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Abstract

Infrared (IR) 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. It is known, there are 12 Qil-gas Production Companies (OGPC) in Azerbaijan, including 8
owned by Azerbaijan and 4 Joint Ventures. 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 Fourier Transform IR (FTIR) spectroscopy spectra of crude oils taken from 6 OGPC of
Azerbaijan Republic.
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Abseron yarimadasinin xam neftinin IR spektrlarinin fargli
xiisusiyyatlari
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Xiilasa

Infraqirmuz1 (IR) spektroskopiya, karbohidrogen mayelorinin xam nefto daxil olmasi barade faydali
molumatlar oldo etmoys imkan verir. Xiisusila, karbohidrogenlorin funksional qruplarinin olmasi vo ya
olmamasi keyfiyyoatco miioyyon edilo bilor. Molumdur ki, Azorbaycanda 12 Neft-qaz Istehsal Edon sirkot
var, o cimlodon 8-i Azarbaycana moxsusdur vo 4 Birgo Miiossiso var. Neft dagilmalari ilo alagali oksor
hallarda, tokiilon neftin toxmin edilon monbayini miiayyanlogdirmak tiglin birdon ¢ox analitik metodun
olmas1 maslohatdir. Bu yazida Azorbaycan Respublikasiin 6 Neft-qaz istehsal Edon sirkestindon alinan
xam neftin Furye ¢evrilmasi ilo IR spektroskopiyasinin ilk naticalorini toqdim edirik.

Acar sozlor: IR spektroskopiyasi, IR buraxmasi, xam neft, Fourier spektroskopiyasinin tatbigi, neft
cirklonmasi, optik spektroskopiya, xam neft udma.
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AHHOTaNUA

Wudpaxpacnas (MK) ciekTpockonust HO3BOJISIET MOIYYUTh MOJIE3HYI0 HHPOPMAIIHIO O BKIFOYEHHIX
YIIIEBOAOPOIHBIX (IIIOUIIOB B CHIPYIO HEPTh. B 4acTHOCTH, MOXHO Ka4eCTBEHHO OINPEJEIIUTh HAHMYUE
WIA OTCYTCTBHE (YHKIMOHAJIBHBIX TPYHI YIIIEBOJOPOAOB. M3BecTHO, 4to B A3seplaiikaHe
HacuuThiBaeTcsl 12 HedrerazomoObIBalOIMX KOMIAHUKA - 8 M3 HHMX NpUHAIeKaT AsepOaiimpxany u 4
COBMECTHBIX NpPEANpPHITUS. B OONBIIMHCTBE CHUTYyallMil, CBA3aHHBIX C paziIMBaMU HE(TH, KeJIaTeIbHO
uMeTh 0Oojiee OFHOTO AHAJUTHUYECKOTO METoJda Ul ONPENEeNICHHS IPEIIoaraéMoro HCTOYHHUKA
pasnuBLIelicss Hedtu. B 3TOH craThe MBI mpencTaBisieM mepBble pesynbTathl MK-cnekrpockomuu c
npeoOpasoBanneM @Dypbe CHIpbIX HedTeH, MOIy4YeHHBIX OT 6 HedTerazol00BIBAIOIINX KOMIAHUN
AszepOaitkanckoii PecryOnmkw.

KuroueBsle ciioBa: UK-cnekrpockonus, MK-mponyckanue, cwipas HedTb, npuMeHeHune Dypbe-
CIIEKTPOCKONNY, HE(PTSIHOE 3arpsA3HEHHE, ONTHYECKass CHEKTPOCKOIHS,
MTOTJIONICHUE CHIPOH HETH.
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Introduction

Crude oil is very diverse class of
substances [1-7]. The complex nature of crude
oil, may lead in complex chemical analysis
method. In our previously published paper, we
describped KA-14 LIDAR developed at
National Aviation Academy (NAA) of
Azerbaijan to detect oil spills on water surface
of Caspian Sea and earth of Absheron
peninsula [5, 7-12]. According to existing
literature 4 different techniques (infrared
spectroscopy, photo-luminescence (PL), gas
chromatography and low  temperature
luminescence) were used to identify oil spills
on water surface and to establish spills source.
PL 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 article and the results have
been described in [10-12].

The purpose of the work
In this paper we present the first results
of IR transmission spectra of crude oils taken

from 6 CQOil-gas Production Companies
(OGPC) of Azerbaijan Republic.
Analysis of scientific and technical

literature on the topic

The IR transmission 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
FTIR transmission spectra of crude oils are
observed in a wide range of the spectrum,
including near-, and far-IR ranges. The most
pronounced stripes of IR bands are observed
in the following wavelength ranges:

| — bands in the spectral range of 850 -
1550 cm (high frequency IR range);

Il — bands in the range of ~ 2800 - 3100
cmt:

Il — bands in the spectral range of 435-
and 5800 cm™ [13-15].

FTIR, as well as Raman spectroscopy,
facilitate 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.

IR spectroscopy appears to be a viable
alternative due to its effectiveness in freely
placing crude oil on a surface soaked in soil or
floating in water for characterization.

In accordance with the above described,
it was decided to carry out measurements on a
special Fourier spectrometer BRUKER IFS66,
located at the Institute of Spectroscopy of
Russian Academy of Sciences (city Troitsk,
Moscow region).

Analysis of the available literature, was
carried out. An analysis of the available
literature has led to the conclusion that the IR
spectra of crude oil is a fairly reliable method
for creating IR 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
IR spectra of crude oil samples from 12 OGPC
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 IR spectra’s Data Bank of oils
based on the data obtained are underway. The
mentioned zones included 8 (eight) OGPC
belong to AzNeft (Azerbaijan) and 4 (four)
Joint  Ventures under AzNeft: OGPC:
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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.

Measurements of transmission spectra of
oils were performed by using the Fourier
Transform IR spectrometer (BRUKER IFS66)
available at the Institute of Spectroscopy of
Russian Academy of Sciences (town Troitsk,
Moscow region).

Measurements have been done in the
spectral range of 500-7000 cm™ (20-1.43 pum).
Spectral resolution was 5 cm™. A cuvette with
silicon windows and a gap of 20 um was used
for measurements. All measurements were
performed at room temperature. Some of these
results are presented in Figures 1-6. Notations
in Figures 2-7, same as in Figure 1.

Vertical axis- transmission coefficient
(relative units); horizontal axis- wave number
(cm?).  The frequency values of the
transmission spectrum minima (absorption
maxima) shown in Figures 1-7 are
summarized in Table.

Planned measurements in the IR
transmission spectra of crude oil from the
remaining six organizations will allow
creation of a Data Bank of IR spectra of crude
oils from Absheron Peninsula of Azerbaijan.
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Figure 1 — The IR transmission spectrum of crude
oil from the Neftjanije Kamni OGPC.
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Figure 2 — The IR transmission spectrum of crude
oil from Amirov OGPC.
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Figure 3 — The IR transmission spectrum of crude
oil from Balaxani OGPC.
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Figure 4 — The IR transmission spectrum of crude
oil from Muradxanli OGPC.
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Table — Designations (a, b, c, d, e, f, g, h) and spectral positions of the wave number values (cm™)
corresponding to the minima of the IR transmission spectra of crude oils obtained as a result of the final
processing of the spectra shown in Figures 1-6.

Name of the Oil Band | Band Band Band Band Band | Band Band
Company of the (@) (b) (© (d) (e) ) a) (h)
Absheron Peninsula | em™® em? em? em? em? em? em? em?
of Azerbaijan
Neftjanije Kamni 975 1380 1485 1580 2840 2950 4300 5800
Amirov 975 1370 1485 1580 2820 2950 4300 5800
Balaxani 970 1380 1495 1585 2825 2950 4300 5800
Muradxanli 970 1400 1450 1585 2820 2950 4300 5800
Suraxani 970 1400 1480 1585 2825 2950 4300 5800
Binagadi 970 1400 1490 1585 2825 2950 4300 5800
’ ’J/’\\%
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Figure 7 — The designations of the spectral

Figure 5 — The IR transmission spectrum of crude position of the absorption bands (Figures 1-6)
oil from Suraxani OGPC. shown in Table.

104 Acknowledgments
The authors are indebted to the State Oil
Company of Azerbaijan Republic (SOCAR)
e for financial support of present research in a
051 frame of project “Creation of Data Bank of
Optical Transmission Spectra of Oil Produced
in Different Zones of Absheron Peninsula”.

T'ransmittance

0,0

- I - . - Conflict of Interests
1000 2000 3000 4000 5000 6000 . .
Wave number. e The authors declare there is no conflict

Figure 6 — The IR transmission spectrum of crude ~ Of interests related to the publication of this
oil from Binagadi OGPC. article.



Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy
2024, cild 16, Mo 4, s. 34-39 2024, vol.16, Ne 4, pp. 34-39
Pasayev A.M. va basq. Pashayev A.M. et al.

REFERENCES

[y

. Petrov A.A. Petroleum Hydrocarbons. Berlin: Springer Verlag, 1984. 174 p. (in Russian)

2. Orange D., Knittle E., Farber D., Williams Q. Raman spectroscopy of crude oils and hydrocarbon
fluid inclusions: a feasibility study. // Mineral Spectroscopy: A tribute to Roger G. Burns. The
Geochemical Society. Special Publication Ne 5. 1996. Pp. 65-81 (in English).

3. Zbignev Otremba, Coefficient of light reflection foreseen for chosen oil. // Journal of KONES
Powertrain and Transport, 2014, Vol. 21, No 4, pp. 375-379 (in English).

4. Shamirzaev V.T., Gaiser v.A., Shamirzaev T.S. Fluorescence of crude oils. // Bull. RAS. Physics.
2015. Vol. 79, Ne 2, pp. 115-119 (in Russian)

5. Pashayev A.M., Taghiyev B.G., Allahverdiyev K.R., Sadikhov I.Z. Sensing of contaminations on
water and earth surfaces by LIDAR developed at NAA. // Book of Abstracts, International Conference
Devoted to 10th Anniversary of Institute of Physics Problem of Baku State University, Baku, 2015.
Decembed 16-25. pp. 22-24. (in Azerbaijani)

6. Ahmad I., Sohail S.M., Khan H., Ahmad W. Cgaracterization of crude oil by Fourier Trnasform
Infrared (FT-IR) and Gas Chromatography-Mass Spectrometry. Pet Petro Chemical Engineering,
2018, Vol. 2, No 2, pp. 53-59. (in English).

7. Pashayev A., Tagiyev B., Allahverdiyev K., Musayev A., Sadikhov I. LIDAR for remote sensing of
contaminations on water surfaces taking place during oil-gas production. // Proc. of SPIE, 2015. Vol.
9810, pp. 981018-1 — 981018-7. (in Azerbaijani)

8. Pashayev A.M., Allahevdriyev K.R., Tagiyev B.G., Sadikhov I.Z. Light induced fluorescence
LIDAR developed and employed at the National Aviation Academy of Azerbaijan. // Proc. of SPIE,
2016. Vol. 10226, pp. 102260W-1 — 102260W-6(in Azerbaijani)

9. Pashayev A., Tunaboylu B., Usta M., Sadixov I., Allahverdiyev K. Perspectives of methods of laser
monitoring of atmosphere and sea surface. // Proc. of SPIE, 2017. Vol. 10226, pp. 102260V-1 —
10226V-9. (in Russian)

10. Pashayev A.M., Tagiyev B.G., Veliyev N.A., Bagirov Y.M., Musayev A.A., Allahverdiyev K.R.,
Sadikhov 1.Z. Fluorescence spectra of oil spills on Caspian sea as measured by KA-14 LIDAR
developed at the National Aviation Academy of Azerbaijan. // Azerbaijan Oil Industry, 2018. Ne 7-8,
pp. 67-71 (in Azerbaijani)

11. Pashaev A.M, Veliev N.A., Mamedov |.H., Musaev A.A., Bagirov Ya.M., Allahverdiev K.R.,
Sadyhov 1.Z. Otlichitelnye harakteristiki spektrov emissii syroj nefti Apsheronskogo poluostrova,
zaregistrirovannye s pomoshch'yu LIDARa KA-14 // lzvestiya vysshih uchebnyh zavedenij. Fizika .
2021. T. 64, Ne 11, s. 115-119. (in Azerbaijani)

12. Sadikhov 1.Z. Calibration of KA-14 LIDAR to measure the fluorescence spectra of oils extracted in
various zones. Herald of the Azerbaijan Engineering Academy, 2022, vol. 14, Ne. 2, pp. 15-19. (in
English).

13. Akrami H.A., Yardim M.F., Akar A., Ekinci E. FT-IR characterization of pitches derived from
Aygmasya asphaltite and Raman-Dincer heavycrude // Fuel. 1997. Vol. 76, pp. 1389-1394 (in English).

14. Al-Alawi A., Frederick R., van der Voort and Sedman J. New FTIR method for the determination
of FFA in oils. // Journal of the American Oil Chemists’s Society. 2004. Vol. 81, pp. 441-446. (in
English).

15. Zbignev Otremba. Coefficient of light reflection foreseen for chosen oil. // Journals of KONES

Powertrain and Transport. 2014. Vol. 21, No 4, pp. 375-379. (in English).



