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Abstract:

A method based on time-resolved laser-induced fluorescence spectroscopy (TRLFS) for
characterization and identification of different fossil diesel fuels, biodiesel and theirs blends is
introduced. The method uses a pulsed Nd:YAG laser with an excitation at 266nm and a single
nanosecond pulse, measuring the dynamic response with a specific time gate width and gate step
(time-resolved), and comparing them in terms of 3D-shapes, frequency behavior and decay behavior.
The method also takes into account the maximal intensities and the wavelength of the maximal
fluorescence intensity. With this information it is possible to differentiate quickly diesel fuels and is as
well useful for in-situ-detection of the biogenic content in biodiesel blends.
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Introduction

Methods based on fluorescence spectroscopy
are easy to use and deliver fast and accurate
results [2, 3, 4, 5, 6, 7, 8, 9, 10]. However,
these methods are challenging in remote
sensing application, because this requires the
use of tunable lasers which usually have too
weak intensities [11, 12].

A method of time-resolved laser-induced
fluorescence spectroscopy is suitable for
remote sensing applications using an intense
Q-switched laser. It was applied for the
identification of fossil fuel [13, 14].

In contrast to long measurement times of
GC/MS (about 1 h) TRLFS-technique needs
only two or three minutes and it provides the
advantage of an online measurement
application.

Aim of our work is to find fundamental
spectroscopic dependencies to detect and
distinguish conventional fuels, biogenic fuels
and especially blends with different biogenic
content. Based on that knowledge a
spectroscopic fuel sensor may be developed
that enables electronically the on-board
optimization of combustions engines.
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Spectroscopic Methods and Materials

Due to interference of the individual spectra of
numerous fluorophores fluorescence in diesel
fuels is complex. The compounds with a large
conjugated double-bond system or benzene
rings are major sources of fluorescence in
diesel fuel. The absorption of light in the
conjugated system excites a n electron into an
antibonding =* orbital (r - =* transition). The
fluorescence peaks of aromatic compounds are
shifted to longer wavelengths (red shift) with
increasing alkylation [15, 16].

For the time resolved measurements it has to
be considered that the fluorescence emission
can be described like monomolecular reactions,
thus the temporal emission profile can be
described by the simple exponential decay
function /¢ with lifetime 1 [17, 18]:
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Where gt is the intensity att = 0 and t is the
lifetime.

IF,t = IF,t:O e

For a complex mixture of N fluorophores is the
lex the sum of fluorescent intensities of all
fluorophores i:
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The experimentally measured lep: iSs a
convolution of the instrument response function
(excition pulse) l,use:and the decay function Ig ;.

The time resolved measurements can be used
for the characterization and determination of
analytes and for the separation of overlaying
and interfering signals because their lifetimes
are different from each other.

The TRLFS in this work is carried out by the
pulse method (time domain) and harmonic.
With short laser pulse (approx. 3 ns) the sample
is excited, and the intensity of the emission
versus time is recorded using a detector unit
(spectrograph and an intensified charge-
coupled device camera (ICCD-camera) with
internal delay generator) with high temporal
resolution. The experimental TRLFS-system
OPTIMOS delivered by Optimare Wilhelms-
haven, Germany is based on pulse method
(time domain) and harmonic wavelength
generation. The TRLFS is equipped with a
pulsed Q-switched Nd:YAG pumped laser
(Continuum, Minilite 1) and a multi-channel
detector ICCD camera (Andor IStar, A-DH720-
18U-03) in combination with spectrometer
(Shamrock 163, A-SR-163) [19].

The emission spectra of different fluorophores
were recorded in the range 200 - 600 nm with a
specific time gate width (min. 2 ns) and gate
step (min. 2 ns), excited at 266 nm.

The remote sensing experimental set up is
shown in figure 1. All components of the
OPTIMOS (laser, detector and delay generator)
are integrated into an aluminum rack with
operation panel. The device is covered by the
aluminum housing.

Fig. 1: Schematic diagram of remote sensing
experimental set up of Optimos-System

The sensor head is connected to the device
with ca. 5 m glass fiber and the sample is
excited by UV-pulses (266 nm) from the fourth
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harmonic output of a Q- switch ND:YAG laser
(1064 nm) via optical fiber. The laser-induced
fluorescence signal is split by the spectrometer
and detected by the multi-channel detector
ICCD-camera. The bifurcated fiber optic
comprises two optical fiber connected with laser
and detector unit. These optical fibers are
combined into one common fiber connected
with the sensor head in a “Y”-type configuration.

When a measurement is started via software, a
trigger signal is send from the PC-controller
card to the internal delay generator of the
ICCD-camera. From here a trigger is directly
send to the flash lamp of the laser.

The ICCD-camera is opened with given delay
after the initial trigger. The opening time of the
ICCD-camera is described by the gate width
parameter and is also given by the software.
The gate width should be as short as possible
in order to reduce the background signal. A
temporal resolution is achieved by a stepwise
temporal shift of the detection gate.

The TRLFS-measurement was performed on
fuels in a quartz cell. Fluorescence was
detected between 200 and 600 nm.

Fuels

Most fuels were bought from filling stations or
delivered by mineral oil or biofuel companies.
We prepared modest volumes of different
biodiesel blends ourselves. Additionally, the
Thunen-Institute of Agricultural Technology (TI),
Braunschweig, Germany, delivered different
biodiesel qualities and blends of first and
second generation biofuels.

Results

TRLFS allows identification and quantification
of diesel fuel without sample preparation.
Figure 2 showed 3D - TRLFS fluorescence
spectra of nine different fuels (top, left to right:
Aral diesel fuel (up to 7% biodesel), Aral
Ultimate (biodiesel free), TI-Blend (blend of
biodiesel, HVO, alcohol); middle: Swedish MK1
(aromatics free), CRC reference diesel fuel
‘DK9” by Haltermann (20% aromatics),
Hydrotreated Vegetable Oil (HVO); bottom:
diesel from CNPC, South China, diesel from
Argentina, Shell V Power).

These spectra represent  fluorescence
intensities as function of wavelength (x-axis)
and decay time (y-axis). The observed
discriminations that occur in the shapes of the
TRLFS spectra were significant enough to be
used for differentiation between diesel fuels and
their blends with biodiesel.
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Fig. 2: 3D-TRLFS-fluorescence spectra profile of nine different fuels, excitation at 266 nm

Fig. 3: Normalized time resolved fluorescence spectra for 10 time slices of nine different fuels, excitation at 266

nm

In order to study and compare the time resolved
fluorescence properties of diesel fuel its
normalized fluorescence spectra could be used
as the standard spectra of the diesel fuel. The
normalized-fluorescence spectra were obtained
by dividing the fluorescence by theirs maximal
intensity. In order to reduce data in the time-axis
the time domain would be separated into 10 time
slices of 10 ns. Within each time slice the
fluorescence was integrated over the period at
each wavelength. Such integrated frequency
behavior could clearer illustrate the time
resolved fluorescence property of diesel fuel.
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The normalized time resolved fluorescence
property for nine diesel fuels are shown in figure
3.

With the sub-divide of the time slice the
differentiation of diesel fuels come clearer. The
fluorescence spectra for all fuels are different as
a result of the fluorophores composition and
concentration. Also decay behaviors at different
wavelengths are significant different from each
other. Therefore fluorophores with different
lifetimes can be distinguished. Based on this
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information the separation of overlapping

fluorescence spectra is possible.

To characterize and identify the diesel fuels and
biodiesel blends the fluorescence lifetimes for
characteristic wavelengths were calculated. The
lifetimes at characteristic wavelengths of
different fuels are listed in the table 1.

Under the conditions, which include analyte at
low concentration in homogeneous solution with
negligible matrix interference under constant
experimental conditions (temperature, pressure
...), a simple relationship between fluorescence
intensity and analyte concentration BX is given

by
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Fluorescence Intensity = k - BX/% + b (3)

Do determine the biodiesel content in diesel fuel
a lot of blends were prepared from reference
diesel fuel (DK9) and rapeseed oil methyl ester
(RME). Figure 4 shows that the fluorescence
intensity for the emission at the wavelength of
335 nm decreases almost linearly with the
increase of biodiesel concentration up to 90 %.
For raw biodiesel the fluorescence is much lower
than expected. The possible reasons are too
large differences of emission efficiency between
biodiesel and fossil diesel fuel or secondary
absorption of fluorescence by the compound in
biodiesel blends.

Tab. 1: Lifetimes of the nine fuels at the characteristic emission wavelengths

Lifetimes Emission
nsl avelength| 300 | 328 | 335 | 356 | 377 | 396 | 407 | 414 | 423
nm nm nm nm nm nm nm nm nm
Fuels
Aral Diesel 15 12 - 19 29 37 36 39 -
Aral Ultimate 7 16 16 - 35 57 58 69 -
1.5 Generation 14 24 24 28 40 64 53 76 -
MK1 11 21 - - 33 40 39 48 55
DK9 - 23 22 - 37 54 47 48 -
HVO 12 16 19 - 22 22 21 22 -
Diesel South China - 9 9 15 21 22 22 22 24
Diesel Argentina 14 11 11 - 16 17 16 - 18
Shell V-Power 14 14 15 22 34 44 - 45 -
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Fig. 4:  fluorescence intensity for emission at wavelength 355 nm versus biodiesel content in fuel blends
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Conclusion

Different fuels could be characterized and
identified by TRLFS  without sample
preparation. The method is much faster than
GC/MS, can easily differentiate diesel fuels of
diverse origin and determine the biodiesel
content in fuels.

Until now almost 50 different diesel fuels were
measured and the results are saved as a data
base. In future, this data base should be
enlarged by more diesel fuels from Europe,
Asian and North/South America.
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