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Abstract

Raman spectroscopy provides useful information about hydrocarbon fluid inclusions in crude oils.
In particular, the presence or absence of hydrocarbon functional groups may be qualitatively determined.
In most oil spills situations, it is desirable to have more than one analytical technique for detecting of
spilled oil to its suspected source. In this paper we present first results of Raman scattering spectra of
crude oils taken from 6 Qil-gas Production Companies of Azerbaijan Republic.
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Xiilasa

Raman spektroskopiyasi, xam neftin torkibindoki karbohidrogen mayelori barado faydali
molumatlar verir. Xiisusilo, karbohidrogen funksional qruplarinin mévcud olmast vo ya olmamasi bu
metodla keyfiyyatli sokildo miiayyan edilo bilor. Molum oldugu kimi Neft dagilmalari ilo alagali oksor
hallarda, dagilmis neftin agkarlanmasi vo ehtimal olunan manbanin miisyyanlosdirilmasi tigiin birden ¢ox
analitik metodun olmast mogsads uygundur. Bu maqalads biz Azarbaycan Respublikasinin 6 neft qaz
cixarma idarosine moxsus xam neft niimunolorinin Raman sopilmasi spektrlorinin dl¢tilmasinin ilkin
naticalorini toqdim edirik.

Acar sozlor: Raman sopilmoasi, LIDAR, Is1§in Raman sopilmasi, lazerin praktiki totbiqi, neft girklonmasi,
lazer spektroskopiyasi, xam neftin siialanmasi.
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AHHOTaNUA

CrniekTpocKonusi KOMOMHAIIMOHHOTO paccessHUs CBETa JaeT MOJIe3HY0 HH(POPMAIHIO O BKIIOYEHHUAX
yIIIeBONOPOIHBIX (onnoB B Chipoil Hedtu. B wacTHOCTH, MOXeT OBITh KAaUECTBEHHO OIpEAETICHO
HaJIMYUE WIM OTCYTCTBHE YIJIEBOJOPOAHBIX (YHKIMOHAJIBHBIX Tpymn. B OonpmmMHCTBE cHUTyanui,
CBS3aHHBIX C pa3IMBaMH He(PTH, >KEIaTelIbHO HMETh 00Jee OJHOT0 AaHAIMTUYECKOTO METoda s
oOHapyXeHHusl pa3nuToil HepTH M ompeneneHHs MPEAIoNIaraeMoro HCTOYHUKA. B cTaTbe mpeacTaBieHb
MIEpPBBIE PE3yNbTAaThl CIEKTPOB KOMOMHAIIMOHHOTO pAaCCesIHHUS CBHIPOW He(PTH, TONYy4eHHBIX OT 6
HedTerazonoobBaromX KomMnannid AzepOaipkanckoit PecryOmmku.

KiroueBnble ciioBa: PamanoBckoe paccesnue, JIMJIAP, KOMOMHAIIMOHHOE paccesHHE CBeTa,
MCIOJb30BaHUE J1a3e¢pOB Ha IMpaKTHKe, He(TAHOE 3arps3HEHUE, Ja3epHas
CIIEKTPOCKOTIHSI, SMUCCHS U PACCESHHUE CHIPOW HE(PTH.
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Introduction

Crude oil is very wide and diverse class
of substances [1-5]. The complex nature of
crude oil, may lead in complex chemical
analysis method. In our previously published
paper, we described KA-14 LIDAR developed
at National Aviation Academy of Azerbaijan
to detect oil spills on water surface of Caspian
Sea and earth of Absheron peninsula [5-11].

According to existing literature 4
different techniques (infrared spectroscopy,
fluorescence (FL), gas chromatography and
low temperature luminescence) were used to
identify oil spills on water surface and to
establish spills source. FL spectra and
identification of oil spills on Caspian Sea as
measured by KA-14 LIDAR, developed at the
NAA, were published by the authors of
present artocle and the results have been
described in [8-11].

Laser Raman spectroscopy is used in
many scientific-research centers of world as a
standard analytical method. At the same time
as a tool in petroleum research, its role has
been hindered by the high FL background.
This FL background has such high intensity,
that it is completely obscures any band due to
Raman scattering (it is well known that
intensity of Raman scattered bands is about
10-5 times less than intensity of excited light
[12-16]).

In this paper we present the first results
of Raman scattering spectra of crude oils
taken from 6 Oil-gas Production Companies
(OGPC) of Azerbaijan Republic.
Analysis of scientific and technical
literature on the topic

The Raman method is widely use for the
purpose of studying and confirming the
composition of useful fossil migrations for
obtaining oil spectra from different oil fields.
The study showed that fats had similar

molecular-mass regions, which were specific
to a baseline region.

An analysis of the literature shows that
Raman spectra of oils are observed in a wide
range of the spectrum, including high-
frequency. The most pronounced stripes of
Raman bands are observed in the following
wavelength: ~ 450 cm™, ~ 1350 cm™, ~ 1550
cm™, ~ 1600 cm™, ~ 1730 cm™, ~ 1770 cm™,
~ 1850 cm™, ~ 1950 cm™ [1-4, 12, 14-16].

Compared to other methods, Raman
spectroscopy facilitates the process of direct
measurement in solid, liquid and gaseous
media. The pattern has a number of
advantages, such as special training and the
absence of neutral to absorption strips.

Raman spectroscopy is widely used also
for obtaining oil spectra from oil fields. When
measuring the wavelength of A = 532 nm in
most substances are presented spectra in
which radiation absorption occurs as a result
of observation of FL, which is distinguished
by wider maximums compared to the Raman
signal.

To avoid FL effect, it is necessary to
take measurements at a wavelength of
A=1064 nm or longer using a portable
spectrometer. Measurements ~ with  a
wavelength of L = 1064 nm look promising for
the analysis of crude oils by the Raman
spectroscopy.  Our  measurements  of
Azerbaijanian crude oils by using the KA-14
LIDAR showed that the observed high
intensity FL strongly quenches weak Raman
spectra. In addition, we tried to perform
measurements of Raman oil spectra using
devices in the Laser Spectroscopy laboratory
of the National Aviation Academy. Such
devices include: *laser "Quantel Brilliant B"
(main beams at A = 532 nm, A = 255 nm and
A=266 nm; epulse duration-5 ns; *power 310
mJ, 170 mJ, and 60 mJ respectively; *MDR -
41 spectrometer, *photo detectors FEU - 62
and FEU - 100.
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Unfortunately, the FL generated in the
crude oils was extinguishing the expected
Raman scattering spectrum (Figure 1).
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Figure 1 — Room temperature FL spectrum of
crude oil of Absheron OGPC (Pirallahi, Artem).
Measurements were carried out with help of the
KA-14 LIDAR developed at NAA. The spectrum is
excited by the CRF - 355 laser line of wavelength
A =255nm

In accordance with the above described,
it was decided to carry out measurements on a
special (manufactured in Japan) Raman
installation located at the Institute of Physics
of Azerbaijan National Academy of Sciences.
This setup is performed using the excitation
Spectra of YAG: Nd** laser second harmonic
(A =514.5 nm).

Conclusion

Analysis of the available literature,
calibration and maintenance of KA-14 LIDAR
was carried out. An analysis of the available
literature has led to the conclusion that the
Raman spectra of crude oil is a fairly reliable
method for creating Raman spectra of crude
oil debris on water and earth surfaces and a
Data Bank based on these spectra. The results
given by the measurements carried out on the
basis of the caliber are consistent with the
results published in modern literature. The
scientific and technical requirements of the
research work put forward have been
experienced and clarified. Thus, it was
decided to measure the Raman spectra of

crude oil samples from 12 OGPCs of
Azerbaijan. On the basis of the project,
separate spectral analysis of the extracted oils
in different zones of Absheron peninsula and
the creation of Raman spectra’s Data Bank of
oils based on the data obtained are underway.
The mentioned zones included 8 (eight)
OGPCs belong to AzNeft (Azerbaijan) and 4
(four) Joint Ventures under AzNeft: OGPC: 1.
Absheron; 2. Narimanov; 3. Oil Rocks; 4.
Amirov; 5. Siyazan; 6. Tagiyev; 7. May 28; 8.
Bibiheybat; Joint Ventures: 1. Balakhani Oil;
2. Muradkhanli Oil; 3. Surakhani Oil; 4.
Binagadi Oil.

Measurement of Raman spectra by KA-
14 LIDAR did not give any positive results. It
was obviously to expect for this, since weak
Raman scattering lines (10 degrees weaker
from the intensity of the excitation laser) are
screened with strong FL lines of oils (10™
degree’s from the intensity of the excitation
laser). Therefore, we decided to carry out the
measurement of Raman spectra of oils using
the Raman device available at the Institute of
Physics of Azerbaijan National Academy of
Sciences. Some of these first results is
presented in Figures 2-7.
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Figure 2 — Raman spectrum of crude oil of OGPC
named after Tagiyev. The measurements were
carried out by Raman spectra measurement
equipment at the Institute of Physics Azerbaijan
National Academy of Sciences. Spectrum was
excited using YAG: Nd** laser's second harmonic
(A =514.5 nm).
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Figure 3 — Raman spectrum of crude oil of
Lokbatan-BUTA OGPC. The measurements were
carried out by Raman spectra measurement
equipment at the Institute of Physics Azerbaijan
National Academy of Sciences. Spectrum was
excited using YAG: Nd** laser's second harmonic
(A =514.5 nm).
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Figure 4 — Raman spectrum of crude oil of 28
May OGPC. The measurements were carried out
by Raman spectra measurement equipment at the
Institute of Physics Azerbaijan National Academy
of Sciences. Spectrum was excited using YAG:
Nd** laser's second harmonic (A = 514.5 nm).
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Figure 5 — Raman spectrum of crude oil of
Bibiheybat OGPC. The measurements were
carried out by Raman spectra measurement
equipment at the Institute of Physics Azerbaijan
National Academy of Sciences. Spectrum was
excited using YAG: Nd** laser's second harmonic
(A =514.5 nm).
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Figure 6 — Raman spectrum of crude oil of
Narimanov OGPC. The measurements were
carried out by Raman spectra measurement
equipment at the Institute of Physics Azerbaijan
National Academy of Sciences. Spectrum was
excited using YAG: Nd*' laser's second harmonic
(A =514.5 nm).
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Figure 7 — Raman spectrum of crude oil of Qil
Rocks OGPC (Neftjanie Kamni).

The measurements were carried out by Raman
spectra measurement equipment at the Institute of
Physics Azerbaijan National Academy of
Sciences. Spectrum was excited using YAG: Nd**
laser's second harmonic (A = 514.5 nm).

As can be seen from Figures 2-7, the
characteristic features of the Raman scattering
spectra are observed as a weak wide bands in
the spectral ranges of : +200 - 600 cm™, «1500-
2300 cm™ and +2400-3400 cm™.

The Raman spectra of crude oils of the
remaining six OGPCs excited using YAG:

Nd** laser's second harmonics (A = 514.5 nm)
are basically similar to those shown in Figures
2-7. Finally, it is worth noting that we plan to
perform Raman scattering spectra of
Azerbaijani oils using near-infrared laser lines
to exclude a high-intensity FL background.
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We contacted some colleagues in the Institute
of Spectroscopy Russian Academy of
Sciences and agreed on measurement
questions. The equipment available in this
organization (has a radiation wavelength of
1064 nm (1.16 eV)) excites Raman scattering
spectra and significantly reduces the FL
intensity of crude oil spectra.

One of preliminary results of Raman
spectrum of crude oil taken from Lokbatan-
BUTA OGPC is presented in Figure 8.

Finally, it is worth noting that we plan to
perform Raman scattering spectra of
Azerbaijani oils using near-infrared laser lines
to exclude a high-intensity FL background.
We contacted some colleagues in the Institute
of Spectroscopy Russian Academy of
Sciences and agreed on measurement
questions. The equipment available in this
organization (has a radiation wavelength of
1064 nm (1.16 eV)) excites Raman scattering
spectra and significantly reduces the FL
intensity of crude oil spectra. One of
preliminary results of Raman spectrum of
crude oil taken from Lokbatan-BUTA OGPC
is presented in Figure 8. Finally, it is worth
noting that we plan to perform Raman
scattering spectra of Azerbaijani oils using
near-infrared laser lines to exclude a high-
intensity FL background. We contacted some
colleagues in the Institute of Spectroscopy
Russian Academy of Sciences and agreed on

measurement  questions. The equipment
available in this organization (has a radiation
wavelength of 1064 nm (1.16 eV)) excites
Raman scattering spectra and significantly
reduces the FL intensity of crude oil spectra.
One of preliminary results of Raman spectrum
of crude oil taken from Lokbatan-BUTA
OGPC is presented in Fig. 8.
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Figure 8 — Raman spectrum of crude oil of
Lokbatan-BUTA OGPC. The measurements were
carried out with the Raman installation, which is
available at the Institute of Spectroscopy of
Russian Academy of Sciences. The spectrum was
excited by the YAG:Nd3+ laser (L] = 1064 nm).
Horizontal axis- Raman shit, cm™. Vertical axis-
intensity, rel. units

Frequency values of Raman scattering of
crude oils obtained from the final processing
of spectrum (Figure 8) is shown in Table 1.

Table 1 — Frequency values of Raman scattering of crude oils obtained from the final processing of

spectrum (Figure 8)

Peak Nol Peak Peak Peak Peak Peak Peak Peak
@ No2 | No3(c) | No4 No5 No6 No7 No8
Sample cm? (b) cm* (d) (e) (f) ) (h)
cm? cm? cm? cm? cm? cm?
Lokbatan - 205 1090 1150 1200 1490 1570 1750 1950
Buta OGPC
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Planned measurements in the Raman
scattering spectra of crude oil from the
remaining eleven organizations will allow the
creation of a Data Bank of crude oils from
Absheron peninsula of Azerbaijan.
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