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Abstract:

A low cost laser induced fluorescence spectroscopic sensor (LFS-sensor) was designed to identify
different fossil diesel fuels, biodiesel and biodiesel/diesel fuel blends. This sensor was built from
commercial electronic and optical components. It provides the emission spectrum excited at 405 nm.
Currently 52 spectra of different diesel fuels, biodiesels, biodiesel blends and gasoline were measured
and stored in a reference data bank. Based on this, unknown fuel samples can be identified easily.
Furthermore, the LFS-sensor is suitably for in-situ quantification of biodiesel in blends.

Key words: Laser induced fluorescence spectroscopy, diesel fuel, biodiesel, fuel sensor.

Introduction

In the future the variety of fuels from different Laser 405 nm

sources may increase. Since fuel properties X

have a strong impact on combustion, engine Excitation Sample in

exhaust, and long term stability, the engine svstem cuvette

control system needs onboard information

about the kind of fuel and its composition to

optimize the combustion. Sensors based on )

fluorescence spectroscopy are easy to use and

provide quick and accurate results [1, 2, 3, 4, 5, Data storage <~ -7 Mini-spectrometer
and control unit

6, 7, 8, 9]. However, the expensive UV-Laser, a
rapid spectral-detector and a complex design of
fast driver circuits usually restrain the
application of this technology, especially in the

Fig. 1.: Scheme of experimental setup of the LFS-

automotive sector.

In this work we introduce a low cost LFS-sensor
prototype consisting of commercially available
components. The sensor runs with newly
developed data processing methods. The
sensor can be used for identification and
quantification of diesel fuels, biodiesel and
biodiesel blend.

LFS-Sensor and Materials

The sensing experimental setup is shown in
Fig. 1. The sensor contains an excitation-
system, a detector unit (mini-spectrometer),
sample holder and the control, data storage and
processing unit.
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sensor

The sensor prototype is shown in Fig. 2. The
sensor contains an excitation system (laser
driver iC-Haus NZN-1D with blue laser diode
PHR-805), a detector unit (Hamamatsu mini-
spectrometer C10988MA-01 with evaluation
circuit C11351), sample holder and the data
storage and control unit [10].

The excitation system of the experimental LFS-
sensor contains a laser driver (iC-EVAL-NZN-
1D; iC-Haus GmbH, Germany) and UV-
laserdiode (PHR-805t, Blue Ray harvested, 120
mW; XIEHUA electronic Co., Ltd, China).

596



Excitation system

Sample holder

DOI 10.5162/sensor2015/D5.3

USB cable for power
and connecting
control unit

Detector unit

Fig. 2. LFS-sensor prototype

The iC-EVAL-NZN1D operates from 3.3 to 5.5
V and can drive N, M and P-type laser diodes
[11]. This laser driver supports continuous wave
CW (for LFS-sensor in this work) or pulse wave
PW with the switching frequencies up to 155
MHz and laser currents up 300 mA. The UV-
laser unit comprises a photodiode integrated, a
collimating optics (focus: 4.5 mm, quartz lenses
for 405 nm, anti-reflection coating, external
thread: M9 x 0.5 mm) and an aluminum passive
cooler (internal thread: M9 x 0.5 mm). The
excitation system was housed in a box which
consists of an aluminum frame with two acrylic
covers [10].

The mini-spectrometer (C10988MA-01) was
delivered by Hamamatsu Photonics K. K.,
Germany. The optical component layout of the
mini-spectrometer is shown in Fig. 3. This
spectrometer is a CMOS linear image sensor.
The thumb size is 27.6 x 16.8 x 12 mm and
weights ca. 9 g. There are 256 pixels and each
pixel size is 12.5 x 1000 um. Its spectral range
is from 340 nm to 750 nm and the spectral
resolution is 14 nm. Besides a CMOS image
sensor chip integrated with an optical slit by
etching, the mini-spectrometer employs a
grating that is formed on a convex lens by
nano-imprint. This has made the unit very
compact. The light is diffracted by the reflective
grating, and the separated wavelengths
impinge on the CMOS linear image sensor’s
pixels [12].

The LFS-measurement was performed on
diesel fuels in an acryl cell. The control,
monitoring and data storage wunit is a
Hamamatsu software (HMSEvaluation). With it
the measurement of the fuels can be controlled
and the measuring spectra can be real time
monitored.
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Diffracted light

The measurement results are compared with
the reference value in the database to identify
the fuel sample. Also the biodiesel
concentration can be determined by measuring
the fluorescence of the fluorophores in
biodiesel. )
Input
Image sensor jight  Through-hole slit

: Bump electrode

o

s Lens

\Grating made by nano-imprint

Fig. 3. Optical component layout of the mini-
spectrometer (C10988MA-01) [12]

Fuels

The LFS-sensor was used to measure the
fluorescence spectra of 52 different fuels. The
commercial gasoline (Shell super E10: gasoline
with 10% ethanol), fossil diesel (Aral Ultimate
Diesel: biodiesel free) and biodiesel blends
(Walther diesel fuel: up to 7 % biodiesel) were
bought from filling stations or delivered by
mineral oil or biofuel companies (e.g. Shell,
Aral, Walther, China National Petroleum
Corporation (CNPC)) in Europe and China.
Hydrotreated vegetable oil (HVO) was delivered
from Neste Oil. CEC reference fossil diesel fuel
(DF) was from Haltermann (ca. 25 %
aromatics). Biodiesel, (rapeseed oil methyl
ester (RME), soybean oil methyl ester (SME)
and palm oil methyl ester (PME)) were from
ASG-Analytik.
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Fig. 4.: Fluorescence spectra of twelve different fuels by LFS-sensor, excitation at 405 nm

Rapeseed oil is the most important vegetable
raw materials for biodiesel in Germany [13]. To
test the ability to quantify RME in
biodiesel/diesel fuel blends by LFS-sensor, we
prepared different fuel blends (BO, B1, B2, B3,
B4, B5, B6, B7, B8, B9 and B10) from DF and
RME by ourselves.

Results
> ldentification of diesel fuels

Fig. 4 shows laser-induced fluorescence
spectra for twelve different fuels at an excitation
wavelength of 405 nm. These spectra represent
fluorescence intensities as function of emission
wavelength (x-axis).

The fluorescence spectra of fuels are most
likely mainly induced by fluorophores from
characteristic fuel molecules and especially
additive packages. The figure demonstrates
that 405 nm excitations wavelength enables to
identify fossil diesel fuel (DF), biodiesel (RME,
SME, PME), conventional diesel fuels (Walther
Diesel, Aral Diesel), premium diesel fuel (Aral
Ultimate Diesel), hydrotreated vegetable oil
(HVO) as well as diesel fuel from other
countries (CNPC North China, Swedish MK1)
and gasoline (Shell Super E10, Aral Super 95
E10).

> Determination of biodiesel concentration
in biodiesel/ diesel fuel blends

According to Beer’s law under the conditions
which include analyzed fluorophore at low
concentration in homogeneous solution with
negligible matrix interference, and under
constant experimental conditions (e. g.
temperature, pressure, pH), a simple
relationship between fluorescence intensity / at
a given emission wavelength and analyzed
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biodiesel concentration BX (X is the percent
biodiesel blended) is given by

I=a-BX+b (1)

Fig. 5 shows that at 405 nm excitation
wavelength, the fluorescence derives from the
reference fossil diesel fuel (main fluorophors
are polycyclic aromatic hydrocarbons PAH) and
RME (main fluorophores are Vitamin E and
Chlorophylls) [14]. The emission band with the
emission maximum at 432 nm belongs to PAH
in fossil diesel fuel. The fluorescence at the
emission wavelength of 673 nm was attributed
to chlorophylls in RME [14, 15, 16, 17, 18, 19,
20].
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Fig. 5.: Emission spectra of DF and RME, excitation
at 405 nm
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The spectra of the biodiesel blends between B0
to B10 are shown in Fig. 6. It is clear that the
fluorescence intensity at the emission
wavelength of 432 nm decreased in general
with the increase of biodiesel concentration. In
contrast, the fluorescence at the emission
wavelength of 673 nm increased with the
increase of biodiesel concentration.
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Fig. 6.: Emission spectra of biodiesel blends (BO-
B10) from DF and RME, excitation at 405 nm

To unify the measurement data the
fluorescence intensity have been reduced by
the background signal and then normed by the
following equation:

I _ I673 . / :I“i (2)

673,norm ’ 432,norm

/ RME,673 J DF,432

Irme 673 the intensity of pure RME at emission
wavelength of 673 nm

lé73: the intensity of blends at emission
wavelength of 673 nm

Ipr,432: the intensity of pure DF at emission
wavelength of 432 nm

1430: the intensity of blends at emission
wavelength of 432 nm

l673,n0rm: the nominated intensity of blends at
emission wavelength of 673 nm

1432, norm: the nominated intensity of blends at
emission wavelength of 432 nm

The nominated fluorescence intensity at the
emission wavelength of 432 nm and 673 nm is
plotted against biodiesel concentration (see Fig.
7). A nearly linear dependency between the
fluorescence intensity and biodiesel
concentration becomes obvious at 673 nm. The
simple linear regression of the data with

AMA Conferences 2015 — SENSOR 2015 and IRS? 2015

DOI 10.5162/sensor2015/D5.3

Equation (1) shown in Fig. 7 (blue solid line) led
to a coefficient of correlation R? of 0.9991 and
an angular coefficient of 0.007631.

However, the 432 nm wavelength revealed a
different shape: Due to the strong secondary
absorption of the fluorescence light at this
wavelength by RME the fluorescence intensities
do not follow linearly the biodiesel
concentration. Therefore, the quenching effect
must be taken into account. The static
quenching effect can be described by the Stern-
Volmer constant [21, 22, 23, 24]:
’;:"EFLLHKSV.[Q] 3)

[FL]: the fluorophore concentration which is

similar to concentration of DF

[Q]: the quencher concentration which is

similar to concentration of biodiesel RME

lo: the fluorescence intensity without

quenching, which has a linear dependency to

the fluorophore concentration with a factor k

I: the fluorescence intensity with quenching

Ksy: the Stern-Volmer constant

By fitting the Stern-Volmer equation with the
experimental data, the two constants were
determined: Ksy = 25.9482 and k = 0.9802. In
Fig. 7, it is shown that the Stern-Volmer
equation can be very well adapted to the
experimental data (black solid line with R? =
0.9948).

The results demonstrate that with LFS-sensor
at the excitation wavelength of 405 nm the
fluorescence intensities at the emission
wavelengths of 432 nm and 673 nm enable the
quantification of diesel fuel and biodiesel in fuel
blends.

Conclusion

A LFS-sensor was designed, manufactured and
tested. The sensor was used to measure the
fluorescence spectra of fossil diesel fuels,
biodiesels, biodiesel blends and gasoline at
excitation wavelength of 405 nm. It shows that
all fuels can be identified and distinguished.

Compared to the traditional analytical methods,
such as GC/MS, HPLC etc., the LFS-sensor is
extremely cheap and small, can also provide
fast identification of fuels, and usually does not
require sample preparation.

In addition, by measuring of fluorescence
intensity at the characteristic emission
wavelengths (432 nm and 673 nm) the easy
and quick determination of the content of diesel
fuels and biodiesel RME in the blends can be
achieved.
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Fig. 7.: Fitting of fluorescence intensity for the given emission wavelengths of 432 nm and 673 nm versus

biodiesel content in a biodiesel blend

In all, the sensor can be used to control fuel
quality in process engineering or fuel supply, to
optimize the combustion process in vehicle and
e.g. to reduce emission by adapting the motor
management to the fuel.
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