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YMNPABJIEHUE SNIEKTPOCTATUYECKMMU CBOMCTBAMU
XNOKUX yrnesogoproanos, MOOAUOUNLUUPOBAHHDbIX
YIrMePOAHbIMN HAHOCTPYKTYPAMMU

MpencTaBneHbl pe3ynbTaTbl NCCNeA0BaHMIA SNEKTPOMUINYECKNX CBOVCTB XXUOKUX YrNeBOAOPOAOB B
YCNOBUAX MOAMUKALMN YTNEPOAHbIMU HAHOCTPYKTYPaMU, a TakKe BO3LAENCTBUS NePeMEHHOro Yac-
TOTHO-MOZyIMpoBaHHoro noteHumana (MYMI). OyHKUuMoHaNM3aums yrnepofaHbIX HaHOCTPYKTYP C
MHOTOCIOMHbIMW YrepoAHbIMI HaHoTpyOkammn (MWCNT) npoBofmnacs C MOMOLLbIO peareHTHoM
mMoamdmkaum. MeTogoM paMaHOBCKOW CMEeKTPOCKOMWY YCTaHOBIEHO M3MEHeHMe CTPYKTypbl yrie-
POLHbIX HaHOMAaTepUanoB nocse ux MyHKUMoHanM3aumm. MonyyeHsl gaHHble 06 M3MEHEHUM KO-
pUILMEHTa MOBEPXHOCTHOMO HAaTAXEHMSA, CKOPOCTU UCTEYEHUSA, BPEMEHW NCNAPEHMS YTNEBOOPOAHbBIX
KWOKOCTEN B YCNOBUSAX AEMNOHUPOBaAHNS hyHKLMOHanM3poBaHHbix MWCNT v Bo3genctaumsa MYMIT.
YCTaHoBIEHO, YTO HaHoxmnakoct ¢ MWCNT mMeloT bGonee BbICOKMe 3HaYeHUs KoadduLmeHTa no-
BEPXHOCTHOIO HaTAXEHWA 1 BPEMEHW KannenageHus, a MHTEHCUBHOCTb MCNapeHms CHmXaeTcs. Mo-
Ka3aHo, 4YTO B YCJIOBUSX NeKTPOMU3NYECKOrO BO3LENCTBMA HabnoaaeTcs AONONHUTENIbHOE YMEHb-
LeHKe KO3M®dULMEHTa MOBEPXHOCTHOTO HATAXEHWA, a TakXXe He3HaYMTeNbHOe yBenm4eHne CKopocTu
NCTEYEHWS U YMeHbLUEHWE MHTEHCMBHOCTU MCNapeHus HaHOXMOKOCTEN, YTO MO3BONAET CHU3UTL Be-
POSITHOCTb BO3HNKHOBEH WS B3PbIBOOMACHbIX KOHLLEHTPALMIA MPY aBaPUIMHbBIX CUTYaLMAX B TEXHONOMM -
Yeckmx annapatax ¢ JIBX n K. MpoBefeHbl nccneqoBaHus MPOLECCOB 31eKTPU3aLMN XUOKOCTEN
B YCNOBMAX yNbTPa3ByKOBOW roMoreHmsaumn. CaenaH BbiBOL O TOM, HTO MPOLLECC FOMOreHM3aLmnm
HaHOXWMIKOCTEN Ha OCHOBE XUAKWUX YreBOAOPOAOB XapakTepusyeTcs Oonee HWU3KOW CKOPOCTbio
pOCTa HaNPSXKEHHOCTI 31EKTPUYECKOTO MOJIs, YTO CMOCODCTBYET CHUXEHWIO BEPOSITHOCTU 00pa3oBa-
HMA UCKPOBbIX Pa3pAnoB CTaTUHECKOro 3NeKTpU4ecTBa.

KntoyeBble croBa: HaHOXWMAKOCTb; CTaTUYECKOe 3MEeKTPUYECTBO; dNeKTpocTaTyeckas Mckpobesonac-
HOCTb; YrNeBOAOPOAHbBIE XNAKOCTW; MHOTOCSIONHbIE YIepOAHble HAHOTPYOKN; NepeMeHHbI YacTOTHO-
MOJYIMPOBAHHbIN NMOTEHLMAT.

DOI: 10.18322/PVB.2017.26.07.16-27

BeepeHune MOPTHPOBKA U Jp.). SHAYUTEIbHAS [TOKapHas OMTACHOCTh
MOKET BO3HHKATH IIPU 0OPALICHUU C HEIPOBOISAIIIAMHU
YIJIEBOIOPOTHBIMU )KUKOCTAMU. [Ipu 3TOM HEOOXOAU-
MO coOIronaTh TpeOOBaHHUS AEKTPOCTATHIECKON HCKPO-
oe3omacHoctr (OCHB) 1 y4nuThIBaTH BO3MOXHBIE ITPO-

OpHuM M3 OCHOBHBIX HANPABJIEHHUH 0OECTIEYEHH S T10-
JKapHO# 0€30TTaCHOCTH TEXHOJIOTHYECKUX TPOIIECCOB,
CBSI3aHHBIX C 00OpallleHueM YITICBOAOPOIHBIX JKHUJIKO-
CTEH, SBISICTCS COOIONICHUE YCIIOBUH B3PBIBO3AIIHTHI

B yCIIOBHSIX OIIACHBIX IIPOSIBIEHHUIT cTaTHaeckoro ekt~ ABICHHA CO B yCIOBHAX HOPMAITbHO# aBapHiiHO# pa-

pudectBa (CD), CBA3aHHBIX C ICKTPU3ALMEN Kug-  OOTHI TEXHOIOTHYECKOro 000pyroBanus [1].

KOCTEii. Cy1ecTByIIme MEeTobl 00eCTIe4eHNs B3PHIBOTIO-
DnekTpH3anus KUIKOCTEH MPOMCXOAUT NpPH pa3-  JKApHOH M MOKapHOH 0€30MaCHOCTH B yCIIOBUSAX BO3MOK-

JMYHBIX IPOLECCaX M olepalusx (pacibUIeHHE, IIepe-  HOM 21eKTpU3aluy HANlPABIEHbI HA NMPEIYyIPExkIeHIEe

MEIMBaHUE, TOMOTeHU3anus, 06apOOTUpOBaHKE, TPAaHC-  00pa30BaHUs CMECeH MapOB JKUAKOCTU U OKHCIHTEIIS

© MHeanos A. B., Copoxun A. IO., Heaxniox I. K., JJewexun @. B., 2017
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B IIpeJieJiax BOCINIAMEHEHHs, @ TAK)KEe HEUTpanu3aluio
3apsimoB CO. Heitrpanuzanmst CO mpoBOANUTCSI C TTOMO-
LIBIO 3a3€MIIMTENIEN U HEUTPaIu3aTopoB, KOHCTPYKIIH-
OHHBIX METO/I0B, TEXHUYECKUX U TEXHOJIOTMUECKUX pe-
NICHUH, MPENSATCTBYONIMX 00pa30BaHUI0 3apsiioB [2].

OnHuM U3 crnoco00B MPEeAOTBpAIlEHHs HAKOILIe-
Hus 3apagoB CO gBiseTcs NPUMEHEHNE aHTUCTaTHYe-
CKUX NPHUCATOK (COCIUHEHHUH XpoMa, Meu, KoOaabTa
U JIp.), 00ecreurnBaronX yTeuKy 3apsiia Ha 3a3eMJICH-
HBIC YaCTH 000PY0BAHUSI 32 CUET YBETHMUCHUS 00BEM-
HOW TPOBOUMOCTU Cpefbl. Paboune KOHIEHTpaIuu
JAHHBIX MPUCAJO0K COCTABISIOT THICSYHBIC JTOTIH IIPO-
IICHTa, TeM HE MEHEE JaXKE TAKOC MX KOJIMUYECTBO IO-
3BOJISIET M3MEHSATH JJIEKTPOIPOBOAHOCTD >KUIKOCTEH
Ha nopsaku. BMmecre ¢ TeM cylecTByouue aHTHCTa-
TUYECKHUE IPUCAAKH HE JIUILIEHBI CYLIECTBEHHBIX HEA0-
CTaTKOB, HAKJIAIBIBAIOIINX OTPAHUYCHUS Ha 007acTh
UX IPUMEHEeHus. B yacTHOCTH, IpU XpaHEHHUHU U TPaHC-
MOPTUPOBKE YIVIEBOAOPOIHBIX >KUIKOCTEH MPUCAAKH
COpOUPYIOTCS METAJUIMICCKUMHU ITIOBEPXHOCTSIMHU €M-
KOCTeH M TPyOOIPOBO/IOB M TEPSIOT CBOIO 3P (PEKTHB-
HoCTh [2, 3]. Takum o0pa3zom, 3a1a4a pa3pabOTKH aHTH-
CTaTUYECKUX MPUCAIOK AJIs yIPABICHUS IPOLECCaMu
HCTIApEHUS U AIIEKTPU3AINH YTIIEBOTOPOTHBIX KHUIKO-
CTeH IpU UX TPAHCHIOPTHPOBKE SBIISIETCSA BEChMa aKTy-
aJbHOM.

B3pbIBbI IapOBO3AYIIHBIX CMECEH JKUJKUX YIVIEBO-
JoponioB mipH paspsanax CO BO3MOXKHBI TPU HATAYUHU
HaJ 3€pKaJIOM JKUAKOCTH IIapOB B3PHIBOONACHOM KOH-
LEHTPALUU U JOCTaTOYHOM SHEPrUM JIEKTPUUECKOTO
paspsza.

KonuuecTso ncnapusieiics KUIKOCTH 1, OIpe-
Jersiercs mo Gpopmyie

mI/ICH = WTHCH SI/ICH bl (1)
rae W — WHTEHCUBHOCTD HCIAPEeHUs HePTePOIYKTa,
Kr/(M*c);
Ten — BPEMS HCIIAPEHUS, C;

Syen — TUIOIIA/Ib UCTIAPEHUS, M2

Cormmacio I'OCT 31613-2012 st obecrniedeHust
OCHB HeobOxomuMo COOMIONCHNE YCIOBHUIA, TPH KOTO-
PpBIX 3HEprus paspsna uin 3apsna CO ¢ usnenus win
Marepurana He MPEeBhIIIacT KPUTHICCKIX 3HAUCHHN IS
COOTBETCTBYIOIINX Mapoobpa3HbIXx cMeceil. Kpurepu-
ssMu DCUDB 6e3bICKpOBOI AIIEKTPU3AITUY C BBICOKOH Ha-
JSKHOCTBIO OTBEYAIOT )KUIKOCTH B 3a36MJICHHOM METa-
JIIYECKOM 000PYIOBaHHH C YICTbHBIM OOBEMHBIM DJIEKT-
pHUeCcKOM conpoTuBieHueM py, (Om-m) [4, 5] He Gonee
3HAUEHUH, ONPEACIIIeMbIX COOTHOIIIEHUEM [1]:

pr=20/(jL), ()
TJIe () — MOTEHIIMAI B IICHTPE HAMIEKTPHU30BAHHOM KU1~
KocTH, B;
J — TpeieTbHO BO3MOYXKHASI INTIOTHOCTD TOKA AJIEKT-
pu3anuy B BO3AyXeE, 107 A/MZ;
L — panuyc 3epkaia )KUJIKOCTH, M.

Bpewms penakcanuu 3apsiia CO B HeTEHPOIyKTE
T (¢) MOXKET OBITh OTpeIesieHO 0 hopMyIie

T=¢£8 Py, 3)

TJIC € — OTHOCHTENbHAS JUAICKTPHICCKast IPOHUIIAe-

MOCTb HE(DTETIPOAYKTa;

€) — 2NeKTpUUecKas nocrosiHuas, d/Mm;

gy = 8,854-10""* d/m.

[Ipyn ucnoIB30BAHUN AHTUCTATUYECKUX MPUCATOK
IIpU ONIPEACICHHOM KOHLICHTPAIK TpUMeceii B He(hTe-
MPOAYKTE BO3MOXKHA €r0 HAauOOJbIIAs AIEKTPU3AIHS.
Tak, PKCIEpUMEHTAIILHO YCTaHOBIICHO, YTO HAHOOIb-
11ast MEKTPHU3aLUs HeTEPOILYyKTOB HAOIIOMaeTCs IPU
VICIBHOM DJIEKTPHUYECKOM COIMPOTHBIICHUHU TOPSIKA
10" Omm [4] (puc. 1).

Takum 00pa3zoM, UCTIONIH30BAHNE AHTUCTATHIECKUX
MIPHUCATOK JUIS TTOBBIIICHHSI TIOBEPXHOCTHOTO HATSKE-
HUS 1 JICKTPOTIPOBOIHOCTH JIETKOBO CTIAMEHSFOIITHXCS
(JIBXK) u roprounx (I"K) »xuakocTeir MoxkeT obecrie-
9UTh TpeOyeMoe BpeMst peslakcanny 3apsiia u3 oobema
YIICBOAOPOIHBIX KHUIKOCTEH, YTO B COUCTAHUHU C MH-
HUMM3aLUEH MHTEHCUBHOCTH UCTIAPEHUS AaCT BO3MOXK-
HOCTb CHU3UTb BEPOSITHOCTD B3PHIBOB MAPOBO3YIIHBIX
cMmeceit ot paspsgoB CD.

[IpuMeHeHne yraeponHbIX HAaHOCTPYKTYP, B TOM
yucne rpadeHa ¥ MHOTOCJIONHBIX yTIIEPOAHBIX HaHO-
Tpybox (MWCNT), mo3BosseT U3MEHATh CBOMCTBA pa3-
JIMYHBIX JKUAKOCTEN. DKCIIEPUMEHTAIILHO YCTaHOBIICHO,
YTO CBOMCTBAa MOJU(PHUIIMPOBAHHBIX HAHOMATEPHAIIOB
BO MHOTOM 3aBHUCSIT OT KOHIIECHTPAIMU HAHOCTPYKTYP,
a TakKe OT COOTHOIICHHS JJIMH M AWAMETPOB HAHO-
BOJIOKOH [6]. CBOIHBIC JaHHBIC, MTOYYEHHBIC TTPU HC-
CIICZIOBAaHMSAX HEKOTOPBIX OPTaHWYECKHUX JKHUIKOCTEH,
MOAM(UIIIPOBAHHBIX YIIICPOAHBIMA HAHOYACTUIIAMH,
MPUBEEHBI B Ta0MI. 1.

0/0,,
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(e}
o o O
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(e} o
(@]
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(@] o o)
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10° 1010 10! 1012 Py, OMM
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Puc. 1. 3aBucumocTs snekTpusanuu Hedrenpoaykros O/, ot
YACIBHOTO COIPOTUBIICHHS KUIKOCTH Py [4]

Fig. 1. Dependence of the electrization of petroleum products
0/ 0., on the specific resistance of the liquid pj [4]
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Tabnuua 1. CBONCTBa OpraHNyeckmnx XUAKOCTEN U TBEPAbIX MOAMMEPOB, MOANMULMPOBAHHBIX YIePOAHbIMU HAHOYACTULLAMN
Table 1. Properties of organic liquids and solid polymers modified with carbon nanoparticles

BaszoBas )XUIKOCTH

XapaKTepHCTHKa HAHOYACTHUIIL

CBolicTBa HAHOKUIKOCTH
B CpaBHEHUH C 6a30BOM

Hcroununk

DTUIIEHTTIUKOJIb
Ethylene glycol

DTHUIIEHTIIUKOIIb

70 % 06. + quCTUILIUPO-
BanHas Boaa 30 % 00.
Ethylene glycol

70 % by vol. + Distilled
water 30 % vol.

DTaHon
Ethanol

OTtaHon
Ethanol

I'paden (0,056 % 06.) (r=0,7...3,0 MKkMm),
JIACIIEPTUPOBAHUE YIIBTPA3BYKOM IPU
T=25...50°C

Graphene (0.056 % vol.) (r=10.7...3.0 um),
ultrasonic dispersion at 7= 25...50 °C

'paden (0,041...0,395 % 006.), aucnepru-
poBanue yinbTpa3pykom mnpu 7'= 30 °C

Graphene (0.041...0.395 % vol.), ultra-
sonic dispersion at 7= 30 °C

MWCNT (0,5...3,0 % 06.) (d = 10...30 ™),
JIICTIEPTUPOBAHHE YIBTPa3BYKOM

MWCNT (0.5...3.0 % vol.) (d = 10...30 nm),
ultrasonic dispersion

MWCNT (0,5...3,0 % 00.) (d =30 M,
[=2...5 MKM), TUCTIEPTUPOBAHUE YIIbTPa-
3BykoM 1ipu 7'=20 °C

MWCNT (0.5...3.0 % vol.) (d = 30 nm,
[=2...5 pm), ultrasonic dispersion at

[ToBbIIIEHHE 3TEKTPONPOBOAHOCTH
B3...6 pa3

Increase in electrical conductivity
in 3...6 times

Ymenbiienne Bs3koctr Ha 100 %,
MOBBIIICHHE 3JIEKTPONPOBOAHOCTH
Ha 8620 %

The decrease in viscosity by 100 %,
the increase in electrical conductivity
by 8620 %

[ToBbIIIEHHE 3TEKTPONPOBOAHOCTH
B2...15pa3

Increase of electrical conductivity
in2...15 times

TToBBIIIEHHE 3TIEKTPONPOBOAHOCTH

B 2...3 pa3a, CHI)KCHHE JIaBJICHUS
HacbleHHoro napa Ha 20...50 %
The increase in electrical conductivity
is 2...3 times, the pressure of satu-

[7]

(8]

(9]

[10]

T'=20°C

rated steam is reduced by 20...50 %

Iesbr0 HACTOSIIIETO UCCIICAOBaHUS ObLIO 000CHO-
BaHHE MPUMCHEHUS YIIICPOTHBIX HAHOCTPYKTYp IS
obecnieuenust ICUB npu obOparieHun ¢ )KUAKUMHU yIiie-
BoJIOponamu. B paboTe mpuBeIeHBI pe3yIIbTaThl UCCIIe-
JOBaHUsI CTPYKTYpPbl HAHOMAaTEePHAaJIOB, Koddduimenrta
MOBEPXHOCTHOTO HATSDKCHHSI, KUHETUKU HCHApEHUS
YIJIEBOOPOAHBIX KUAKOCTEH, MOTU(DUIIMPOBAHHBIX YT~
JICPOAHBIMUA HAHOKOMITOHEHTAMH, a TAKIKE MPOIECCOB
UX DJICKTPU3AIMHU B YCIOBHSX YABTPA3ByKOBON rOMOTe-
HU3AIINH.

MaTtepuanbl
N MeToAabl UccefoBaHNN

B kadecTBe 00bEKTOB HCCIIEI0BaHUS ObLTH BHIOpA-
HBl yTJIEPOJHBIE HaHOMAaTEpHUAaJbl, COJIEpIKAIIUE

MWCNT, xoTopbIe OBUTH ITOTyYSHBI METOIOM KaTajH-
TUYECKOro nuponusa Ha ycraHoske “CVDomna” [11].
Hanomatepasibl moaBeprajiuch peareHTHoH moaudu-
KallMU JJIS YITYYIIEHHUs UX 9KCITyaTallMOHHBIX Xapak-
Tepuctuk [12].

Nwmerormmecss MWCNT GyHKIIMOHATM3HPOBAUCH B
cmecu 25 %-Hoit azoTHOH kucnotsl (HNO;) u 75 %-Hoit
cepsoii kucnotsl (H,SO,). [l aToro B 1 1 cmecH ¢ TeM-
neparypoii 100 °C pobasnsitace no 0,25 MWCNT
Ha | 4. Yacte MWCNT BbInaiana B 0Cajiok, ipyras oT-
JIeJIATIaCh OT B3BECH C MMOMOIIBIO LEHTPpU(yTrupoBaHus
U BeICYIIMBajach npu Temieparype 85...90 °C. Ocanok
u B3secb MWCNT npombIBauch JUCTUIUIMPOBAHHOM
Bozio# j0 noctmxkenust pH = 6,5. Jlanee npoBoauiach
cymika ocrarka nmpu remneparype 60 °C. CBoaHble 1aH-

Tabnuua 2. Mopsaok NOArOTOBKM UCCIedyemMblX HaHOMaTepruanos
Table 2. The order of preparation of the investigated nanomaterials

TexHonoruveckas onepauus /

O6paser Oo6padoTka Co6op T TS IIpoMbIBKa AUCTHILIH-
CMECBIO KHCJIOT BBIINABIIETO OCAIKa B3meen POBaHHOM BOION
MWCNT (H)up / MWCNT (N)nr + + _ +
MWCNT (H)mp / MWCNT (N)pr + — + +
MWCNT (O)up / MWCNT (O)nr + + — +
MWCNT (O)mp / MWCNT (O)pr + — + +
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Tabnuua 3. CBONCTBa UCCNEAYeEMbIX XMUAKOCTEN
Table 3. Properties of the tested liquids

bensun
HE®PAC Kepocun

CBolicTBO C2-80/120 TC-1
MornsipHast Macca, KI/KMOJIb
Molar mass, kg/kmol ~114 ~156
Temneparypa Bcobimky, °C
Flash temperature, °C -17 228
[Tnotaocts npu 20 °C, Kr/M°
Density at 20 °C, kg/m’ 720 2781
[ToBepXHOCTHOE HATSKEHUE
npu 25 °C, H/m ~0,021 ~0,024
Surface tension at 25 °C, N/m

HBIE 0 XapakTepe MOAr0TOBKY HaHOMAaTepuasoB Ipel-
CTaBJICHEI B Ta0MI. 2.

B xadecTBe 6a30BBIX JKHUAKOCTEH MCIIOIB30BAIIICH
6enzna HEDPAC C2-80/120 [13, 14], xepocun TC-1
(F'OCT 10227-86, [15]). CBOnHBIE JaHHBIE O CBOWCT-
BaX JKUIKOCTEU IIPUBEICHEI B Ta0MI. 3.

HanoXuakocTH mosryuyeHsl myTeM AUCIeprupoBa-
Hus HanomarepuanioB ¢ MWCNT B 6a30B0if )KUAKOCTH
(c xonuenTpauueit 0,2 % macc.) Ipu BO3IEHCTBUH UC-
TOYHHKA ynbTpa3Byka ¢ yactoroir 100 kI’ B TeueHue
1 4 pu remmneparype 40 °C. Jns1 o6pazuoB MWCNT,
MOJYYEHHBIX TPH LEHTPU(PYTUPOBAHUHU HCXOIHOTO Ha-

HOMaTepuasa, HaOroaacs 6oJiee OTHOPOIHBIN COCTAB
HAaHOXKUAKOCTEH B CPAaBHEHHH C 00pa3aMH, ITOTydeH-
HBIMH U3 HEPACTBOPEHHOTO Ocajka (puc. 2 u 3).

B xome aKcIiepuMeHTOB OTeIbHBIE 00pa3Ibl HAHO-
MAaTepUAIOB ITOIBEPTaIUCh AIEKTPOPHUINIECKOMY BO3-
JiercTBrIo [16] ¢ mapaMeTpamMu epeMEeHHOTO YaCTOTHO-
MoaynuposanHoro noreHuana (ITYMIT) 112 B, 50 .

OreHka U3MEHEHHUS XapaKTePUCTUUECKUX ITUKOB yT-
neponHoro HaHoMatepuana ¢ MWCNT npu ux QyHk-
[IUOHATM3AI[MH BBIIOIHSIACH METOAOM PaMaHOBCKOM
CIEKTPOCKONINH Ha ycTaHoBKe “Ntegra Spectra” ¢ 1iam-
HO BOJIHBI J1a3zepa 532 HM.

Nsmepenne ko3 duiieHTa mOBEpXHOCTHOTO HaTs-
JKEHHSI MOTU(DUITUPOBAHHBIX YIIICBOIOPOTHBIX KUIIKO-
creii (6ersun HEDOPAC C2-80/120, kepocun TC-1) mpo-
BOIMJIOCH METOZIOM OTpPHIBA Karenb. Bpems karnenase-
HUST PUKCHPOBAIOCH CEKYHI0MepoM [17].

KoappunueHT moBepXHOCTHOTO HATSHKCHUS G
omnpenensuics o hopmyse

c = pgl/(nnd), ®)

IJIe p — IUIOTHOCTbH YKHMJIKOCTH, kr/™m° ;

& — YCKOpEHHe CBOGOIHOTO majeHsI, M/c;

2=9.81m/c%;

V — o0beM KugkocT, MiI; V=1 Mmi;

71 — KOJIMIECTBO Kareyb;

d — muamerp meiku, Mm; d = 0,6 MM.

HccnenoBanne BpeMEHH UCHAPEHNS )KUIKOCTEN TIPO-
HCXOJMJIO B BBITSDKHOM IIKady pazmepoM 1,5x1,2x2,5 m
nmpu Temneparype Bosayxa 25 °C U KpaTHOCTH BO3-

Puc. 2. HaHoxugkoct Ha OCHOBE O€H-
3uHa HEOPAC C2-80/120 ¢ xoHueHTpa-
uueit Hanomarepuaina 0,2 % macc.: a —
MWCNT (H)ap; 6 — MWCNT (H)mp; 6 —
MWCNT (O)np; e — MWCNT (O)mp
Fig. 2. Nanofluids based on petrol NEFRAS
C2-80/120 with nanomaterial concentra-
tion of 0.2 wt. %: a— MWCNT (N)nr; b —
MWCNT (N)pr; v— MWCNT (O)nr; g —
MWCNT (O)pr

Puc. 3. HanoX1MIKOCTH HAa OCHOBE KEPOCH-
Ha TC-1 ¢ KoHIeHTpanueil HaHOMaTepuaa
0,2 % macc.: a — MWCNT (H)up; 6 —
MWCNT (H)np; 6— MWCNT (O)np; e —
MWCNT (O)mp

Fig. 3. Nanofluids based on kerosene TS-1
with nanomaterial concentration of 0.2 wt. %:
a— MWCNT (N)nr; b— MWCNT (N)pr;
v —MWCNT (O)nr; g—MWCNT (O)pr
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®

2.2

ITYMIT
VFMP

Puc. 4. Cxema nmabopaTopHON YCTAHOBKH ISl MCCIICIOBAHUS
HPOIIECCOB ICKTPU3ALMHU IIPH TOMOTCHH3AINH HAHOKHAKOCTEH:
| — eMKOCTB C BOJIO#; 2 — €MKOCTb C HAHOKHIKOCTBIO; 3 — HC-
TOYHUK yJibTpa3Byka; 4 — reneparop [ITYMII; 5 — BosnHOBOx;
6 — anexTpocratudeckuii BospT™Merp SF 156

Fig. 4. Scheme of a laboratory installation for studying the elect-
rization processes during the homogenization of nanofluids: 7/ —
capacity with water; 2— capacity with nanofluid; 3 — the source
ofultrasound; 4 — VFMP generator; 5 — waveguide; 6 — electro-
static voltmeter SF 156

nyxo00Mena 6 u . [IpeBapuTeIbHO MOATOTOBICHHBIE
HAHOXKUJKOCTH TIOMEILIAIX B €MKOCTH C OTKPBITOMI
MOBEPXHOCTBIO TUaMETPoM 60 MM U BBICOTOH 72 MM.
ITorepu maccel QukcupoBaiu Ha Ja0OPaTOPHBIX

Becax mapku BJITD-5000 B reyenue 3 4u i OeH3MHA
HE®PAC C2-80/120 u 7 cyt — mst kepocuna TC-1.

HccnenoBanue mMporeccoB 31eKTpU3alii HAHOKHI-
KOCTEW IPOBOJIMIIM B YCTAaHOBKE YJIBTPa3BYKOBOW TOMO-
reHu3anuu (puc. 4). HaHOXKHUIKOCTH ITOMEIANH B CTEK-
JITHHBIE €MKOCTH BMECTUMOCTBIO 50 MII, ITOCIIE Yero X
TepEMEIINBAIIH MPH BO3JICHCTBUH YIbTpa3ByKa (4acTo-
ta 100 k', momHOCTh |1 KBT) B TeueHue 5 MUH mpu
temneparype 25...40 °C. HampspkeHHOCTb DJeKTpHU-
YECKOTO IMOJISl U3MEPSUIN ANEKTPOCTATUIECKUM BOJIBT-
MeTpoM SF 156 Ha paccTossHuE S0 MM OT HOBEPXHOCTH
JKHJIKOCTH.

Pe3synbTathl U UX 06CyXXaeHUe

WUccnepoBaHKUe CTPYKTYpbl HAHOMaTEPUANOB

MEeTOAOM paMaHOBCKOW CNEKTPOCKONUM

VYrneponusiii Hanomarepuan MWCNT (O) usna-
YJalbHO COAEPIKAT JOCTATOYHO OOJBIIOE KOJIHMYECTBO
CTPYKTYpPHPOBAaHHOTO YIIIEPOIHOTO MaTepraia i MMeJ
XOPOIIIO BeIpaskeHHY0 G-1osocy B oonactu 1600 oM.
D-monoca B o6macti 1400 cM ' Tarke Gbula 3HAYH-
TEJFHO BBIPAKEHA, YTO MOXKET CBHICTEIHCTBOBATH O
HaJU4uK B oOpasie amopHoro yriepoaa (puc. 5,a).
Hanomatepuan MWCNT (H) He umen Xoporio BbIpa-
»KeHHOM G-I10JI0CHI, B TO BpeMs Kak D-moioca, xapak-
TepU3yoLIas HAINYKUEe aMOp(HOro yrieposa, Obljia BbI-
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Puc. 5. Pamanosckuii cektp HanomatepraaoB MWCNT (O) (a) u MWCNT (H) (6) mpu nx GpyHKIHOHaMM3auH: / — UCXOIHBINA
matepuai; 2 — MWCNT B HepactBopuMoM ocazke; 3 — MWCNT Bo B3Becu

Fig. 5. Raman spectrum of nanomaterials MWCNT (O) (a) and MWCNT (N) () at its functionalization: / — initial material; 2 —
MWCNT in an insoluble precipitate; 3 — MWCNT in suspension
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paXXeHa OTYETIIMBO (pHUC. 5,0), YTO MOKET TOBOPHUTH O
HU3KOM Ka9eCTBE HCXOAHOTO HaHOMaTepHaa.

[Tocme GpyHKIMOHATH3AINT PAMAHOBCKHE CIIEKTPHI
HaHomareprasioB MWCNT (O) u MWCNT (H) xapax-
TEPU30BAINCH MHTEHCHBHOM G-110710c0i. THTEeHCHBHOCTD
D-nonocsl, xapaktepusytonias aegekrnoctb MWCNT
B HaHOMarepuale, 0ka3ajach BBIIIE I 00pa3IloB, I0-
JyYEHHBIX TIPH HEHTPH(YTHPOBAHUH B3BECH (DYHKIINO-
HaM3upoBaHHEIX HAHOTPYOok MWCNT (O) B cpaBHe-
Huu ¢ oopaszuamu MWCNT (H).

U3mepeHre NoBEPXHOCTHOIO HaTAXXEHUA
U BpeMEeHU UCTeUYeHnnA HaHOXXHUAKOCTEN

W3mepenns moka3aim, 4T0 HAHOKHIKOCTH Ha OCHOBE
oersuna HEOPAC C2-80/120 numeroT Golee BEICOKHE IO
CPAaBHEHHUIO C UCXOJHBIMU 00pa3LaMu 3HaYeHUs KOd-
(burmeHTa MOBepXHOCTHOrO HaTshKeHus (Ha 6...25 %)
u Bpemenu Karenanenus (Ha 10...18 %). B ycnoBusix
EKTPOPU3UUECKOTO BO3ACHCTBHSI HAOIIOaeTCs Mpe-
MMYIIECTBEHHOE CHMKEHUE KO PHUIIMEHTa TOBEPXHO-
CTHOT'O HATSIKEHMSI HAaHOXKUIKOCTeH Ha 3...5 %, a Takke
yBeJIMUYCHUE BpeMeHH nctedeHus Ha 12...15 % (puc. 6).

Jns HaHOXKUAKOCTEN Ha ocHOBe kepocuHa TC-1
K09((UIIMEHT MOBEPXHOCTHOTO HATSKEHUS M3MEHHII-
csl He3HauuTeNbHO (10 6 %). [l BpeMeHH UCTeUeHHSI
HaOmonanock yBennuenue 3HadeHuid Ha 10...24 %.

B ycrnoBusix anekrpohuzndeckoro Bo3IeiHcTBUS Ha-
OmroaeTcst He3HAYUTEIBHOE YMEHBIICHNE KO DHUITH-
€HTa MOBEPXHOCTHOTO HaTsKeHUs Ha 4...6 %, a Takxke
MOBBIIICHUE CKOPOCTH UCTeUeHus Ha 3...5 % (puc. 7),
4yTo cBsizaHo ¢ BozzaeiicTBuem [TYMII na peonmornue-
CKHe TlapaMeTpbl 0a30Boi xuakoctH [18].

UccnepoBaHue BpeMeHU UcnapeHus
MOAUPULMPOBAHHBIX HAHOXXUAKOCTEN
C OTKPbITOM NOBEPXHOCTH

ITo pe3ynbraram H3MepeHHit MOXKHO C/IeIaTh BBIBO/,
yt0 BHegpeHne MWCNT B 6a30By0 KUAKOCTH TO3BO-
JSIET CHU3UTh MHTEHCUBHOCTDH HCIAPEHUS B CPEAHEM
Ha 30 % muis 6ensnaa HEDPAC C2-80/120 (puc. 8,a).
s kepocuna TC-1 ¢ Hanomarepuanom MWCNT (O)
HaOIOAT0Ch CHIDKCHNE MHTEHCUBHOCTH MCTIAPEHUS
Ha 38 %, a mnt MWCNT (H) uHTeHCHBHOCTH HCTIape-
HUSI HAHOXKHIKOCTH OCTaIach MPAaKTHUECKU Ha TPEXK-
HEM YPOBHE, YTO MOXKET OBITh 00BICHEHO COPOITHOH-
HBIMHU CBOICTBAMH BEIIECTB U TPEOYET TOMOTHUTEb-
HBIX HcclenoBanuii (puc. 9,a).

[pwu srexTpou3muecKoM BO3ACHCTBIHN HHTEHCHB-
HOCTB HCIIAPCHHS HAHOKUIKOCTEH Ha OCHOBE OCH3MHA
HE®PAC C2-80/120 npudnuxaercs K 3HAYUCHHUSIM, CO-
OTBETCTBYIOIIUM 0a30BoOH kuaKoctu (puc. 8,0). s
kepocuHa TC-1 mpu snekTpodu3nueckoM BO3AEUCT-
BUU ITPOUCXOJNT 3HAYUTENIbHOE CHUKeHue (B 3,1 pa3a)
WHTEHCUBHOCTH Hcnapenus (puc. 9,0).
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Puc. 6. Koapunment nosepxHocTHoro Harskenus o (O) u
BpeMsI HCTEUEHUs HAHOKUIKOCTEH AV/AT ( ) HAa OCHOBE
6ensnna HEDOPAC C2-80/120 6e3 BozueiictBus [TUMII () u
mpu ero Bo3neicTuu ()

Fig. 6. Coefticient of surface tension ¢ (O) and expiration time of
nanofluids AV/At ( ) based on petrol NEFRAS C2-80/120
without affecting VFMP (M) and with affecting VFMP (M)
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Puc. 7. Kospduunent noBepxHocTHoro HatsbkeHus ¢ (O) u
BPEMSI MCTEUEHUs HaHOKHUAKOCTEN AV/AT ( Ha OCHOBE
kepocuna TC-1 6e3 BozneiictBust [TUYMII (7) u ipu ero Bo3eii-
crBuu ()

Fig. 7. Coefficient of surface tension ¢ (O) and the expiration
time of nanofluids AV/At ( ) based on kerosene TS-1
without affecting VFMP (M) and with affecting VFMP (M)
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Bensun (konTp.)

Petrol (initial)

5 Bbemsun + MWCNT (H)up

3,0 "= Petrol + MWCNT (N)nr

o Bensun + MWCNT (H)mp
Petrol + MWCNT (N)pr

bensun + MWCNT (O)np
Petrol + MWCNT (O)nr

2,54

Bensun + MWCNT (O)up
2.0 4 Petrol + MWCNT (O)pr

Macca ucnapuBIeics sKuAKOCTH, T
Mass of evaporated liquid, g

90 120 150 180

Bpewmst ucriapenust, MUH
Evaporation time, min

Benszun (ITYMII)
=S~ Petrol (VEMP)

Bensun + MWCNT (H)up (ITYMIT)

"B Petrol + MWCNT (N)nr (VEMP)
Bensun + MWCNT (H)np (ITIMIT)

=9 Petrol + MWCNT (N)pr (VFMP)
3,0 1 bensun + MWCNT (O)up (ITUYMIT)

= Petrol + MWCNT (O)nr (VEMP)

Bensun + MWCNT (O)up (ITYMIT)
Petrol + MWCNT (O)pr (VFMP)

2,5+

Mass of evaporated liquid, g

Macca ucnapusiueiics KUaKoCTH, I

60 90 120 150 180
Bpewms ncniapenust, Mux
Evaporation time, min

Puc. 8. Macca ucnapusiieiicsi ¢ OTKpbITOH IOBEPXHOCTH HAHO-
skuakocTd Ha ocHoBe OensuHa HEDPAC C2-80/120: a — 0e3
JNIEKTPO(U3MIECKOT0 BO3ACHCTBHS; O — npH BozaekcTBun [TYMIT
Fig. 8. The amount of evaporated nanofluid based on petrol
NEFRAS C2-80/120 on evaporation from an exposed surface:
a — without electrophysical influence; » — under the influence
of VFMP

UccrepoBaHue npoLeccoB aNEKTpU3aLUU
YKMAKOCTEN B YCAOBUAX yI\pra3ByKOB0ﬁ
romMmoreHmsauuu

PCSYJ'II)TaTBI I/ISMCpeHI/Iﬁ Haps?KEHHOCTH 3JICKTPU-
YECKOI'0 IMOJIsI ITPU TOMOTCHU3 AU HaHO)KI/I[LKOCTeﬁ Ha
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Puc. 9. Macca ucnapuBiieiics ¢ OTKpBITOM IOBEPXHOCTH HAHO-
KHUJKOCTH Ha ocHOBe KepocuHa TC-1: a — Ge3 anekTpodusmde-
CKOTO BO3JeHCTBUS; 6 — npu Bo3aericTBuu [TUMIT

Fig. 9. Amount of evaporated nanofluid based on kerosene TS-1
upon evaporation from an open surface: « — without electrophy-
sical influence; b — under the influence of VFMP

ocHoBe 6enzuna HEDPAC C2-80/120 u kepocuna TC-1
npencrasienbl Ha puc. 10 u 11. IIpakTudecku 1ist Becex
00pa3IoB HAHOKHIKOCTEH HalIronanack 0oee HU3Kas
CKOPOCTB 3JEKTPHU3ALNH TI0 CPABHEHUIO ¢ 0Aa30BBIMHU
YKHJIKOCTAMH, YTO CBUJIETETILCTBYET 00 MX 001 BEICOKOH
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Puc. 10. HanpskeHHOCTB AIIEKTPUYECKOTO OIS IPY TOMOT eHHU-
3allMK HAHOXKHUKOCTeH Ha ocHoBe Oensuna HEDOPAC C2-80/120:

a — 0e3 31eKTPOoYU3NIECKOro BO3ACHCTBYS; O — IPHU BO3JICH-
ctBuu [TUMIT

Fig. 10. Electric field strength during homogenization of nano-
fluids based on petrol NEFRAS C2-80/120: a — without electro-
physical influence; b — under the influence of VFMP

yaenpHOM snekrponpooaHoctn (Meree 10" Omom).
Bwmecre ¢ TeM 117151 OTIEBHBIX HAHOKUKOCTEH, coep-
JKAIIMX HaHOMAaTepHall, MOJy4YeHHBIN U3 HePacTBOPEH-
Horo ocajka (MWCNT (H)up u MWCNT (O)np), Ha-
Omronanach 0oJiee BBICOKAsh CKOPOCTh DIICKTPHU3AIINH,
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Puc. 11. Hanps»keHHOCTB 2JIEKTPUYECKOTrO OIS IPU TOMOI€HU-
3alUK HAHOKUIKOCTel Ha ocHOBe KepocuHa TC-1: @ — 0e3 snekT-
podusndeckoro Bo3aeucTBus; 6 — mpu BozaencTsun [TYMIT
Fig. 11. Electric field strength during homogenization of nano-
fluidic liquids based on kerosene TS-1: a — without electrophy-
sical influence; b — under the influence of VFMP

YTO, IPEAIIONIOKHUTENBLHO, CBI3aHO CO CHUYKEHUEM JJIEKT-
POIIPOBOIHOCTH HAHOKUKOCTEH 1O BEJIMUUHBI TOPSII-
ka 10" Omm.

[Ipu 31eKTpOPU3NIECKOM BO3JCHCTBHU MPOUCXO-
JIUT JAOMOJIHUTEIbHOE CHI)KEHNE MIEKTPU3ALUU HAHO-
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JKHJIKOCTEH, UTO MOYKET OBITH OOBICHEHO BO3ICHCTBAEM
ITUMII na mpouteccsl anexTpu3aruu [ 19], a Takke cra-
OunM3anyeil HAaHOYACTHIL B 0A30BBIX YTIICBOIOPOTHBIX
JKHAJIKOCTSIX.

BbiBOAbI

1. PearenTHast Mo QUKAIIHsI HAHOCTPYKTYP MO3BO-
JISIET TTOBBICUTH Ka4eCTBO YIJIEPOJAHOIO HAHOMATepHa-
JIa JIJIsL €70 UCIIOIb30BaHuUs B KAUEeCTBE DJICMEHTA aHTH-
CTaTUYECKON MPUCATKU AJIS YIIIEBOJOPOAHBIX KHUIKO-
cTei.

2. I3MeHeHue MoBEpXHOCTHOTO HATSKEHUS, CKOPO-
CTH UCTCYCHHS 1 MHTCHCUBHOCTH HCIIAPSHHSI YITICBO-
JIOPOJTHBIX KHUJIKOCTEH TIOCPEICTBOM BBEICHHS B HHUX
nanomarepuanoB ¢ MWCNT mno3BonsieT CHU3UTh Be-

POSITHOCTb BO3HUKHOBEHHUS B3PbIBOOIIACHBIX KOHLIEHT-
paunii B TexHojorndecknx anmnaparax ¢ JIBXK u K.

3. Hanoxuakoctu ¢ MWCNT, nmomy4eHHBIMH C HC-
TOJIb30BaHUEM IICHTPH(YTHPOBAHUS, XapaKTEPU3YIOT-
cs1 OoJee BBICOKOI cTabminbHOCTEIO. [Ipomecc romore-
HU3aluu HaHOKuAKocTel Ha ocHoBe MWCNT (H)mp
MWCNT (O)np xapakrepusyercsi 0ojiee HU3KOH CKO-
POCTBIO POCTa HAPSKEHHOCTH DIEKTPUUECKOTO MOJIs,
YTO CMIOCOOCTBYET CHUKECHUIO BEPOSITHOCTH HCKPOBBIX
paszpsinos CO.

4. DnexTpoduznyeckoe BO3ACHCTBHIE MOCPEICTBOM
ITYMII no3BossieT ONepaTUBHO yIPaBIATh B3PbIBOIIO-
YKapOONIACHBIMU CBOHCTBaMH YIJICBOJIOPOIHBIX JKUJIKO-
CTeii [Py 0OpAILIeHN C HUMHU B YCIIOBHSX JISHCTBYFOIIIMX

10.

11.
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ABSTRACT

In processes of filling, draining and transportation of hydrocarbon liquids in tanks and tanks, spraying
is resulted by their electrization that promotes emergence of static electricity. Electrostatic discharges
are capable to ignite mixes of combustible steams with air or other oxidizers that is one of origins of
the fires and explosions in technological devices.

One of the modern directions of development of technologies is creation of nanofluids on the basis
of carbon nanoparticles, including MWCNT with adjustable parameters warm and the mass transfer.
Nanofluids represent suspensions with small concentration of particles of the firm phase.

In work electrophysical properties of the modified hydrocarbon liquids were investigated:
NEFRAS C2-80/120 gasoline and kerosene of TS-1. Modification consisted in dispersion in liquids
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of the carbon nanomaterials supporting MWCNT which were received by method of catalytic pyro-
lysis on the “CVDomna”. MWCNT are the functionalization by the reagent method, and their
structures are investigated by method of the Raman spectroscopy. Electrophysical modification was
carried out by impact on the studied structures of VFMP.

It is established that the coefficient of surface tension of the modified hydrocarbon liquids on
the basis of NEFRAS C2-80/120 gasoline increased for 6...25 %, and time of drop falling increased
by 10—-18 %. In the conditions of influence of VFMP of value of coefficient of surface tension of nano-
fluids preferential decreases by 3...5 %, but expiration time at the same time also increases by 12...15 %.
Values of coefficient of surface tension for nanofluids on the basis of kerosene of TS-1 increased up to
6 %. For values of time of the expiration increase in values by 10...24 % was observed. In the con-
ditions of electrophysical impact additional reduction of value of coefficient of surface tension by
4...6 %, and also insignificant increase in exhaust speed by 3...5 % is observed.

Values of time of evaporation of the modified nanofluids from the open surface are received,
at the same time decrease in intensity of evaporation on average by 30 % for NEFRAS C2-80/120
gasoline was observed. For kerosene of TS-1 decrease in intensity of evaporation to 38 % depending
on the used MWCNT was observed that can be explained with sorption properties of substances.
At electrophysical influence intensity of evaporation of nanofluids on the basis of NEFRAS C2-80/120
gasoline approaches the values corresponding to basic liquid, and on the basis of kerosene of TS-1
there is the considerable decrease — by 3.1 times.

At the research of processes of electrization of hydrocarbon liquids in the conditions of ultrasonic
homogenization practically for all samples of nanofluids lower speed of electrization in comparison
with basic liquids was observed that testifies to their higher direct-current conductivity. At electro-
physical impact there is the additional decrease in electrization of nanofluids that can be connected
with impact of VFMP on electrization processes, and also stabilization of nanoparticles in basic
hydrocarbon liquids.

The received results speak about the possibility of decrease in probability of emergence of
explosive concentration in technological devices with hydrocarbon liquids at introduction of nano-
materials to them with MWCNT. Process of homogenization of nanofluids with MWCNT is charac-
terized by lower growth rate of electric field intensity that in turn promotes decrease in probability of
spark discharges of static electricity. Electrophysical impact by means of VFMP allows to manage
quickly fire and explosion hazardous properties of hydrocarbon liquids in the conditions of the ope-
rating technological processes.

Keywords: nanofluids; static electricity; electrostatic intrinsic safety; hydrocarbon fluids; multilayered
carbon nanotubes; variable frequency-modulated potential.
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