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Summary

An investigation of the usefulness of a solid phas&roextraction
technique as a method for the separation of arytéecell sample from the gas
stream was performed. Due to high temperatureshén sampling area and
the character of anticipated products of the coititnugprocess, suitable fibres
were chosen. Several fuel blends based on the alggebil were examined.
Based on the GC/MS analysis, the influence of coroiake additives on
the composition of exhaust gases composition wassaed. It was verified
that the basic condition of ecological clean vebletaoil combustion is its
modification.

Introduction

During the combustion of vegetable oil, compountat tare harmful
to people and the environment are formed. One efdalements of interests
for the European Union agrarian policy is biofushge, because it is necessary
to reduce the emission of hazardous compoundsacmlein, PAHs [1-3].
For the separation of compounds from the gas streaalid phase
microextraction (SPME) can be used.
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Solid phase microextraction is a technique of theparation of samples
for chromatographic analyse which is increasingigplied in chemical
analytics. SPME can be used for selective samplinglatile and semi-volatile
organic compounds from environmental and other $sngincluding samples
with a complicated matrix [4]. In the case when lgsed compounds are
contained in a non-volatile matrix, a Headspaceroeixtraction technique can
be used.

As opposed to methods in which traps with an actiléd bed (e.g. Purge
and Trap) are used, and methods in which a capilalumn segment to the
analyte’'s retention from gas or liquid stream igdige.g. Thick Film Open
Tubular Trap) [5], the SPME technique is rapid, yeds automate and
acceptable to use in every condition [6]. As fatlesabove stated technique is
concerned, it is also extremely interesting, beeaits results are general
or selective, and the solvents have a low costt@dibres have a long service
life, which can be used about 100 times.

Solid phase microextraction is mainly used for separation of analytes
that contain volatile compounds. An example of thgplication of this
technique, apart from environmental tests (e.g.ewat soil contamination),
can be the valuation of aroma intensity, the amslg$ oil raw materials, or
the detection of the presence of drugs [7-10]. Atipdar area of SPME
application is the sampling of volatile productstbé combustion of furnace
oil based on vegetable raw materials.

The objective of this study is to investigate tisefulness of the solid phase
microextraction technigue as a method for the s¢ipar of an analytical sample
from the stream of gases, which are products ofahebustion of liquid fuels based
on vegetable oil. The paper also aims at the chomgraphic identification
of the chemical structure of toxic organic compaumdexhaust gases.

1. Characteristics of the SPME technique

The analytical procedure for microextraction toidgghase is a two-stage
procedure composed of the following:

— contact between the fibre and the sample in aowapr liquid phase
(sorption of analytes),

— desorption of compounds adsorbed on the fibréhén GC injector under
the influence of high temperature, and their sef@aran a chromatographic
column.

The following types of the stationary phase ardlalke:

— carboxen/polydimethylsiloxane (PDMS),

— polydimethylsiloxane (PDMS),

— polydimethylsiloxane/divinylbenzene (PDMS/DVB),

— polyacrylate,
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— polyethylene glycol (PEG), and
— divinylbenzene/carboxen/ polydimethylsiloxane.

The efficiency of extraction and the sensitivity tiie method are
influenced by the following parameters: temperattie polarity of the sample
matrix, and the type of the fibre material. Chagdstics of typical fibres,
particularly the permissible working temperaturegationary phase film
thickness, and potential areas of application aeegnted in Table 1.

Table 1. Permissible working temperatures for fiboé different applicatory characters, depend-
ing on the type of stationary phase, and its théskn

Thickness Permissible
Fibre coating temperature of work Application
[um] o
[°Cl
PDMS 100 280 Volatiles
PDMS 30 280 Non-polar semi-volatiles
PDMS 7 340 Non-polar high molecular weight
compounds
PDMS/DVB 65 270 Volatiles, amines and nitro-aromati
compounds
Polyacrylate 85 320 Polar semi-volatiles
Carboxen/PDMS 75 320 Gases and low molecular weight
compounds
DVB/CAR/PDMS 50/30 270 Flavour compounds: volatilesd an
semi-volatiles

The selection of a suitable fibre coating depentshe chemical character
of insulated compounds, among other aspects. Comagowf non-polar
character are extracted on a fibre with the sanaeadher of functional groups.
The stationary phase film thickness influences #mount of sorbate.
Fibres coated with a stationary phase film of greathickness have much
better sorption properties. They secure the tranefevolatile compounds
to a GC injector without any loss [4].

2. Research methodology

Adsorbates sampled from the stream of gases froen cibimbustion
of vegetable oil and the enriched vegetable oiledagsomposition were
selected for further investigations. The vegetable was enriched with
two different commercial additives that significignimproved the efficiency
of the combustion process inside the 15 kW fuelenoi

Modification of the composition of fuels by the ailsh of certain
modifiers can drastically improve the quality okthntire combustion process
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as well as the quality of exhaust gases themseKesping that in mind, two

modifying agents were chosen:

— Warmix (by Warter) which is an additive improvitige physicochemical
properties of oil (it stabilises its viscosity); ementing corrosion in an
installation; dispergating sediments; facilitatinglimination of water
by the reduction of interfacial tension between aeihd water and
the breakdown of water clusters into small moleguM/armix also has
lubricating properties; it affects the post comburstof soot and reduces
NOx and CO emission to the atmosphere.

— Lubrizol 8043F (by Lubrizol) which is an addititleat ensures that the fuel
injector remains clean and reduces the foaminguef &t the time the con-
tainer is filled. Lubrizol neutralises water andofacts the fuel system
against corrosion.

Samples were adsorbed by the SPME device.

In the case of sampling gases from fuel compositombustion, it is
important to choose a suitable sampling locaticecdise of high temperatures
in the combustion chamber, reaching up to 900°@, iampossibility to sample
from the last section of the chimney, it was deditigat the samples would be
taken from the smoke conduit, once the temperatueze checked and suitable
sampling temperatures are maintained in it (sargplivas realised at the
temperature of about 280°C).

Due to high temperatures in the sampling area dmal ¢haracter
of anticipated products of the combustion procéibses coated with PDMS
were chosen for fuel compositions with additived &or vegetable oil exhaust
gases — fibres coated with 8pm thick polyacrylate. The desorption
of compounds, which were adsorbed on the fibre, weasried out
in a chromatograph injector chamber at the temperabf 320°C. For the
analysis the GC/MS Clarus 680, a gas chromatographipped with
a mass spectrometer (by Perkin Elmer) was usete-BWlS capillary column
(30m x 0.25mm x 0;2m) was used. The oven temperature was programmed
for 50°C for 1 min, 10°C/min to 150°C (2 min), thd®°C/min to 300°C
(2 min). The carrier gas was helium with purity@9%.

The MS detection was conducted in the m/z = 29 to m400 u range
in electron ionisation mode. Chemical compoundsvigentified by comparing
the mass spectrum obtained with data from the Nd&fbase. Based on the
GC/MS analysis, the influence of the additives ahagist gases composition
was also assessed.

3. Test results and their analysis

Figure 1 shows the chromatogram of sample adsdrioed the vegetable
oil gas stream on polyacrylate fiber.
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Fig. 1. Chromatogram from vegetable oil exhaust gas

The analysis of the above chromatogram indicatasttie method applied
for the separation of the analytical sample enaldffective adsorption
of emitted organic substances. The application e technique allowed
the separation of the gas products mixture anddémtification of the chemical
structure of the compounds, which were eluted friv@ tested gas sample
(i. a. tacrine, 2-tridecene, 1-octadecene). Thesrapsctra of compounds, which
were characterised by the highest toxicity in thleagist gas sample, are shown
in Fig. 2 and Fig. 3.

During the chromatographic tests, a compound frieengroup of aromatic
isocyanates was identified. Its spectrum is showrFig. 2. This substance
eluted from the analytical sample tested in thendn time of 8.40 min.
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Fig. 2. Mass spectrum of the substance eluted & nétention time of 8.40 min (a) —
(2.4-diisocyanato-1-methyl-benzene) and its spatfrom the NIST library — (b)

The comparison of the obtained mass spectrum \wéhdatabase enabled
precise identification of the chemical structurdte eluted compound, which is
2.4-diisocyanato-1-methyl-benzene. In the masstgpac shown in Fig. 2a,
the primary ion with the mass to charge ratio (m/Z74) is most visible, which
means that at the time of the detection of the quaae, the structures that
were not fragmented were prevailing. The compouwsahtified is very toxic,
irritant and allergenic, and very likely carcinogemo humans. Its structural
stability intensifies the negative environmentapaut.

Figure 3 shows the mass spectrum of the compoumtedelfrom
the vegetable oil exhaust gas sample in retenithoa of 10.11 min.
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Fig. 3. Mass spectrum of the substance eluted ia thtention time of 10.11 min
(2.4.6- trimethylbenzaldehyde) and its spectrumftbe NIST library — (b)

The analysis of the mass spectrum allowed the miétation of
the structure of the eluted compound, which is&.&imethylbenzaldehyde.
In the mass spectrum, shown in Fig. 3a, most \d@dibthe parent ion m/z = 148,
for which reason it can be said that this substé@gery stable.

The developed procedure for the sampling of gasesned during
the combustion of vegetable oil was modified fompies with additives.
The introduction of modifiers, like Warmix or Lubadl, into the fuel affects
combustion conditions which in turn prevents therfation of toxic substances
that were identified in products of vegetable @mbustion. Therefore, a fibre
intended for the separation of a broad spectrurnolatile compounds (PDMS)
was used which would allow for the separation afamooxygen compounds
from the combustion of vegetable oil with additives

The results of the chromatographic analysis of eghagases from
compositions consisting of vegetable oil and Warmbdifier are shown in Fig. 4.
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Fig. 4. Chromatogram for exhaust gases from vegetiblvith Warmix modifier
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The analysis of the chromatogram allows one to lcolecthat the strongest
signal is generated for a substance eluted indtention time of 1.42 min. Its
chemical structure is difficult to be identifiedelto the impossibility to assign
the mass spectrum to a particular compound witficserfit probability. Mass
spectra of substances characterised by remainiagspaere then analysed.
The outcomes of the analyses indicated that norleeske substances contained
any toxic compounds, arising from the combustiothef unmodified vegetable

oil.

The substance eluted in the retention time of &xddl was identified. Its

spectrum is shown in Fig. 5.
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Fig. 5. Mass spectrum of the substance eluteddrrétention time of 6.14 min (nonanal) and its

spectrum from the NIST library — (b)

The compound eluted in the retention time of 6.1 and two other
constitution witlhet retention time
of 9.20 min and 17.94 min were identified as aldilsy respectively:
nonanal, 2-tridecenal and cis-9-hexadecenal. Tegettith the increase in
the hydrocarbon chain length, the toxicity of algldds decreases. It means that

compounds with similar chemical
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the compounds identified are much safer for pet@ highly toxic acroleine,
which was expected in exhaust gases. The absenbe of/z = 142 peak indi-
cates that the aldehyde was totally fragmented.

During the chromatographic analysis oleic acidedufThis compound was
identified based on the mass spectrum analysisgshwkishown in the Fig. 6.

a)
100 &
41
69
1 P 83
%
& 67 97
57 ) 81
54 7 0~
T e
39 L] (P 11
N8 e 112 125
7 101V 151
ol % |l 7 185 47091 qe5 180 202507 221 pa5 47 geg 200268 282
ot Al AP o PP A L SRS TR 200 M 97/ NS
37 57 77 o7 17 137 157 177 197 217 237 257 277

1004

264
151
I sl gl il e I T 1mm e 25 e | =2
10 20 30 40 50 &0 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 230
Oleic Acid

65
l

Fig. 6. Mass spectrum of the substance elutedandtention time of 20.44 min (oleic acid) and
its spectrum from the NIST library — (b)

The analysis of the mass spectrum and its compangith the mass
spectra of standard substances allowed the detationnof the structure
of the compound separated in the chromatographignoo It is the most
common in natural fatty acid, better known as obai. In the mass spectrum,
a low intensive signal from a parent ion m/z = Z&tarked with an arrow)
is visible. This signal indicates that the oleicidatas greatly undergone
fragmentation during ionisation in the mass spectier.

Compounds formed during the combustion of vegetable and
the commercial additive Lubrizol composition wedsarbed on a PDMS fibre.
The compounds were identified based on their naesstisa.
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Fig. 7. Chromatogram for exhaust gases from veget@band Lubrizol modifier composition

The chromatogram from vegetable oil with a Lubrizmobdifier, which
improves the quality of combustion process, is gshow Fig. 7. Peaks
correspond to particular chemical compounds forctdnalysed compositions
were separated. Similarly, as in the case of tmensatogram for exhaust gases
from vegetable oil with a Warmix modifier compositi the most intensive
signal is derived from a compound for which thentifecation is impossible.
It may be noted that there are more products ofv&mon received from
the combustion of Lubrizol enriched composition evhiis related to
the different chemical composition of the additiidhe mass spectra received
were compared with data from the NIST spectral likga. The presence
of aldehydes, alkynes, and alkenes was stated.

The mass spectrum of a substance eluted from thausk gases from
the vegetable oil composition sample in the retantime of 8.97 min is shown
in Fig. 8.
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Fig. 8. Mass spectrum of the substance elutedendtention time of 8.97 min (2-undecenal) and
its spectrum from the NIST library — (b)
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Based on the mass spectrum, the compound elutéaeimetention time
of 8.97 min was identified — 2-undecenal. It issdaehyde whose carbon chain
contains 11 carbon atoms and has a double bonHeirstructure. The lack
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Fig. 9. Mass spectrum of the substance elutedandtention time of 21.94 min (erucic acid) and
its spectrum from the NIST library — (b)
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of the m/z = 168 peak in the mass spectrum indicét@t the compound
fragmentation process has been completed.

During the GC/MS test, the compound eluted in &#tention time of 21.94
min was identified. Its mass spectrum is shownign &.

The comparison of the mass spectrum obtained véth &tom the NIST
database indicates high conformity and it can lseiraed that it is the erucic
acid. The erucic acid is a long chain compound. niislecular formula is
C2:H140,. The lack of the m/z = 338 peak in the mass spectghown in Fig. 9
indicates total completion at the fragmentationcpss.

Summary

Analyses with the use of the GC/MS allowed for tidentification
of the chemical structure of some compounds emittedgas products
of the combustion of vegetable heating oils.

The application of the polyacrylate fiber enabldtw tseparation and
identification of a few highly toxic compounds, panlarly 2,4-diisocyanato-1-
methyl-benzene. Another compound adsorbed on thgagrylate fibre was
2,4,6- trimethylbenzaldehyde.

For the adsorption of the exhaust gases of vegetaiblwith modifiers,
PDMS fibre was used. This fibre allows for the agtion of a wide range
of volatile compounds, e.g. fatty acids and aldelsydvith long chains.
In addition, it was verified that the basic conalitiof ecological clean vegetable
oil combustion is its modification. It leads to thkermal conversion and
minimisation of the presence of toxic compoundsxhaust gases.

Scientific work executed within the Strategic Peagme ,Innovative Sys-
tems of Technical Support for Sustainable Developro& Economy” within
Innovative Economy Operational Programme.
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Chromatograficzne badanie sktadu spalin pobranych e strumienia gazu
metoda mikroekstrakcji do fazy stacjonarnej

Stowa kluczowe

Mikroekstrakcja do fazy statej, spaliny, chromatdgr gazowa ze spektrometri
mas.

Streszczenie

Przeprowadzono anadiprzydatnéci techniki mikroekstrakcji jako metody
poboru prébki analitycznej ze strumienia gazu. Zglgdu na wysokie tempera-
tury panujce w obszarze poboru préb oraz charakter przewidywhaproduk-
tow spalania wybrano odpowiednie wiékna do mikroehtsji. Zbadano kilka
mieszanek paliwowych na bazie olejulnenego. Wptyw dodatkéw handlo-
wych na sktad spalin oceniony zostat na podstawaiachromatograficznych
ze spektrometsi mas. Stwierdzona,e podstawowym warunkiem czystego eko-
logicznie spalania oleju §bnnego jest jego modyfikowanie.





