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ON SOME ASPECTS OF NAFTALAN OIL PROPERTIES
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Abstract: Naftalan medicinal and fuel oil properties have been studied by methods of IR/UV spectroscopy,
DLS, chromato-mass-spectrometry and oil used for curative purposes throughout the year as well. It
revealed that two types of Naftalan oil originated not only independently from one another but also from
primary organic matter with critical differences, and this can be supported by data of chromato-mass-
spectrometry. Identity of Naftalan field can be explained by the fact that it is confined to faults zone and by
participation of deep fluids in the formation of oil properties. Lithological composition of rocks is of
significant importance in the formation of a unique deposit where rocks are mainly of sandy composition ~
27%, and clays are ~ 73%. According to DLS, data particles with diameter ranging from 100 to 1000 nm are
more intensive in medicinal Naftalan oil. As for the sample of fuel oil, particles with diameter from 50 nm
and lower can be observed. Used Naftalan oil tends to aggregate particles with diameter from 100 to 8000
nm; in this case particles of more than 1000 nm are stable up to 50°C. Diffusion coefficients are higher for
samples of medicinal oil than for fuel one and this probably provides for pharmaceutic effect. Comparative
study of Naftalan oil samples showed DLS data can be a peculiar kind of distinctive fingerprint for used
medicinal oil.
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Introduction

Phenomenon of medicinal effect of especially, foraminiferal layers and Maykop

Naftalan oil has always been in the spotlight of
scientists. Large number of studies has been
made in the field of this oil. Full records of
Naftalan curative properties were gathered in
the monograph by G.A. Kyazimov [1].

Scientific publications pointed out that
deposits of Akchagyl and Sarmatian stages were
developed in the section of Naftalan pool, and
these deposits form the structure of two brachy-
anticline folds. Akchagyl deposits were found
on rocks of Maykop suite.

Oil-bearing  formations  within  the
section of Tertiary deposits played an important
role in the process of their shaping, for
preservation of oil deposits in Naftalan,

suite. Deposits from the upper Cretaceous to the
Quaternary participate in geological structure of
area. However, oil was recovered only from
different horizons of Maycop suite (Oligocene-
lower Miocene deposits) among drilled wells of
the area. Deposits of Maycop suite are
characterized by high content of Coy obtaining
15.1% by average grade 1.86%. Hydrogen index
varies from 11 to 612 mg HC/Gks, With
average value 146 mg HC/Gygcks.

Naftalan structure is located within
Arpa-Samur zone of faults, at all times from
Paleozoic up to now it is a zone of active
manifestation of tectonic movements, conductor
of magmatic melts, load-bearing solutions and
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seismicity.  Tectonic  deformations  with
thickness up to 2000 m cut all sedimentary
complex of Cenozoic deposits and penetrate
Mesozoic shallow series. Therefore, it is not
unlikely that individuality and unique character
of Naftalan deposit can be explained by its
confinedness to this area of faults and a
probable participation in the formation of a
specific outlook of deep fluids oil.

The presence of two types of oil
different by its quality in the deposits of
Maykop suite in Naftalan deposit: curative hard
oil - in the upper horizons of the upper Maykop
(1, loamy and Il horizons) and fuel light - in
lower horizons of the upper Maykop and lower
Maykop were reflected in the works of
Sh.F.Mekhtiyev [2].

These two types of oil generated
independently from each other and from
essentially different primary organic matter as
well.

A great importance for formation and
preservation of oil deposits in Naftalan is played
by lithological composition of rocks. The works
[3,4] focuses on data dealing with definition of
geological structure possessing block structure
and nearby disjunctive breaks. There was
established reservoir properties increase in
north-eastern direction in the examined interval,
moreover rocks of mainly sandy composition is
~ 27% and clays ~ 73% for this interval.
According to availability of rearranged steranes,
the Naftalan oil generated to clayey rocks. This
oil has a high maturity ratio ~ 6; in oils of
Absheron ~ 1.9 ( Petrov ALA., 1984), and it is
likely connected with affection of terrigenous
(clayey) rocks.

In addition to hydrocarbon components,
there are also the nitrogenous compounds close

to plant alkaloids (A.N. Karayev [5]) in the
Naftalan oil, and it allows to suggest a
domination of plant material as a source of
primary organics, as well as the mixture of
organics

superimposed from land given that Maykop
deposits were formed due to the destruction of
bedrocks of the Minor Causasus.

Transgression of Akchagyl Sea affected
the process of properties change for Maykop oil
by formation of noncombustible medicinal oil,
all area was covered by brackish waters which
penetrated into the upper horizons of Maykop
suiete. As a result of this process, its physical-
chemical and hydro-chemical settings changed
towards a common intensification of restoration
and  stimulation  of  redox  bacterial
transformations of oil hydrocarbons
(polymerization, cyclization, etc.).

We conducted physical-chemical
research of medicinal and fuel oil of Naftalan in
our earlier works [6,7]. The difference revealed
can be explained by distinction in keeping with
the component composition that provided for
the difference in medicinal and fuel oils nature
itself. However, the further study of structure
and properties of Naftalan oils from different
horizons by instrumental methods as well as the
investigation of oil properties used for
medicinal purposes throughout the year should
be of some interest.

The aim of the study is to compare
samples of Naftalan oil using chromatography-
mass spectrometry, IR / UV spectroscopy and
dynamic light scattering to establish differences
in their composition and properties, which can
serve as a kind of distinctive fingerprint of these
oils.

Experimental part

Three samples of Naftalan oil were taken
for study:
1. Medicinal Naftalan oil from oil terminal I-II
horizon, filter 150-586 m.
2. Fuel Naftalan oil from oil terminal HI-1V
horizon, 1 well.
3. Medicinal Naftalan oil used in Wellness

Centre throughout the year.

Studies were carried out by such methods
as chromato-mass-spectrometry, IR/IUV
spectroscopy, dynamic light scattering (DLS),
dynamic viscosity of oil samples was also
defined.
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Chromato-mass-spectrometrical study

The research into Naftalan was conducted
on chromato-mass-spectrometry Perkin-Elmer
on  system including  chromato-mass-
spectrometry Clarus 680 with interface and
high-efficient mass selective detector Clarus
SQ8T. Chromatograms of hydrocarbons were
obtained on total ion current (TIC).
Chromatograph is provided by quartz capillar
column with length 60 m, diameter 0.25 mm,

impregnated by phase Rtx-1MS. Carrier gas-
helium, flow rate - 1 ml/min. Temperature of
evaporator 300°C; programming of temperature
increase from 80 to 300°C by rate 2°C/min with
subsequent isotherm during 70 min. lonizing
voltage of source - 70 eV, source temperature-
250°C. Carbon sulphide CS, was used as a
solvent.

UV- spectroscopic study

Spectra of visible and ultraviolet range
were obtained on UV spectrometer LAMBDA,
Perkin Elmer by use of quartz cells with length
of optical distance 10 mm; all measuring

conducted by 22°C atmospheric pressure.
Samples of Naftalan oil are prepared by
dissolution in hexane, qualification (ch. pure).

IR spectroscopic

Research was carried out on
spectrometer Frontier by range A~ 700-4000 sm"

! on accessory MATR.

Method of Dynamic Light Scattering

Structure of oil components was studied
by method of dynamic light scattering on LB-
550 Horiba device which makes it possible to

define size of nanoparticles by range 1-6000 nm
and concentration from ppm level to 40% of
mass.

Dynamic viscosity was defined on rotation viscometer LVM-D.

Results and discussions

Data on total number definition of
benzene, naphthalene and phenanthrene in oil

samples by method of UV spectroscopy are
represented at Fig. 1-3 and on Table 1.

Table 1. Content of aromatic HC in Naftalan deposit oil on data of UV spectroscopy.

SZ;?;ILGS (())if| C b[e)rzl(i)ene C na%lzt;alene C phega;l(;[hrene S C arom.%
medicinal 9.666 5.512 7.284 22.463
fuel 11.246 6.163 7.387 24.796
useo'tﬁzr;é‘agrh"”t 2,1011 1,0032 0,55976 11,99601

As is seen, content of aromatic HC is
insignificantly more in fuel oil than in medicinal
oil and mainly it is due to benzene. As for used
oil sample, total content of aromatic

hydrocarbons reduces in it by two times. It can
equally be referred to benzene, naphthalene,
phenanthrene as well (Fig 1-3).
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Fig. 1. UV spectrum of Naftalan medicinal.
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Fig. 2. UV spectrum of Naftalan fuel.
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Fig. 3. UV spectrum of Naftalan used throughout the year.

Data of dynamic viscosity for three 35, 50°C obtained on rotation viscometer are as
samples of Naftalan oil by temperatures T ~ 25, follows:

1.Znps=396mPaS ;Znsgs= 340mPasS ; Znso =314 mPa S
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2. ¥nps = 332 mPa S
3. Tnps = 391 mPa S

Values of dynamic viscosity of fuel oil are less
than for medicinal one, As test temperature
increases, viscosity reduces. As for sample 3 by
T=25°C, its viscosity is practically equal to
sample viscosityl (medicinal), however by
growth of temperature sample viscosity 3
exceeds sample viscosity 1. Probably it occurs
as a result of increase nanoassociates in the used
oil which are prone to agglomeration.
Therefore, study of Naftalan dispersity was of a
great interest.

; 2ngs =329 mPa S

; 2Xngs = 347 mPa S

; 2ns0 =300 mPa S
; 2nso =321 mPa S

Dispersity of samples for medicinal and fuel
Naftalan oil was studied by method of dynamic
light scattering (DLS) which allows to define
sizes of nanoparticles by range 1-6000 nm by
concentration from ppm level to 40% of mass.

It is necessary to take into account the
complex of nanocolloids features in oil and gas
media to prevent the fulfililment of
intensification of critical phase transformations
in nanocolloid system.

Table 2. Size of particles and diffusion coefficient of Naftalan oil.

Name of T=25°C, g,nm/ Dif.Coef., | T=35°C, g,nm/ T=50°C, g, nm/
sample m?/s Dif.Coef., m%/s Dif.Coef., m%/s
Naftalan 1)340.9/ 2.305- 107 1)144.2/ 6.319« 10" | 1)0.4/3.09310™
medicinal 2)2.0/3.951~ 102 2)875.0/1.040 - 10 | 2)1.4/7.875. 10"
Naftalan fuel | 1)27.8/2.862 « 10" 1)35.7/ 2.638 - 10

2)7.1;556.6 /1.071 - 107 | 2)42.9/2.130 « 1012 -
Naftalan used | 1)0.5/1.623« 107 1)3.1/2.958+ 10" 1)5765.6 / 1.930 » 10°

2)4413.4/ 1.858+ 10" 2)167.5/5.475.10"% | 13

3)205.3/ 3.819 « 107 3)1203.1; 6212.2 / 2)1955.4 /5.997 . 107

1.830-10"

It has to be kept in mind that oil is
represented by colloid system where colloid
phase is represented mainly by asphalthenes [8].
Majority of self-organizing molecules of oil

includes chiefly to the composition of
asphalthene  fractions  which can  be
distinguished according to solubility [9].

Experimental data obtained as a result of
method DLS are represented in Table 2.
Measuring of dependable values of distribution
density from particles diameter for solutions of
Naftalan oil in toluol is carried out in the range
of temperatures 25, 35, 50°C. Fig. 4
demonstrates density values (q) %, size of
particles at peak (Mode) by different test
temperatures, in nm; and also mean geometrical

values of particles (Geo mean), in nm. Diffusion
coefficient (Dif. Coef.), in m“/sec, estimated on
Stokes-Einschtein equation: D= kT/3znd, its
values are given for each test temperature (table
2).

There is information (N.D. Aliyev,
S.K.Zeinalov a, 1983) dealing with naphtalan’s
fungicidal properties when its dispersity plays a
certain role in the behavior of these properties.
It is due to finely dispersed particles which can
be formed particularly during naphtalan dilution
into vaseline and then they are capable of
penetrating through bacterial shell. Thus, mold
fungi appear to be more sustainable to naphtalan
effects than other species of fungi (N.D.Aliyev,
S.K.Zeinalova, 1979).
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As is seen from Fig.4, particles with
diameter ranging from 100 to 1000 nm (T~25-
35 °C) are more intensive in medicinal naftalan
oil, and by 50°C - solution is homogeneous.
Particles with diameter 50 nm and lower (T

oil, and by 50°C the solution is homogeneous.
As for used Naftalan oil, it is prone to
aggregation from 100 to 8000 nm, in this case
particles more than 1000 nm are sustainable up
to 50°C.

~ 25-35 °C) can be found in the sample of fuel
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Fig. 4. Dependence diagram of distribution values on density from particles diameter for Naftalan
oil solutions in toluol by different test temperatures.

As can be seen, the diffusion coefficient are
more evident for medicinal oil samples than for According to  chromato  -mass

fuel, as for density (q) value — it is ~50-80% in  spectroscopy, the HC composition of Naftalan
medicinal oil, and this probably provides for oil was defined. Taking into account

pharmaceutical effects.
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hydrocarbon  composition, the medicinal fuel oil, and in medicinal ~ 77.04 %; > content
Naftalan oil differs significantly from fuel. of alkanes is only 4.47% in medicinal oil
(Table 3). whereas in fuel ~ 22.93%. Content of aromatic
Content of naphthenic HC ~59.37 % in HC is nearly the same.
Table 3. Hydrocarbon composition of Naftalan oil
Naphthenic Arenes
Name of Y Y. naph- : 2 | miz95
samples | alkenes | mono | di tri |tetra| penta | €S | mono | di tri arenes
(tetra)
Naftalan 447 | 4824124011479\ -\ ] 9704 | 022 | 576 | 1344 | 19.42
medicinal 24-27
pattalan | pp93 | LT M4 - 10931 se57 | 37 | 176 | 1202 | 17.48
uel 17
Naftalan
used 9000 | 4824|353 1479 ~ | - | 7704 | 365 | 53 | 512 | 1407
throughout
the year

and nature of structural fragments, their mutual
correlation IR spectroscopic analysis conducted.

For additional information of group
chemical composition of studied oil samples
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Fig. 6. IR spectrum of Naftalan fuel oil
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Fig. 7. IR spectrum of Naftalan used throughout the year

Spectral coefficients were estimated on
IR spectra. In this respect, peak intensities of
analytical absorption bands were measured -
720, 870, 1376, 1464, 1600 sm™ and according
to optical densities of the main absorption bands
aromaticity  coefficient ~ was  estimated
Car=D1600/D720, aliphatic coefficient Cy= D7y +
D13g0/ D1soo, coefficient of branching Cp= D13go/

D50 and of oxidation Co=D1710 /D 1465. There
are also coefficients reflecting relationship of
substituted (bi-tricyclic) aromatic structures to
total content of aromatic fragments (Csgzo/1600)
and relation of aliphatic fragments sum
(CH,+CHj3) to aromatic structures (Ciasa/1600)
[10]. There is obtained data for oil samples in
Table 4.

Table 4. Spectral coefficients of Naftalan oil

Properties Cal | Sub.ar | Polyc.
/naftalan Car Cal Cor Cok Car SAr str.
samples 1600/720 720+1380 | 1380/720 | 1710/1465 | 1464 870/ 750/

1600 1600 1600 1600
1 1.191 1.471 0.753 2.282 0.448 | 0.919 | 0.827
2 1.169 1.49 0.74 2.35 0.440 | 0.93 0.833
3 1.283 1.418 0.820 2.175 0.465 | 0.900 | 0.744

1-Naftalan medicinal oil; 2- Naftalan fuel oil; 3- Naftalan oil used medicinally throughout one

year.

Aromaticity coefficient of Naftalan fuel
oil is less than of medicinal oil, moreover there
is a significant amount of condensated aromatic
structures among aromatic structures of this oil,
and this can be supported by coefficient
Cs70/1600(0.93) and  of  polycondensated
asphalthene structures (C7s0/C1g00 = 0.833).

Naftalan oil sample (Ne3) has the bigger
coefficient of aromaticity C,, this oil is used for
medical purposes throughout the year (1.283).
At the same time it possesses the less index of

abundance of substituted arenas Cg701600
(0.900), and this demonstrates the less content
of polycondensated structures in this sample.
There is the biggest coefficient of branching
(Cpr) and the lowest aliphatic coefficient (Cy) in
this sample. Used medicinal oil possesses the
least coefficient pointing out the relationship
between polycondensated arenas and total
content of aromatic structures
(C750/C1600=0.744). It shows a high content of
monocyclic arenas which are natural solvents
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for polycondensated aromatic structures and
eventually their aggregative stability increases.

Therefore, individuality and unique
character of Naftalan deposit due to its
confinedness to Arpa-Samur zone of faults, and
to possible participation in formation of specific
oil form of deep fluids can be confirmed by
numerous comparative studies of medical and
fuel oil.

Presence of two types oils is different by
quality in beds of Maykop suite of Naftalan
deposit: in the upper horizons of the upper
Maykop - medicinal hard oil, and in the lower
horizons of the upper Maykop and the lower
Maykop - fuel light indicates the following:
these two types of oil are generated
independently from each other and generated
from significantly different primary organic
matter as well.

According to chromato-mass
spectrometry  Naftalan  medicinal oil s
essentially different from fuel one. Content of
naphthenic HC is ~ 77.04% in medicinal oil and
in fuel oil ~ 59.37%. > content of alkanes is
only 4.47% in medicinal oil, while in fuel oil ~
22.93%.

On UV spectroscopy data content of aromatic
HC is insignificantly more in fuel oil than in
medicinal oil due to benzene. As for used oil
sample, a total content of aromatic
hydrocarbons is less in it than in two previous
samples. It is noteworthy that there is a growth

of used oil viscosity (sample 3) by increase of
temperature as compared with primary
medicinal oil (sample 1). Evidently this occurs
as a result of nanoassociates increase in used oil
prone to agglomeration.

So, according to DLS data particles with
diameter ranging from 100 to 1000 nm are more
intensive in Naftalan medicinal oil. Particles
with diameter ranging from 50 nm and lower
can be found in samples of fuel oil. Naftalan
used oil is prone to aggregation of particles with
diameter from 100 to 8000 nm; in this case
particles with more than 1000 nm are stable up
to 50°C. Diffusion coefficients are greater for
samples of medicinal oil than for fuel one,
evidently it provides pharmaceutic effect.

Comparative IR test of Naftalan oil
samples showed less indices of abundance of
substituted arenas (Cgrome00 =0.900) after
medicinally used Naftalan oil throughout the
year, and this points out lesser content of
polycondensated structures in this sample, as
well as the lowest coefficient indicating
relationship between polycondensated arenas
and total content of aromatic structures
(C750/C1g00 =0.744). 1t proves a high content of
monocyclic arenas which are natural solvents
for polycondensated aromatic structures raising
their aggregative stability to be used as an
original distinctive fingerprint of used medicinal
oil.

The work performed over the grant M7 LR-AMEA-SOCAR: "Use of high - information
analytical technology for study of geological nature of balneological phenomenon of Azerbaijan

naphthene oils."
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NAFTALAN NEFTININ BOZi XUSUSIYYOTLORINO DAIR

Q.S. Martinova, R.Q. Nanacanova, N.I. Valimatova, S.Q. Zeynalov,
N.Z Babayeva, L.R. Muradxanova

AMEA-nin Geologiya va geofizika institutu,
AZ 1073, Baki s., H.Cavid pr., 119
e-mail: martgs@rambler.ru

Xiilasa: Miialicavi va yanacaq xassali Naftalan nefti, hamginin bir il arizinda miialicavi maqsadlar
liciin istifads olunmus neft IQ/UB spektroskopiyasi, isigin dinamik saapilmasi va xromato-kiitlo
spektrometriyast tisullarimin  kémoayi ilo todqiq olunmusdur. Xromato-kiitlo ~ spektrometrik
todqiqatlar gostorir ki, bu iki név Naftalan nefti bir-birindan asili olmayan va ahamiyyatli daracada
forqlanan ilkin iizvi maddalordan amoala galmisdir. Naftalan yataginin fordliliyi onun qirilma zonasi
ilo maohdudlasmasi va neft xassalorinin formalasmasinda darin mayelarin istirak: ilo izah olunur.
Unikal yatagin formalasmasinda stixurlarin litoloji torkibi do béyiik ahomiyyat kasb ediir, burada
osasan qumlu torkibli siixurlar ~ 27%, gil iso ~ T3% toskil edir. Isigin dinamik sapilmosi
maolumatlarina gora, miialicovi Naftalan neftindo diametri 100-1000 nm diapazonda olan
hissaciklor daha intensivdir. Yanacaq nefti niimunasinda diametri 50 nm va ondan asagr olan
hissaciklar miisahida olunur. Istifads olunmus Naftalan nefti diametri 100-dan 8000 nm-o godar
olan hissaciklari birlogdirmays meyllidir, élgiilari 1000 nm-don yuxar: hissaciklar isa 50 °C-2 gadar
dayamqhdwr. Miialicavi neft niimunalori iigiin diffuziya amsallari yanacaq nefti niimunalarindan
daha yiiksakdir ki, bu da agiq sakilda farmaseptik effekto tasir edir. Naftalan nefti niimunalarinin
miiqayisali todgiqi gostarmisdir ki, isigin dinamik sapilmasi malumatlart istifada olunmus miialicovi
neftin oziinamaxsus farglandirici fingerprinti ola bilar.

Agar sozlar: Naftalan nefti, IQ/UB spektroskopiyasi, isigin dinamik sapilmasi, xromato-kitls
spektrometriyasi
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O HEKOTOPBIX ACITEKTAX CBOHCTB HE®TH HADTAJIAHA

I'.C. Mapmouinosa, P.I. Hanaoowcanosa, H.U. Benumemosa, C.I. 3eitnanos,
H.U. babaesa, JI.P. Mypaoxanoesa

Hucmumym eeonocuu u eeopuzuxu Hayuonanvnou AH Asepbaiioncana
AZ 1073, baky, np.I". []casuoa, 119
e-mail: martgs@rambler.ru

Annomauusn: Memooamu UK/Y® cnekmpockonuu, OuHaMu4eckozco paccesuus ceema, Xpomamo-
Macc-CneKmpomMempuu UCCi1e008aIUCh TeYyeOHas U MONIUBHAS HAPMANAHCKAs Hedmb, a maKdice
Heghmb, UCNONL306AHHASA 6 meyeHue 200a 8 JjeyeOHwvlx yenax. Illokasano, umo 0ea euoa
Hagmanaunckou Heghmu NPOU3OULIU He MOJLKO HE3ABUCUMO Opye Om Opyed, HO U U3 CYUWeCmeeHHO
PA3IUYHO20 UCXOOHO20 OP2AHUYECKO20 eujecmsd, 0 4eM CeUOemenbCmeyiom OaHHble XPOMAamo-
Mmacc-cnekmpomempuu.  Hnousudyanvnocms Hagmananckoeo mecmopodxcoenuss 06vacHAemcs
NPUYPOUYEHHOCMBIO K 30HE PA3I0MO8 U yyacmuem 21YOUHHbIX Guioudos 8 hopmuposanuy ceolcms
Hegpmu. Takowce HemanosaxcHoe 3HAYeHUe 6 00pPA306AHUU VHUKAIbHOU 3ANeHCU  UMeem
JIUMONIO2UYEeCKULL COCMA8 Nopoo, 20e NopoObl NPEUMYWECBEHHO NeCUaH020 COCMA8A COCMABUIU
~27%, a enunvt ~ 73 %. Ilo 0anHbiM Ounamuuecko2o paccesanus ceema 8 1eueOHOU HaghmaiaucKou
Heghmu Haubonee UHMEHCUBHbL Yacmuysl ¢ ouamempom 6 ouanaszore om 100 0o 1000 nm. B npobe
MONAUBHOU Hedhbmu HabOOArOMCA yacmuyvl ¢ ouamempom udacmuy om 50 HM u Hudice.
Hcnonvzosannas nagpmananckas Hegpmov npossisem CKIOHHOCMb K aA2PeUpO8anuio 4acmuy c
ouamempom om 100 0o 8000 um, npuuem wacmuywvi ceviwe 1000 Hm ycmouiyugol enioms 00 50 oC.
Koagpduyuenmuor ougpghyzuu ons npob neuebnou negpmu 601vute, uem mMonauUSHOL, 4mo, o4e8UOHO,
cnocoocmeyem  hapmayesmuueckomy 3ppexmy. ConocmagumenvHvle UCCIEO008aHUS  NPOO
Hagmananckol Hepmu nOKA3aIU, Ymo OaHHvle OUHAMUYECKO20 PACCESIHUS C8ema MO2Yym A6UMbCs
€80€00pA3HBLIM OMAUYUMENTLHBIM (YUHEPNPUHIOM UCNOb308AHHOU J1e4eOHO Hedpmu.

Knrwoueewvie cnosa: negpmv Hagmanana, UK/Y® cnekmpockonus, ounamuueckoe paccesiHue
ceema, Xpomamo Macc-cneKmpomempus
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