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modified corrosive sulfur tests are more susceptible to this problem. The most recent revision of the Doble Transformer
Oil Purchase Specification includes important details. The problem with corrosive sulfur is both time and temperature
dependent. The longer an apparatus operates at higher temperatures with an oil containing excessive amounts of
corrosive sulfur, the greater the corrosion and formation of metal sulfides. Sealed transformers are more susceptible to
the corrosive sulfur problem as oxygen reacts with copper and organo-metallic compounds which compete for reaction
sites with the corrosive sulfur. This slows down the formation of the conductive metal sulfides but does not stop their 
formation. Lower voltage apparatus have can have an advantage if the copper conductors are coated with enamel 
insulation. The enamel creates a barrier preventing reaction with the corrosive sulfur. The various factors that can 
influence copper sulfide formation will be investigated in the collaborative study. 

How Can the Problem be Prevented? Standards organizations need to revise present specifications for a more
rigorous evaluation for corrosive sulfur. At Doble Engineering Company, we have revised our insulating mineral oil
specification requirements for corrosive sulfur by modifying the present ASTM method D 1275. The modifications
include extending the duration of the test from 19 to 48 hours and increasing the test temperature from 140ºC to 150ºC.
Some added precautions are taken to minimize the oxygen content in the test oil. In testing to date, we have found that
the oils from failed transformers with evidence of copper sulfide formation did not pass this modified test, but did pass
the present ASTM method. As additional research is performed it is likely that new methods will be developed. Part of
the collaborative study is to evaluate test methods for detecting the corrosive sulfur. However, to help prevent this
problem from becoming widespread immediate use of Doble more rigorous test method is recommended. See the
Doble Transformer Oil Purchase Specification as revised January 1, 2006 for details. TOPS can be download from the
following link:
http://www.doble.com/services/lab_services_transformer_oil_specs.html

How can the Problem be Detected in Existing Equipment? All failures have occurred without prior evidence of an 
incipient fault. This makes the problem difficult to detect and manage. The failures have occurred after from one to
several years of apparatus being in service. The corrosion process appears to take this time to form critical amounts of 
conductive sulfides. Dissolved gas-in-oil tests are routinely used to detect developing problems from overheating,
partial discharge activity, or arcing. To date dissolved gas-in-oil has not given any indication of partial discharge activity
or arcing in these units, even when a sample was taken one day before the failure. Although there can be an in
increase in the insulation power factor, this test has not been found to routinely detect this problem when performed in
the standard fashion. Some laboratory investigations using power factor have been shown to detect copper sulfide in
paper under some conditions. More research is needed to determine if this can be applied to apparatus in the field. As
part of the collaborative study electrical tests will be evaluated to see which might be able to detect significant
contamination of the cellulosic insulation.

Research Efforts and Potential Solutions - It is likely that there is a substantial amount of oil in service in large
power transformers that can cause the sulfur corrosion problems. Although these oils with excessive amounts of
corrosive sulfur represent a very small percentage of the total oil volume in service, it is still important as copper
corrosion and sulfide formation cannot be reversed. It is possible to mitigate against further significant corrosion.
Possible methods include removal of the corrosive sulfur compounds, oil replacement, partial oil replacement, and
passivation using metal deactivators. No simple means for removing corrosive sulfur compounds from the oil has been
developed. Depending on the size of the problem this may be an area for future research. Preliminary studies at the
Doble Laboratory have shown that mineral oils can have considerable differences in the temperatures at which they
will begin to form copper sulfide under test conditions. Further studies will be performed. Mixing higher corrosive sulfur
content oils with those having very low sulfur content can significantly improve the former’s characteristics well beyond
acceptable limits. Another method that has been employed is the use of a passivator that binds up some of the active
sites on the metal surface retarding reactions with corrosive sulfur. More research is need and will be performed as
part of the collaborative study, to better understand how well these methods will work and the long-term benefits. For
the immediate future these methods appear to be promising and could help mitigate developing problems. Some
companies have already started using these approaches; and we will be monitoring and evaluating the effectiveness
as part of our study.

How do I Join? Contact Paul Griffin by emailing him: pgriffin@doble.com



http://www.doble.com/newsletter/index.php?vol=21&iss=4&part=27

3 of 3 2/23/2006 12:23 PM

Please don’t hesitate to share your thoughts on this article. Send your opinions and comments
to:DobleExchange@doble.com. We are always interested in Doble-Tested case studies and field photographs 
from the Client Community. Please send these to DobleExchange@doble.com.
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Doble Test Assistant Data Structure 

In this issue of Doble Tested, we give clients an update on the new Doble Test Assistant 
(DTA) data structure, and some of the great improvements of the latest version. 

Safety Matters

A Client Utility shared this at the recent Fall Committee Meetings.  The utility had a fuseless
capacitor bank failure while performing acceptance tests on the bank. It was requested to 
have the remaining units that were not ruptured to be delivered to their lab for testing and 
dissection. 

When handling these capacitors a couple of items to note are 1) to effectively remove 
trapped charges from fuseless capacitors, the two bushings need to be shorted and 
grounded to the case because the fuseless capacitors internal series capacitor packets are 
insolated from the case, and 2) when performing dissection on the capacitors, be sure to 
short individual packs to their neighbors before contacting the packets. 

They found that even though the bushings were shorted and grounded to the case and the 
internal discharge resistors were in placed, trapped charges still remained in the series 
capacitor packets. Shorting the packets to their neighbors removed these charges.

Power Talk

Editorial 

Our Transformers are not the only aging utility resources. As growing numbers of utility 
workers reach retirement age, not only are utilities in danger of losing the "explicit 
knowledge" of those retiring workers -- that is, the type of knowledge that can be gleaned 
from books and manuals -- but also more importantly, their "tacit knowledge". This refers to 
be underwritten tricks of the trade that workers gain over the course of their utility career. 
These are things that can't be found in a job/policy manual. It's more frequently, and very 
aptly, called "experience". An industry magazine recently summarized the problem by 
saying "When that 25-year old transformer, fails, you want to be sure your 
25-year-young substation engineer knows how to handle the problem."
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