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Extremely rapid and facile method 

to predict the oxidation stability of 

mineral oil based products

PHOTOCHEM method for quality control in petro industry

Dr. Burcu Oezmen Analytik Jena AG Konrad-Zuse-Str. 1, 07745 Jena/ Germany, 
Tel: +49/ 3641/ 7770, Fax: +49/ 3641/ 779986, info@analytik-jena.de, www.analytik-jena.de

Diesel fuel injection equipment manufacturers support the
development of alternative sources of fuel. In Europe and in the
United States of America, as well as in other countries, fuel
resources  such as rapeseed methyl ester (RME) and soybean
methyl ester (SOME), together known as fatty acid methyl esters
(FAME), are being used as alternatives and extenders for mineral
oil derived fuels. There is great interest for significant variation in
product quality and specification for products basically described
as biodiesel. Biodiesel is defined as the mono alkyl esters of long
chain fatty acids derived from vegetable oils or animal fats. There
are some standards including a number of parameters in biodiesel
specifications that the biodiesel fuel must fulfill in order to be sold
in several countries. 

Basically, there are 3 standards for diesel and biodiesel fuel: 

• EN 590
• DIN 51606
• EN14214

EN590:2000 describes the physical properties that all diesel fuel
must fulfill if it is to be sold in all EU countries, Switzerland, Norway,
Czech Republic and Iceland. It allows the blending of up to 5%
biodiesel with normal DERV (95/5 mix).

DIN 51606 is a German standard for biodiesel. It is regarded to
be the currently existing strictest standard and is used as evidence
of compliance by almost all manufacturers.

EN14214 is the standard for biodiesel at present which is
finalized by the European Committee for Standardization (CEN). It
is briefly based on DIN 51606.

EN14214 provides the minimum requirements for FAME
quality whether used as pure FAME or as a blend component.
FAME may be blended in quantities of up to 5% in European diesel

fuel according to the EN590 specification. 
The standard EN14214 ensure that the following 
important factors in the fuel production process are satisfied:

• free methanol
• water
• free glycerin
• mono, di- and tri-glycerides
• free fatty acids
• total solid impurity level
• alkali/alkaline earth metals
• oxidation stability

Among the all other general requirements, the oxidation stability is
an important point, which will be focused in this study. The
outstanding necessity of high oxidation and thermal stability of
mineral oil based products is:

• Longer oil life
• Improved filter life
• Lower maintenance costs, etc.

Therefore, there is a significant increase in understanding the
factors that influence the aging phenomenon of mineral oil based
products, mostly biodiesel and biodiesel blends. Briefly, the major
factors influencing stability are:  

• Presence of partially reacted or un-reacted oils
• Level and type of unsaturation, 18:2 and18:3 
• Presence of additives, either natural or added 

Additives are commonly used not only to increase the stability but
also to increase the lubricity and to enhance existing fuel quality.

Diesel fuel that includes biodiesel additives is referred to as a
premium biodiesel. Additives can be classified
in different groups such as;

• Antioxidants
• Antirust
• Viscosity index improvers
• Extreme pressure (EP)
• Metal passivators

Figure 1: Measuring curves of the blanks, standards and the sample
for the determination of the antioxidative capacity of the lipid soluble
compounds. Voltage proportional to the generated luminescence as
a function of measuring time. The inhibition (reduction) of
luminescence through antioxidants in the standards [B]-[E] (0,5 1,0
2,0 und 3 nmol) (the blue lines) and the samples [1] – [5] (the black
lines) compared to the blank [A] (the red lines) is to be observed.

Figure 2: Calibration curve with 0,5  1,0   2,0 and 3,0 nmol Trolox®
(see the corresponding measuring curves in Fig. 1)

Figure 3: Correlation of oxidation hour and the antioxidant capacity in biodiesel
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• Friction modifiers
• Solid lubricants and etc.

There are methods existing in market for determining the oxidation
and thermal stability of mineral oil based products.  One of the
methods for instance measures volatile acids after aging and
produces induction period value. This induction time is mostly used
for defining the oxidation stability.  It is preferred mostly by
European FIE and some automobile manufacturers. However, this
method has some disadvantages like;

• Volatile acid formation is not representative 
of deposit formation

• Certain deposit formation pathways
are not oxidation dependent

• Deposit formation may be preferred

Because of this, there is a great interest for predicting the oxidation
stability using an another method. With the PHOTOCHEM® ,
Analytik Jena offers the first system for the quantification of
antioxidants in water-soluble and lipid-soluble substances
separately on a single system. PHOTOCHEM® analyzes by using of
photochemiluminescence detection method. The key feature of
this method is the speed of oxidative reactions that is up to 100
times higher compared to normal conditions. This increase is
achieved by photochemical stimulation of the reacting molecules,
which makes very fast measuring times possible.

Measuring principle
The working principle of the photochemiluminescence method is
based on the multiple acceleration of a natural reaction leading to

the generation of a superoxide anion radical. This is achieved by
optical excitation of a photosensitive substance and subsequent
formation of the measuring free radicals (superoxide anion
radicals). These radicals are partially eliminated from the sample
by reaction with the antioxidants present in the sample. In the
measuring cell the remaining radicals cause the detector
substance to luminescence. Thereby the antioxidant capacity of the
sample is exactly determined in a separate cell by means of a
photomultiplier tube. The antioxidative capacity of the sample is
quantified by comparison with the standard (constructing a
calibration curve with Trolox® for determination of total lipid
soluble antioxidants) and is given in equivalent units of standard.

Sample preparation
Biodiesel samples are stored under exclusion of air to prevent the
loss of antioxidants. As diluent n-hexane has been used. 1 ml
sample is diluted with 1ml n-hexane. Depending on the sample,
further dilutions have been performed. Before measuring with
PHOTOCHEM® each sample has been placed on a vortex.

Performance of the 
measurement and calibration
ACL calibration and measurements are carried out according to
the standard kit protocol. At the beginning a blank analysis (the
red measuring curves) is performed, where no antioxidants were

present. Afterwards, with different amounts of Trolox®  (the
standard antioxidant substance) a calibration curve has been
created (the blue measuring curves). A very important point that
has be cleared here is that the instrument does not measure only
Trolox® but also all lipid soluble antioxidants present in the
sample. After the calibration curve is created, one can perform the
analysis of samples (the black measuring curves). The measuring
curve of the blanks, standards and samples for the determination
of the antioxidative capacity of the lipid soluble compounds is
given in Fig. 1. The calibration curve is constructed by measuring a
series of standard solutions, namely, 0,5 1,0  2,0 and 3,0 nmol
Trolox® (Fig. 2). 

Results
The results given in Table 1 are presented in equivalent
concentration units of Trolox® for lipid soluble substances in
biodiesel measured with PHOTOCHEM® . The oxidation hours are
also given in the table for each biodiesel sample.

A direct proportionality between the oxidation hour and the
antioxidant capacity of the biodiesel samples can be noticed (Fig.
3). The samples with high oxidation hours have also high
antioxidant capacity. The results show that PHOTOCHEM® can be
utilized very well for the determination of antioxidant capacity in
bio fuels.  

Table 1:  Oxidation hour and the equivalent concentration units of Trolox® for lipid-soluble substances in biodiesel samples 

Figure 4: PHOTOCHEM

Conclusion
The advantage of this method lies in its high sensitivity, high reproducibility and its short measuring times. The time that is required
to perform a one single measurement of a sample is about 3 min. This time is compared to the other methods available on the market,
which is above 6 hours, is very short.   Not only the measuring times, but also the sample preparation is profitable. It does not require
complicated and time-consuming sample preparation. Moreover, the measurement is  independent on a particular pH value or
temperature.  Hence, it opens up the possibility to predict the oxidation  stability of mineral oil based products not only in research
institutes but also in routine analysis.

Expert Shape 
Improves Particle Analysis

The Expert Shape is a software
used in conjunction with CILAS’
(France) Particle Analysers. It
allows a better definition of
particle’s morphology, and better
working conditions. This tool gives
users a well founded interpretation
of each result.

It is composed of many filter
parameters such as the surface, the
diameter, shape factors, minimum
and maximum ferrets, the fibre
width, length and curl, or the facility
to pick filters to extract particles

with particular characteristics from an image.
This software explains all the procedure step by step and guides

the user to better results with better reproducibility.
The image gives a high quality visualisation of sample’s dis-

persion, agglomerates, sample’s homogeneity and morphology in
order to have more reliable results and better interpretation.

An 8 page brochure is now available, which describes three of
the company’s particle size analysers. Model 930, for production
control, which is equipped with silicon detectors and measures
particles from 0.2 to 500 microns. Model 1064, for research and
development, which has a dual-sequenced laser system to measure
particles from 0.04 to 500 microns. Finally, Model 1180 which uses
laser diffraction and CCD camera techniques to measure particles
ranging from 0.04 to 2,500 microns.

New Low-Cost, Compact
Polarised XRF Benchtop Analyser
SPECTRO Analytical Instruments (Germany), a unit of
AMETEK, Inc. has announced the launch of the PHOENIX II
benchtop Polarised XRF analyser. The instrument is ideal for
elemental analysis of liquids, solids and powders for measuring
Mg through U.

The PHOENIX II is a low-cost, benchtop XRF spectrometer
with a compact footprint designed for use in the rugged
environment of production process and quality control as 
well as in the laboratory. Its on-board PC makes use of 
Windows operating system along with a simple, intuitive 
touch-screen display, making analysis easy for non-technical
operators but advanced enough for the more-experienced 
user as well.

The PHOENIX II combines a 48kV tube and Polarised
source x-rays with a rugged gas-filled proportional counter
detection system, giving the PHOENIX II improved performance
for the measurement of low atomic number elements such as
Mg, Al and Si as well as S and Cl. The prop counter detector
design yields a high x-ray count rate throughput and makes use
of x-ray filters to separate the spectral peaks of elements with
adjacent atomic numbers. 

With its onboard computer, no external computer is needed.
The PHOENIX II does not require an external mouse or
keyboard, yet offers USB, VGA and Ethernet connections for
networking and connecting to external devices. This compact,
simple to operate XRF system offers a unique combination of
high powered Polarised x-rays and a high sample throughput
with rugged detector at a very affordable price.

Flash Point Testing: 
Safety Comes First 
Grabner Instruments (Austria) continues to take safety seriously
with MINIFLASH. Because of strict safety regulations in refinery
laboratories, the use of an open flame in combination with highly
flammable liquids is a major safety issue for the petroleum industry. 
Take Pensky-Martens testers: most people don't feel really at ease
while heating 70mL of Diesel unless working under a fume hood. 

The request for a safer flashpoint method was a difficult
challenge for petroleum instruments manufacturers. It took some
time till Grabner succeeded in developing a new method known as
ASTM D 6450-99. This method uses only 1 mL sample in a
continuously closed sample cup. It uses an electric arc ignition
instead of an open flame, introduces air into the closed test
chamber by means of a pump. The flash point is detected by an
increase in pressure in the test chamber. This method offers other
significant improvements: the much smaller sample size leads to
less waste, cleaning is easier, the turnaround time is reduced
significantly and that together offers the possibility to manufacture
a portable, rugged and fully automated apparatus.

The data for pure fuels, oils, and chemicals, method D 6450-99
show results very close to the results obtained by method D 93A.
For the test samples that are contaminated with small amounts of
material of significantly lower flash point (diesel with gasoline, jet
with gasoline, lubricating oil with diesel), Grabner modified testing
conditions a little bit: With 2 mL of sample ASTM D 7094 works for
pure and contaminated samples. In fact, the analysis according to
practice D 6708 showed that no statistically significant bias is
observed between the methods ASTM D 7094 and D 93A.
MINIFLASH testers are now reliable working horses and other
industries have understood their advantages.
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