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Introduction
In-situ burning of oil is one of the three main oil spill response methods, together with mechanical cleaning
and the use of dispersants. This method, featuring the combustion of the oil on the water surface, has
gained increased interest due to its potential as a response method for the Arctic environment. The
relatively easy logistics make it suitable for the very harsh environmental conditions in the Arctic. The key
to this response method is to achieve the highest possible burning efficiency and cause minimal
environmental pollution through the smoke plume, burn residue and any dissolved oil fractions in the
water. While these topics have been addressed in numerous studies, there is no consensus on the theories
underlying their highly varying results. An example is the size dependency of the burning efficiency, as
shown in the photos on the right.
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Need for fundamental understanding of the combustion chemistry
Compared to the physical aspects of in-situ burning of crude oil such as the burning rate, slick thickness,
weathering and weather conditions, the chemistry and multicomponent nature of burning crude oil has been
relatively understudied. Knowledge about the changes of the chemical composition in the oil and in the
combustible gases is crucial though to fully understanding the residue and smoke formation. Several
models for the vaporization order of multicomponent fuels have been reported in literature [1-3], but no
conclusive model has yet been determined for crude oil burning on water. Our current work aims to
determine the vaporization order of crude oil in detail based on the chemical analysis of the residue and
various combustion products (soot and gaseous).
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Preliminary work

Current work – expanded setup

Experiments were performed in a small
scale laboratory setup. The crude oil did
not reach a steady state burning. The
increasing temperatures and decreasing
flame height indicated a volatility
controlled vaporization order.
The concentration gradient in the residue
indicated the burning was diffusionlimited.

Measurements are in mm.
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• Experiments are stopped at specific time
intervals so the combustion products can
be analyzed as a function of time.
• Water circulation to prevent boilover.
• External heat source to improve burning
efficiency.
• Thermal desorption tubes for combustion
gas analysis.
• Soot filter for aerosol analysis.
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𝑄𝑄̇𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑄𝑄̇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 + 𝑄𝑄̇𝑟𝑟𝑟𝑟𝑟𝑟 − 𝑄𝑄̇𝑟𝑟𝑟𝑟𝑟𝑟𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑄𝑄̇𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = 𝑄𝑄̇𝑛𝑛𝑛𝑛𝑛𝑛 − 𝑄𝑄̇𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 − 𝑄𝑄̇𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

Prototype of the gas sampling setup. The first test was conducted with sorbents Carbopack
B, X and Carboxen 1000 in the tubes and a flow of 25, 50 and 75 ml/min.
[5]

Heat transfer balance – why size matters
Premature flame extinction indicates that
insufficient energy was available for evaporation
(𝑄𝑄̇𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ) to sustain the combustion due to decreasing
heat transfer to the fuel (𝑄𝑄̇𝑛𝑛𝑛𝑛𝑛𝑛 ) and increasing heat
losses (𝑄𝑄̇𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 and 𝑄𝑄̇𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 ) over time.
Since the energy release rate scales with the pool
diameter [4], large scale pool fires have a relatively
higher 𝑄𝑄̇𝑛𝑛𝑛𝑛𝑛𝑛 . As more energy is available for 𝑄𝑄̇𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ,
the burning efficiency can increase.
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The water circulation successfully prevented
boilover. A burning efficiency of 52% was
obtained. No external heating was applied.

40%

Chemometrics
The above graphs show a Principal Component Analysis (PCA) of the alkane pattern in fresh
crude oil and burn residues [5]. A high coefficient (right graph) corresponds to a positive
change of the PC (black) compared to the average chromatogram (red) of all samples. A
negative coefficient corresponds to an opposite change of the PC compared to the average
chromatogram. These results show that over time, the crude oil loses its alkanes in order of
boiling point and thus volatility.

Work in progress
• Accommodating for the scale of the
experiments. How high does the external
heat flux need to be to reach 90+ %
burning efficiency?

The chromatogram of the TD tubes showed a
very high water content and atypical
combustion products (straight alkane chains).
Breakthrough of combustion gases was
observed containing the same products.
Fresh

Measurements
are in mm.

• Optimizing gas and soot sampling. We
need to reduce the water sorption in the
tubes, optimize the flow rate to prevent
breakthrough from the tubes and the soot
extraction from the filter needs to be
tested. The sorbent material inside the
tubes can also be varied and optimized.
• Optimizing GC analysis method in order
to improve the hydrocarbon:water ratio.
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