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[TpoBesiena 1poBepka HPEAIIONOKEHUSI O TOM, YTO OTpaHMYeHHe HHEProBKJA/IA B IJIa3My UMILYJIbCHOTO Pa3-
psima obecrieurBaeT KOHBepCcHIo yruekncaoro raza B CO. [list 3TOro MCMoOIb30BaIM JiBa BapHaHTa: 1) cxeMy pas-
PSHOTO IIPOMEXKYTKA, B KOTOPOH OJWH 3JIEKTPOJ ObLI BBICOKOBOJIBTHBIM, a APYTOil MMeJa EMKOCTHYIO PasBA3KY
¢ 3azemyenneM (~ 2-3 nd); 2) cxeMy ¢ eMKOCTHOH Pa3BsA3KOH, B KOTOPOH HArPY3KOH CIYKUJIO HECKOJNBKO Pas-
PSTHBIX ITPOMEKYTKOB, YTO OGECIIEUMBAJIO PACIPE/IEJCHHBII PEXIM BBOJA SHEPTUH B IPOMEXYTKU OT OJIHOTO HC-
TOYHUKA TUTaHusg. B o6oux BapuaHTax Imojavya yrJeKHCJ0ro rada mpu arMOcepHOM [aBJIE€HUN B Pa3psiHble MPO-
MEKYTKH obecrieunBasia yactuynyio kousepcuio CO, — CO, uto perucrpuponanoch Ha VMK-Dypbe-crekTpax mo-
JydeHHbIX cMeceil. ClesaHo MpeaBapuTebHOE 3aKJII0YEHIe O TOM, YTO MEPBbIil BApHAHT 06paboTki 3 PeKTuBHEE
obecrieynBaeT KOHBEPCHUIO.

Katuesvie crosa: NK-Dypbe-CleKTp, NMITYJIbCHBII Pa3psi, MOHOOKCH/ YIJIEPO/a, YIJIEeKUCAbIi Tas; carbon
dioxide, carbonyl, spark discharge.

BBeaeunue

KonBepcust yriiekncJoro rasa, BKJIOYAsk €ro MCIOJIb30BaHKUE B KauecTBEe MCXOJHOTO ChIPbs /I TPOMBIIIIEHHO-
rO NPOM3BO/ICTBA XUMMUYECKUX HPOJLYKTOB SIBJISETCS akTyasbHOH 3asadeit [1]. B Hacrosiiee BpeMst NMOHSTHO, 4TO
HAUJIYYIIMM BapUAHTOM JUJIs KOHBepcuu OyJeT Iia3Ma ¢ BBICOKOW ILIOTHOCTBIO 3jeKTpoHOB (N,), HU3KOil ayeK-
TpoHHOI Temnepatypoil (T.), YTO peanusyercst NPH HU3KUX 3HAYEHUSAX TNPUBEJEHHOTO AJIEKTPUYECKOrO TOJs
(E/n). C apyroit cTopoHbl, cucTeMa JJis KOHBEPCUH J0JUKHA paloTaTh NP HU3KOI TeMiepaType rasa, 4To0bl Mu-
HUMH3NPOBaTh MoTepru Ha VT-penakcarmio W peaknuy oOpaTHOH peKOMOMHAINN TPeo6Pa30BAHHBIX KOMIIOHEHT.
Kpome Toro, ¢ mpHUKIAIHON TOYKM 3peHus, CUCcTeMa JOoJKHA paboTarh mpu aTMocdepHoM gaBiennu [2]. Hawmmryd-
1Me pe3yJbTaTbl KOHBEPCHUH B PA3ps/IHOI IlJ1a3Me [IOCTUTHYTbI B PEXXMMax ¢ GOJIbIINM HEPTOBKJIAJOM B ra3oBYIO
cpeny (ayroBoii U MUKPOBOJHOBOI pa3psiibl) npu Jasiexuu okoio 1 arm [3-5]. Takum o6pasoM, HpuMeHseMast
I1a3Ma JI0JUKHA UMEThb HEPAaBHOBECHDBIN XapakTep.

YKa3aHHbIE YCJOBHUSI PEAIN3YIOTCs, B YaCTHOCTH, B YCJIOBHSX allOKAMIIMYECKOTO Pas3psia arMoc(epHOro /1aB-
genns [6, 7]. OxHoil u3 ero oco6eHHOCTell SBJSETCS TO, YTO TOK paspsi/ia OTPAHMYMBAETCS 32 CYET TOTO, YTO OJMH
13 2JIEKTPO/IOB MIMeeT eMKOCTHYIO Pa3BsI3Ky C 3eMJIeil, 4TO B CBOIO OYepe/b OrPaHMYMBAET JHEPTOBKJIAJ] B Ta30BYIO
cpeny. Ilpm aToM mia3Ma ocraeTcs HepaBHOBeCHOW. MBI MPEJINOTIOXIIN, YTO aHAJIOTHYHAS paspsgHas CHCTeMa
oJuKHA obecrednBaTh npsiMyio Kousepcuio CO, — CO.

[lesb paGoThl — aKCIIEpUMEHTAIbHAS TIPOBEPKA ATOI THIIOTe3bl HA KAYeCTBEHHOM YPOBHE.

SKCHepI/IMeHTaJII)HaSI YCTaHOBKa U METOAUKHA

IKCIepUMEHThl TMPOBO/IMJINCH HA YCTAHOBKE, MOKa3aHHOW Ha puc. 1. Yriaexkucisii ra3 ¢ uucroroit 99,8%
(TomIIpomI'as) nocpeacrsom Mem6pantoro Hacoca 1 ZC-A250 (Q-BAIHE) npokauuBaics uepes cucreMy, KOTopas
BKJIIOYAJIA: 3JIEKTPOAHBIN y3en 2, BEHTWIH 3, MIJINHIPUYECKYI0 KioBeTy 4 obbemoM 125 eM® u gmnoit 10 eM
¢ NaCl-okHamu, pacmoJiOKEeHHBIME HA TOPIAaX. BpeMsi MPOKAYKW B XO/€ SKCHEPUMEHTOB MOTJIO BAPHUPOBATHCS OT
HECKOJIbKUX CEKYH/I /10 [TECSTKOB MUHYT.

Wcnosb3oBasuch Ba BapHAHTA MCHOJHEHUS JIEKTPO/HBIX Y3JI0B:

B omnom Bapumanre (puc. 1, @) ysen 2 Brmoyan B ce6sl Ba COOCHO yCTaHOBJIEHHBIX 3JIEKTPOIA U3 HEPIKaBEo-
meit cramu 5 u 6, o6pasyomux paspsiAHblil TPoMexXyToK aautHoil d = 4 mM. IIpu 3TOM 371€KTPO 5 OBLT BBICOKO-
BOJIbTHBIM, a 3JIEKTPOJ 6 MMeJ eMKOCTHYIO PasBA3Ky ¢ 3emJeii. Ha BbICOKOBONBTHBIA 3JEKTPOA OT ucTouHuKa (Ha
puc. 1 He TOKaszaH) NOJABAINCH KOJOKOJOOGPA3HbIE MMILYJIbChI HANPSKEHHsT € JJIUTEJIBHOCTBIO 10 OCHOBAHUIO
~ 1,4 MKc, dacroroii ciaemoBanus 53 kI m ammnTyaubiM 3HavenuneM ot 8,8 no 10 kB. B atoM peskmMe mmranus
B IIPOMEXKYTKe d 3KUTAJICS UMITYJIbCHBIN Pa3psi/i U YIJEKHCIbI ra3 MOABEPrajics JOKaIbHOU 00paGoTKe HEPABHO-
BECHOII IJ1a3MOI B YCJIOBUSX OTPAHUYEHHOTO 3HEPTOBKJIA[IA.

B napyrom Bapmante (puc. 1, 6) ysen 2 Bimouan B ceGs HE OAMH, a NATh Pa3PAMAHBIX ITIPOMEKYTKOB
(d = 4 Mmm), 06pasoBaHHBIX [ABYMS 9JIEKTPOAaMU 5 U 6 B (OpPMe <«eJOUKH», BBIIOJHEHHbIX U3 BoJbdpama. Illar
MEXKIy Pa3psAHBIMU TIPOMEXKYTKAMHU COCTaBisii 6 MM. B atoM ciydae Tak:ke 3a’KMraercsi MMITYJIbCHBIN paspsi,
KOTOPBIIl B IIOTOKE ras3a IPOCKAKMBAET OT IEPBOTO MpoMexyTKa (110 HalpaBJEHWIO JABUYKEHUs ra3a) KO BTOPOMY
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u T.1. B aTOM cMbIC/Ee MaHHBIN THTT pa3psaa MOKHO Ha3BaTh «OETyIIMM pa3psiioM». TeM caMbIM dHEprus, KOTopas
BBOAMJIACH B OJIMH Pa3PsAHbBIE NPOMEKYTOK B Bapuante (@) B 3TOM CJydae BBOAMTCHA PACHPEIETCHHO 4Yepe3 He-
CKOJIbKO IIPOMEKYTKOB, YTO JIONOJHUTEJbHO OIPDAHNYMBAET JIOKAJIbHDIH SHEProBKJIA/ B Ka’K/bIH U3 IPOMEXKYTKOB.

_; Tlu-u

[E—

Puc. 1. Cxema akcrnepuMeHTATbHOI ycTaHOBKM: | — Hacoc; 2 — 3JEeKTPOJHBIN y3en; 3 — BeHTH/IN; 4 — KioBera; 5, 6 — 3JeKTpo-
nbt (omuHOuHBbIE st BapuanTa (@) W pacrpenenennbie a1 Bapuanta (6)). CIJIOMIHBIME CTPENKAMM MOKa3aH HAIyCK M OTKauKa
razos (1/0). IIlyHKTUPHBIMU CTPEJIKAMH TOKA3aHO HaNpaBJIeHNe [UPKYISAINK Ta3a B yCTaHOBKe. [[0SICHEHNS B TEKCTe

[Tocre miasMeHHOI O6pPAGOTKU TMOJYYEHHYIO CMeCh 3allMpaji B KiOBeTe 4 BEHTUISMU 3, KIOBETY IOMEIan
B K-Dyppe-cnekrpomerp GT-801 (OO0 HIID «CUMEKC») u perucrpuposain UK-Dypbe-crekTpbl B anamna-
30He JauH BoJaH 1,7—21 MKM.

Pe3ysbraTel u HX 00CY’Ka€HHE

Ha pmuc. 2 npuBenen NK-Dypbe crekTp NOIJIONEHWS MOHOOKCHAA YTIJepoja, TMoaydeHHBIH mocae 10-ce-
KyH/JIHOH 06paGOTKM TMOTOKA YIJIEKUCJA0ro raza (CKOpocTh mpokauku 1,5 j1/MUH) A/ BapuaHTa 3JI€KTPOAHOTO y3Ja
¢ GerymuM paspsaoMm. s cpaBHenusi gaH crektp u3 6a3bl NIST. Ilukm morsomeHust B 000UX CJIydasx
umeror MakcuMyMbl Ha v[CO| = 2117,9 u 2176 cM™'. Vnrerpupys mjiomajb moj KpHBOil /il PasHbIX YCJIOBHil 9KC-
NMepUMEHTAa W PA3HBIX JJIEKTPOJHBIX Vy3JIOB MOXKHO KAauyeCTBEHHO CPAaBHUTb IIPOU3BOUTEIBHOCTD KOHBEPCUU
CO, —» CO.

TakuM 06pa3oM yaanioch YCTAHOBUTD CJIEAYIOIIEE.

[Ipn amurenproi padore ycranoskn (or 1 xo 10 mun) konuentpanus CO BHavasze BO3pacTaeT, a 3aTeM Iaja-
eT. DTO MOKHO CBSI3aTb C TEM, YTO MPH I[MKJIMYECKOM JBIDKEHUU Ta30BOil Cpe/bl NPOMCXO/UT €€ MePErpeB, BbI3bI-
BaIOMUI peakiuy 06paTHON PeKOMOMHAIINN TTPE06PA30BAHHBIX KOMIIOHEHT.

IIpu kparkoBpeMenHoil padore ycranoku (10 ¢) norsomenue B okpecrocru yactor v[CO] ais Bapuanra (@)
B cpeaneM Ha 30—40% cusbnee, ueM s Bapuanta (6). To ectb BapuanT (¢) NPOM3BOAMTENbHEE 1O MOHOOKCULY
yriepona. BoaMoskHoe o6bsicHeHre TakoBO: GeryIuii pas3psi/ IIPOUCXOAUT MMOITAITHO U, BEPOSTHO, MPOCKOK Paspsiia
C OJJHOBPEMEHHOII IIPOKAYKOW CMECH BBbI3bIBAET KOHBEPCHUIO B TI€PBOU Mape 3JEKTPOJOB, & B OKPECTHOCTH IOCJIe-
JYIONIUX TIap 9JIEKTPOIOB BbI3bIBAET 0OPATHYIO PEKOMOMHAINIO 06PA3yIONMXCsl HA HAYAJIbHOM 3Talle YaCTHUIl.
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Puc. 2. UK-Dypope crextp okncu yraepoga u3 G6azpr NIST [8] (cea) w cmekTp, MOJTyYeHHBIH B TEKYIINX 3HKCIEPUMEHTAX
(cmpaBa). IlosicHeHUA B TEKCTe
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[Toy4yennble JaHHBIE TO3BOJISIOT CAENATh TPEIBAPUTENbHBIN BBIBO, O TOM, YTO BAPUAHT JIEKTPOJIHOTO y3Jia
C OJHOU mapoil 3eKTPoaoB 3P deKTHBHEE MHOTOIIEKTPOIHOTO y3/a HA KOPOTKUX BpPEMEHAX ILIa3MeHHOH 06paboT-
K. YTO6BI MOJKPENUTh 3TOT BBIBOJ, B MOCJEIYIONIUX HKCIEPUMEHTAX HEoO6X0AuMO OyleT BapbHPOBAThb CKOPOCTH
npokaukyn (B TEKymIUX OIBITax OHa GbLTa (PMKCUPOBAHA), PACCTOSHUE MEKAY SJIEKTPOAAMH B MHOTOSJEKTPOIHOM
yane. Kpome Toro, Heo6XoamMoii 3ajaueil sIBJsSETCS CPaBHEHUE BEJUYNH 3HEPrOBKJIAJOB B Ta30oBYIO Cpely B pas-
JINYHBIX peXMMax 06paboTKH. JTO TaKKe ITO3BOJIUT CPABHUTDH 3HEProa(PEeKTHBHOCTD MPEIJIOKEHHOTO TOAX0/a IO
CPaBHEHUIO C JENCTBUEM APYTUX YCTAHOBOK, MPUMEHIEMBIX /Ui MJIa3MeHHOH 06paGOTKU YTJIEKUCTIOTO Ta3a.

3akouenue

C momompio TK-Dypbe CeKTPOCKONNN TTOKA3aHO, YTO B YCJIOBHAX OTPAaHWYEHUS 3HEPrOBKJIAJA B IJIA3My HM-
MyJIbCHOTO pa3psi/ia MPONCXOANT KOHBEPCHS YTJIEKUCIOTO Trasza aTMOC(EepHOTro IaBjeHus B MOHOOKCHU[ YTJIEPO[IA.
IIpu kopoTkux BpeMeHax 06paGOTKM BapHAHT 3JEKTPOIAHOTO y3Ja C ABYMs 3JEKTPOAaMU O0ECIeYnBAT JIyUIIYIO
KOHBEPCHUIO, YeM BAapHaHT C HECKOJbKUMH DPa3pSAAHBIMU TPOMeKyTKaMu. [lJIs1 yTOUHEHUs TMOJyYeHHBIX JaHHBIX U
BbIsiBJIeHUsT Han6oJsiee 3D(HEKTUBHOTO PesKuMa KOHBEPCHU HEOOGXOIUMO TIPOBECTH CEPUIO JOIOTHUTENBHBIX UCCJIEN0-
BaHMIA.

MdunancupoBanue. lccienoBanue BbImoJHEHO B pamkax roc3ajganuss MCI CO PAH, npoekt Ne FWRM-
2021-0014.
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E.A. Sosnin, V.A. Panarin, V.S. Skakun, D.A. Sorokin. Conversion of CO; to CO in a pulse discharge
with limited energy storage.

The paper verifies the assumption that limiting the energy input into the plasma of a spark discharge en-
sures the conversion of carbon dioxide into CO. Two options were used for this: 1) a spark gap circuit in which
one electrode was high-voltage and the other had a capacitive decoupling with grounding (7 2-3 pF); 2) a ca-
pacitive decoupling circuit in which several discharge gaps served as a load, which provided a distributed mode
of energy input from a single power source. In both variants, the supply of carbon dioxide at atmospheric pres-
sure to the discharge gaps provided partial conversion of CO, — CO, which was recorded on the FTIR spectra
of the mixtures obtained. A qualitative conclusion has been made that the first processing option provides a
more efficient conversion.
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