical utilities. The 
benefits of the technology in Shell Diala S4 ZX-I, Shell Diala S4 ZX-IG and Shell Diala S5 BD oils offer some clear 
improvements over conventional mineral-based products, including*

The excellent performance of GTL-based transformer oils has been reported in many technical papers from leading 
institutions. Here, we report the results from the latest testing, which was conducted by a leading independent third-party 
transformer seal manufacturer, on the compatibility of Shell Diala S4 ZX-I, Shell Diala S 4 ZX-IG and Shell Diala S5 BD 
GTL-based transformer oils with different seal materials.

*Shell Diala S4 ZX-I and ZX-IG, and Diala S5 BD meet or exceed IEC 60296 ed. 5 requirements. For more details on the performance benefits listed, please visit  
www.epc.shell.com, where product technical data sheets are available.

To close a transformer body properly, gaskets are used to form a seal that 
prevents fluid leaking out and contamination entering from the environment. 

Over time, the gasket material takes up a little oil from the transformer, which can 
cause volume (swelling or shrinkage), weight, hardness and compressibility (press 
and recovery) changes. The level of change relates to the chemical similarity of 
the oil and the cork/rubber compound used, and the curing agents and other 
compounds present.

Best practice is to follow the professional selection guidelines, which are based 
on extensive experience of applications, material properties and work conditions. 
In addition to ensuring the fluid compatibility with the material, taking careful 
steps during gasket installation can lead to trouble-free operation.

TRANSFORMER OIL AND  
SEAL MATERIAL

n increased protection: Shell Diala S4 ZX-I and  
Shell Diala S4 ZX-IG are virtually sulphur free, thereby 
minimising the risk of oil-related copper and silver corrosion.

n increased efficiency: GTL oils have lower densities 
that lead to robust thermodynamic properties such as 
higher heat transfer coefficients and higher specific heats 
than naphthenic oils. Along with the oils’ good low-
temperature viscosities, this can lead to easier selection 
and application in cold regions to help meet low-
temperature challenges.

n increased reliability: Shell Diala S4 ZX-I and  
Shell Diala S4 ZX-IG have exceptional resistance to ageing 
and degradation. They perform up to five times better than 
conventional products against the highest industry standard 
oxidation test requirements (IEC 60296 edition 5). 

n simple implementation: Shell Diala S4 ZX-I and  
Shell Diala S4 ZX-IG are fully miscible and compatible 
with most conventional transformer oils, as proven in 
extensive laboratory tests. 

n consistent performance: GTL oils have a consistent, 
narrow molecular structure range that provides consistent 
performance.

With increasing demand for enhanced productivity and the need to drive down asset operating costs, 
transformer operators are under pressure to deliver in tougher operating conditions than ever before. 
Consequently, transformer oils need to meet more stringent performance requirements over increasingly 
longer times. The unique technology of the Shell GTL base oils used in Shell Diala S4 and Shell Diala S5 BD 
transformer oils can help to reduce the rate of oil degradation and to extend oil life relative to other oils.

https://www.epc.shell.com
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Before the oils’ introduction to the market, Shell conducted 
approval testing with leading transformer manufacturers to 
verify the compatibility of Shell Diala S4 ZX-I, Shell Diala 
S4 ZX-IG and Shell Diala S5 BD with seals and other 
transformer components.

A further study was commissioned from Tiflex Ltd, UK, to 
test its Nebar range of seals with Shell Diala S4 ZX-I and 
Shell Diala S5 BD GTL fluids and to compare them with a 
conventional, high-grade naphthenic oil (Table 1). Nebar 
seals, manufactured by Tiflex, part of the James Walker 
Group, have been available to the transformer industry for 
more than 70 years. 

This compatibility testing involved exposing the selected 
elastomer to the test oil at a temperature of 100°C for 
72 hours and at 90°C for 336 hours, and measuring 
changes in volume and hardness. In addition, compressibility 
and recovery assessments were made under the same 
conditions (i.e., how much of the original thickness of the 
material was regained after applying and releasing a load).

Using the results, the suitability of the oil with the different 
seal materials was then determined and the combination 
was classified as most compatible, suitable or unsuitable 
(Table 1).

PROVEN COMPATIBLE: GTL-BASED TRANSFORMER OILS

These results highlight that Shell Diala S4 ZX-I is considered suitable or most compatible 
with a wider range of Nebar materials than the naphthenic-based transformer oil.  
This includes the widely used Nebar Grey, Orange, N75 and White materials.

Shell Diala S5 BD is similarly identified as “suitable” for or “most compatible” with most seal 
materials with which it was tested.

*Tested to ASTM F104 Standard Classification System for Nonmetallic Gasket Materials and ASTM F146 Standard Test Methods for Fluid Resistance of Gasket Materials.
**The compressibility and recovery results indicate that Nebar Orange and Nebar Purple may be unsuitable for sealing applications in the presence of a conventional 
naphthenic oil, despite the comparable volume swell.

Nebar product 
name

Elastomer compound Conventional 
naphthenic oil

Shell GTL-based transformer oils

Shell Diala S4 ZX-I Shell Diala S5 BD

Grey Nitrile rubber (NBR) meeting the 
ABB specification

Suitable Suitable Suitable

Orange Neoprene (CR), NBR and styrene 
butadiene rubber 

Unsuitable** Most compatible Most compatible

White Neoprene (CR) Most compatible Suitable Suitable

N75 Silicone rubber Not recommended Most compatible Unsuitable

Red Neoprene (CR) Most compatible Suitable Most compatible

Purple NBR Unsuitable** Suitable Most compatible

Table 1. Compatibility of Shell Diala GTL-based transformer oils and a naphthenic oil with different seal materials.*
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CONCLUSION
Before taking advantage of GTL fluids, transformer manufacturers and power generation and distribution 
companies need to have full confidence in the compatibility of the fluids with transformer seal materials. 
Supporting the seal compatibility studies conducted with leading transformer manufacturers, independent 
tests conducted by third-party seal manufacturer Tiflex showed that Shell Diala S4 ZX-I and Shell Diala S5 
BD GTL oils were “suitable” or “most compatible” for use with a wider range of Nebar seal materials than a 
conventional naphthenic oil, which is “unsuitable” for use with two commonly used seal materials. 

Operators should consult a Shell Lubricants technical representative for further details on the testing 
completed and for guidance on correct gasket installation and use to avoid leakage from transformers.
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https://www.shell.com/business-customers/lubricants-for-business/products/shell-diala-electrical-oils.html

