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ABSTRACT: 
 
Petroleum products and the power industry are inseparable. The power production 
process is dependent on a variety of petroleum products ranging from various types of 
fuel oil, turbine and lubricating oil, various types of insulating oil as well as light cycle oils, 
gas oil, diesel and kerosene.  
 
Quality assurance programs and compliance testing becomes very necessary prior to 
acceptance of products, not only to ensure that the correct product is delivered with 
specified additives, but also to ensure that the product was not exposed to contaminants 
during the process of transportation, transfer and storage. During management and 
maintenance of these products accidental contamination may also result in serious 
damage or catastrophic failure of plant, which will need further investigation in order to 
address root causes.  
 
The identification of the types of petroleum products as well as the capability to link a 
product to a supplier of a specific brand becomes vital when problems are experienced, 
solutions are sourced and further investigation necessitated.  
 
This paper discusses the utilization of the existing Gas Chromatography (GC) technology 
as well as the deployment of latest technology Gas Chromatography X Gas 
Chromatography Time-Of-Flight Mass Spectrometry (GCXGCTOFMS). Particular focus is 
given to the superior identification capabilities of the latter technology. The case studies 
cover the identification of transformer oil (gas-to-liquid, phosphate esters or mineral 
based), fuel oil and lubricating oil as well as kerosene incidents experienced as a result of 
exposure to unknown sources during maintenance, changes in supplier or brands, 
transportation and storage of petroleum products.  
 



This paper attempts to highlight advantages to end users, such as utilities, with respect to 
the capabilities of the Gas Chromatographic technology during the life cycle management 
of petroleum products and related additives.  
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1. BACKGROUND 

The Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) are a 
European Union regulation dated 18 December 2006. REACH addresses the production and 
use of chemical substances, and their potential impacts on both human health and the 
environment. REACH is the Regulation (EC) No 1907/2006 of the European Parliament and 
of the Council of 18 December 2006 concerning the Registration, Evaluation, Authorization 
and Restriction of Chemicals. It came into force on 1 June 2007. The purpose of this 
regulation is to protect human health and the environment. The enforcement of REACH has 
a great impact on the electrical and electronic industry. [1] 

To comply with REACH, manufacturers or suppliers of electrical and electronic products 
shall identify and control hazardous substances in their products, especially substances of 
very high concern (SVHC) and REACH restricted substances. 

Electrical and electronic products belong to the “articles” category under REACH regulation. 
Suppliers of articles must fulfil the following obligations when a SVHC is present: 

• Communication Requirement: Suppliers of articles which contain substances on the 
Candidate List in a concentration above 0.1 % (w/w) have to provide sufficient 
information (such as SDS, substance declaration) to allow safe use of the article to 
their customers or upon request, to a consumer within 45 days of the receipt of the 
request. This information must contain as a minimum the name of the substance.  

• Notification: EU producers or importers of articles have to notify the European 
Chemical Agency (ECHA) if their article contains a substance on the Candidate List. 
This obligation applies if the substance is present in those articles in quantities 
totaling over one ton per producer or importer per year and if the substance is 
present in those articles above a concentration of 0.1 % (w/w).  

 
A utility such as Eskom uses various petroleum products in a wide range of applications. 
Bulk volumes of fuel oil is stored and burned at the coal fired power stations. Petroleum 
products are also the major component in tribology (the science and engineering of 
interacting surfaces in relative motion) where the application is to reduce friction and wear as 
well as lubricate. The transformer industry mainly uses insulating oil whilst kerosene is used 
in the transformer solid insulation dehydration process.  
 
The South African insulating oil market has been dominated by the usage of uninhibited 
naphthenic oil for several decades. This has changed dramatically over the past 5 - 7 years 
and may have catastrophic consequences to uninformed users, regenerators and recyclers 
of transformer oil [2]. The requirements from the power industry end users as well as 
REACH environmental requirements internationally have placed refiners under pressure to 



control the refining process and deliver non-corrosive naphthenic oil at an economically 
viable price These requirements have also redirected refiners to additive technology, which 
has resulted in added compounds such as anti-ageing or anti-oxidising, anti-gassing and 
pour point suppressant additives. However, the identification of such unique compounds 
present in the oil is yet to be achieved as the composition of oil, which comprises of 
thousands of different hydrocarbon structures, were not possible. 
 
2. INTRODUCTION 
 
The use of gas chromatography (GC) within utilities such as Eskom is well established. 
Eskom embarked on this technology as early as the 1970’s. The first gas chromatographs 
were limited in operation as glass columns were predominantly packed with an absorbent 
and only one type of detector was fitted per instrument. The gas analysis performed on 
transformer oil to detect the thermal degradation of oil, which is currently performed on one 
instrument, used to be analysed on three different instruments with much less sensitivity.  
 
Gas chromatography may be defined as a technique in which the sample mixture is 
vaporized and injected into a stream of carrier gas (such as argon, nitrogen or helium) 
moving through a column containing a stationary phase composed of a liquid or particulate 
solid and is separated into its component compounds according to their affinity for the 
stationary phase. The components are then detected on a specifically selected detector. A 
chromatography detector is a device used in GC to detect components of the mixture being 
eluted off the chromatography column.  

Gas chromatography has developed over the years and separation of multiple compounds 
from one very small injection on one system with various columns and detectors are 
possible. Gas chromatography without identification of compounds is not of great value. In 
some cases the analyst knows which compounds are of interest and with the use of certified 
reference material (CRM) can set-up a method of detecting and quantifying these specific 
species. Dissolved gas analysis (DGA) on transformer oil is a prime example, thermal 
degradation of the oil yield specific gases and the analyst knows which of these compounds 
must be analysed and optimises the instrument to detect and quantify these compounds of 
interest. The presence of the banned synthetic oil namely polychlorinated biphenyl (PCB) is 
also detected and quantified with gas chromatography.   

Technology such as mass spectrometry combined with gas chromatography has given the 
analyst a powerful universal compound identification tool, not available during the earlier 
years. The current superior technology has been identified to be gas chromatograph x gas 
chromatograph time of flight mass spectrometry (GCXGCTOFMS) [3]. This advanced 
technology has been gaining strength and has become commercially available opposed to 
being an application just used by academic researchers. The technology is in particular 
being used in the analysis of unknown organic species. Fields of major application have 
been identified as forensics, steroid, drug and doping analyses, environmental studies of 
organic pollutants and the petroleum industry.  Eskom realised the latter as well as 
environmental pollutants being of interest to the utility.  
 
The GCXGCTOFMS technology has been obtained for the application in the field of 
insulating, fuel oil and lubricants for the following reasons: 

• Supplier identification; 
• Product identification; 



• Additive identification; 
• Formulation changes; 
• Trace markers relating to refining processes.  

 
This technology ensures that all engineers (electrical, mechanical and boiler) are aware of 
formulation changes or any undeclared additives in their oils that may need monitoring and 
replenishing. It has further enabled the utility to identify suppliers and specific products 
during investigations and failures. 
 
The primary functions of the transformer or insulating oil are to insulate the primary windings 
from the secondary windings and ground, as well as to function as a heat transfer medium to 
transfer the heat from the windings to external cooling equipment. It is thus important that 
the oil has good insulation and dielectric properties. This will include, but are not limited to 
low moisture content, high dielectric breakdown voltage and good anti-ageing properties 
thus a low tendency to form oxidation breakdown products such as acids and sludge. The oil 
must also be free of reactive species inclusive of natural occurring compounds in the oil as 
well as added compounds such as anti-ageing additives. Due to the competitive market and 
product patents, these additive packages are not declared in full and unbeknown to end 
users may have some detrimental effects in their equipment. As a result only some refiners 
are capable of producing uninhibited (class U) products whilst others can produce only 
inhibited (class I). A typical example of additive technology gone wrong was the formation of 
corrosive sulphur in the form of conductive copper sulphide on solid transformer insulation, 
due to the addition of an oxidation stabiliser additive namely Dibenzyl disulphide (DBDS). 
End users suffered the consequences without knowing that the additive formed part of their 
insulating oil formulation.  

The GCXGCTOFMS technology has also been utilised in the analysis of fuel oil 
cutting/formulations, which has had catastrophic effects on some Eskom power station 
boilers, fuel oil plants and pumps. [4] 

Fuel oil is a fraction obtained from petroleum distillation, either as a distillate or a residue. 
Broadly speaking, fuel oil is any liquid petroleum product that is burned in a furnace or boiler 
for the generation of heat or used in a boiler for the generation of power. In this sense diesel 
is also classed as a type of fuel oil. Eskom’s coal-fired power stations use fuel oil for start-up 
purposes and to support combustion during times when there are plant-related challenges. 
These stations use up to 30 000 litres an hour of fuel oil during a cold start. When a new unit 
is returned to service after an outage, frequent light-ups are required to sort out all the 
problems. For such a cold start up huge volumes of fuel oil is required over short periods. 
Consumption of fuel oil increases drastically and unexpectedly over short periods when a 
unit trips.  
 
Fuel oil is supplied to 13 Eskom coal-fired power stations resulting in the utility being the 
single biggest inland user of industrial fuel oil in South Africa. Compliance or Quality 
Assurance (QA) upon delivery has been addressed but remains a challenge. The power 
stations check five critical properties prior to off-loading, but rely mainly on batch certificates 
for the bulk of properties as supplied upon delivery. The Eskom specification stipulates 
grade 3 fuel oil for the bulk of the stations - this is a typical natural crude oil derived residual 
fuel. Residual fuel oil is the fraction that remains after the removal of valuable distillates 
(such as gasoline) and is derived from the residue that collects at the bottom of a distillation 
column or pipe still. The heavy fuel comprises mainly of unevaporated materials after the 



atmospheric distillation of crude oil. Various problems have been investigated – these 
include flame related issues such as colour, deposits (grid), heavy ash “not flowing”, bag 
filter problems and smoking to mention a few. 
 
GC as well as GCXGCTOFMS technology has been deployed to assist with the identification 
of abnormalities, such as identification of additives and “cuts” that composes the fuel oil 
received. This ensured that the Eskom boiler engineers are aware of any changes in their 
oils that will need fuel adjustments on their plant. It has enabled Eskom to identify 
contaminants during investigations and failures. It has also enabled Eskom to track any 
undeclared changes or changes in refinery processes. 
 

3. INSTRUMENTATION 

The following chromatography systems are used to perform various by-product or base 
compound analyses:  

Table 1: Various gas chromatography systems used in the power industry to identify petroleum by-
products as well as petroleum base products 

 
Dissolved Gas 
Analysis PCB Analysis Oil Fingerprinting Oil Unknown 

compound 

Injector 
Headspace analyser 
with direct transfer 
line 

Splitless  

 

Splitless  

 

Splitless  

 

Carrier gas Argon  P10 (Argon/methane mix) Argon  Helium  

Columns 

30 metre 0.535 mm x 
40.00 ųm HP-Plot-Q  

30 metre 0.530 mm x 
50 ųm MolSieve 

 

30 metre 0.53 mm x 0.50 
ųm VB-5 5 % 
phenylmethylpolysiloxane 

 

 

EZgaurd VF 5ms 30 
metre 0.25 mm x 0.25 
ųm plus EZ Guard 
CP9021 

 

30 metre x 0.25 mm. x 
0.25 µm film thickness 
Rxi-5SilMS & 

Secondary column 1.1 
metre x 0.15 mm X 
0.15 µm Rxi -17 
SilMS 

Detector 

Thermal conductivity 
detector (TCD) & 

Flame ionization 
detector (FID) 

 

Electron capture detector 
(ECD) 

 

Flame ionization 
detector (FID) 

 

Mass spectrometer 
(MS) 

 

4. RESULTS 

The following chromatograms depict the results obtained for the systems as listed in Table 1. 

4.1 DISSOLVED GAS ANALYSIS 

Nine gases are of interest to the electrical engineers - these are as per Table 2 below. 
Figure 1 depicts the results obtained for a gas analysis on a gas chromatograph equipped 
with a TCD and FID system.  

  



 

Table 2: Typical fault gases generated in transformer oil detected by gas chromatography  

On TCD Typical fault indication  On FID 
 

Typical fault indication  

Hydrogen  Partial discharge Methane  Complimentary thermal gas 
Oxygen  Air bag/cell leak Carbon Monoxide  Paper degradation 
Nitrogen  Nitrogen blanket or non-fault gas air 

component 
Carbon Dioxide  Paper degradation 

  Ethane  Low temperature thermal fault 
  Ethylene  High temperature thermal fault 
  Acetylene  Arcing/Discharges high energy 

 

 
Figure 1: A transformer oil gas analysis 
indicating the gases detected on the flame 
Ionization and thermal conductivity 
detectors 

 

Figure 2: A typical polychlorinated biphenyl 
Arochlor 1242 contamination detected in insulating 
oil detected on the electron capture detector 

 

 
4.2 POLYCHLORINATED BIPHENYL ANALYSIS 

PCB has to be phased out in South Africa by 2025. Gas chromatography is used to detect 
and quantify the contamination of insulating oil used in the electrical industry. Figure 2 
depicts the detection of one of the types of PCB found in insulating oil namely Arochlor 1242 
on a GC-ECD system.   

 
4.3 INSULATING OIL AND ADDITIVE IDENTIFICATION  

Figures 3, 4 and 5 depict the chromatograms obtained by GC-FID in order to identify the 
type of oil and additives present in the oil.  

Figure 3: The GC-FID chromatogram of a station 
transformer oil indicating the type of oil as well 
as the presence of some additives  

Figure 4: The GC-FID chromatogram of a 
non-crude transformer oil with an additive 

 



 

 

Figure 5: The GC-FID chromatogram of a synthetic ester transformer oil with an additive 
 

4.4 FUEL OIL BLEND/FRACTION IDENTIFICATION BY GC-FID  

The results obtained by GC-FID for the analysis of fuel oil used in the burners at power 
stations, indicating the composition (Figure 6) of the fuel oil that may differ from batch to 
batch as well as supplier (Figure 7). The analyses further show the combustion process 
through the boiler system (Figure 8) as well as the detection of a fraction of oil that did not 
combust and was carried to the bag filters (Figure 9).   

Figure 6:  The GC-FID chromatogram of a 
heavy fuel oil indicating possible “cuts” to 
achieve desired properties  

 

Figure 7: The GC-FID chromatograms of 
different fuel oils received at various power 
stations  

 

 
Figure 8:  GC-FID chromatograms of a heavy fuel oil tracked throughout the fuel system of a power 
station boiler unit indicating fuel combustion and the loss of lighter components  
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Figure 9:  GC-FID chromatograms of a heavy fuel oil compared to oily compound found on the bag 
filters indicating the fraction of oil that did not combust in the boiler  
 

4.5 FUEL OIL BLEND/FRACTION IDENTIFICATION BY GCXGCTOFMS 

The GC analysis of petroleum products is very complex and separation of all the 
components on a one dimensional system is near impossible. Figure 10 shows the surface 
plot/view of a fuel oil indicating the superior separation capabilities with a two dimensional 
system. 

  

Figure 10:  GCXGCTOFMS 2 dimension surface plot/view of a heavy fuel oil 

Figure 11 indicates the contour plot/view of a fuel oil, with every dot depicting a compound 
that was detected. As can be seen, a huge number (hundreds) of compounds are present 
and identifiable through the MS, compared to the data generated by GC-FID (Figures 6 – 9) 
with no identification.  



 

Figure 11: GCXGCTOFMS 2 dimension contour plot/view of a heavy fuel oil 

4.5 INSULATING OIL ANALYSIS AND ADDITIVE IDENTIFICATION BY GC-MS AND 
GCXGCTOFMS  

The GC-MS analysis (Figure 12) of an available insulating oil type indicated the presence of 
an additive known as tetralin or 1,2,3,4 tetrahydro-naphthalene (Figure 13), also refer to 
Figure 14, the GCXGCTOFMS identification on the contour plot of the specific compound. 
The sample also contained a unique compound visible as ion 63. This ion was identified as 
per Figure 15 to be 1,3 di-iso-propylnaphthalene. 

 

Figure 12:  GC-MS scan indicating the positive oil 
type matching based on the unique ion 63 found in 
the reference oil as well as the sample oil  

Figure 13:  GC-MS compound  identification 
capabilities  



 
Figure 14:  GCXGCTOFMS contour plot with the 
identification of 1,2,3,4,  tetrahydro-naphthalene 
also known as tetralin 

Figure 15:  GCXGCTOFMS identification 
of ion 63 as 1,3 di-iso-propylnaphthalene 
at time ± 20.68 minutes 

 
5. DISCUSSION & CONCLUSION 

The analysis of fuel oil by GC-FID and GCXGCTOFMS have shown that the composition of 
the oils are not consistent and that suppliers at times achieve required properties through 
blending or cutting with products such as used lubricating oils. This in turn has created 
excessive wear on the pumps utilised in the fuel oil system. Gas chromatography has 
enabled the end user to be able to identify the root cause of the problem, which was then 
resolved with the supplier. This technology has further assisted with the modelling of a fuel 
oil combustion profile throughout the fuel system, where the source of deposits could be 
identified. It has further shown that fuel system optimization is extremely important to avoid 
incombustible liquid carryover to the fly ash, as this result in emission problems as well as 
blocked bag filters. 

The use of gas chromatography with various detectors has shown to be crucial in a variety of 
analysis pertaining to insulating oil. Condition monitoring and the early detection of thermal 
faults will virtually be impossible without dissolved gas analysis, a vital tool for all electrical 
engineers that have to manage costly power transformers. The GC-FID technology has 
further been proven to be very useful in identifying the supplier of the base product as well 
as some additives used in the products. The technology has shown that antioxidant additives 
such as butylated hydroxytoluene (BHT), also known as 2,6-di-tert-butyl-p-cresol (DBPC) as 
well as anti-gassing additives (tetralin) are used to produce products compliant to user 
requirements. It is of utmost importance that the end user be aware of this. Oil containing 
BHT is classed as an inhibited oil and will be more costly than uninhibited oil. The addition of 
BHT will also give rise to modifications in the condition monitoring regime. Trending of the 
anti-oxidant content should get preference over acid content, as this will only increase once 
the anti-oxidant additive is depleted. The common use of 1,2,3,4, tetrahydro-naphthalene or 
tetralin is a widely used organic solvent for fats, resins and waxes [5], this may pose a 
problem in areas where sludge or other deposits are evident, such as tap changers.  

  



The GCXGCTOFMS work performed to date has shown that this latest technology has 
endless opportunities and has brought about a new level of analysing and understanding 
petroleum products, additives as well as their origin. It is envisaged that the utilisation of this 
technology will enable users to trend various organic species either added to the oil to 
achieve certain properties, or organics released in the oil from the multiple components it is 
in contact with inside a unit. It is envisaged that the application of this technology will simplify 
the analysis of complex petroleum products. 
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