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Introduction

Store of biodiesel for prolonged period should cause formation of sediments, boost acid
number and viscosity that can clog filters, affect fuel pump operation or plug combustor
nozzles or injectors. Test methods for laboratory estimation the storage stability of biodiesel
are being developed. The measurements of acid number and viscosity by determined time,
temperature and other experimental conditions appear promising. However, correlation of
such test results with actual storage stability will be difficult therefore monitoring a quality of
bulk fuel during prolonged storage and real plan to replace aged fuel with fresh product seems
to be a better solution of the problem. In order to realize such monitoring stored fuel should
be periodically sampled and its quality assessed by a fast and effective measurement. In this
paper we investigate the possibility of application the fluorescence spectroscopy for this
purpose. Fluorescence measurements are used in fuel analysis for example for the
determination of sulfur content [1]. In spite of non extensive putting into practice the
fluorescence spectroscopy should be one of the most promising techniques for fast and
complex fuel analysis because enhanced selectivity and high sensitivity. Several forms of
fluorescence spectroscopy — conventional, total luminescence and synchronous scanning
fluorescence may be effective for this purpose.

Results and Discussion

In order to achieve a rapid biodiesel degradation samples were heated at 200 and 250 °C
respectively. Three dimensional contour maps of total luminescence spectra of biodiesel
before heating and during the heating at 200 °C are shown in Fig.1. The spectra are
constructed in such a way that one axis represents the emission and other the excitation
wavelength, while the contours are plotted by linking points of equal fluorescence intensity.
As it is evident from this figure the fluorescence characteristics of biodiesel have changed
dramatically during the heating. From there total luminescence spectra are very sensitive
visual indicator of quality.

As evident from Fig.1 before heating the characteristic and more intensive fluorescence is
placed in the region excitation 200-700 nm — emission 200-800 nm.
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Fig.1. Contour maps of total luminescence spectra of biodiesel before heating (0) and during
heating at 200 °C (heating time: 1 — 15 minutes, 2 — 30 minutes, and 3 — 60 minutes).
Horizontally - emission wavelengths.
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Fig.2. Decrease of long wave emission band
during heating of biodiesel. Excitation

at 660 nm.
1200
1000
2 800 {—*
. )
= 600
= .
= 400 ¢ o
¢
200
s a2 " '
0 T T T T T
0 2000 4000 6000 8000 10000 12000
Time of heating, s

Fig.3. Increase of emission bands during
heating of biodiesel in the region
400 — 700 nm. Excitation at 440 nm.
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Fig.4. Long wave emission band maxima
intensity change during heating of
biodiesel. Excitation at 660 nm. 4 —
heating at 200 °C, W - heating at
250°C.

Fig.5. Emission intensity change during
heating of biodiesel in the region 400
— 700 nm. Excitation at 440 nm. . & —
heating at 200 °C, B — heating at 250
°C.
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During the heating the intensity of this emission rapidly reduces and new regions of dominate
emission appear (Fig.2 and Fig.3, measurements at the beginning and after every 15 min of
heating). Bands in the excitation region 350 - 420 nm - emission 660 - 700 nm are
characteristic not for all vegetable oils and is ascribed to the pigments of the chlorophyll (2, 3]
and carotenoid (4] groups. Presence and amount of the pigments completely depends on the
oil products processing, but is characteristic for Latvia biodiesel fuel [4]. As Fig.2 shows the
intensity during the heating drops fast, but in surprising way don’t disappear fully even if the
heating at 250 °C was done and absorbance in corresponding region is off the record. As
shown in Fig.2, the maxima of this emission during heating shifts from 672 nm to 662 nm
what indicate complex character of the formally simple emission band and point to a very
high thermal stability of some from the chlorophyll pigments or to the possibility of pigments
to structure reorganizations without full destruction. Kinetics of pigment degradation detected
by fluoresce intensity at 670 nm (excitation at 660 nm) can by approximated by first order
reaction equation (R® = 0,993). This approximation gives the first order reaction rate constant
at 200°C k = 8,49 10” s™'and the half-life 3544 s. Since the amount of pigments depends of
processing of oil and biodiesel and there isn’t information about direct influence of pigments
on biodiesel quality, the practical use of this emission for monitoring is not clear.

More valuable for quality monitoring should be growing emission band, possibly connected
with accumulation of harmful products. One of the growing emission regions is placed from
400 nm till 700 nm. As shown in Fig.3 the emission during the initial stage of heating grows
in all 400-700 nm region, int. al. the band at 662 nm is growing too, what once again point at
the complex nature of the long wave emission band. Accordingly to those measurements,
formation of molecules with extended m-electron system with pigment like structure and
fluorescence band at 662 nm during the heating occur. The growing complex emission in the
broad region 400-600 nm (excitation at 440 nm) points to the formation of several molecules
with extended m-electron system. During the heating its concentration grow, then reach
maxima and than began to decrease. Accordingly to the fluorescence intensity at 517 nm in
formation stage there isn’t a first order reaction kinetic and rate approximation request an
additionally investigations. Simply one can evaluate only the initial rate and time of reaching
the maxima. The initial rate and time of reaching the maxima at 200 °C is 0,106 a.u./s and
8000 s and at 300 °C 0,808 a.u./s and 2000 s respectively. The increase of temperature
influences the product formation less then the pigment degradation. For practical monitoring
only the determination of initial rate of reaction should be valuable. The practical significance
of initial rate determination in growing emission regions for biodiesel quality assessment will
be a purpose of further investigation.

Conclusions
The fluorescence characteristics of biodiesel during destruction changed dramatically and the
total luminescence spectra are very sensitive visual indicator of quality. For practical

quantitative monitoring the determination of initial rate of reactions in growing regions of
fluorescence should be valuable.
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Experimental

The investigated rapeseed oil methyl ester was product of Ltd. “Delta Riga”. Fluorescence
spectra were obtained on Perkin Elmer luminescence spectrometer LS 45. Right angle
geometry was used for undiluted biodiesel samples in a 10 mm fused-quarz cuvette. Three
dimensional spectra were obtained by measuring the emission spectra in range 200 - 780 nm
by excitation in range 200 - 780 nm, spaced by 10 nm. Three dimensional contour maps of
total luminescence spectra were produced using the standard program. All contour maps were
plotted using from maxima dependent changing scale range of fluorescence intensities (from
0 - 600 till O - 1100 intensity units). For fast degradation the 100 ml biodiesel was heated at
200 and 250 °C respectively in glass vessel in dark using Velp Scientifica Manuals DK 6
equipement. After every 15 or 30 minutes storage at the given temperatures biofuel was
sampled.
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Kampars V., Ratyeva S. Fluorescence spectroscopy investigation of degradation of rapeseed oil methylester.

In order to find fast and simple techniques for biodiesel fuel quality monitoring, total luminescence and
conventional spectra in region 400-800 nm of biodiesel before heating and during the heating at 200 °C and 250
°C were investigated. The fluorescence characteristics during biodiesel degradation changed dramatically and
the total luminescence spectra are very sensitive visual indicator for quality. In the long wave region not only
degradation of pigments, but also formation of pigment-like substances were observed. For practical
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quantitative monitoring the determination of initial rate of reactions in growing regions of fluorescence should
be valuable.

V. Kampars, S. Rajeva. Rap§u ellas metilesteru degradiicijas fluorescences spektroskopijas peéttjumi.

Lai atrastu atru un vienkarsu biodize[degvielas kvalitates monitoringa tehniku, pétiti biodize[degvielas totalas
luminiscences un konvencionalie spektri 400-800 nm rajona pirms un karséSanas laika pie 200 un 250 °C.
Fluorescences raksturojumi biodizeldegvielas degradacijas laikaG mainas bitiski un totalas luminescences
spektri ir [oti jutigs un uzskatams kvalitates indikators. Garo vifnu rajona novéro ne tikai pigmentu degradaciju,
bet art pigmentiem lidzigu savienojumu veidoSanos. Praktiskam kvantitativam monitoringam visvairak
piemérota liekas reakcijas sakuma atrumu noteikSana augosas fluorescences intensitates rajonos.

Kamnap B., Pamsesa C. Hccnedosanue Oezpaduyuu Memuaogblx I()upoe pancoeozo macia Menooos
{ayopecuenmuoii cnekmpockonuu.

C yenvio pazpabomku bbicmpozo u 3¢h@ekmusHo20 Memooda MOHUMOPUH2A Ka¥ecmea bUOOU3eNbHO20 MonIUsa
bb1nu uzyneHel 0bbItHble U momanvHele cnekmpyl ayopecyernyuu @ ouanazone 400-800 um neped u @ npoyecce
Hazpesanus monnusa npu 200 un 250 °C. Ycmanoseneno, umo @ npoyecce HA2peGaMus Xapakmepucmuku
dnyopecyenyuu  cyuyecmeeHHo  MeHAIomca U momanbHble  Cnekmpel  PIyopecyeHyuu  AGAKIOMCA
YYGCMBUMENbHLIM U HA2AAOHLIM uHOUKamopom oezpaoayuu. B 6 npoyecce nacpeganus @ ONUHHOBOAHOBOM
ouanasore HamoOOAemcs He MONbLKO pA3n0JCeHUe HAMYpanbHulX nu2MeHmos, HO u obposogarue
nuemenHmonodobHulx npodykmoas. Haiibonee yO0obHbIM MemoOOM NOMYYeHUs Ka¥yecmBeHHOU XapaKkmepucmuxu
cmabwibHoCMU monauga ciedyem cuumanme onpeoeieHue HaialbHOU CKOPOCmuU 8 CnekmpanleHelx obracmsx ¢
8o3pacmaioujeit UHMeHCUBHOCMbIO.
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