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[ToxazaHo, 4YTO MHHIMHPYEMas B KHUAKO(DA3HBIX CpeJax B Pa3psIHOM MPOMEXKYTKE MEXKIY 3JIEKTPOJaMH HHU3KO-
TeMIlepaTypHas Iia3Ma crocobHa 3G QeKTHBHO paziaraTh BOJOPOACOAEPIKAIINE MOJIEKYIIBl OPTaHUYECKUX COCTUHE-
HUI ¢ 00pa3oBaHHEM ra3000pa3HBIX IPOAYKTOB, B KOTOPBIX 0N BoJOpoAa cocTaisieT 6osee 90 % 06. B kauectse
HCXOJHBIX BCHICCTB MMPUMEHAIUCH MTPAMBIC BOJAHO-YTJIEBOJOPOAHBIC OMYJIbCUU, TTOJTYUCHHBIC 110 }IeﬁCTBI/ICM YiabTpa-
3BYKOBOM KaBUTAI[MH U NPH BO3AEHCTBUU NEKTPUUYECKUM IIOJIEM. Y CTAaHOBIICHO, YTO MPOU3BOJUTENBHOCTD 110 BOJO-
poay mnpu UCIoJb30BaHNU 3MyJ'II:.CPII7[ HC YCTYNAa€T MHAUBUAYAJIbHBIM UCXOJHBIM BCIICCTBAM. I/I3MepeHHe KOJIM4YCCTBa
ra3oBoil cMecH, obpa3symomieics Npy pa3iIoKeHUH OpraHuYeCKUX KUAKOCTEH, oKa3alo, YTO MPOU3BOAUTEILHOCTD
CHJIBHO 3aBHCHT OT TOKa pa3psia, a Takke OT oObeMa pa3psiia, KOTOPEI MOXKET MEHSITHCS B 3aBUCHMOCTH OT pac-
CTOSIHHSI MEXXIY 3JIEKTPOJaMH B PEaKIIMOHHOW Kamepe. B skcnepuMmeHTax TOK paspsifa cocTaBisul oT 4 A 10 8 A,
HaIpspKeHUE paspsizia B 3aBUCUMOCTH OT Tuna xuakoctu — 3045 B.

YCTaHOBIIEHO, YTO C IOMOIIBIO aKyCTOIIIIa3MEHHOTO METO/Ia JIOIYCKAeTCsl HCII0JIb30BAHUE MCXOIHOTO CHIPhS Ca-
MOT'0 HU3KOTO KauecTBa, TO €CTh 0€3 He00X0IMMOCTH NMPOBOANTH JOPOTOCTOSIIYIO OUUCTKY ISl yTAJICHUS TIPUM €CeH.
CyIIecTBEHHBIM NPENMYIIECTBOM SIBISETCS OTCYTCTBHE TOKCHUHBIX U TPYIHOYTHIIN3UPYEMBIX TOOOYHBIX MPOIYKTOB
JTAHHOTO CHHTE3a, KpOME TOT0, I'a30Basi CMECh BBIXOAUT U3 peakTopa rnoj HebonpmmM nasienueM (0,2—0,3 atm), uto
o0JieryaeT ee NMEpBUYHYIO TPAaHCHIOPTUPOBKY. Bojgopoacoaepskamuii ra3 Mo>xeT ObITh HCIOJIBb30BaH Kak Toprodee He-
MOCPEICTBEHHO II0CJIE CHHTE3a, TO €CTh HE TpeOyeT cemapalud, MOCKOJIbKY ITOMHUMO BOJOPOJAA COJEPKUT TONBKO
npumecu CO; u napsl Bojibl. [I060YHBIM TPOAYKTOM IPHU TONYYEHHH BOIOPOJIa METOJIOM aKyCTOIIa3MEHHOTO Pa3-
psifa IpHu pa3ioKeHUN OPTaHWYECKHUX JKUIKOCTEH SIBIAETCS yriepos, oOpas3yroluiics B BHJIE arIOMEpaToB HaHOYA-
CTHII Pa3JINYHOTO CTPOCHMS U OCAXKAIOIIMICS B XOJI€ peaKI[K Ha JHE PeaKIMOHHOW Kamepbl. Kak moxasanu pe3yib-
TaThl aHAJIM30B U CTEXHOMETPUIECKUX PACUETOB, Ha 00pPa30BaHNE 3THX IMTOOOYHBIX MPOAYKTOB PACXOIYeTCsl OObIIast
4acTh yriiepoja M KUCIOPOa, COAEPKAINXCI B MOJIEKYJIaX NCXOJHOM >KUIKOCTH, TEM CaMbIM 00pasyroasics ra3o-
oOpa3Has cMech 3HaUMTENIbHO oOorarieHa BojopoJoM. IlosrydeHHble HAHOYACTHIBI U UX arjioMeparbl MOTYT OBITh
TaKXe UCIOJIb30BaHbl B KAUECTBE HAMIOJHUTENEH, KpacUTeIe, KOMIIOHEHTOB KOMIIO3UIIHOHHBIX MaTepPHAaJIOB U IIp.

KntoueBble cnoea: nna3ma; ynNbTpasByKoBadA KaBuUTauua; aMmynbCcuun; Boaopona, aKyCTOI'IJ'Ia3MeHHbII;1 paspaa.
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In this work, a low-temperature plasma initiated in liquid media between electrodes is shown to be able to decom-
pose hydrogen containing organic molecules resulting in obtaining gaseous products with volume part of hydrogen
higher than 90%. As feedstocks, the direct water-hydrogen emulsions obtained by ultrasonic treatment and action of
electric field are used. Hydrogen productivity from emulsions is shown to be not less than that from individual sub-
stances. The measurement of the amount of the gas mixture formed during the decomposition of organic liquids
demonstrates that the output is highly dependent on the discharge current, and also on the volume of the discharge
which can vary depending on the distance between the electrodes in the reaction chamber. In current experiments, the
discharge current is from 4A to 8A, the discharge voltage depending on the type of liquid is 30-45 V.

It has been established that using the acoustoplasmic method allows the use of raw materials of the lowest quality,
i.e. there is no need to spend expensive cleaning to remove impurities. A significant advantage is also the absence of
toxic and difficult to digestible by-products of this synthesis, as well as the fact that the gas mixture leaves the reactor
at a low pressure (0.2-0.3 atm) which facilitates its primary transportation. Hydrogen-containing gas can be used as
fuel directly after synthesis, i.e. does not require separation, since in addition to hydrogen contains only impurities of
CO, and water vapor. A by-product in the production of hydrogen by the acousto-plasma discharge method in the
decomposition of organic liquids is carbon formed in the form of agglomerates of nanoparticles of different structures
and precipitated during the reaction at the bottom of the reaction chamber.

As the results of analyzes and stoichiometric calculations have shown, most of the carbon and oxygen contained
in the molecules of the initial liquid are consumed to form these by-products, so that the gaseous mixture formed is
significantly enriched in hydrogen. Nanoparticles obtained and their agglomerates can also be used as fillers, dyes,

components of composite materials, etc.

Key words: plasma; ultrasonic cavitation; emulsions; hydrogen; acousto-plasma discharge.

Mapuna Hukonaesna Kupuuenxo

Marina Kirichenko

Gy,

S
I.A Q{\

=

Muwux Aupazamoeuu Kasapsn
Mishik Kazaryan

TR PN =5
Huxkonaii Anexceeeuu bynviues
Nikolay Bulychev

CBenennst 00 aBTope: KaHz. (pu3.-MaT. HayK,
Hay4HBIl COTpYAHUK, DU3NUECKUH HHCTUTYT
nmenu I1.H. JlebeneBa PAH.

O6pazoBanne: HUAY MU®U (2010 r.).

O0acTh HAyYHBIX MHTEPeCcOB: AWHAMHIE-
CKO€ W CTaTHYECKOE CBETOpaccesHue; onoduzn-
Ka KJIETKU U OEJIKOB.

My6ankanun: 30.

h-index 2

Caenenusi 06 aBTope: a-p (u3.-MaT. HayK,
BeAyIU HayuHbIi COTpYAHUK, Dusnueckuit
unctutyt umenu [1.H. Jlebenera PAH.

Oo0pa3oBanue: MockoBckuii
TexHUYecKuid HHCTUTYT (1970 1.).

O0sacTh HAyYHBIX MHTepecoB: (u3MKa ia-
3epOB U UX IPHMEHEHHE; HU3HIecKast ONTHKA.

My6aukanuu: 600.

h-index 9; Scopus 9;

PUHII 10; WoS 9

¢usmko-

CaeneHust 00 aBTope: I-p XHM. HayK, Be-
IyIUil Hay4yHBId cOTpynHUK, Dusnueckuil uH-
crutyt uM. [1.H. Jle6enesa PAH.

Oopazopanue: MI'ATXT um. M.B. Jlomo-
HOcoBa (2003 r.).

O0aacTh HAyYHBIX HHTEpPecoB: HaHOMarTe-
pHabl; YIbTPa3ByK; KaBHTAUWs; IUIa3Ma; MOJH-
MepbI; AUCTICPCHBIE CUCTEMBI.

My6amkanuu: 220.

h-index 10

Information about the author:
Ph.D. in Physics and Mathematics, Re-
searcher, P.N. Lebedev Physical Institute
of RAS.

Education: Moscow Engineering
Physics Institute, 2010.
Research interests: dynamic and

static light scattering; biophysics of cells
and proteins.
Publications: 30.

Information about the author:
D.Sc. in Physics and Mathematics, Lead-
ing Researcher, Physical Institute named
after P.N. Lebedev RAS.

Education: Moscow Institute of
Physics and Technology, 1970.

Research interests: laser machining
of composite materials; physical optics.

Publications: 600.

Information about the author: in
D.Sc. in Chemistry, Chief Researcher,
P.N. Lebedev Physics Institute.

Education: Moscow State Academy
of Fine Chemical Technology, 2003.

Research interests: nanomaterials;
ultrasound; cavitation; plasma; polymers;
dispersed systems.

Publications: 220.

International Scientific Journal for
Alternative Energy and Ecology

© Scientific Technical Centre «TATA», 2000-2018

Ne 16-18
(264-266)
2018

% ISIAEE

64

MexayHapoaHbI Hay4HbIM XXypHan
«AnbTepHaTMBHas IHepreTUKa v aKONormsa»
© HayuHo-TexHuu4eckui LeHTp « TATA», 2000-2018

\\ ! ,/

sePace

MexdyHapoOdHbil uzdamensckul dom Hay4yHol nepuoduku “Cnedc”

~
LN



\7,

seace

-
~

-

International Publishing House for scientific periodicals “Space”

LN

Bynbives H.A., KupudeHko M.H., KazapsiH M.A. lMony4eHne Bogopoaa B akyCTonnasmMeHHOM paspsige...

1. BBenenue

OpHO U3 aKTyaJbHBIX MPOOJIEM COBPEMEHHOU aib-
TEpHATUBHOM YHEPTETUKH SIBISIETCS Pa3padOTKa METO/I0B
W TEXHOJIOTMH NOJyYeHHs BOJOPOJAa, KOTOPBIA mpen-
CTaBJIseT COOOM IKOJIOrHYECKH 0e301acHOE TOTUIHBO.

Haubonee d9acTo HCHIONB3yEMBIMH TEXHOJOTHAMHU
MOJIYYeHHsI BOJOPOJA SIBIISIIOTCS IMApoBasi KOHBEPCHS
MeTaHa ¥ 3eKTpoiu3. [IpenmyinecTBo MeTosa mapoBoii
KOHBEPCHUHM METaHa 3aKJII0YacTCs B BBICOKOM 3HAUCHUH
sueprernaeckoro KIIJ (60 +80 %), ograko 3TOT MeTOx
TpeOyeT TPOMO3IKOTO W IOpPOToro oOopymoBaHHUS, a
TaKKe MOTPeOIIieT MeTaH, KOTOPBIA caM SBJISETCS TOII-

JVBOM W IIGHHBIM CBIPDHEM MJISI XMMHUYECKOH NPOMBIII-
JICHHOCTH. JJIEKTPOJIM3 BOJBI SIBISIETCSI MEHEE 3aTpat-
HBIM C TOYKHM 3PEHHS KalWTaIbHBIX BIOXKEHHH, HO IPO-
MBIIIIEHHBIH 3JIEKTPOJIN3 ONTHMHU3UPOBAH IOYTH JIO
MaKCHMaJIbHO BO3MOXXHOH 3({EKTUBHOCTH W 3HAYH-
TEJIFHO YCTYIAeT MapoBOil KOHBEPCHU METaHa Mo CKOPO-
CTH M 5HeprodGeKTUBHOCTH, KpPOME TOro, TpedyeT
Npe/BapUTEIbHON BOJOIOATOTOBKU. B cBs3nM ¢ 3TuM
CYIIECTBYET HEOOXOJMMOCTh pa3pabOTKU anbTepHATHB-
HBIX 3KOJIOTHYECKH O€30MacHbIX METOIOB IOIY4ICHHS
BOJIOPOZIa M3 PA3IMYHOTO JOCTYIHOTO CHIphs. B Ha-
crosimiel paboTe paccMaTpUBaeTcs aKyCTOIUIA3MEHHBIH
METO]I TTOJy9IEHHUS BOJOPOAA.

Cnucok 0003HaYeHUI

byxevl iamunckozco aﬂd)aeuma

M | Matepuan 1mia3MeHHBIX 3JIEKTPOIOB
Abbpesuamypuol
KI1J | Koaddurment monesnoro neiicTeus

2. Teopernueckmii aHaIu3.
ITosryyenue Boaopoaa B aKyCTOILUIAa3MEHHOM paspsiie

IIpoBeneHHbIE paHee IKCIEPUMEHTHI MO3BOJIMIN YC-
TAHOBUTH, YTO B JKUJAKOCTH B MHTCHCHBHOM YJIBTPa3BY-
KOBOM II0JI€ BBIIIE ITOPOTa KABUTAIIMHA MOXKET CYIECTBO-
BaTh HOBast ()OpMa 3IIEKTPUYECKOTO pas3psisia, KOoTopas
XapakTepu3yercsi 00beMHBIM CBEYEHHEM BO BCEM IIPO-
CTPaHCTBE MEXIy OJEKTpOAaMH U BO3pacTaromeH
BOJIbT-aMIIEPHOM XapaKTEpUCTUKOH, MpHCyLIed aHo-
MaJIbHOMY TJICIOIIEMY pa3psiay B rase [1, 2]. Takoit pa3-
P C pa3BUTON OBEPXHOCTHIO MUKPOITY3BIPHKOB MOYKET
MPEACTaBIATh MHTEpeC IS CO3JaHUS HOBBIX aKyCTO-
IUTA3MOXUMHUYECKUX TPOIECCOB, TaK KaK pa3BUTasl MO-

BEPXHOCTh pazfiefia «Iula3Ma — JKHIKOCTh» MPUBOIHT K
YBEIMYCHUIO AU(P(HY3MOHHBIX MOTOKOB XUMHYECKH aK-
TUBHBIX YaCTHII U3 TJIa3Mbl B XXHJKOCTh. B aTOM paspsine
MOTEHIMAJIBHO BO3MOXKHO OCYIECTBUTH OOJIBLIOE KOJIH-
YEeCTBO HOBBIX XHMHUYECKMX PEaKUHi IO IOJY4YECHHIO
HAaHOPa3MEPHBIX YaCTHUIl PA3NIUYHOTO0 XUMUYECKOTO CO-
craBa [3-9]. [IpenBapurenbHble SKCIEPUMEHTHI ITOKa3a-
JIM, YTO B Pe3yJIbTaTe PA3JI0KECHUS B aKyCTOIUIA3MEHHOM
paspsiie XHAKHAX YIJICBOAOPOAOB 00pa3yroTcsi TBEPIO-
(dasHbIe yrIepoACOAepKAIUE MPOXYKTHI, MPOUCKOIAT
XMMHYECKHE MPEeBpalleHHs B KUIKOW (aze u obpasyer-
s BOJIOPOIOCOAep Kamiuii roprounii ras [10].

JlaHHBIE TPOLIECCHI MOXKHO TPOWJUTIOCTPUPOBATH
CXEMOM, MpUBeIeHHOH Ha puc. 1.

OCHOBHble NPUHLMMBI NOMYyYeHUsl BOOOPOA B MNrasMe nop

OEUCTBMEM YNbTpasByKa

Puc. 1 — Cxema npouecca
norny4eHvs Bogopoaa
Fig. 1 — Scheme of the hydrogen

Mnasma — pasnoXeHWe U MOHU3ALMA MONEKYT
YneTpassyk — yCcKOpeHWe peakLmi v anddysumn
HMcxonoHbie Bopa, yrnesogopoapbi, CNMpThI,
BelyecTBa: anbaernabi, BOAHO-OpraHu4Yeckme

production process

IMYIbCHMM M CMECHU M T 4.

Cxema peakumm:

(H20 + Me) = Hz + MeO
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(C2Hs0H + 2H20 + Me) = 5H2 + CO2+ MeQ + C

(CeH1a + 3H20 + Me) = 10H2 + CO2+ MeQ + 5C
O6pasyiolMiAcR aTOMAaPHLIMA KMCINOpPo, PEAMMPYET C MATEPUANOM
anexrpagos (MeTann), yrnepan obpasyeT okcual U HAHOMECTULE
=> rasoBas cmech oborallieHa BoOopoaoM
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DU3UKO-XUMUYECKUN TPUHIUN JEHCTBUS METOAa
3aKJIIOYAeTCsl B Pa3JIOKEHUU B IIA3ME CIOXHBIX BOJO-
poAcoAepKAIUX MOJIEKYJ W UX HMOHHU3ALUMU C Tocie-
IyIOImEeH pexkoMOMHaIMe ¢ o0pa3oBaHMEM MPOCTHIX
monekyn: H,, H,0, C, CO,, MO,, rne M — Matepuan
IJIa3MEHHBIX 3JEKTpoAOB. Ilna3MeHHBIM paspsia, UHU-
OUUPYEMBIH B PEAKTOpPEe MEXAY METAIMYECKUMH U
rpadUTOBBIMH 3JIEKTPOJAMH, ITOIICPKUBACTCS CIICIIH-
aTBHO CKOHCTPYHMPOBAaHHBIM HCTOYHHKOM IIOCTOSHHOTO
WIA TICPEMCHHOTO HAMPSKCHHUS, MO3BOJISIONIUM HCCIIC-
JIOBAaTh BIIMSHUC XapaKTEPUCTUK IUIA3Mbl Ha CKOPOCTH
PEaKIMK U XUMHYCCKHUI COCTaB €€ MPOIYKTOB.

IKcnepuMeHTaNbHAsA YacTh. CHHTE3 Bogopoaa
U3 NPSMBIX BOJHO-YIJI€BOIOPOIHBIX IMYJIbCHH

B mpoBen€HHBIX aBTOpaMU JAHHOM CTaThbU HKCIIE-
PHUMEHTAX MCHOJb30BAINCH MPSMBIE SMYJIbCUU T'€KCaHa
B BOJIE B KauyeCTBE MOJEIBHON CHUCTEMBl U SMYJIbCUH
ouryma B Boje. [lodydeHue sMylbCHil ¢ KOHLIEHTpAIU-
el 5 % macc. npoBOIWIIOCH O] JCUCTBHEM YIbTPa3BY-
KOBOI 00pa0OTKH B TCUCHHE 2 MHUH C yJCIbHONU MOIIHO-
crbio 1,5 Br/em®, a takxe B MIPOTOYHOM DPEXHUME IJEK-
TpoMarHuTHeIM CBU-mosneM miu moCTOSHHBIM 3JIEKTPHU-
YECKUM TI0JIeM HanpsDKEHHOCTEIO 10 6 KB/cM. Ha BBIXO-
Iie u3 pabounx 00bEMOB pa3Mephl Kaleslb HITH KOJIIOU/I-
HBIX 00pa30BaHUI IMYIBCHH KOHTPOIUPOBAIUCH METO-
JlaMU IMHaMU4eCcKOoro paccesiHusi ceera. Cuctema onTu-
YECKOr0 KOHTPOJIA TMO3BOJISET ONPEAENsATh KaK pacipe-
JIeJIeHUE 110 pa3MepaM YacTHIl Ul IPO3PAuyHBIX 3MYIIb-
CHil, Tak U CpeIHMH paguyc Kamesb i1 MYTHBIX (THIa
MoJIOKa) sMyibcuil. [IpenBapurenbHble HU3MEPEHUs IO-
Ka3aJii U3MEHEHHE pa3MepoB Kamellb SMYJIbCUH Kak MpH
BozzaelictBun CBU-monem (yBenudeHue pa3sMepoB Ka-
TIeTTb ¥ TIOCIIeTyIolIee pa3AeieHie dIMYIbCHI), TaK U TIPH
BO3JICHCTBUU YJBTPA3BYKOM M MOCTOSIHHBIM 3JIEKTpUYE-
CKHAM TIIOJIEM BBICOKOH HamnpsHKEHHOCTH (YMEHBIICHUE
CpemHero pasMepa Karelb WM KOJUIOMIHBIX 00pa3oBa-
HUI U CTaOMITU3AIHS YMYIbCHN).

W3MepeHne KoiMuecTBa Tra3oBOM CMecH, o0pasyto-
mehcs TpH Pa3fioKEHUH OPTraHMYeCKUX KHUIKOCTEH,
[10Ka3aJI0, YTO NPOU3BOJUTENIBHOCTh CUIIBHO 3aBUCUT OT
TOKa pa3psAia, a Takke OT oObema pas3psna, KOTOPBIH
MOXET MEHATHCS B 3aBUCHUMOCTH OT PACCTOSHUSA MEXAY
9JIEKTPOIaMU B pEaKUMOHHON kamepe. B mpoBen€HHBIX
9KCIEPUMEHTAX TOK paspsaja cocTaBis oT 4 A 10 8 A,

HalpsDKeHUE pa3psia B 3aBUCHMOCTH OT TUIIA YKHIKOCTH
— 30+45 B. KoHcrpykuusi SKCIepUMEHTaIBHOM ycTa-
HOBKH U CXeMa ¢¢ paboThl MOAPOOHO HM3JI0KEHA B pado-

tax [1, 11]. @oTorpadust ycTaHOBKH, NCTIOIH30BaBIICH-
cs B TaHHBIX 9KCIIEPUMEHTaX, IPUBEACHA Ha pUC. 2.

Puc. 2 — ®oTorpadus yctaHOBKM A1 NOny4YeHus Bogopoaa
Fig. 2 — Picture of the setup for hydrogen production

OG6pasoBaHne BOJOPOJA B XOJIE PEAKIUH MOITBEP-
JKJIEHO JIAHHBIMH aHajHM3a ONTHYECKUX CIIEKTPOB CBeve-
Hust paspsiia (puc. 3).

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA», 2000-2018

# ISIREE &

MexayHapoaHbI Hay4HbIW XKypHan
«AnbTepHaTMBHas 3HepreTUKa n 3KONormsa»
© Hay4Ho-TexHu4eckuit LeHTp « TATA», 2000-2018

A7
\\ F 2

SPACE

Mex0yHapoOHbil uzdamensbckuli OomM Hay4Hol nepuoduku “Cnedc”

//‘\\



International Publishing House for scientific periodicals “Space”

Bynbiues H.A., KupuyerHko M.H., KazapsiH M.A. lMony4eHne Bogopoaa B akyCTonnasmMeHHOM paspsge...

2 12000

10000 -

diechamge intensity

8000 A

6000 -

4000 -

2000 -

Puc. 3 — Cnextp cBeyeHus
pa3psiga B 3MynbCUK «rekcaH —
BOZa»; NuK npm 650 HM
COOTBETCTBYET MUKy aTOMapHOro
BoJopoaa
Fig. 3 — Spectrum of glow
discharge in the emulsion
of hexane-water; peak at 650 nm
corresponds to the peak
of atomic hydrogen
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B mpeaBapuTenbHBIX JKCIIEPUMEHTAX MPUMEHSIACh
peaxIoHHas ycraHoBKa o0beMoM 100 Mil, IpOM3BOIH-
TENBHOCTh KOTOpOW paBHsmack 1,5+2 1 Bomopoma B
MUHYTY TIPH HCIIOJIb30BaHUH B KAUECTBE CHIPbS IMYIb-
CHIl W KHCIOPOICOAEPIKAIINX OPraHWIEeCKUX COCHAHHE-
HuM. MomHoCTh paspsina coctaBisuia nopsaka 150 Br,
MIPOIICHTHOE COJEpKaHWe BOIOPOAAa B 0Opa3yromieircs
ra3oBOM CMeCH OTPEeNICHO MPU MOMOIIM Ta30BOH Xpo-
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Matorpadun. Onenku sHeprerudeckoro KIIJI, paccum-
TaHHOTO KaK OTHOIICHHE TEIUIOTHI CTOPaHUs MOJTY4CH-
HOTO KOJIMYECTBA BOJOPOAA K CyMME TEIUIOTHI CTOpaHUs
HCXOJHBIX BEIIECTB M 3aTPAT AJIEKTPOIHEPTHUH B TpoOIIeC-
ce cuHTe3a, mokazanu yposeHb KII/I mopsnka 60 + 70 %
B 3aBHCHMOCTH OT COCTaBa HMCXOAHOM cmecu [12-14].
CpaBHHTENBHBIE TAaHHBIC TO TIONYYECHUIO BOIOpPOJAA W3
Pa3IMYHOTO CHIPBS MPUBEIEHEI B Ta0MI. 1.

Tabmmma 1

CpaBHHUTENBHBIC PE3YIbTATHI OIyI€HHS BOZOPOA U3 PA3INIHOTO CHIPhS

Table 1

Comparative results of hydrogen production from various feedstocks

HcxoaHoe BemecTBo Konmentpanus Bogopoaa CKOpOCTh CHHTE3a
B ra30Boi cMmecH, % 00. ra30BOW CMECH, JI/MUH

Bona 98 0,5

Texcan 85 1

Tonyon 80 1

Oranon/Bona 1:1 95 5

W3zonponanon/soaa 1:1 93 1,7

OMynbcust OUTyM/Boza 80 15

Ha ocHoBanuy TaOIMIIBI MOKHO CHIETATh BHEIBOJ O TOM,
YTO TONyYCHHE BOAOPOAa W3 BOIHO-YIIICBOIOPOIHBIX
SMYIIbCHH, XOTS M YCTYIAeT JPYTMM HCXOJHBIM COCIIHHE-
HUSIM TI0 YHCTOTE IPOMYKTA, CPABHIMO MO IIPOM3BOIIU-
TELHOCTH M MOXKET OBITh OoJiee S(PPEKTHBHBIM C TOYKU
3pPEHHSI CTOMMOCTH, TIOCKOJIBKY 3MYJIBCHH JEHICBBIX MU
YTHIM3HUPYEMBIX YIJIEBOJOPOIOB SIBIITIOTCS MEHEE ICHHbI-
MH, YeM MHINBHIYaJIbHBIC XUMHICCKHE COCTUHEHHMS.

4. 3akaouenue

AKyCTOIUIa3MEHHBII METOJ] MOJy4YeHHsT BOJOPOJA U3
BOJIHO-YTJIEBOJOPOIHBIX AMYJIbCUN UMEET psif MPEeuMy-
IIECTB MO CPAaBHEHHUIO C TPaJUIMOHHBIMM METOAaMH,
0COOCHHO C TEMH, KOTOPHIE B KaUECTBE CHIPbSI TPEOYIOT

HaJM4us YUCTHIX BeulecTB. [Ipu cpaBHUMOM MPOU3BOIU-
TENbHOCTH M YHUCTOTE I[OJY4aeMoro BOAOpOJAa TaKoOM
MOAXO0JT /1aeT BO3MOXKHOCTb HCIOJIB30BaHUSI IIHPOKOIO
CIEKTpa JEHIEBBIX HCXOJHBIX BELIECTB, B TOM 4YHCIE,
TPYAHOYTHIIN3UPYEMBIX BOJHO-OPTaHUYECKUX CMECEU U
SMYJIbCUH, TO €CTh MPOMBIIIJIEHHBIX OTXOJOB XHMHUYe-
CKHUX MPOM3BOJACTB, YTO BAXXHO C TOYKH 3PCHHA DKOJIO-
run. KpoMe TOro, ymbTpa3ByKOBOE BO3JCHCTBHE B pe-
J)KUM€ pPa3BUTOM KaBUTAIIMM Ha PEaKIUOHHYIO CMECh
CIOCOOCTBYET CTAaOMIM3AlMK dMYJIBCUH M CTalMOHAp-
HBIX yCIIOBUH CUHTE3a.

Oco0bIil MHTEpEC METOJ MPEACTABISICT IPU CHHTE3E
BOJIOPOJia M3 MCXOJHOTO BemiecTBa [DTanoin/Bona 1:1] ¢
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BBICOKOM CKOPOCTBIO T'eHEepaluu. DTOT CHOCO0 MOXKET
NpUMEHCHHE B IICJIOM  psilie
TEXHOJIOTHYECKUX TPOIECCOB, TAe TpeOyeTcs BBICOKas
MIPOU3BOTUTEIHHOCTh U OOJBIIHE OOBEMBI TEHEPALUU
BOJIOpOJIa, HANPUMEP, B METAILTYyPTHYECKOH, KOCMHUUe-
CKOM M KOHIUTEPCKON OTpaciisx.

HaWTH XHUMMKO-

Bnazooapnocmu
Paboma evinoanena npu wacmuynoti noddepoicke cpanma
Ilpesudenma Poccuiickou @edepayuu Ne MJ[-3964.2018.8

Acknowledgement

The work was carried out with the partial support of the
grant of the President of the Russian Federation No. MD-
3964.2018.8

CnHCcOK JTUTepaTypsl

[1] Bulychev, N.A. Plasma discharge with surround
glow in the liquid phase under the impact of ultrasound /
N.A. Bulychev [et al.] // Bull. Lebedev Phys. Inst. —
2012.-Vol. 39. — No. 7. — P. 214-220.

[2] Klassen, N. Laser and electric arc synthesis of
nanocrystalline scintillators / N. Klassen [et al.] // IEEE
Trans. Nucl. Sci. — 2010. — Vol. 57. — No. 3. — P. 1377—
1381.

[3] Bulychev, N.A. Nanoscale metal oxide particles
produced in the plasma discharge in the liquid phase
upon exposure to ultrasonic cavitation. 1. Method for
producing particles / N.A. Bulychev [et al.] // Bull.
Lebedev Phys. Inst. — 2014. — Vol. 41. — No. 9. — P.
264-268.

[4] Ivanov, A.V. Properties of metal oxide nanoparti-
cles prepared by plasma discharge in water with ultra-
sonic cavitation / A\V. lvanov [et al] // Int. J.
Nanotechnol. — 2017. — Vol. 14. — No. 7/8. — P. 618-626.

[5] Burkhanov, 1.S. Nanoscale metal oxide particles
produced in the plasma discharge in the liquid phase
upon exposure to ultrasonic cavitation. 2. Sizes and sta-
bility. Dynamic light scattering study / 1.S. Burkhanov
[et al.] // Bulletin of the Lebedev Physics Institute. —
2014.—Vol. 41. — No. 10. — P. 297-304.

[6] Ganiev, R.F. Effect of mechanical activation on
surface modification in aqueous pigment disperse sys-
tems / R.F. Ganiev [et al.] // Doklady Chemistry. — 2006.
—Vol. 407. — P. 54-56.

[7] Bulychev, N.A. Ultrasonic Treatment Assisted
Surface Modification of Inorganic and Organic Pigments
in Aqueous Dispersions / N.A. Bulychev [et al.] // Jour-
nal of the Balkan Tribological Association. — 2008. —
Vol. 1. — No. 14. — P. 30-39.

[8] Bulychev, N. Structure of Adsorption Layers of
Amphiphilic Copolymers on Inorganic or Organic Parti-
cle Surfaces / N.A. Bulychev [et al.] // Macromol. Chem.
Phys. — 2010. — Vol. 9. — No. 211. — P. 971-977.

[9] loni, Yu.V. Preparation of Finely Dispersed
Nanographite / Yu.V. loni [et al.] // Inorganic Materials.
—2011. — Vol. 47. — No. 6. — P. 597-602.

[10] Bulychev, N.A. Hydrogen Production by Low-
Temperature Plasma Decomposition of Liquids / N.A.
Bulychev [et al.] // International Journal of Hydrogen
Energy. — 2017. — Vol. 42. — P. 20934-20938.

[11] Bynsrues, H.A. BausiHue ynbTpa3ByKOBOH KaBH-
TalMU Ha IUIa3MEHHBIN pa3psil B AKUAKOW Cpele U CBOM-
cTBa obOpasyromuxcs npu 3toM HaHowactun / H.A. By-
meraeB (1 ap.] // [lpuOopsel 1 TeXHWKa SKCIEPUMEHTA. —
2016. — Ne 6. — C. 71-76.

[12] Bynbrues, H.A. TlnasmeHHbIl pas3psi moj Aei-
CTBHEM YJbTPa3ByKa M €ro BO3MOXKHBIC NPUMEHEHUS /
H.A. Bynbrues [u ap.] // Tpynst [latoii MexayHapoHOi
KOH(EPEHIIMHU 110 YUCTHIM U BO30OHOBJISIEMBIM HCTOYHH-
kam sHepruu, Epesan. — 2014, — C. 180.

[13] Bynbrues, H.A. [1nasMoXuMHUYECKHE PEAKIIUU B
KHUIKHX Cpellax TOoJA JAeHCTBHEM aKyCTOILIa3MEHHOIO
paspsina / H.A. Bynbrues [u mp.])// U3Bectus Axamemun
WHXeHepHBIX HayK. — 2014. — Ne 1. — C. 14,

[14] Bynsraes, H.A. Tlonyuenue BoA0poia B aKyCTO-
IUTa3MeHHOM pa3psine B kuakocta / H.A. BynsraeB [u
ap.] // Ontuka atmocdeps! n okeana. — 2018. — T. 31. —
Ne 3. - C. 226-228.

References

[1] Bulychev N.A., Kazaryan M.A., Gridneva E.S.,
Murav’ev E.N., Solinov V.F., Koshelev KWK,
Kosheleva O.K., Sachkov V.I. Chen S.G.Plasma dis-
charge with surround glow in the liquid phase under the
impact of ultrasound. Bull. Lebedev Phys. Inst.,
2012;39(7):214-220.

[2] Klassen N., Krivko O., Kedrov V.V., Shmurak
S.Z., Kiselev A.P., Shmyt’ko |.M., Kudrenko E.A.,
Shekhtman A.A., Bazhenov A.V., Fursova T.N.,
Abramov V.O., Bulychev N.A., Kisterev E.V.Laser and
electric arc synthesis of nanocrystalline scintillators.
IEEE Trans. Nucl. Sci., 2010;57(3):1377-1381.

[3] Bulychev N.A., Kazaryan M.A., Chaikov L.L.,
Burkhanov 1.S., Krasovskii V.I. Nanoscale metal oxide
particles produced in the plasma discharge in the liquid
phase upon exposure to ultrasonic cavitation. 1. Method
for producing particles. Bull. Lebedev Phys. Inst.,
2014;41(9):264-268.

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA», 2000-2018

2 ISIREE eyzo

MexayHapoaHbI Hay4HbIM XXypHan
«AnbTepHaTMBHasA 3HepreTMKa U 3KONOrusa»

2018 © HayuHo-TexHuu4eckui ueHTp « TATA», 2000-2018

1
7,

sePace

MexdyHapoOdHbil uzdamensckul dom Hay4yHol nepuoduku “Cnedc”

S
YN


http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=N2JPz8EuCCvdmUQPJHV&field=AU&value=Krasovskii,%20VI
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=N2JPz8EuCCvdmUQPJHV&field=AU&value=Krasovskii,%20VI
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=CitationReport&qid=5&SID=D5kfS4byQlEwnzhdSTy&page=2&doc=13
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=CitationReport&qid=5&SID=D5kfS4byQlEwnzhdSTy&page=2&doc=13

1
7,

sePace

International Publishing House for scientific periodicals “Space”

~

LN

Bynbives H.A., KupudeHko M.H., KazapsiH M.A. lMony4eHne Bogopoaa B akyCTonnasmMeHHOM paspsige...

[4] Ivanov A.V., Nikiforov V.N., Shevchenko S.V.,
Timoshenko V.Yu., Pryadun V.V., Bulychev N.A,,
Bychenko A.B., Kazaryan M.A. Properties of metal ox-
ide nanoparticles prepared by plasma discharge in water
with ultrasonic cavitation. Int. J. Nanotechnol.,
2017;14(7/8):618-626.

[5] Burkhanov L.S., Chaikov L.L., Bulychev N.A.,
Kazaryan M.A., Krasovskii V.l.Nanoscale metal oxide
particles produced in the plasma discharge in the liquid
phase upon exposure to ultrasonic cavitation. 2. Sizes
and stability. Dynamic light scattering study. Bulletin of
the Lebedev Physics Institute, 2014; 41(10):297-304.

[6] Ganiev R.F., Bulychev N.A., Fomin V.N,
Arutyunov  LLA., Eisenbach C.D., Zubov V.P,
Malyukova E.B. Effect of mechanical activation on sur-
face modification in aqueous pigment disperse systems.
Doklady Chemistry, 2006;407:54-56.

[7] Bulychev N.A., Kisterev E.V., Arutunov LA,
Zubov V.P. Ultrasonic Treatment Assisted Surface Mod-
ification of Inorganic and Organic Pigments in Aqueous
Dispersions. Journal of the Balkan Tribological Associa-
tion, 2008;1(14):30-39.

[8] Bulychev N., Dervaux B., Dirnberger K., Zubov
V., Du Prez F.E., Eisenbach C.D. Structure of Adsorp-
tion Layers of Amphiphilic Copolymers on Inorganic or
Organic Particle Surfaces. Macromol. Chem. Phys.,
2010;9(211):971-977.

[9] loni Yu.V., Tkachev S.V., Bulychev N.A., Gubin
S.P. Preparation of Finely Dispersed Nanographite. In-
organic Materials, 2011;47(6):597-602.

[10] Bulychev N.A., Kazaryan M.A., Averyushkin
A.S., Chernov A.A., Gusev A.L.Hydrogen Production by

Low-Temperature Plasma Decomposition of Liquids.
International ~ Journal  of  Hydrogen  Energy,
2017;42:20934-20938.

[11] Bulychev N.A., Kazaryan M.A., Lepnev L.S.,
Averyushkin A.S., Morozova E.A., Stavtsev A.Yu.,
Chernov A.A. The influence of ultrasonic cavitation on
a plasma discharge in a liquid medium and the proper-
ties of nanoparticles formed in this process (Vliyanie
ultrazvukovoi kavitatsii na plazmennyi razryad v
zhidkoi srede i svoistva obrazuyushchihsya pri etom
chastits). Pribory | tehnika eksperimenta, 2016;(6):71-
76 (in Russ.).

[12] Bulychev N.A., loni Yu.V., Kazaryan M.A.,,
Muraviev E.N., Dyakov Yu.A., Chen T.N. Plasma dis-
charge under the influence of ultrasound and its possi-
ble applications (Plazmennyi razryad pod deistviem
ultrazvuka | ego vozmozhnye primeneniya). Proceed-
ings of the Fifth International Conference on Clean and
Renewable Sources of Energy, Yerevan, 2014, p. 180
(in Russ.).

[13] Bulychev N.A., Muraviev E.N., Chernov A.A.,
Kazaryan M.A. Plasma-chemical reactions in liquid
media under the action of an acoustoplasmic discharge
(Plazmohimicheskie reaktsii v zhidkih sredah pod
deistviem akustoplazmennogo razryada). Proceedings
of the Academy of Engineering Sciences, 2014;(1):14
(in Russ.).

[14] Bulychev N.A., Kirichenko M.N., Averyushkin
A.S., Kazaryan M.A. Hydrogen production in acousto-
plasma discharge in a liquid (Poluchenie vodoroda v
akustoplazmennom razryade v zhidkosti). Optika
atmosfery | okeana, 2018;31(3):226-228 (in Russ.).

Tpancnumepayus no BSI

[l
TATA
oSO

International Scientific Journal for
Alternative Energy and Ecology
© Scientific Technical Centre «TATA», 2000-2018

2 ISJAEE e

69

Ne 16-18 MexayHapoAHbI Hay4HbIN XypHan
«AnbTepHaTUBHasA 3HepreTUKa v aKONOrmsa»

2018 © Hay4yHo-TexHn4eckui LeHTp « TATA», 2000-2018

1
(7,

-~

sPace

MexOyHapoOHbit usdamensbckuli 0om HayyHol nepuoduku “Cnedc”

>
LN


http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=N2JPz8EuCCvdmUQPJHV&field=AU&value=Chaikov,%20LL
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=N2JPz8EuCCvdmUQPJHV&field=AU&value=Chaikov,%20LL
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=N2JPz8EuCCvdmUQPJHV&field=AU&value=Kazaryan,%20MA
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=N2JPz8EuCCvdmUQPJHV&field=AU&value=Krasovskii,%20VI
http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&SID=N2JPz8EuCCvdmUQPJHV&field=AU&value=Krasovskii,%20VI
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=CitationReport&qid=5&SID=D5kfS4byQlEwnzhdSTy&page=2&doc=13



