FIRE PROTECTION & SAFETY Scientific Journal
A@eém 13(1): 22-31, 2019

DOI: 10.17423/delta.2019.13.1.55

Extinguishing characteristics of water suspensions with
carbon nanostructures at extinguishing liquid hydrocarbons
fires (oil and gas industry)
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Abstract

The process of fire extinguishing of liquid hydrocarbons by water suspensions with multiwall carbon nanotubes
and astralene is investigated. It is shown that dispersion of carbon nanostructures in water intensifies heat
exchange in liquids that gives to faster warming up them up to the boiling temperature in the conditions of
thermal influence of a flame. During the experiment it is revealed that extinguishment time of liquid
hydrocarbons by nanosuspensions is on average 3.5-5.0 times less than extinguishment time of liquid by sprayed
water. Existence of carbon nanostructures in water established by the method of atomic and power
microscopy.The specific discharge of fire extinguishing agent at suppression of the standardized fire source class
"B" is defined. The conclusion is drawn that increase of fire extinguishing efficiency is reached due to high
thermal resistance of carbon nanostructures.

Keywords: extinguishing agent; multiwall carbon nanotubes; astralene; superficial tension; vaporization;
extinguishment time; specific discharge.

1 Introduction 1 BBenenue

When extinguishing fires of liquid [Ipy  TylmEeHUH  MOXKAPOB  KMUAKHX
hydrocarbons with atomized water, splashing YIIEBOIOPOIOB pacIbLIeHHO BOJOH
and convective entrainment of water droplets MPOUCXOANT Pa30PBI3TUBAHNE, KOHBEKTUBHBIH
occurs and its penetration into a subsurface yHOC Kallellb BOJbI, U €€ NPOHUKHOBEHHE B
layer. of the bprnmg liquid happfzns.. L_OW TTOATIOBEPXHOCTHBIN CJION TOPSIIICH KUIKOCTH.
efficiency of using water as fire extinguishing Huskas 5(QeKTHBHOCT IIPUMEHEHHS BOJIbI
agent is associated with the insufficient heat B KAaueCTBE OTHETYLIANIETO COCTAaBa CBA3aHA
removal in a burning zone [1]. C HEIOCTAaTOYHBIM TEIUIOOTBOAOM B 30HE
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Wetting agents and additives increase the
intensity of heat removal; create a scum on the
surface of the burning oil product.

Carbon nanotubes increase thermal
conductivity and change the rheological
properties of liquids at low concentrations
(0.01 ... 1.00 %) [2]. The purpose of research
was to determine the fire extinguishing
characteristics of water suspensions with
carbon nanostructures when extinguishing of a
flammable liquid.

2 Material and Methods

Purified multiwall carbon nanotubes
(MWCNT) and astralenes in distilled water
(DW) were used as the object of research (fig.
1).

MWCNT obtained by catalytic pyrolysis
[3]. Parameters of nanoparticles: d = 25...180
nanometer, 1 = 1...3 microns. MWCNT
purified from the synthesis-by-products
according to the method described in [4].
MWCNT was placed in concentrated nitric
acid (HNO3) 65 % (1 g MWCNT to 50 ml
HNO3) and 35 % sulfuric acid (H,S0,). After
boiling, the oxidized MWCNT was filtered and
washed with distilled water until the pH of
filtrate become neutral, and dried at 70-80 °C.

Astralenes are obtained by the method of
evaporation of graphite anodes in an electric
arc discharge [5]. They represent a structure of
curved graphite layers with a diameter of 10 ...
150 nm, a distance between graphene layers of
0.336 nm, an average pore size of 20 ... 60 nm.
Astralenes are characterized by high thermal
stability and, in powder form, are large
agglomerates with a size of about 0.5 ... 3
microns [6]. The preparation of suspensions
was carried out by dispersing carbon
nanostructures with a volume concentration of
0.05-1.60% by volume. in DW when exposed
of source of ultrasonic source (power 1.2 kW,
frequency 50-60 Hz, processing time 30 min).
DW suspensions with a low concentration of
MWCNT (¢ = 0.01 vol.%) were used as a
testing specimen. The following methods used
in the work: atomic force microscopy (AFM)
[7]; measurements of the surface tension
coefficient by the method of drops detachment
[8]; studies of the heating rate of suspensions
up to boiling point [9]; measurements of the
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ropenus [1].

CmauuBatenmd #W J00aBKH YBEIHMYHUBAIOT

WHTEHCUBHOCTb TETUI00TBO/IA, CO3JTAfOT
TUICHKY Ha MOBEPXHOCTH TOPSIILETO
HerenmpomykTa.

YriuepoaHple  HAHOTPYOKH  TIOBBIMIAIOT
TEIUTONPOBOIHOCTh u U3MEHSIFOT

pEOJIOTUYECKUE CBOWCTBA KUJKOCTEW MpuU
Manbix kouneHtparusax (0,01...1,00 06. %)

[2].

Ienbro uccienoBanus ObLIO OINpelesIeHUE
OTHETYIIAIMX  XapaKTEpUCTHK  CYyCHEH3UH
BOJBI C YIIEPOAHBIMH HAHOCTPYKTYpPaMH MpU
TYLUIEHUU IUIAMEHHU JIETKOBOCILIAMEHSIOIeHCs
AKHUJIKOCTH.

2 MartepunaJjbl M1 MeTOAbI

OyKIMOHAIM3UPOBAHHBIE  MHOI'OCJIOWHbBIE
yraepoguele  HaHOTPYOkm (MWCNT) n
acTpaJieHbl B TUCTHIUIHpoBaHHOU Bome (DW)
WCTIONB30BAINCh B KadecTBE  OObBEKTa
uccienosanus (puc. 1).

MWCNT MIOJIy4YEHBI METOA0M
Katasatrdeckoro mmpoymsa [3]. ITlapamerpsr
Hanoyactuir: d = 25...180 um, 1 = 1...3 MKM.
MWCNT otunimany oT HOOOYHBIX MPOAYKTOB
CHHTE3a 110 METOJWKE, OIHMCAHHOW B [4].
MWCNT mnomemnaiii B KOHIICHTPHPOBAHHYIO
azotHyto kucioty (HNO3) 65 % (1 r MWCNT
Ha 50 mn HNO3) u 35 % cepHOIl KHCIOTHI
(H,S0,). Oxuciieaasle  MWCNT  mocie
KHIISTYEHYS] OT(WIBTPOBBIBAIA U TPOMBIBAIH
JUCTUILTAPOBAHHOW BOJOM OO0 HEUTpasbHOTO

pH o¢wibTpaTa, ® BBICYIIMBaJIH  MPH
temneparype 70-80 °C.

AcTtpaneHst MOy YCHBI METOI0M
WCTIApEHHS rpaUTOBBIX aHOJIOB B
AIEKTPOTYTOBOM paspsine [5]. OHu
NPEACTaBISIIOT  CTPYKTYPY M3  HM30THYTBIX

rpaduToBBIX crnoes, auamerpoMm 10...150 HM,
paccTosiHueM Mexay ciosimu rpadena 0,336
HM, cpenHudi pasmep mnop 20...60 HM.
AcTpaneHsl  XapakTepU3yIOTCS  BBICOKOM
TEePMHUYECKOU YCTOWYUBOCTHIO u B
MOPOIIKOOOpa3HOM  BHIE  IPEICTaBISIOT
co0OH  KpymHBIE arjioMepaTrbl  pa3MepoM
nopsiaka 0,5...3 mxm [6].

IToaroroBky CYCIICH3UH TPOBOJAWIIN
nyTéM JIUCTICPTUPOBAHUS  yTIIEPOJIHBIX
HaHOCTPYKTYp C OOBEMHOW KOHIICHTpAIHCH
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specific heat of evaporation of suspensions
[10]; measurements of time of extinguishing
standardized fire source class "B", described in

[11].
3 Experimental part

Researching of nanostructures in
suspension by atomic force microscopy. On
the AFM scan of the solid residue, MWCNT
represents structures with a diameter of ~ 110
nm and a length of 1-3 microns (Fig. 2a). In
the study of the topology of the solid residue of
Astralens, cluster of particles 200-300 nm in
diameter are observed (Fig. 2, b).

Measurement of surface tension of
suspensions. The experimental results showed
(Fig. 3) that the surface tension of the
suspension DW + MWCNT increases linearly
with increasing MWCNT concentration from
0.4 and at a concentration ¢ = 1.6 vol. %
reaches 30%. For the DW + Astralens
suspension, a logarithmic nature of the change
of function observed. At the initial stage, a
rapid growth of the surface tension coefficient
occurs at concentrations of Astralens ¢ = (0.05
... 0.5) vol. % relative to the suspension DW +
MWCNT, but with a further increase of
concentration reaches 25% in comparison with
the testing specimen. Earlier, in [12], it was
noted that the surface tension of nanofluids
based on water increases with increasing
concentration of carbon nanostructures.

Study of thermophysical properties of
suspensions.  During the study of
thermophysical properties revealed (Fig. 4),
that with an increase of concentration of
MWCNT up to 1.0 vol. % there is an
insignificant increase of specific heat of
evaporation of the suspension DW + MWCNT
by 10-15%, but at the same time, the rate of
heating up to the boiling point increases
linearly up to 50 %. Increase of the specific
heat of evaporation of the suspension DW +
Astralens with increasing concentration of
Astralens up to 0.5 vol. % reaches 20% in
comparison with the testing specimen, but with
a further increase of concentration it decreases
sharply by 30-40%.

At the same time, the kinetics of heating up
to the boiling point increases over the entire
observed concentration range and reaches 50-
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0,05-1,60 % o06. B DW mnpum BO3melcTBHH
HWCTOYHMKA YIbTpa3Byka (MomHOCTs 1,2 kBT,
gactroTta 50-60 ', Bpems oO6paboTku 30 MuH).
Cycnemsun DW ¢ wmaioit  koHIEHTpanue i
MWCNT (¢ = 0,01 vol. %) mpumensuin B
KadyecTBe KOHTPOJIHLHOTO 00pa3iia.

B paborte mpumeHsIIMCH METOABI: aTOMHO-
CHJIOBOM MHUKPOCKOTTHH (ACM) [7];
n3MepeHust K03 UIHEeHTa TOBEPXHOCTHOTO
HaTsDKEHUS METOJOM OTphIBa Karmenb [8];
WCCIIEIOBAHNS CKOPOCTH HarpeBa CyCIIEH3WU
70 TeMIeparypel KumneHus [9]; uzMepeHus
yAeIbHON TEIUIOTHI napooOpa3oBaHus
cycrier3uii [10]; n3mMepeHnss BpEeMEHUTYIIICHUS
MOJIETIFHBIX OYaroB Toxapa Kiacca «By,
M3JI0’)KEHHOM B padote [11].

3 DKcIepuMeHTAJBHAN YaCTh

HccneqoBanne HAHOCTPYKTYP B
CyClleH3MH  MeTOI0OM  aTOMHO-CHJIOBOM
mukpockonuu. Ha ACM-ckane TBepaoro
ocratka MWOCNT mnpencraBiasiior  coOoi
MPOTSKEHHBIE CTPYKTYphl AuamerpoM ~110
oM, mmHOH 1-3 MxM (puc. 2,a). B xome
WICCIIEIOBAHNS TOIOJOTHU TBEPAOTO OCTaTKa
Astr  HaONIOmAlOTCA ~ CKOIUJICHHS  YaCTHII
muamerpom 200-300 uMm (puc. 2,0).

I/I3Mepelme MOBEPXHOCTHOT'0 HATHKCHHUS

cycmensmii.  Pe3ynbraTel  3KCIIEpUMEHTOB
nokazanu (puc. 3), UYTO TIOBEPXHOCTHOE
HaTSDKECHUE CyCIECH3UU DW+MWCNT
JIMHENHO pacret npu YBEJIUYCHUH
koHueHtpammn MWCNT ¢ 04 wu 1npu

koHeHTpamuu ¢ = 1,6 vol. % mocturaer 30
%. Jnsa cycnensum DW-+Astr HabGnromaercs

Jorapu(@MHUYECKUN  XapakTep  U3MCHCHUS
¢byaknun. Ha HagaasHOW cTamuyd MPOUCXOIUT
pe3KuMi TEMIT poct koadduIreHTa
MOBEPXHOCTHOTO HATSDKCHUS npu

koHneHTparuax Astr ¢ = (0,05...0,5) vol. %
oTHOcuTenbHO cycrner3suu DW+MWCNT, Ho
Npy JaJbHEHIIeM YBeTUUYEeHHH KOHIICHTPALH
nocturaer 25 % B cpaBHEHUU C KOHTPOJIBHBIM
obpasiom.

Panee B [12] OTMEUCHO, 9TO
MMOBEPXHOCTHOE HATSHKCHHE HAHOXKHIIKOCTEH
Ha OCHOBE BOJIbI BO3PACTAaCT MPH YBEIUUCHUH
KOHIICHTPAIWH YTIIEPOJHBIX HAHOCTPYKTYP.

HccnenoBanne TEIIO(QU3NICCKUX
CBOMCTB cycneH3uil. B xome wuccrmegoBanus
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70% at an Astralens concentration of 1.0 vol.
%. Thus, an increase of the specific heat of
evaporation is caused by an increase of the
surface  tension  coefficient of  water
suspensions with carbon nanostructures [13].

Measurement of time of extinguishing
standardized fire source class "B".
Evaluation of the fire-extinguishing capability
of suspensions during the liquidation of the
combustion of a flammable liquid was carried
out on a laboratory facility described in [11].
The preburn time of a flammable liquid was at
least 60 s. The fire extinguishing of the
standardized fire source (diameter of the tray is
450 mm, the combustible mixture — motor
gasoline with an octane rating of 95 and water
in a ratio of 7: 3) was carried out with a
sprayed jet of suspension with a droplet
diameter of 100-300 um and pressure of 1.0-
1.5 MPa. Extinguishment time was recorded at
the time of complete elimination of
combustion. For each type of extinguishing
agent, 5 tests were conducted, the data were
averaged.

During the study of fire extinguishing
characteristics revealed (Fig. 5), with
increasing concentration of MWCNT up to 1.0
vol. % in suspension DW + MWCNT was
observed reduction of the extinguishment time
by 70% compared with the testing specimen.
The extinguishment time of the suspension
DW + Astralens at concentrations up to 0.5
vol. % decreased to 80-90%. An increase of
extinguishment time at concentrations ¢>0.5
(for DW + Astralens) and ¢>1.0 (for DW +
MWCNT) is associated with intense
aggregation of nanostructures [3] and leads to
a decrease of the fire-extinguishing efficiency
of suspensions.

During extinguishing with suspensions of
water with carbon nanostructures, more
intensive evaporation is observed in the
combustion zone as compared with the testing
specimen.

4 Results and Discussion

The mechanism of fire extinguishing of
liquid hydrocarbons by spraying suspensions
of water with a CNS is based on lowering the
temperature in the combustion zone to the
extinction temperature, at which a sufficient
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TeIIO(U3UIECKUX CBOHCTB BBISABICHO (pHc.4),
9TO MpH  yBEIIMYCHWH KOHIICHTPAIUU
MWCNT nmo 1,0 00. % HaOmopaercs
HE3HAYUTEITHbHOS  YBEIUYCHUE  YACIHLHOM
TETUIOTHI napooOpa3oBaHus CyCIIEH3UU
DW+MWCNT Ha 10-15 %, HO 0IHOBpEMEHHO
C TeM, CKOpPOCTh HarpeBa J0 TEMIepPaTyphl
KUIICHUS  JIMHEWHO  Bo3pactaeT g0 50
%.YBenniueHue YAEIbHON TETUIOThI
napooOpa3oBanusi cycrneHsun DW+Astr mpu
yBenmmueHnn KoHreHTpamuu Astr 1o 0,5 00. %
nocturaetr 20 % B cpaBHEHUH C KOHTPOJIBHBIM
o0pas3IoM, HO TpU JabHEHIIEM YBEIUYCHUU
KOHIICHTpAIMK — pe3ko cHmxkaetrcs Ha 30-40
%. Ilpm o>TOoM KHMHETHMKa HarpeBa Jo
TEMIIEPATyphl KHUIICHUS BO3PAacTaeT BO BCEM
HaO0JIF0JTACMOM HMHTEpBaJic KOHIICHTpAIUKA H
nocturaer 50-70 % mnpu KoHHEeHTpammu Astr

1,0 06. %. Takum oOpa3om, yBeIUYCHHE
YACITBHOU TETUIOTHI rnapooOpa3oBaHus,
BBI3BaHO YBEIIMYCHUEM koa(durmeHTa

MOBEPXHOCTHOTO HATSKECHUSI CYCIICH3UH BOJIBI
C YIJIepOAHBIMA HAaHOCTPYKTypamu [13].

H3mepenne BpeMeHH TyIIeHUsI
MO/IeJILHOIO ouara mnoxkapa kJjacca «B».
Orenka OTHETYIIaIei CITOCOOHOCTH
CyCIIeH3WH  TpU  JIMKBUJALUU  TOPCHUS
JIETKOBOCIUTAMEHSIOIeHCS KUAKOCTH
MPOBOAMIACH Ha JIADOPATOPHOHM yCTaHOBKe,
omucanHoii B [11]. Bpems cBoOogHOTO
TOPEHHUSI JICTKOBOCIUTAMEHSIIOIIEHCS YKUIKOCTH
coccraBisuio He wMeHee 60 c. Tymernne
MOJIETPHOTO  odYara  Tmoxapa  (auametp
npotuBHs 450 MM, roprodas cMech — OCH3HMH
ABTOMOOWIIBHBIA C OKTaHOBBIM HYHCIOM 95 u
BoJa B mpomopiuud  7:3) MIPOBOAMIOCH
PaCHBUICHHOU CTpyel CYCIICH3UU C TUaMETPOM
kanens 100-300 mxm u npaBiaenwem 1,0-1,5
MIla. Bpems tymeHus QUKCHPOBAIOCH B
MOMCHT TIOJHOW JMKBHAAIMH TopeHus. [lis
KOKIOIO0 BUAA OTHETYIIANIErO BEUIECTBA
NPOBOIMWIOCH MO 5 HCIHBITAHWM, [1aHHbIE
YCPETHSIIH.

B Xxome wccnenoBaHMs —OTHETYMIAIIAX
XapaKTEepPUCTUK BBIABICHO (pHc. 5), 49TO C
poctom koHneHTpamd MWCNT go 1,0 06. %
B cycnem3sun DW+MWCNT nabnromanock
COKpalleHue BpeMeHH TymeHus Ha 70 % B
CpaBHEHHH C KOHTPOJBHBIM 00pa3ioM. Bpems
TymieHuss  cycneHsued  DW+Astr  mpu
koHeHTpausax 1o 0,5 00. % cokpaTtuiaock 10
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amount of hydrocarbon vapors, necessary for
further combustion, do not evolve.

A significant factor in changing the
properties of nanostructures are giant
resonances of electromagnetic fields on the

surface of nanoparticles [14], which
determines a significant change in the
properties of nanomaterials with a low

concentration of CNS due to van der Waals
interactions [15]. The mechanism of heat
transfer in suspensions with a CNS is based on
the effect of Brownian motion of carbon
nanoparticles and the formation of a highly
heat-conducting liquid layer at the phase
interface “liquid - solid particle”. The boiling
process of nanosuspensions depends on the
properties of the base fluid, the type and
concentration of nanoparticles contained in it,
which largely determines the nature of heat
and mass transfer with phase transformations,
the heat transfer process on the surface of
evaporating droplets, and the nature of boiling
(film or bubble) in the liquid volume [16]. The
phenomenon of evaporation depends on the
forces of surface tension in a liquid in the
process of breaking the connection between
adjacent molecules of the liquid and the
movement of molecules into the gaseous
medium [12]. It can be concluded that water-
based suspensions with CNS are fire
extinguishing agents with a predominantly
cooling and diluting effect.

When droplets of suspensions get into the
combustion area, intense heating to the boiling
point occurs, with followed evaporation and
cooling of the combustion zone.

With a sufficient amount of water vapor in
the combustion zone, flame extinction is
observed. Therewith an increase of the specific
heat of vaporization leads to an increase of the
amount of selected thermal energy from the
combustion zone.

Increase Astralens concentration to 0.5
about. % and MWCNT to 1.0 vol. % in
suspensions significantly increases the fire
extinguishing efficiency of extinguishing
agent. A further increase of the concentration
of nanoparticles leads to the aggregation of
CNS, which reduces the values of the effective
thermal conductivity of suspensions and the
specific heat of vaporization.

80-90 %. YBennueHrne BpeMEHHU TYIICHUS TpU
KoHIeHTparsax ¢>0,5 (ms DW+Astr) u
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¢©>1,0 (mr DW+ MWCNT) cBszaHo c
WHTEHCHUBHOH arperamuei HaHOCTPYKTyp [3] u

MPUBOAUT K  CHHJKCHHIO  OTHETYIIAIIeH
3¢ (HEeKTUBHOCTH CYCIIEH3UH.

OTMeueHO,  4YTO  yICHAbHBIH  Pacxoj
OTHETYIIANIEr0 BEIIeCTBA MNPH  TYINICHUH

noxkapa cycnensueit DW+ MWCNT cuusuncs
B 3,5 paza, a ms cycnensun DW+ Astr B 4,5-5
pas.

HpI/I TYHICHUU CYCHCH3USAMU BOJAbI C

YIJIEPOAHBIMHU HAHOCTPYKTypaMu
HaOIroaeTCs Ooiee WHTEHCHBHOE
napooOpa3oBaHue B 30HE TOPEHHSA IO

CPaBHEHUIO C KOHTPOJIBHBIM 00pa3IioM.
4 Pesyabratsl 1 O0Cy:KI1eHUs

MexaHu3M TYLIEHUS TOXKApPOB KUAKUX
YIJIEBOJOPOAOB PACTBUIICHHBIMU CYCIIEH3USIMU
Bogel ¢ YHC ocHOBaH Ha CHW)KEHHMH
TeMIIepaTyphl B 30HE TOpEHUS Io
TeMIIepaTypbl MOTYXaHWsA, TpPU KOTOPOH HE

MIPOUCKOUT BBIJICTICHUS JIOCTATOYHOTO
KOJIMYEeCTBa napos YTIIEBOIOPOJIOB,
HEOOXOTUMBIX JUTS JAJTEHEHTIIETO
MPOJIOJDKEHUS TOPEHUS. 3HAYMMBIM (PaKTOPOM
B HM3MCHCHMHM  CBOWCTB  HAHOCTPYKTYp
SIBIISTFOTCS TUTaHTCKUE PE30HAHCHI
AJICKTPOMArHUTHEIX TIOJICH Ha TOBEPXHOCTH
HaHOYACTHII [14], 9TO ompenenseT
3HAYHUTENLHOE U3MECHEHUE CBOWCTB

HaHOMATEepHaJIOB C MAJOW KOHIEHTpaLUeH
YHC 3a cyeT BaH-/I€P-BaaJIbCOBBIX
B3auMoJIecTBuUM [15].

MexaHU3M MepeHoca Teria B CYCIIeH3UsX ¢
YHC ocHOBaH Ha BIHMSHUH OpOYHOBCKOTO
IOBIOKCHHS ~ YIJIEPOMHBIX  HAHOYACTHUI] |
o0pa3oBaHHA BBICOKOTETIOIPOBOIHOTO
XKHUIKOTO CIIoA Ha TpaHule paszfgena a3
OKUJIKOCTh — TBepaas dacTumay. llpomecc
KUIIEHUS] HAHOCYCIIEH3UM 3aBUCUT OT CBOWCTB
0a30BOM JKUAKOCTH, BHJAa U KOHIICHTPAIUU
coJep)Kaluxcs B HEHl HAHOYACTHI, 4YTO BO
MHOTOM oTpesiessieT Xapakrtep
TEIIOMaccoIEpeHoca c (ha3oBbIMH
MPEBpaLICHUsMH, TPOLECC TeIIo0Taaul Ha
MMOBEPXHOCTH  UCHAPSIONIMXCS  Kaleib, W
xapaktep  KumeHus  (TUIGHOYHOE  WIIH
ITy3bIPHKOBOE) B 00bEME KUIAKOCTH [16].
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Fig. 1 Suspension with carbon nanostructures / CycrnieH3usl ¢ yriepoIHbIMU HAHOCTPYKTYpaMH
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Fig 2. AFM-scans of agglomerations of carbon nanostructures during dispersion in the DW:
a— DW+MWCNT; b - DW+Astr

SlBnennre mapooOpa3oBaHMs 3aBUCHT OT CHII
MMOBEPXHOCTHOTO HATSHKCHUS B JKUIKOCTU B
mpolecce paspbiBa CBSI3U MEXKIYy COCEIHUMH
MOJICKYJIaMU JKUJIKOCTH W  IepeMeIleHHs
MOJICKYJI B ra30ByI0 cpeny [12].

MoskHO cienaTh BBIBO, YTO CYCIICH3UM Ha
OCHOBE BOJIBI c YHC SIBJISIIOTCS
OTHETYIIAIUMH BEIIECTBAMU
MPEUMYIIIECTBEHHO OXJIaXK TAFOIIETO u
pasbagisirorero aeiicteus. [Ipu nonaganuu B
00acTh TOpeHUs Kareiab CyCIeH3UH
MPOUCXOANT HMHTCHCUBHBIA  pa3orpeB  J0
TEMIIEPATyphl KUIIEHUS, C TOCICAYIOIUM
WCTIAPESHUEM U OXJIKICHUEM 30HbI TOPCHUSI.

Delta 2019, 13(1): 22-31

27

IIpu mocTaTouHOM KOJNHMYECTBE IApOB BOBI B
30H€ TOpeHHs HaOIojaeTcs IOTyXaHUe
m1aMeHu. [Ipu 3ToM pocT 3HaYeHHH yAeIbHON
TEILIOTHI napooOpa3oBaHUs BJIEYET
yBEJIUYEHHE KOJIMYeCcTBa 0TOOpaHHOU
TEIUIOBOM SHEPIUHU U3 30HBI TOPEHHUS.

VYBenundyenue koHnentpamun Astr go 0,5 06.
% u MWCNT no 1,0 06. % B cycneH3usx

CYIIECTBEHHO  TOBBINIACT  OTHETYIIAIIYIO
3¢ (HEeKTUBHOCTH OTB. HanbHeiimee
YBENMYCHHE  KOHIICHTPAlMH  HAHOYACTHII

npuBouT k arperanuu YHC, uTo ymeHbIIaer
3HaueHus] S(Q(PEKTUBHON TETIONPOBOTHOCTH
CyCHeH3ul u yAEJIbHON TETIOTHI
napooOpa3oBaHMUs.
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Fig 3. Surface tension suspensions
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Fig 4. Thermophysical properties of suspensions
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Fig. 5. Extinguishing characteristics suspensions

5 Conclusion

The dependence of the specific consumption
and time of extinguishing of burning liquid
hydrocarbons on the concentration of CNS
(MWCNT, astralenes) is obtained. The results
indicate that suspensions are effective
extinguishing agents for extinguishing burning
liquid hydrocarbons at relatively low
concentrations of carbon nanostructures.
Dispersing of CNS intensifies heat transfer in
the sprayed drops of extinguishing agent,
which leads to their more rapid heating under
conditions of heat exposure against the fire.

Delta 2019, 13(1): 22-31

29

5 BuiBoabI

[Toyuena 3aBUCUMOCTB YAEIBHOIO pacxoja U
BPEMEHHM TYIICHHUS TUIAMEHH TOPSIIUX KUAIKUX
YTIIEBOIOPOAOB OT KoHmeHTparuun YHC
(MWCNT, acTpaJeHbl). Pesynbrate
CBUJETEIBCTBYIOT, YTO CYCIIEH3UH SBIAIOTCS
3¢ ()EeKTUBHBIMM OTHETYIIAIIMMU BELICCTBAMH
TSt TYLICHUS TOPSILIIX JKUJIKHIX
YIIIEBOJOPOAOB TPH OTHOCHUTEIBHO MaIOi
KOHIEHTPAIMH  YTJIEPOIHBIX HAHOCTPYKTYD.
Hucneprupopanne YHC wuHTeHCHpHIEIpYET
TerooOMeH B pacnbuieHHBIX Kamsix OTB,
4TO BeJeT K OoJiee OBICTPOMY MX Pa3orpeBy B
YCIIOBUSIX TEMJIOBOIO BO3JCHCTBUS IUIAMEHHU.
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