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Abstract

Fourier Transform Infrared (FTIR) spectroscopy provides useful information about different
chemical inclusions in crude oils. In particular, the presence or absence of hydrocarbon functional groups
may be qualitatively determined. It is known that in the Republic of Azerbaijan there are 12 oil-gas
production companies, including 8 owned by Azerbaijan and 4 owned by Joint Stock Companies. In most
cases of oil spillage, it is desirable to have more than one analytical technique for detecting source of
suspected spilled crude oil and its properties. In our previous publications, we reported results of the laser
induced fluorescence and the Raman spectra analyses of crude oil samples taken from the 12 oil-gas
production companies in Azerbaijan and discussed their distinctive features across observed spectra. In the
present paper, we give results of the FTIR transmission spectra of crude oil samples taken from the 6 oil-
gas production companies in the Republic of Azerbaijan.
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Xiilaso

Fourier Transform Infraqurmizi spektroskopiyast (FTIR) xam neftdoki miixtolif kimyovi
daxilolmalar haqqinda faydali molumatlar oldo etmoyo imkan verir. Xiisusils, karbohidrogenlorin
funksional gruplarinin olmasi va ya olmamasi keyfiyyatco miioyyon edils bilor. Malumdur ki, Azarbaycan
Respublikasinda 12 Neft-qaz c¢ixarma idarasi foaliyyat gostorir, o climlodon 8-i Azarbaycana, 4-ii iso
miistorak sirkotloro moxsusdur. Neft dagilmalar1 ilo olagsli oksor hallarda, tokiilon xam neftin toxmin
edilon monbayini miisyyonlosdirmak {iciin birdon ¢ox analitik metodun olmasi mogsads uygundur.
Ovvalki maqgalalorimizde Azarbaycanin 12 Neft-qaz ¢ixarma sirkotinden gdtiiriilmiis lazerlo induksiyali
fliioresan vo Raman xam neft spektrlorinin naticalori vo miisahide olunan spektrlorin forgli xiisusiyyatlori
barado molumat vermisdik. Bu moaqalods, Azorbaycan Respublikasinin 6 Neft-qaz istehsal edon
sirkatlorindon alian xam neftin udulmasi iizra FTIR spektrlorinin noticalorini taqdim edirik.

Acar sozlor: FTIR 6tiiriilmosi, xam neft, optik spektroskopiya, optik otiiriilmo, Abseron yarimadast,
Xozor donizi.
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AHHOTALUSA

WNndpakpachas crniekrpockonus ¢ mpeodpazoBanueM Oypre (FTIR) mo3BosisieT HOMydnTh MOJIE3HYIO
WHPOPMALIMIO O PAa3JIMYHBIX XHMHUYECKUX BKIIOUEHHAX B CbIpol HedTH. B dwacTHOCTH, MOXHO
KayeCTBEHHO OINpPEEeNUTh HAIWYMe WIM OTCYTCTBHE (PYHKIMOHAJIBHBIX TPYyMIl KapOOTHAPOreHHBIX
yriaeBoaopoioB. B Azepbaiimkanckoii PecriyOonuke neiictByror 12 HedTerazot00bIBaAIONINX YUPEKICHH,
B TOM umcie 8 mpuHamiexaT AzepOaiimkany, 4 — COBMeCTHbIE KOMIaHHH. B OONBIIMHCTBE Ciydaes,
CBSI3aHHBIX C pa3iuBaMu He(dTH, LenecooOpa3HO MMETh OoJjiee OJHOTO AHATUTUYECKOTO METoJa JUIs
OTIpeJieNIeHHs TIPE/INONaracMoro HWCTOYHWKA pa3liMBa CBHIpOH HeTH W ero cBoiicTB. B panee
OIMyOJIMKOBAHHBIX CTAaThIX MBI TPUBENH PE3yNbTaThl CIEKTPOB ¢uIyopecleHnd U PaMaHOBCKOTO
paccesiHusl chIpoil He(hTH, NOIy4eHHOH OT 12 HedrerazomoObiBaromMX KOMIaHUK A3epOaiiaKkaHa, TaKkxke
ObUIM TIPOaHAJIM3HPOBAHBl XapaKTEPUCTUUECKUE OCOOEHHOCTH HAOMIOAAaeMBIX CIEKTpoB. B Hacrosmiein
CTaThe MBI MIPEJICTABIISIEM Pe3yIbTaThl CIEKTPOB HHPPAKPACHOTO MOTJIOMICHUS ChIpol HedTH, MoTydYeHHON
oT 6 HedTerazomo0BIBAOIINX KOMITAHUN A3epOaiimkanckoi PecyOmmky.

KuarwueBsble cjioBa: wuH)pakpacHoe mnpeodpaszoBanne Dyppe (FT-IR), cpipas HedTh, omnmTHYECKas
CIIEKTPOCKOTIHS, TMPOIYCKaHWE ChIpOH HEPTH, ATMIIEPOHCKUH IOIYyOCTPOB,
Kacnuiickoe mope.
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Introduction

Crude oil is quite an interesting class of
substances having wide practical applications.
The complex nature of crude oil, leads in
complex chemical-physical methods of
analyses [1-10]. In our previously published
paper, we described distinctive features of
Raman scattering spectra of crude oils taken
from 12 Oil-gas production companies of
Absheron peninsula [10].

It is well known that there exist 4

different techniques (infrared (IR)
spectroscopy,  fluorescence  (FL), gas
chromatography and low  temperature

luminescence)) widely used to characterize
crude oil spills on water and earth surfaces.
These techniques are used not only to detect
oil spills, but also to establish spills source. FL
spectra and identification of spills sources
have been successfully performed by KA-14
LIDAR, developed at National Aviation
Academy (NAA) of Azerbaijan and the results
were published [9]. Fourier Transform
Infrared Transmission (FTIR) spectroscopy is
also widely used for crude oil detection as
well as its characterization [1, 4, 5, 6, 8].

The purpose of the work is to imagine
the results of the first measurements of the IR
transmission spectra of crude oils taken from 6
Oil and Gas Production Companies (OGPC)
of Azerbaijan Republic. The results obtained
are definitely necessary and useful for further
creation of Data Bank of infrared transmission
spectra of crude oils of Azerbaijan.

Analysis of scientific and technical
literature on the topic. FTIR spectroscopy is
considered as better technique for petroleum
characterization [1, 4, 5, 6, 8]. In these papers
the authors illustrated the use of FTIR

spectroscopy for detailed analysis of the crude
oils (including light, medium and heavy crude
oils) as to know about their chemical
composition, heteroatom content as well as
source of these oils. An analysis of the
literature shows that IR spectra of crude oils
are observed in a wide range of the spectrum,
including high-wavelength. This method is
non-expensive, simple and rapid one-site
technique that can be used for general
compositional analysis and in the field of
geochemistry of crude oils [1, 4, 5, 6].

The optical release IR spectrum of any
oil can be roughly divided into 3 absorption
bands: | - bands in the 3200 - 2600 cm™
spectral range (high frequency IR area); Il -
bands in the 1800 - 1200 cm™area; 111 - bands
in the spectral range of 900 - 650 cm™ [5, 8].
The most intense in the IR spectra of crude
oils are the absorption bands at 2920 cm™ and
2860 cm™ (valence oscillations of CH groups
CHaz and CHg). In the same area, it is possible
to detect the presence of water traces in the
studied crude oil sample (characteristic
absorption band at 3300 cm™) [5,8].

As it is mentioned above, several
methods can be used to characterize the
properties of crude oil, and they are selected
according to the field of application. The vast
majority of these methods are complex, time-
consuming, expensive, these include the
processes that are toxic solvents in large
quantities and require a large number of
samples. Most of these analyzes are carried
out in the international standard methods and
materials defined by the American Testing
Society (ASTM) and the American Petroleum
Institute (API) [8]. ASTM International and
the APl have collaborated to launch a
petroleum standards collection to help
customers throughout the oil and gas industry
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access the standards they need in one
convenient location.

IR spectroscopy appears to be a viable
alternative due to its efficiency in freely
placed crude oil on a surface soaked in soil or
floating in water for detection,
characterization and monitoring. IR data have
been successfully used to study the chemical
composition of oils in general [1, 4, 5, 6, 8]
and to decipher some specific properties of
crude oils, for example, their various fractions
(saturated, aromatic compounds, resins and
asphaltenes) . However, most of the models
created to evaluate the characteristics of the
oil according to spectral data are insufficient,
and the variety of oil samples, which limits its
volume, representativeness and reliability.

The aim of our present work is to use of
FTIR spectroscopy for measurements of crude

oils from different locations of Absheron
peninsula and to establish their peculiarities.
These data are useful for further creation of
Data Bank of IR transmission spectra of
Azerbaijanian crude oils. IR absorption
spectra were measured using a BRUKER
IFS66 Fourier spectrometer in the mid-IR
region, in the spectral range of 500-7000 cm™.
This spectrometer was available at the
Institute of Spectroscopy of Russian Academy
of Sciences. The spectral resolution was
5 cml A cuvette with silicon windows
(thickness 1 mm) and a gap of 20 microns was
used for measurements. All measurements
were performed at room temperature. The
transmission spectra of crude oils taken from 6
OGPC-nies of the Absheron peninsula are
presented in Fig. 1-6 and frequency values are
summarized in Table.

Table — Frequency values of IR transmission spectra of crude oils obtained from the final processing of

spectra shown in Figures 1to 6

Peak

Peak

Sample Nol I\IPeak Peak Peak Peak | Peak | Peak
02 (b) | No3 (©) No4 No5 No6 No7 No8

OGPC C(:])—l cm? cmt | (@)em?|(e)em? | (f)em? |(j) cm?| (h) cm?
Lokbatan-Buta (1) | 970 | 1375 1480 1580 2850 2930 4350 5800
Tagiyev (2) 962 | 1360 1490 1580 2860 2950 | 4370 | 5850
28 May (3) 960 | 1400 1490 1585 2860 2950 | 4320 | 5900
Siyazan (4) 970 | 1400 1480 1585 2860 2950 | 4300 | 5900
Bibiheybat (5) 970 | 1350 1480 1585 2860 2950 4350 5850
Narimanov (6) 870 | 1350 1485 1580 2830 2950 4370 5850
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Figure 1 — IR transmission spectrum of crude oil of
Lokbatan-BUTA's OGPC. The measurements were
carried out with BRUKER 1FS66 Fourier spectrometer,
which is available at the Institute of Spectroscopy of
Russian Academy of Sciences. The spectral resolution
was 5 cm?. Horizontal axis- Wave number, cm,
Vertical axis- Transmittance, rel. units
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Figure 2 — IR transmission spectrum of crude oil of
Tagiev's OGPC. The measurements were carried out
with BRUKER [FS66 Fourier spectrometer, which is
available at the Institute of Spectroscopy of Russian
Academy of Sciences. The spectral resolution was 5 cm-
! Horizontal axis- Wave number, cm™. Vertical axis-
Transmittance, rel. units
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Figure 3 — IR transmission spectrum of crude oil of 28
May's OGPC. The measurements were carried out with
BRUKER [IFS66 Fourier spectrometer, which is
available at the Institute of Spectroscopy of Russian
Academy of Sciences. The spectral resolution was
5 cm. Horizontal axis - Wave number, cm™. Vertical
axis - Transmittance, rel. units
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Figure 4 — IR transmission spectrum of crude oil of
Siyazan's OGPC. The measurements were carried out
with BRUKER [FS66 Fourier spectrometer, which is
available at the Institute of Spectroscopy of Russian
Academy of Sciences. The spectral resolution was 5 cm-
1, Horizontal axis- Wave number, cm, Vertical axis-
Transmittance, rel. units
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Figure 5 — IR transmission spectrum of crude oil of
Bibigeybat's OGPC. The measurements were carried
out with BRUKER IFS66 Fourier spectrometer, which
is available at the Institute of Spectroscopy of Russian
Academy of Sciences. The spectral resolution was 5 cm-
! Horizontal axis- Wave number, cm™. Vertical axis-
Transmittance, rel. units
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Figure 6 — IR transmission spectrum of crude oil of
Narimanov's OGPC. The measurements were carried
out with BRUKER IFS66 Fourier spectrometer, which
is available at the Institute of Spectroscopy of Russian
Academy of Sciences. The spectral resolution was
5 cm™. Horizontal axis- Wave number, cm. Vertical
axis- Transmittance, rel. units
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Conclusion

Frequency values of transmission
spectra minimums (absorption maximums)
shown in Figures 1 to 6 are summarized in
Table.

What immediately catches the eye is that
the absorption band near the frequencies of
peaks (a), (b), (j) and (h) varies markedly from
sample to sample both in intensity and, in
some samples, in frequency.

Finally, it is worth noting that we plan to
perform measurements of crude oils IR
transmission spectra taken from rest 6 OGPC-
nies with further creation of Data Bank of

Transmission spectra of crude oils taken from
Absheron peninsula of Azerbaijan Republic.
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