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Oil and gas enterprises are characterized by an increased fire risk. There is high probability of occurrence and
spread of large fires when oil production and processing, transportation and storage of oil products occurs. There
is high probability of large fires during the oil production, oil processing and during the transportation and stor-
age of petroleum products. New materials created using nanotechnology principles are needed to improve the
efficiency of fire prevention and extinguishing systems. The technology for controlling the properties and perfor-
mance characteristics of nanofluids based on liquid hydrocarbons and water is based on the methods of func-
tionalization and interaction of clusters of the base liquid and multilayer carbon nanotubes, methods for sta-
bilizing nanofluids, for changing the thermophysical, rheo-logical and electrostatic properties of substances and
materials on their basis. The proposed technology makes it possible to create nanomaterials based on various
scenarios for the development of emergency situations and to apply them to reduce fire risk at oil and gas facilities.

Key words: liquid hydrocarbons, extinguishing, variable frequency-modulated potential, fire risk, carbon nanotubes

INTRODUCTION

The development of the oil and gas complex is related
to the unstable demand of the world market, the growth
of capital investments in the industry, the low level of
profitability caused by the state's require-ments for labor
protection and environmental safety, the need to process
raw materials with worsening commaodity indicators [1].
The development trends of the oil and gas industry are
an increase in the share of “heavy” oil in total produc-
tion, an increase in the number of drilling rigs from large
depths, an expansion of the geography of production to-
wards the northern territories with difficult climatic condi-
tions [2], a shift in priorities towards oil refining [3].

The methodology of fire risk assessment in oil and gas
refineries and related industries includes the de-scription
of process control tools and emergency systems, identifi-
cation of hazards, scenarios and fre-quency of incidents,
simulation of consequences and assessment of the im-
pact of potential accidents and fires. Common emergen-
cies and complications in the extraction, transportation,
processing of petroleum and petroleum products are
strait fires, flares, hydrocarbon flames, the formation of a
fireball, the combustion of a vapor cloud under pressure.
The most dangerous of them occur on land tanks with
the subsequent ignition of oil or oil products with fire and

*ivanov.av@igps.ru

complete destruction. Partial destruction and leaks from
process equipment and pipelines are most likely [4].

When implementing measures to reduce fire risk, restric-

tions arise due to the “growth limits” of modern fire safe-

ty technologies, which are associated with a number of
factors:

« the impossibility of changing physical properties
(evaporation rate, surface tension, viscosity, static
electrification, etc.) when handling substances and
materials without the use of technical solutions that
make significant changes in the process parameters;

» problems of ensuring the required values of thermal
conductivity, adhesive strength, thermal stability of
thermal protection means and intumescent fire retar-
dant compositions for metal structures at tem-pera-
ture conditions corresponding to the conditions of
flare hydrocarbon combustion;

» limited possibility to use materials with high fire-ex-
tinguishing efficiency and thermal protection under
standard fire extinguishing systems.

* The solution to this problem of increasing the effi-
ciency of technical solutions for ensuring fire safety
in modern oil and gas enterprises is possible when
developing methods for modifying and producing
nanomaterial with desired physicochemical proper-
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ties. Successful implementation of such technolo-
gies is possible when solving problems:

» development of methods for "reverse" changes in
the properties of substances at the stage of appli-
cation of technologies characterized by the highest
probability of an emergency or fire;

» provide relatively low material costs for the imple-
mentation of the so-called "smart materials" in ex-
ist-ing production and maintenance of fire safety
systems;

» exclude the negative impact of the proposed tech-
nologies on the person, the environment, applying
to the production of substances, materials and prod-
ucts.

One of the most promising ways to solve this problem is
the development of nanotechnologies for the formation
and use of supra molecular self-organizing carbon meso
structures with predictable characteristics, in chemical
reactions and at the interface, which have already found
application in technologies for creating nanofluids, struc-
tural materials and composites. These characteristics
depend largely on thermal physics electrostatic proper-
ties of carbon nanomaterial, as well as their linear and
volumetric characteristics on nanostructures [5].

MATERIALS AND METHODS

The objects of study were selected multilayer carbon
nanotubes (MWCNT), which are extended cylindrical
and branching nanostructures (d =30 nm, =1 ... 5 ym).
MWCNT were obtained by catalytic pyrolysis using the
CVDomna. MWCNTs underwent reagent functionaliza-

tion for purification from synthesis by-products in order to
improve their performance characteristics [6].

Distilled water, mixtures (NEFRAS C3-80 / 120 “BR-1"
gasoline, TS-1 kerosene) liquid hydrocarbons and indi-
vidual organic substances (o-xylene, ethanol) were used
as base fluids. The main properties of the studied base
fluids under normal conditions are presented in Table 1.

For nanofluids based on water, the red-cross-linked acryl-
ic acid polymer (PAA) “Carbopol ETD 2020” was used as
a surfactant to stabilize water clusters and carbon nano-
structures. The effect of variable frequen-cy-modulated
potential (VFMP) with parameters 56 ... 220 V (50 Hz)
[7] for 30 min was applied when dis-persing MWCNT and
adding surfactant.

The following methods were used in the work: Raman
spectroscopy [8]; measurements of the dielectric con-
stant of nanofluids by the method of a flat capacitor; elec-
trical resistivity measurements [9]; measurements of the
surface tension coefficient by the method of detachment
of drops [10]; atomic force microscopy [11]; studies of
the thermo physical properties of liquids in a laboratory
setup for studying the processes of surface and bulk boil-
ing of liquids [12]; studies of the processes of flow and
evaporation of modified hydrocarbon liquids [7]; studies
of electrification processes when handling modified hy-
drocarbon liquids during their pumping, homogenization
and spraying [13]; studies of the extinguishing properties
of modified formulations based on water and hydrogels
[14]; studies of the operational characteristics of nano-
modified flame retardant intumescent compositions in
the conditions of the flare combustion of hydrocarbons
(jetfire) [15].

Table 1: The properties of base fluids

Specific Thermal
Molecular | Density at Surface The volumetric o
. Flash . . . . conductivity,
Ne Base fluid Lo mass, 20°C, p, tension, dielectric electrical
point, °C i . A103W /(m
g/mol g/lcm? o0+10°H/m | constant, € | resistance, K)
Pv, OM-M
Distilled
1. water - 18 0,9998 72,8 81 10%...104 612
(DW)
Nefras
2. C3-80/120 -9 98 0,73 21,1 2,3 10%...10" 139
(BR-1)
Kerosene
3 28 151,2 0,78 24,3 1,8 1...6)-10" 126
(TS-1) ( )
3,3-10"2 ...
4, O-xylene 46 106,17 0,8621 30,03 2,6 91-10% 131
5. Ethanol 13 46,069 0,7893 22,1 24,3 7,7-108 167
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THE RESULTS OF EXPERIMENTAL STUDIES

In the study of MWCNT using Raman spectroscopy,
data were obtained on the presence of large amounts of
amorphous carbon and impurities in non-functionalized
MWCNT, as evidenced by the ab-sence of pronounced
D-lines (~ 1400 cm) and G-lines (~ 1600 cm™) in the
spectrum of the substance. After functionalization, the
carbon nanomaterial contained a structured carbon ma-
terial and had a well-defined G-line in the region of 1600
cm™ (Figure 1).

The results suggest that dispersion of non-functionalized
MWCNT in water reduces surface tension by 10-22%
compared with the base fluid, which is associated with
the presence of by-products of the syn-thesis of nanopar-
ticles acting as surfactants.

The use of functionalized MWCNT increases the surface
tension in comparison with the base fluid by 20 - 27%.
Addition of PAA "Carbopol ETD 2020" at a concentration
of 0.15 wt. % significantly (by 48-66%) reduces the magni-
tude of the surface tension of nanofluid in comparison with
distilled water. The disper-sion of functionalized MWCNT
into nanofluid based on “Carbopol ETD 2020” allows in-
creasing the sur-face tension of liquid based on distilled
water from PAA “Carbopol ETD 2020” by 10-15%. For
nanofluids based on liquid hydrocarbons, the addition of
functionalized MWCNTSs allows an increase in the surface
tension coefficient by 8-58% compared to base fluids.
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Figure 1: Raman spectrum MWCNT: non-functionalized
(a); functionalized (b)

Data on the relative change in the dielectric constant of
modified liquids are presented in Fig. 3. For all samples of
nanofluids, the dielectric constant decreases by 10-80%
compared to the base fluid. An in-crease in the change
in dielectric constant values occurs with an increase in
the concentration of carbon nanoparticles. This effect is
explained by a decrease in the actual € 'and imaginary ¢'
'parts of the complex permittivity due to the restructuring
of the nanoparticles in substances [16, 17].
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Figure 2: Relative change in the surface tension of modified fluids
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Figure 3: Relative change in the dielectric constant of modified fluids
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Figure 4: Relative change in the specific volume electrical resistance of modified nanofluids

Data on the relative change in the specific volume elec-
trical resistance of modified liquids is presented in Fig. 4.
The specific volume electrical resistance of nanofluids is
reduced with the introduction of non-functionalized and
functionalized nanoparticles to 96%. In general, an in-
crease in the concentration of nanoparticles contributes
to a decrease in the specific volume electrical resistance
of nanofluids.

When studying the effect of dispersed MWCNT on the
properties of nanofluids, it was noted that for individual
samples of nanofluids with an increase in the concen-
tration of MWCNT nanoparticles to 1.0 vol. % there is
no significant change in the values of surface tension,
dielectric constant and specific volume electrical resis-
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tance, which is associated with exceeding the perco-
lation threshold for nanofluids, as well as intensive ag-
glomeration of nanoparticles [18]. In the conditions of
electrophysical exposure, there is an additional change
(from 3% to 20%) of the studied values. The result ob-
tained is associated with a decrease in the aggregation
of MWCNT in nanofluid and a slower decrease in the
working concentration of nanoparticles with macromole-
cules of basic liquids [19].

The results of the study of nanoparticle traces in nanoflu-
ids based on water, o-xylene and ethanol at an MWCNT
concentration of 1.0 vol.% Using the AFM method (AFM)
are presented in Fig. 5.
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Figure 5: AFM scans agglomerations MWCNT at a concentration of 1.0 vol. % in the nanofiuid:
without electrophysical influence (a, c, e), under the influence of VFMP (b, d, f)

In the course of the study, it was revealed that under
electro physical effects, self-organization of MWCNT
nanoparticles in nanofluids, a reduction in the size of
aggregating particles and the distance between individ-
ual particles occurs. A decrease in the aggregation of
nanoparticles and the stabilization of nanofluids occurs
due to the adsorption of ions on the surface of the ma-
terial. Adsorption creates a double electric layer, in con-
sequence of which repulsion appears between the nano-
clusters. The application of an alternating electric field to
a solution or a dispersed system leads to the forced mo-
tion of charged particles, thereby changing the value of

the zeta potential, which leads to a change in the stability
parameters of liquid systems [20]. Metallic nanoparticles
(Ni) are present in the MWCNT obtained by the meth-
od of catalytic pyrolysis, which causes the appearance
of “micro wires” with simultaneous orientation along the
lines of force of the electric field [21].

Data on changes in the properties of substances and
materials obtained using modified liquids are pre-sented
in Table 2. The results indicate the possibility of using
nanotechnology solutions to improve the effectiveness
of measures in response to accidents and extinguishing
fires at oil and gas industry facili-ties.

Table 2: Data on the change in the properties of substances and materials obtained using modified nanofluids

Nano materials Characteristics versus unmodified substances and materials Source
Gasoline NEFRAS "BR-1" with Increasing the surface tension by 6 ... 25%, reducing the flow
f . . rate by 12 ... 15%, reducing the evaporation rate from the open
unctionalized MWCNT o . g : . . [13]
(0.5... 1.0 vol.%) surface by 30%. Decrease in electric field intensity during
U 7 ho-mogenization by 5 times.
An increase in the surface tension by 6%, a decrease in the
Kerosene "TS-1" with func-tionalized flow rate by 10 ... 24%, a decrease in the evaporation rate from
MWCNT (0.5 ... 1.0 vol.%) the open surface by 38%. Decrease in electric field strength| [13, 22]
T -7 during homogenization by 8 times. Increase the flash point of
kerosene from 29 to 37 ° C.
Increase in surface tension by 12-38%. Decrease in electrifi-
O-xvlene with non-functionalized ca-tion during pneumatic spraying of flame retardant intumes-
I\);IWCNT (0.5... 1.0 vol.%) cent compositions based on o-xylene to 2.7 times. Increasing [23]
T 7 the thermal stability of flame retardant intumescent composi-
tions in the conditions of the flare combustion of hydrocarbons.
Ethanol with functionalized MWCNT Reducing the evaporation rate to 30%. Decrease in electriza-
(0.5 ... 1.0 vol.%) tion at homogenization up to 8 times. Increase flash point from [9, 23]
e R 13t024° C.
Hydrogels based on water with a [Increase heating rate to boiling point by 85%. Reduction in
concentration of RAP "Carbopol |sur-face tension by 57%. Reducing the time of extinguishing of | [24, 25]
ETD 2020" 0.1 ... 0.2wt.% model foci of solid combustible materials by 50%.
%};%C;g%llsé)%:s)egozr&y\/(%tzzv\ltvzt/h) F\i\/;; Increase the heating rate to the boiling point by 60%. Reduction
P non-functionaliéed e in surface tension by 52%. Reducing the time of extinguishing [26]
MWCNT (0.5 ... 1.0 vol.%) model foci of flammable liquids by 4.5 times.
. . . /0
. . ) . . Increase heating rate to boiling point by 40%. Reduction in sur-
D'St'":/ldv\\/'vgﬁ.lt \é\gﬂ; noq gjsgtle/nfllzed face tension by 20%. Reducing the time of extinguishing model [26]
o 7 foci of flammable liquids by 5.5 times.
Istrazivanja i projektovanja za privredu ISSN 1451-4117 88
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Table 3: Properties of substances that determine the likelihood of developing emergency
situations at oil and gas facilities

Emergency situations Properties of Nature of Effect
substances management
Reducing the flow rate of fluids through small
Surface tension Increase |openings. Reducing the evaporation rate of
The f tion of - liquids from an open surface
bust?blgrnr?:c;%r:noinacgzz of Thermal | Lowering the temperature of the liquid due to the
i i conductivit NCrease |intensification of the heat sink
emergency spills of liquid Y
hydrocarbons Saturated steam | . .. |The decrease in the intensity of the formation
pressure of a combustible medium in the apparatus with
Flash point Increase |liquids
" o The dielectric Decrease in electrification when handling liquid
Ignition of flammable liquid Decrease
hvd b ; ¢ constant hydrocarbons
y I:(;:as:a?gsd';z?a?e::ra ] Electrical | Intensification of the electrostatic discharge
icd 9 conductivity nerease process
Thermal D Reducing the rate of temperature rise with the
Thermal effects in the flare conductivity 6Crease | contact heating mechanism
combustion of hydrocarbons . Increasing the time of protection of thermal pro-
Thermal stability Increase .
tection elements
Extinquishi £ fi f Thermal | Increasing the heating rate of fire extinguishing
,[X n:(gu;s 'T]gbo res Of conductivity nerease | substances to the boiling point
strarts, torch burning o Specific heat of Intensification of the heat sink in the combustion
hydrocarbons by fire extin- L Increase
uishing compositions on the vaporization Zone
9 % . pf ¢ Surface tensi D The increase in the intensity of evaporation of
asis otwater urtace tension ecrease e extinguishing agent in the combustion zone

DISCUSSION

To implement the fire risk management system at oil and
gas enterprises, it is necessary to take a set of organiza-
tional and technical measures to reduce the hazardous
manifestations of ignition sources, re-duce the likelihood
of leaks, limit the spreading and evaporation of flammable
and combustible liquids, and protect against local liquid
exit due to the destruction of process equipment. When
fires and fires occur in process plants and tanks, it is nec-
essary to use fire extinguishing and thermal protection
systems, intumescent fire retardant coatings and struc-
tural thermal protection [4].

The decision-making process in managing fire risks at oil
and gas facilities is based on the results of the assess-
ment of the fire protection status of the objects of protec-
tion, the assessment of environmental parameters, the

choice of technologies and methods for determining fire
risks, as well as methods of their management and con-
trol. In this case, the likelihood of emergency situations
and the effects of fire hazards is largely determined by the
physicochemical properties of substances and materials
circulating in technological processes and used to elim-
inate accidents and extinguishing fires. The introduction
of Nano technological solutions to change the properties
of the circulating substances and materials, as well as the
use of fire extinguishing agents and fire protection equip-
ment of increased efficiency allows redistributing the likeli-
hood of emergency situations and reducing the calculated
fire risk values at oil and gas enterprises (Table 3).

The process of developing technologies for the creation
and use of nanomaterials to ensure fire safety at oil and
gas facilities can be represented as a functional flow-
chart (Fig. 6):

Development of
requirements for
nanomaterials, based
on tasks to provide
fire at the oil and gas
facilities

Designing
nanomaterials, based
on empirical data and

modeling properties

Prototyping nanofluids
and nanocomposite
testing

v

Risk-oriented and
economic assessment
of the prospects for
the use of
nanomaterials

Development of the
technological process
and technical
conditions for the
production of
nanomaterials

Certification of
products.
Development and
implementation of
technical solutions for
its application

Figure 6: Functional block diagram of the development of technology for
obtaining nanomaterials for solving problems of ensuring fire safety
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Development of requirements for the performance char-
acteristics of nanomaterials and their design is carried
out based on the tasks of localizing emergency spills
and ensuring electrostatic intrinsic safety when handling
flammable and combustible liquids, reducing the flam-
mability of nanocomposites, and improving the adhesion
characteristics of protective coatings based on them, in-
tensifying heat exchange processes when applying fire
extinguishing agents , as well as ensuring the stability of
the nanostructure of the material at the stages of produc-
tion, application and operation.

Prediction of the properties of nanomaterials should be
based on the results of statistical processing of empirical
data [27]. The main factors determining the properties
of nanomaterials in the context of ensur-ing electrostatic
intrinsic safety when handling liquid hydrocarbons are:
dielectric constant and specific volume electrical resis-
tance of base fluids, surface tension of nanofluids, in-
dicators of dispersion and figure of merit of MWCNT
nanoparticles, as well as the presence of factors stabi-
lizing nanosystems (using an electro physical method
influences and surfactant). To increase the effectiveness
of fire extinguishing, technologies should be applied to
increase thermal conductivity and reduce the surface
tension of fire extinguishing compositions based on wa-
ter, subject to the use of standard fire extinguishing in-
stallations and firefighting equipment.

CONCLUSIONS

The results obtained during the study lead to the follow-
ing conclusions.

1. The need to develop new technologies for creating
nanomaterials to ensure fire safety at oil and gas fa-
cilities is due to the “growth limits” of modern tech-
nologies for limiting and localizing emergency situ-
ations and fire extinguishing, which does not allow
you to quickly manage the physical and chemical
properties of the circulating substances and materi-
als when handling liquid hydrocarbons.

2. The direction of developing new technologies to
improve the efficiency of emergency and fire ex-
tin-guishing at oil and gas facilities is associated with
the creation of new methods for modifying the base
substance in the meso structure (in particular, water
and liquid hydrocarbons) by introducing carbon clus-
ters (nanomaterials with MWCNT) and management
into it processes of stabilization and self-organiza-
tion of nanostructures in liquids and composites due
to external electro physical effects.

3. The proposed technology for controlling the thermo
physical, rheological and electrostatic properties
of substances allows you to create nanomaterials
based on various scenarios of emergency situations
and apply them to reduce the fire risk at oil and gas
facilities.

4. The implementation of the technology for controlling
the properties of substances should be carried out
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when developing requirements for designing nano-
materials, assessing fire risks for technologies for
creating, operating and using nanofluids and com-
posite materials under conditions of possible emer-
gencies at oil and gas facilities, as well as economic
assessment of the prospects for using nanomateri-
als enterprises.
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